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Structural Features of Lithio[3]ferrocenophane Systems Bearing
Stabilizing Dimethylamino Substituents
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Treatment of the a-dimethylamino[3]ferrocenophane derivative 3 with n-butyllithium results in a directed
o-metalation at the adjacent Cp ring of the ferrocene unit to selectively yield the (R*,R* p-S*) diastereomer
4. Similarly, lithiation of rac-12 gives (R*,p-$*)-13. Both these compounds form meso-type dimers in
the crystal that feature a central C,Li, four-membered-ring moiety. Compound 13 crystallizes with excess
n-butyllithium to form a (13 +n-BuLi) dimer that was also characterized by X-ray diffraction. Directed
lithiation of the nonbridged ferrocene derivative 1-(dimethylaminobenzyl)ferrocene (16) with fert-
butyllithium resulted in an opposite stereoselectivity to yield (R*,p-R*)-17, which forms a chiral dimeric
structure in the solid state, as was revealed by its X-ray crystal structure analysis.

Introduction

Ferrocene-based ligand systems have played an increasingly
important role in homogeneous catalysis, especially in the
asymmetric formation of organic target molecules." Chelate
ligands such as Josiphos, Walphos, Ferriphos, and many more?
have consequently been used extensively in asymmetry catalysis,
especially in asymmetric catalytic hydrogenation and related
processes. We? and others® have contributed to this field by the
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# X-ray crystal structure analyses.
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Scheme 1

design and synthesis of various chiral [3]ferrocenophane-derived
chelate ligand systems. So far, the P,P-chelate ligands 1 and 2
(see Scheme 1) have shown an interesting performance as
components in palladium-catalyzed alternating CO/ethene’ or
asymmetric alternating CO/propene copolymerization,® respectively.

The synthesis of most of the ligands mentioned above and
many of their congeners at one stage involves a stereoselective-
directed lithiation step at the ferrocene nucleus. Analogous to
the corresponding arene lithiation chemistry’ this is usually
achieved in ferrocene chemistry by treatment of a precursor,
which features a suitably positioned pendant —OR or —NR;
substituent, with, for example, butyllithium. Li" coordination
during the reaction then often very efficiently leads to highly
regioselective arene or ferrocene metalation.®>>® Quenching of
the resulting ferrocenyl lithium derivative with a suitable
electrophile (e.g., halogen, organic carbonyl, chlorophosphine
derivatives) then leads to the respective functionalized product.
Scheme 2 shows a typical example.

The respective ferrocenyl-Li systems, e.g., 4, and their
structural and chemical features, play a decisive role in this
chemistry. Since there were surprisingly few structural studies
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of lithioferrocene-containing systems reported in the literature,®'°

we decided to investigate the structural properties of the
—NMe,-substituted lithio[3]ferrocenophane system (4) and some
related complexes.

Such systems might be compared with the preferred structural
arrangements of the underlying metal-free carbocyclic lithioarene
compounds, which often exhibit dimeric or higher aggregated
structures in the solid state. Ligand-free phenyllithium (6) features
an orthogonal dimeric structure in the crystal'' (see Scheme 3).
Several donor ligand-stabilized analogues feature similar struc-
tures,'” but such systems show a tendency toward two major
structural distortions. The attachment of donor substituents in the
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ortho-positions often leads to bending of the CipsoLizCipso plane'?
toward a nearly planar tetracoordinate carbon environment'“~'¢ such
as 7 in Scheme 3. Alternatively, an unsymmetrical shifting of the
Li-positions may occur that ultimately leads to structures of the
type 8, which have been found in some higher or mixed aggregates
(see Scheme 3).!7

Combinations of these distortions may in some cases occur.'®
We will see how the ai-NMe,-substituted lithio[3]ferrocenophane
systems structurally behave in comparison to these ArLi
reference systems.

