Fig. 2. Crystal structure of the complex 1 (fert-butyl groups and H atoms
omitted). Important distances [A]: V(1)-0O(1) 2.110(5), V(1)-O(6) 2.118(5),
V(1)-O(7) 2.122(4), V(1)-O(7a) 2.149(5), V(1)-O(8) 2.158(5), V(1)-O(9)
2.142(5). V(2)-O(1a) 1.970(5), V(2)-0(3) 2.010(5), V{(2)-0(4) 2.036(4), V(2)-
O(5) 1.980(5), V(2)-0(6) 1.954(5), V{2)-0O(7 a) 2.060(5), V(1}--- V(2) 3.059(2),
V(1)--- V(1a) 3.193(2), V(1)-- - V(2a) 3.241(2), Na-O(10) 2.285(7), Na-O(11)
2.292(6), Na-O(3) 2.246(6), Na-O(5) 2.296(6), Na---V (2) 3.250(4),
O(2)-+-H---0O(3a) 2.796(5), O(9)---H:--O(2) 2.815(5), O®)---H---0(4)
2.644(5). The index a indicates the centrosymmetrical coordinate transforma-
tion.

probably stabilized by the intramolecular hydrogen bonds,
whose geometrical parameters correspond to hydrogen
bonds of the medium strength. The OH groups of the coor-
dinated methanol molecules and “free” OH groups of dbcat
ligands are the proton donors in these hydrogen bonds.

The formation of relatively stable 1 is a characteristic fea-
ture of the V" system with dbcat. In the V! systems with
another catechols,'! a mixed valence V¥/V!! complex is not
formed, and all initial V" is oxidized to the mononuclear V™"
complex containing three ligands. An X-ray analysis of this
type of complex, e.g. K;[V¥{(cat),], showed that six O atoms
of three catechol (cat) molecules are arranged octahedrally
around the metal center.!” In the case of dbcat, the coordina-
tion of the third ligand is hindered sterically, and it is pos-
sible that structure of the isolated V" complex is not substan-
tially different from that of the initial V! complex that
reduces molecular nitrogen.

Experimental Procedure

N, reduction and H, evolution kinetics have been performed as previously
described [2d]. VCI, was synthesized by dissolving vanadium metal in hydrogen
chloride under argon. The mixed valence V/V'"' complex 1 was crystallized
from the solution containing VCI, (3 x 10~* mol), dbcat (1.5 x 107 * mol), and
NaOCH; (4 x 1072 mol) in 10 mL of methanol. Thirty to forty hours are re-
quired for the formation of proper crystals from the initial reaction mixture
(vield about 10-15% of total vanadium). The crystals dissolve easily in
methanol. The concentration of V" in the solution has been determined by
titration with (NH,),Fe(S0,), in sulfuric acid in the presence of safranine T.
The total V concentration has been determined by atomic absorption analysis.
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The First Neutral Adamantanoid Iron(uir)—chelate
Complex: Spontaneous Formation, Structure, and
Electrochemistry**

By Rolf W. Saaifrank,* Bernd Horner, Dietmar Stalke,
and Josef Salbeck

One of the most interesting new aspects of synthetic chem-
istry is endohedral chemistry, that is, the chemistry inside
cages.[?! Consequently it is necessary to be able easily to
build up intramolecular cavities with variable diameters.

On treatment of dimethyl malonate with methylmagne-
sium iodide or methyllithium/metal(i) chloride and oxalyl
chloride at —78°C in tetrahydrofuran and subsequent
workup with aqueous ammonium chloride, we obtained, by
spontaneous self-assembly,!*- 34! the tetranuclear chelate
complexes 1a (M2* = Mg, Mn, Co, Ni, Zn).': 3

The doubly bidentate bridging ligand L' is formally ob-
tained by the template coupling of two dimethyl malonate
monoanions with oxalyl chloride to form tetramethyl 2,3-di-
hydroxy-1,3-butadiene-1,1,4,4-tetracarboxylate followed by
subsequent spontaneous double deprotonation.
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Institut fiir Organische Chemie der Universitit Erlangen-Niirnberg
Henkestrasse 42, D-91054 Erlangen (FRG)
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Institut fir Anorganische Chemie der Universitit Géttingen (FRG)

Priv.-Doz. Dr. J. Salbeck [**]
Institut fir Organische Chemie der Universitdt Regensburg (FRG)
[*] Single-crystal X-ray structure analysis.

[**] Electrochemistry.

