Assignment of the signals was only possible by means of a
two-dimensional COSY experiment,”” since cross peaks
between scalar-coupled protons appear even when, as in
this case, the coupling in the 1D NMR spectrum is not re-
solved.!'"”! To determine the long-range coupling between
the protons in the bridge and those at C-2,5,7,10, which is
crucial for signal assignment, the successful pulse se-
quence with a fixed time interval (50 ms in this case) be-
fore and after the second 90° pulse was employed.”™ As
shown in Figure 1b, there is a cross peak between the 11-H
signal and the high-field signal at 6=1.59, which is there-
fore assigned to the perimeter protons 2,5,7,10-H in a-posi-
tions.

High-field shifts are also observed for the "C reso-
nances of C-2,5,7,10 and C-3,4,8,9, whereas C-11 and C-1,6
are strongly deshielded. The signal assignment in this case
was achieved via a 2D *C,'H shift correlation,!'" the re-
sults of which were corroborated by the multiplicities in
the 'H-coupled *C NMR spectrum (Fig. 1c).

Whereas the low-field shift of the C-11 signal can be as-
cribed in part to a paramagnetic ring-current effect,l'” the
strong deshielding of C-1,6 must be due to a partial posi-
tive charge at these positions in the dianion. Positive
charges at bridgehead positions have alsc been found for
the dianions of bridged [14]annulenes.””! This finding,
along with the other NMR parameters of 1°°, shows strik-
ing parallels to the data of 3?°, so that the two systems
presumably have very similar charge distributions. This is
also expected in terms of HMO theory, since the lowest
unoccupied n molecular orbitals of 1 and 3, which are es-
sentially responsible for the charge distribution in the
dianions, are practically identical.” '

The 'J(*C,"H) coupling at C-11 (136 Hz), which is ap-
preciably smaller than the corresponding coupling in 1
(142 Hz),® as well as the low-field position of the C-1,6
resonance, prove, moreover, that 1?® cannot be formu-
lated as the dianion of the bisnorcaradiene 5.0'*' As in

e
N 5

the case of naphthalene,™ ' reduction of 1 to the dianion
should lead to an increase in the distance between the qua-
ternary C atoms. Further, the unresolved *J('H,"H) cou-
pling between 2-H and 3-H"9 indicates that 17?°, like 4,®
is strongly distorted from planarity owing to folding of the
C2-C5 and C7-C10 fragments.

The chemical structural proof of 1€ is based on the ox-
idation by air, which affords the hydrocarbon 1 in 88%
yield. Dianion 12° exhibits remarkable thermal stability.
At rcom temperature, the "H NMR signals disappear only
after about 20 h, that is, when the solvent THF undergoes
partial decomposition by reaction with residual lithium
metal.
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Titanium(0) Arene Complexes:
Synthesis and X-ray Crystal Structure of
[(®-C1oH) Ti{fBuSi(CH,PMe,)}}**

By Thomas G. Gardner and Gregory S. Girolami*

Arene complexes of titanium are exceedingly uncom-
mon, and only two principal classes of such species
are known: titanjum(il) complexes of stoichiometry
[(arene)TiX ' and titanium(o) sandwich complexes
[(arene),Ti’1.°® The sandwich compounds are important
examples of molecules that, at present, can best be made
by metal-vapor techniques, although it has been postu-
lated that reductive carbonylation of titanium halides by
naphthalenesodium yields titanium(o) naphthalene inter-
mediates that subsequently undergo irreversible substitu-
tion by carbon monoxide.”! We wish to report here the
isolation, characterization, and X-ray crystal structure
of the unique titanium(0) naphthalene complex
[(m®-CoHg)Ti(trimpsi)] 1, where trimpsi is the tripod phos-
phane tBuSi(CH,PMe,);. This 16-electron species exhibits
a folding of the naphthalene ring that is indicative of par-
tial diene-diyl bonding and strong metal-to-ligand 8 back-
bonding.