Results and Discussion

Syntheses. The lithio[3]ferrocenophane system 4 (see Scheme
2) was obtained from a synthetic sequence previously reported by
us. 1,1'-Diacetylferrocene 9'° was subjected to an intramolecular
Mannich condensation reaction to yield the unsaturated [3]ferro-
cenophane derivative 10%° (see Scheme 4). This was then catalyti-
cally hydrogenated (Pd/C, H,) to give a trans/cis mixture of the
saturated amino[3]ferrocenophane derivative 3. Recrystallization
followed by treatment with n-butyllithium eventually gave pure 4
(R*,R*p-S* diastereomer) after crystallization from ether (70%).
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For a comparison we prepared the related a-dimethylamino[3]-
ferrocenophane (13). The sequence®" started with a Friedel—Crafts
reaction of ferrocene with acryloyl chloride to give 11. Reduc-
tive amination (dimethylamine/T i(O'Pr)s; NaBHy,) then gave the
product (12). Its lithiation with 1 molar equiv of n-butyllithium
in ether followed by crystallization gave 13 in >70% yield (see
Scheme 5). Treatment of 12 with 2 molar equiv of n-BuLi under
similar conditions eventually gave large crystals of 13+ n-BuLi
in 60% yield.

Also for the purpose of structural comparison we prepared
the related unbridged (o-dimethylamino)lithioferrocene deriva-
tive (17). The corresponding starting material (16) was synthe-
sized according to a literature procedure®” (see Scheme 6). The
final lithiation step (#-Buli in ether/pentane) furnished the
product (17), which crystallized with coordination of a molecule
of ether in the solid state.

Descriptions of Crystal Structures of the Lithiated
Ferrocenophane Compounds. The chirality centers in trans-3
are not independent of each other. Consequently, selective
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directed lithiation at the proximal position of the ferrocene CsHj3
ring adjacent to the a-NMe, substituent must lead to the
diastereomer of 4 with the relative configuration (R*,R*,p-S%).
In the crystal isolated dimers of 4 were found. Of the two
possible combinations we find only the meso-dimer (see Figure
1). It contains a pair of monomeric units of opposite relative
stereochemistry bridged by two lithium atoms. The lithium
atoms and their adjacent ferrocene ipso-carbon centers form a
central C,Li, four-membered substructure. The dimeric structure
of meso-4 is constrained in the solid state by a crystallographic
center of symmetry.

The side view of the structure (see Figure 1, bottom) shows
that the central C,Li, unit features a marked rhombohedral
distortion. One lithium atom is almost coplanar with its adjacent
CsHy ring (Li1—C14: 2.144(3) A; angle centroid Cp—C14—Li:
147.4°). The other lithium atom (Lil*—Cl4: 2.103(3) A)
features a slightly shorter Li—C distance and is displaced out
of the C10—C14 plane (angle centroid Cp—C14—Li*: 135.2°)
toward the iron center [Lil is 0.426 A below the C10—C14
plane; Lil* is 1.407 A above]. The Lil -+ Lil* distance is
20.391(5) A. The Lil*---Fel separation amounts to 2.853(2)
A.

The adjacent amine nitrogen atom is coordinated to Lil
(Lil—N1: 2.067(3) A). The resulting five-membered heterocycle
features an envelope-shaped conformation with the atoms Lil,
C14, C10, and C9 being oriented in one plane and N1 (the “tip
of the envelope”) out of the plane away from the central Fe
atom (angle C9—N1—Lil: 98.3(1)°; deviation of N1 from the
adjacent plane: 0.774 A).

In the structure of the meso-4 dimer the two ferrocene units
are offset to each other by half a ferrocene unit, which is
determined by the specific combination of the positions of the
connecting lithium atoms. In the dimer the central C,Li, plane
deviates markedly from the mean Cp planes of their adjacent
ferrocene units (angle between the C14, Lil, C14*, Lil* vs the
C10—Cl14 plane: 55.4°).