[**] “*Adamantanoid” Chelate Complexes, Part 3. This work was supported
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Industrie. B. H. thanks the Freistaat Bayern for a post-graduate fellow-
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porting his research. We are grateful to Priv.-Doz. Dr. H. U. Hummel,
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We were convinced that the size of the cavity of the te-
trametallate(4—) ions 1a could be tailored with suitable
spacers. In place of the anions 1a, it should also be possible
to obtain nmeutral tetranuclear metal —chelate complexes by
using M3*, instead of M?™, ions.

(4n) —
[NH;]An
0 O
MeO MeO,C CO,Me OMe

1aa @ = M* n=1L":X= -
ib: @ = Fe* n=0L"X= —
te: @ = Fe*,n=0L2x= L)
10 @ = Fe*, n=0L3x=L0O-

Consequently we doubly deprotonated tetramethyl 2,2’
terephthaloyldimalonate!®? with sodium hydride at 20°C.
We then treated the resulting dianion L? with an iron(im)
chloride solution and obtained ruby-red crystals upon
workup. According to elemental analysis and FAB-MS data
(FAB = Fast Atom Bombardment) the compound, of com-
position Fe,L2, is the tetranuclear iron(u) chelate com-
plex 1c¢ (for details see [8]).

The 'H and '*C NMR spectra of Fe, L2 (1¢) do not unam-
biguously establish the structure of this compound. Thus an
X-ray crystallographic structure analysis of this complex was
carried out.!®! According to this analysis, 1¢ crystallizes as a
neutral, adamantanoid, tetranuclear iron(in) chelate com-
plex (Fig. 1)—the first of its kind."'?} The nucleus of the
complex forms an almost ideal tetrahedron, with an Fe(im)
ion in each of the corners. The six edges of the tetrahedron
are each formed by the doubly bidentate, doubly negatively
charged, bridging ligands L2 (distances between facing
phenyl centers approximately 10 A). Six oxygen atoms sur-
round each of the four Fe' ions in an octahedral arrange-
ment (Fig. 2).[13!

Two enantiomeric pairs [(4)-, (A)-fac, and (4)-, (A)-mer]
are principally possible for octahedral complexes of the type
MA B, [with bidentate ligands M(AB),].I'*! The Fe,L2
complex has an exact S, symmetry in the crystal and is thus
achiral (meso form). This means that the ligands L? around
the four iron centers in 1¢ are arranged facially and that two
of the four iron centers have the same configuration [(4,
M-/(A4, A)-fac]. This is in contrast to the chiral, racemic,
T-symmetrical complexes 1a, in which all four metal centers
(M?* = Mg, Mn, Co, Ni, Zn) are identically coordinated
[(4, 4, A, A)-fac or (A, A, A, A)-fac]l'3]

The cyclic voltammogram under aprotic conditions
shows the reduction of the Fe,LZ complex 1¢ as a quasi-re-
versible signal pair centered at — 550 mV (Fig. 3, left). The
peak potential difference AE, at a scan rate of 250 mVs™1 is
170 mV; the reduction peak is slightly broadened (£, — E,,
=135 mV), but shows no further splitting.[*6! In thin-layer
voltammetry, at a layer thickness of 15 um and a scan rate of
10 mVs ™!, the reduction is also seen as a quasi-reversible
signal pair with a peak potential difference of 60 mV. The
half-peak widths are also broader (AE,, = 220 mV for the

[15]
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Fig. 1. Top: Crystal structure of 1¢ {view along the crystallographic S, axis; H
atoms omitted; C atoms white; O atoms dotted). Bottom: Stereoview of the
crystal packing of I¢ (view along the crystallographic S, axis; for reasons of
clarity the methoxy and methoxycarbonyl groups as well as the solvents of
crystallization C,H,,0, C;H0, and H,0 have been omitted).

Fig. 2. Coordination sphere of a Fe®* ion in lc. Selected distances [A] and
angles [°): Fe(1)-O(1) 1.946(4), Fe(1)-O(2) 2.039(4), Fe(1)-0O(6) 1.926(4), Fe(1)-
O(7) 2.016(4), Fe(1)-0(11) 1.950(4), Fe(1)-O(12) 2.043(4), Fe(1)---Fe(la)
10.028, Fe(1)---Fe(1b) 10.375; O(1)-Fe(1)-O(2) 85.66(15), O(6)-Fe(1)-O(7)
85.7(2), O(11)-Fe(1)-0(12) 85.0(2).

reduction, 170 mV for the reoxidation), but the signals show
no further structure. Thin-layer coulometry shows that four
electrons are transferred under every signal, whereas a multi-