Reductive carbonylation of [TiCly(trimpsi)(thf)] by
naphthalenesodium gives the titanium(e) carbonyl [(trimp-
si)Ti(CO),LI'? In the absence of carbon monoxide, the
reduction results in a deep red-purple solution in tetra-
hydrofuran, from which the naphthalene complex
[(n®-C,oHg)Ti(trimpsi)] 1 may be obtained.

[TiCls(trimpsi)(thf)] + 3 C,oHsNa —»

[(n®-C1oHg)Ti(trimpsi)] + 3 NaCl + 2C Hg
1

Compound 1 is a deep red-purple crystalline solid
which is very air-sensitive, but thermally stable at room
temperature in solution or as a solid. Unlike the known
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Fig. 1. Top: Molecular structure of [(n®-CioHg)Ti(trimpsi)] 1. Important bond
distances [A] and angles [°): Ti-P1 2.532(2), Ti-P2 2.552(2), Ti-P3 2.523(2),
Ti-C™ 1.833(1), Ti-C1 2.236(7), Ti-C2 2.303(8), Ti-C3 2.296(8), Ti-C4
2.244(7), Ti-C5 2.417(6), Ti-C10 2.390(7), Ti- - -Si 3.921(2), C1-C2 1.3%(1),
C2-C3 1.37(1), C3-C4 1.45(1), C4-C5 1.43(1), C5-CI10 1.424(9), C5-C6
1.41(1), C6-C7 1.36(1), C7-C8 1.35(1), C8-C9 1.37(1), C9-C10 1.44(1),
C10-C1 1.44(1); P1-Ti-P2 86.73(6), P1-Ti-P3 88.03(7), P2-Ti-P3 88.30(6),
Si---Ti-C* 177.73, PI-Ti-C" 128.98(6), P2-Ti-C" 124.64(¢), P3-Ti-C"
126.97(7). Bottom left: Relative orientation of the phosphane and naphtha-
lene ligands. Important torsion angles [°]: P1-Ti-C"-C1 16.1(6), P2-Ti-C"-
C5 13.3(5), P3-Ti-C*-C3 10.1(6). Bottom right: Edge-on view of the confor-
mation of the naphthalene ligand. The coordinated ring is folded 12.4° from
planarity. For clarity, only the phosphorus atoms of the trimpsi ligand have
been included.

bis-arene titanium(o) complexes,” compound 1 is appar-
ently paramagnetic and no peaks ascribable to coordinated
naphthalene or trimpsi were present in 'H NMR spectra in
[DImethylcyclohexane or other solvents under a variety
of conditions. Treatment of 1 with CO rapidly yields the
previously described!'® titanium(o) tetracarbonyl [(trimp-
si)Ti(CO).).

The molecular structure of 1 is shown in Figure 1.UY
The overall geometry can be described as a three-leg piano
stool, with the P-Ti-P angles being essentially equal and
averaging 87.7°. A view down the Ti- - -Si vector (Fig. 1,
bottom left) shows the orientation of the three phosphane
ligands in relation to the naphthalene ring. The mean
P-Ti-C"-C torsion angle (C" = centroid) is 13(1)°, which
is about halfway between an eclipsed and a staggered con-
formation. Interestingly, a similar twist of 19(1)° is seen in

1694 © VCH Verlagsgesellschaft mbH, D-6940 Weinheim, 1988

[(n®-naphthalene)Cr(CO);1,l'"? whereas the related com-
plexes  [(m°-anthracene)Cr(CO);] and  [(n-phenan-
threne)Cr(CO);] are rigorously staggered with torsion an-
gles of 30°.0314