Complex 13 features a very similar dimeric structure in the
crystal (meso-13 dimer). It is composed at two chiral monomeric
subunits of opposite stereochemistry (i.e., R,p-S/S,p-R). Again,
the meso-dimer contains a rhombohedrally shaped central C,Li,
ring system that is rotated by ca. 55.7° from an orthogonal
arrangement with the adjacent Cp planes. The characteristic
individual bond lengths amount to 2.150(4) A (Li1—C14) and
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Figure 1. Two views of the molecular structure of the meso-4 dimer
in the crystal (thermal ellipsoids at the 50% level). Selected bond
lengths (A) and angles (deg): Fe—Cc, 2.006(1)—2.106(1), Fe—Lil*
2.853(2), C5—Lil* 2.638(3), C1—C6 1.508(2). C6—C7 1.529 (2).
C6—C8 1.543(2), C8—C9 1.549(2), C9—C10 1.519(2), C9—NI
1.501(2), C9—Lil 2.725(3), C10—Lil 2.739(3), C14—Lil 2.144(3),
Cl4—Lil* 2.103(3), N1—Lil 2.067(3); C1—C6—C7 112.1(1),
Cl1-C6—C8112.8(1), C7T—C6—C8 111.8(1), C6—C8—C9 116.3(1),
C8—C9—C10 114.1(1), C8—C9—NI1 109.7(1), C10—C9—NI1
107.0(1), C9—NI1—Lil 98.3(1), N1—-Lil—C14 89.2(1), NI—Lil—
C14* 137.0(1), C14—Lil—C14*111.5(1).

2.073(4) A (Li1—N1). The internal chelate ring features bond
angles of 89.1(2)° (C14—Lil—NI1), 97.7(1)° (Lil—N1—C9),
106.7(1)° (N1—C9—C10), 123.1(2)° (C9—C10—Cl14), and
96.9(2)° (C10—C14—Lil). The Lil <<+ Lil* distance in the meso-
13 dimer amounts to 2.388(7) A.

The molecular structure of the n-butyllithium adduct [13 « n-
BuLi dimer] is markedly different. It contains molecular entities
that are comprised of two lithioferrocene (13) and two n-
butyllithium subunits. In this case the pair of [3]ferrocenophane
entities is of the same chirality [i.e., R* p-S*,R* p-S*]. In the
overall C-symmetrical structure two lithium atoms (Li2, Li2*)
are bridging the ferrocene units such that they are both oriented
close to the adjacent CsHj plane (C14—Li2: 2.252(4) A, angle
Li2—C14—Li2*: 70.9(1)°). The angle between the Lil —C14—Li2
and C10—C14 planes amounts to 49.4°. Consequently, we note
a weak N1—Li2 (2.088(4) A) interaction in this subunit. The
additional pair of lithium atoms brought in by the formal
addition of two n-butyllithium building blocks are oriented such
that the total of four alkali metal atoms form a tetrahedral Liy
cluster in the center of this molecular arrangement. It is
characterized by bond distances Lil —Li2 2.457(5) A, Lil—Lil*
2.443(7) A, Li2—Li2* 2.597(6) A, and Lil—Li2* 2.547(5) A.
The pair of n-butyl substituents is C,-symmetrically oriented
toward the outside. Their a-CH, groups are bridging between

Figure 2. Projection of the structure of the meso-13 dimer (thermal
ellipsoids at the 50% level). Selected bond lengths (A) and angles
(deg): Fe—C¢p 2.001(2)—2.104(2), Fe—Lil* 2.882(3), C5—Lil*
2.647(4), C1—C6 1.503(3). C6—C8 1.534(3), C8—C9 1.544(3),
C9—C10 1.518(2), C9—NI1 1.499(2), C9—Lil 2.717(4), C10—Lil
2.738(4), C14—Lil 2.150(4), C14—Lil* 2.105(4), N1—Lil 2.073(4);
C1—-C6—C8 114.7(2), C6—C8—C9 115.3(2), C8—C9—C10 114.2(2),
C8—C9—N1 110.2(2), C10—C9—N1 106.7(2), C9—N1-Lil 97.7(1),
N1-Lil—Cl14 89.1(2), N1-Lil—Cl14* 136.9(2),
Cl14—Lil—C14*111.7(2).