Angew. Chem. Int. Ed. Engl. 1993, 32, No. 8



sweep experiment shows the complete chemical reversibility
of the redox process. This reversibility is confirmed by spec-
troelectrochemical as well as voltabsorptometric measure-
ments. Following the reduction spectroelectrochemically
gives continually changing absorption signals, but no recog-
nizable intermediates for a partially reduced complex are
observed. 1t is conspicuous that the longest wave absorption
signal of 1¢ at 450 nm does not completely disappear, but
only reduces in intensity to a quarter of its extinction. Also,
no further absorptions at long wavelengths for mixed-valent
species occur (Fig. 3, right). In the UV region the spectral
changes are analogous. Thus no, or only very weak, elec-
tronic interactions (“‘metalloautism’) exist between the iron
centers in I ¢. The redox process is therefore formally a one-
potential four-electron transfer.!'7- 2%

80 1 1 1 B U

I J i L
a ~ 1000 400 500 600
E [mV] — Alnm] —

Fig. 3. Left: Cyclic voltammogram of [ ¢ ina 0.1 M solution of tetraethylammo-
nium tetrafluoroborate in acetonitrile, ¢ =10~ M, scan speed 250 mVs™*, Po-
tentials vs. ferrocene/ferrocenium (Fc/Fc *). Right: Spectroelectrogram of I ¢ in
solution of 0.1 M tetrabutylammonium hexafluorophosphate in acetonitrile.
Potentials (a~1): — 300, —400, —500, — 550, —600, — 700, —750, —800 (vs.
Fc/Fc*).

Furthermore M&ssbauer and magnetic measurements are
in agreement with the results of the electrochemical studies
on l¢. The Mdssbauer spectrum shows a signal broadened
by relaxation with an isomeric shift & at 293K of
0.6 mms~!. Magnetic measurements (SQUID-susceptome-
ter, temperature range 10—300 K) give a temperature-inde-
pendent value of 11.55 yy for the effective magnetic moment
o124 This result agrees well with the calculated value of
the magnetic moment (i, = 11.83 pp) for four magnetically
isolated high-spin iron(1i1) centers that show no interactive
phenomena in the investigated temperature range.!*”!

We shall report elsewhere on the simple iron(m) chelate
complex 1b and the iron(in) chelate complex 1d with
biphenyl as spacer.
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Dilithiation of Two Diphenyl Ethers Each
Containing Two NHCH,CH,Y (Y = OMe,
NMe,) Side Arms in ortho Positions: Assembly
of “Adamantanoid” Li,O,N, Cores**

By lan Cragg-Hire, Matthew G. Davidson,* Oldrich Kocian,
Francis S. Mair, Ehmke Pohl, Paul R. Raithby,
Ronald Snaith, Neil Spencer, and J. Fraser Stoddart*

Lithium amides are important synthetic organic reagents,
and consequently much work has been done in order to
elucidate their structures both in solution and in the solid
state.!''2) Until recently however, the structures of only
simple monolithiated complexes of secondary amines were
known. To our knowledge only two dilithiated amide com-
plexes exist. Recently we published the results of dilithiating
naphthylamine, providing the first example of a dilithiated
primary amine; it is a Li,, species held together by
(NaphN)2~ anions (Naph = naphtyl) and ether ligands.[
We have also obtained the structure of a dilithiated diamine
(PhLiNCH,CH,NLiPh) - 3HMPAM! (HMPA = hexa-
methylphosphoric triamide), containing the commonty ob-
served!? Li,N, core. Such a core also featured in the first
lithiated diazacrown.[®! We now report on the dilithiation of
two diamines, 2,2'-bis(2-methoxyethylamino)diphenyl ether
(1) and 2,2-bis(N,N-dimethylethylenediamino)diphenyl
ether (2), which give the lithium amides 3 and 4, respectively.
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2, Y = NMe,
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3, Y =OMe
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The possibility of intramolecular coordination, coupled
with the increased flexibility of 1 and 2 over the cyclic crown
ethers suggested that the use of an additional Lewis base
donor such as (C,H,),0 or HMPA would be unnecessary.
Indeed, dilithiation of the diamines 1 and 2 and the subse-
quent crystallization of products 3 and 4 from toluene solu-
tion was achieved in the absence of a Lewis base donor.

The X-ray crystal structure analyses!®! of diamines 3 and
4 exhibit an adamantanoid metal-containing core, a struc-
tural motif that is unprecedented in the chemistry of Group [
metal complexes (Fig. 1 and 2).[7-%

Fig. 1. Molecular structure of 3 (for clarity, the carbon framework is not shown
in detail and hydrogen atoms have been omitted).

Fig. 2. Adamantanoid Li,O,Ng central core of 4 (thermal ellipsoids at the 50 %
probability level).
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