Figure 1, bottom right, shows an edge-on view of the
naphthalene ligand. The coordinated naphthalene ring is
folded about the C1-C4 vector with a dihedral angle of
12.4°. The noncomplexed ring, by comparison, is accu-
rately planar. The folding of the n-bound ring causes the
Ti-C distances to fall into three groups: C1 and C4 are
closest at a mean Ti-C distance of 2.24(1) A and C2 and
C3 are at a medium distance of 2.30(1) A, while C5 and
C10 are most distant at 2.40(1) A. This contrasts sharply
with the structure of {(C¢Hg),Ti], which has planar benzene
rings and essentially equal Ti-C distances of 2.217-
2.247(8) A® It is not uncommon for fused-ring arene li-
gands to have unequal M-C distances, with the longest be-
ing to the shared C-C bond; examples of this are seen in
[(naphthalene)Cr(CO);],  [(anthracene)Cr(CO);},  and
[(phenanthrene)Cr(CO);]; however, the n-bound rings in
these chromium complexes are not deformed from planar-
ity."”"1% The bis-arene complex [(n°-naphthalene),Cr} also
possesses essentially planar naphthalene rings.['*!

The folding of the naphthalene ring can be thought of in
terms of partial diene-diyl bonding character. This is con-
sistent with strong metal-to-ligand & back-bonding"® from
a filled Ti d,2_,> orbital into the LUMO of naphthalene, a
B,, orbital"” that has large contributions from C1 and C4,
smaller contributions from C2 and C3, and no contribu-
tion from C5 or C10. In this context, it is interesting to
note that the “c” Ti-C1 and Ti-C4 distances are compar-
able to that of 2.217(2) A in the titanium alky! complex
[TiMe,(dmpe),].""® The strong donor ability of the (trimp-
si)Ti unit has been previously established from the low Vo
IR stretching frequencies and strongly deshielded '*C
chemical shifts of [Ti(CO),(trimpsi)].I'” The strong metal-
to-ligand back-bonding and diene-diyl distortion of the ar-
ene ring is similar to the bonding in several electron-rich
butadiene complexes of group 4 elements, in which an
ene-diyl bonding mode is observed.!'>*"! The dihedral an-
gle of 12.4° in 1 is much smaller than the dihedral angles
of 25° to 43° in authentic n*-arene complexes of early-
transition-metals, in which hexahapto coordination
would exceed an 18-electron configuration.???! Inter-
estingly, a dihedral angle of 14.5° was noted in the X-ray
crystal structure of the naphthalene dianion in [Li(tme-
da)],C,oH;] (tmeda = N,N,N’,N'-tetramethylethylenediam-
ine).”*! The folding of the naphthalene ring in 1 is not the
result of steric repulsions with the methyl groups of the
phosphane ligand: the closest van der Waals contact be-
tween the trimpsi ligand and the free ring of the naphtha-
lene ligand is 3.04 A (H14b- - -C7).

The average Ti-P distance of 2.536 A'in 1 is close to the
2.545-2.633-A range observed for titanium(0) phosphane
carbonyls (e.g., [TH{CO)(trimpsi),'? [Ti(CO);(dmpe),],>4
and [Ti(CO),(PF;)(dmpe),]*!); in fact, all titanium-phos-
phane distances fall in the range 2.58 +0.07 A, irrespective
of oxidation state, spin state, or coordination number. The
Ti-C" distance of 1.833(1)1& is slightly longer than in
[(CeHe),Ti] (1.736 A),® and the Si- - - Ti-C" angle of 177.7°
is essentially linear.