C24

Figure 3. View of the molecular structure of the 13 +n-BulLi dimer
(thermal ellipsoids at the 50% level). Selected bond lengths (A)
and angles (deg): Fe—Cc, 2.002(2)—2.094(2), C1—C6 1.495(3).
C6—C8 1.537(3), C8—C9 1.540(3), C9—C10 1.518(3), C9—NI1
1.502(2), C9—Li2 2.781(4), C14—Li2 2.252(4), C14—Li2* 2.226(3),
N1-Li2 2.088(4), C14—Lil 2.136(4), C21—Lil 2.212(4), C21—Lil*
2.219(4), C21—Li2* 2.316(4); C1—C6—C8 114.0(2), C6—C8—C9
114.2(2),C8—C9—C10114.5(2),C8—C9—N1110.0(2),C10—C9—NI1
107.5(1), C9—N1—Li2 100.3(1), N1—Li2—C14 88.4(2), N1—Li2—
Cl14* 122.4(2), C14—Li2—C14* 107.0(1).

pairs of lithium atoms [Lil—C21%*: 2.219(4) A, Li2—C21%:
2.316(4) A, angle Lil—C21*—Li2: 65.6(2)°].

The X-ray crystal structure analysis of rac-17 has revealed that
the directed lithiation of the open aminomethylferrocene precursor
16 has resulted in a different stereochemical result as compared to
the bridged o-amino[3]ferrocenophane systems (3). The latter
consistently led to the formation of lithioferrocenophanes with R*,p-
S* configuration [e.g., (R*,R* p-S*)-4 or (R* p-S*)-13], whereas
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Figure 4. View of the molecular geometry of the 17+ 0.5Et,O dimer
(thermal ellipsoids at the 50% level). Selected bond lengths A
and angles (deg): Fe—Cc, 2.025(3)—2.111(2) [2.033(2)—2.119(2)],
C9—C10 1.515(2) [1.522(3)], C9—NI1 1.500(2) [1.495(3)], C14—LilA
2.234(4) [2.231(4)], Cl14—LilB 2.119(4) [2.128(4)], N1—Lil
2.198(4) [2.059(4)], O33—LilA 1.983(3); C10—C9—N1 108.6(1)
[110.1(2)], C9—N1—Lil 98.1(1) [103.7(2)], N1—Li1—C14 87.0(1)
[88.8(2)], N1—-Lil—C14* 117.6(2) [124.3(2)], Cl4—Lil—
C14*108.8(1) [117.5(2)], NIA—LilA—033 112.0(2).

directed lithiation of 16 resulted in the formation of product 17
with a “like” configuration, i.e., (R*,p-R*)-17.

In the crystal we find isolated dimeric molecular entities of
17. Each dimer is composed of a pair of monomeric lithiocene
derivatives of the same chirality [i.e., R*p-R* R* p-R*]. There
is an additional ether molecule present in each dimer. The
ferrocene moieties are connected by a pair of lithium atoms.
The bridging is unsymmetrical (bond lengths C14A—LilA:
2.234(4) A, C14A—LilB: 2.119(4) A, C14B—LilB: 2.128(4)
A, C14B—LilA: 2.231(4) A). The bond angles inside the central
C,Li, four-membered ring amount to C14A—LilA—C14B
108.8(1)°, C14B—LilB—CI14A 117.5(2)°, LilA—C14B—LilB
66.5(1)°, LilA—C14A—LilB 66.6(1)°. The angle between the
LilA—C14A—LilB plane and the adjacent CI0A—C14A Cp
plane is 90.6°; the corresponding angle between the C10B—C14B
and LilA—C14B—LilB planes amounts to 38.4°. This places
the structure of the 17 dimer somewhere between the extremes
of 6 and 7 (see Scheme 3 and Figure 4).

We note that lithium atom Lil A carries a coordinated diethyl
ether ligand (LilA—033: 1.983(3) A). It is also weakly bonded
to the nitrogen center of the adjacent —NMe, group (LilA—NI1A:
2.198(4) A, angles Lil A—N1A—C9A:98.1(1)°,N1A—LilA—033:
112.0(2)°). Lithium atom LilB is coordinated only to its
neighboring dimethylamino nitrogen center (LilB—N1B: 2.059(4)
A).

Some Conclusions

The stereochemistry of the directed lithiation of the a-dimeth-
ylamino[3]ferrocenophane systems 3 and 12 is determined by
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the rigid orientation of the —NMe, substituent at the Cs-bridge.
This relatively large group in all cases adopts a pseudoequatorial
position. It directs the attack of the organolithium base
selectively into the ferrocene ring position, which leads to the
formation of a single diastereoisomeric lithio[3]ferrocenophane
derivative with (R*,R* p-S*) configuration. This was for the first
time directly observed in this study, by characterizing the
molecular structures of the respective products 4 and 13.
Quenching of the lithio[3]ferrocenophane (R*,R* p-S*)-4 with
CIPR; reagents had previously resulted in the formation of the
corresponding (R*,R*,p-R*)-5 derivatives: the change of p-S*
to p-R* results from a formal Cahn, Ingold, Prelog priority
reversal. In contrast, the nonbridged system (16) leads to a
different stereochemical result, again to the best of our
knowledge for the first time observed here directly. Here a
specific conformational control of the pendent —CHPh(NMe;)
substituent leads to the specific formation of the (R*,p-R*)-17
diastereomer at the ferrocenyllithium stage.

The results of our X-ray diffraction analyses of these lithium-
bridged dimers reveal some interesting structural arrangements.
The structures of the lithiated [3]ferrocenophanes (4, 13) feature
both a rotation of the central Li,C, plane relative to the adjacent
Cp planes and a shifting of the lithium atoms. This can be
described as a combination of both the 6 — 7 and 6 — 8
distortions as they were schematically depicted in Scheme 3.
However, in both cases the overall structure is still reminiscent
of a regular (i.e., perpendicular) aryl lithium dimer structure.

The same is true for the 13+n-BuLi dimer. In this case this
distorted bonding arrangement seems to be strongly stabilized
by the presence of the pair of added n-butyllithium units, which
gives rise to the formation of a central Lis cluster inside the
supramolecular architecture.”

The structure of the 17 « 0.5Et,O dimer represents an interesting
borderline case between the structural extremes 6 and 7 sketched
in Scheme 3. Here the open architecture has apparently induced a
marked rotation of the Li—Li vector from an orthogonal arrange-
ment (reminiscent of 6) toward a more coplanar orientation. It
seems that a more flexible system may conformationally favor this
rather unusual planarized geometry, especially if that is stabilized
by the coordination of an additional ligand.

Experimental Section

General Procedures. All experiments were carried out under a
dry argon atmosphere using standard Schlenk techniques or in a
glovebox. Solvents (including deuterated solvents used for NMR) were
dried and distilled prior to use. 'H and "*C spectra were recorded on
a Bruker AV300 or a Varian 600 Unity Plus spectrometer. 'H and
13C data were determined by 1D- (APT, TOCSY, NOE) and 2D-NMR
experiments (**C,'"H GHSQC, '*C,'"H GHMBC, and 'H,'H COSY).
Elemental analysis was performed on a Foss-Heraeus CHNO-Rapid.
The starting materials rac-trans-3,> rac-12,*' and rac-16**> were
prepared according to the reported procedures.