The complex [(m®-C,oHg)Ti(trimpsi)] 1 has been shown
to possess unusually strong metal-to-ligand back bonding
into a naphthalene d-acceptor orbital that causes a folding
of the naphthalene ring. Additionally, 1 is a useful inter-
mediate in the synthesis of other titanium(o) complexes
such as [TI(CO)4(trimpsi)].
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Experimental Procedure

To a stirred solution of [TiCls(trimpsi)(thf)] (3.90 g, 7.27 mmol) in tetrahydro-
furan (50 mL) at —78°C was added naphthalenesodium (150 mL, 0.145 M in
THF, 21.8 mmol). A red-purple solution formed immediately. The solution
was warmed to room temperature slowly, and the solvent was removed in
vacuum. The excess naphthalene was removed by sublimation in vacuum at
25°C. The dark purple residue was extracted with diethyl ether (5 x 200 mL),
and the combined extracts were concentrated to 200 mL and cooled to
—20°C to give dark purpie crystals of 1. Yield: 1.4 g (40%); m.p. 196-204°C.
Correct elemental analysis (C,H,Ti).
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Metal-lon-Selective Exchange Resins by Matrix
Imprint with Methacrylates

By Wilheim Kuchen* and Jirgen Schram

Various attempts have been made to increase the ion se-
lectivity of exchange resins by carrying out cross-linking
polymerization of monomeric or oligomeric complex-
forming compounds in the presence of metal ions. A tem-
plate effect should lead to preferential binding of the re-
spective ions by the resin.!¥ Similar results have already
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been achieved for the separation of racemates on polymers
having chiral cavities.”?

We have now succeeded in increasing the selectivity by
cross-linking copolymerization of well-defined metal com-
plexes containing polymerizable ligands. According to our
concept, removal of the metal ions from the resin with suit-
able eluants should leave the arrangement of binding
groups intact, which are thus tailored for subsequent bind-
ing of the type of ion used to prepare the resin.”!

Herein we report on the application of this principle to
copper(1r) methacrylates Cu,L;-2D, L = H,C=C(CH;)CO%
(1, D=H,0; 2, D=pyrdine; 3, D = 4-vinylpyridine
(vpy)). The results we obtained with the complexes ML,
(M = Zn?®, Cd?®, Pb2®) and [M,OLs] (M = Zn*®, Pb?®)
are discussed in Ref. [4a] and corresponding experiments
with metal acrylates are described in Ref. [4b].
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The macroporous resins 1y-3y (specific surface ca. 400
m? g~ "), readily wetted by water, were prepared from the
copper complexes 1-3 by radical polymerization (precipi-
tation polymerization in an ampoule; initiator azodiisobu-
tyronitrile, AIBN) in the presence of an inert solvent (poro-
gen), in this case benzene/methanol, with ethylene glycol
dimethacrylate (EGDMA) as cross-linking agent. After
polymerization, the resins were ground, a suitable particle
size was separated out (0.8-0.2 mm), and the solvent was
completely removed by drying in vacuo. Small amounts of
nonpolymerized components could be removed by wash-
ing with methanol.

For comparison, we similarly prepared the “blind re-
sins” 15 and 3p, which contain the same number of poly-
merizable ligands (introduced into the reaction as ammon-
ium salts NH,L and as a mixture of NH,4L and vpy, respec-
tively), whose distribution in the matrix, however, is purely
random.

The electronic excitation spectra (measured in reemis-
sion) of the green or blue copper-containing resins do not
differ significantly from the spectra of the corresponding
complexes 1-3. Therefore, it is safe to assume that the ar-
rangements of the ligands around Cu®® in the starting
complexes 1-3 and in the resins 14-34 are the same. To
investigate the exchange behavior of the resins, they were
first converted into the ammonium form by treatment with
an NH;/NH,CI solution (1 M in both components); in this
way, all metal ions accessible to the eluant were removed
from the resin as their ammine complexes (ca. 60-70% of
the metal ions used in preparing the resin).

The effective loading capacity —that is, the maximum
amount of metal ion that a specified amount of resin can
carry under given conditions—was then determined by the
batch procedure (shaking the resin with a solution of the
metal salt).

Comparison of the values in Table 1 shows that the cop-
per-imprinted resins 14-3y exhibit an increased effective
capacity for Cu?®. Upon loading, the resins bind ca. 30-
40% of the amount of metal ion used in their preparation.
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