X-ray Crystal Structure Analyses. Data sets were collected
with a Nonius KappaCCD diffractometer, equipped with a rotating
anode generator. Programs used: data collection COLLECT (Nonius
B.V., 1998), data reduction Denzo-SMN (Otwinowski, Z.; Minor,
W. Methods Enzymol. 1997, 276, 307—326), absorption correction
SORTAYV (Blessing, R. H. Acta Crystallogr. 1995, A51, 33—37;
Blessing, R. H. J. Appl. Crystallogr. 1997, 30, 421—426) and Denzo

(23) See for a comparison: Marsch, M.; Harms, K.; Lochmann, L.;
Boche, G. Angew. Chem., Int. Ed. Engl. 1990, 29, 308-309; Angew. Chem.
1990, 102, 334—336 [(n-BuLi)4(LiO-#-Bu)4]Davies, R. P.; Raithby, P. R.;
Snaith, R. Angew. Chem., Int. Ed. Engl. 1997, 36, 1215-1217; Angew. Chem.
1997, 109, 1261—1263 [(Et;0)4(n-BuLi),{Ph(CsH4Li)NLi}»(LiNPh;)]
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(Otwinowski, Z.; Borek, D.; Majewski, W.; Minor, W. Acta
Crystallogr. 2003, A59, 228—234), structure solution SHELXS-97
(Sheldrick, G. M. Acta Crystallogr. 1990, A46, 467—473), structure
refinement SHELXL-97 (Sheldrick, G. M. Universitit Gottingen,
1997; Sheldrick, G. M. Acta Crystallogr. 2008, A64, 112—122),
graphics XP (BrukerAXS, 2000) and SCHAKAL (Keller, E.
Universitidt Freiburg, 1997).

Preparation of Lithio[3]ferrocenophane 4. A solution of rac-
trans-3 (420 mg, 1.5 mmol) in diethyl ether (10 mL) was cooled
with an ice—salt bath (ca. —20 °C). After n-BuLi (1.6 mL, 1.6 M
in hexane, 3.2 mmol) was added, the cooling bath was removed
and the solution was kept without any agitation for 48 h. Big crystals
of 4 (300 mg, 70%) were isolated by decanting the solvent in a
glovebox. Anal. Calcd for CjsHoFeLiN: C 66.47, H 6.97, N 4.84.
Found: C 65.49, H 7.08, N 4.51. '"H NMR (300 MHz, dg-THF,
298 K): 0 1.23 (d, *J = 7.4 Hz, 3H, 7-H), 2.06 (ddd, %/ = 12.8
Hz, 3J = 3.6, 2.1 Hz, 1H, 8-H), 2.22 (s, 6H, NMe,), 2.67 (dd, 3J
= 11.7, 2.1 Hz, 1H, 9-H), 2.76 (qt, °J = 7.4, 3.6 Hz, 1H, 6-H),
3.28 (ddd, 2J = 12.8, 3J = 11.9, 3.6 Hz, 1H, 8-H'), 3.74, 3.94,
3.95, 4.43 (each m, each 1H, 2,3.4,5-H), 3.90, 4.15 (each m, each
1H, 11,13-H), 3.98 (m, 1H, 12-H). >*C{'H} NMR (75 MHz, ds-
THF, 298 K): 0 17.5 (C7), 29.4 (C6), 45.8 (NMe,), 45.8 (C8), 64.6
(C9), 65.8, 67.1, 69.4, 72.2 (C2,3,4,5), 69.7 (C12), 74.4, 81.0
(C11,13), 90.1 (C10), 92.4 (C1), n.o. (C14).

X-ray crystal structure analysis for 4: formula C,¢HyFeLiN, M
= 289.12, orange crystal 0.55 x 0.25 x 0.25 mm, a = 7.5675(1) A,
b=9.2846(2) A, c = 10.4913(2) A, o. = 106.946(1), 8 = 98.020(1)°,
y = 102.853(2)°, V= 670.75(2) A®, peare = 1.432 gecm 3,y = 1.106
mm~’, empirical absorption correction (0.582 = T < 0.770), Z = 2,
triclinic, space group P1 (No. 2), A = 0.71073 A, T =198 K, w and
@ scans, 6967 reflections collected (+h, + k, & 1), [(sin 6)/A] = 0.67
Afl, 3227 independent (Ri, = 0.034) and 3069 observed reflections
[1 = 20(1)], 175 refined parameters, R = 0.026, wR? = 0.070, max.
residual electron density 0.36 (—0.45) e A3, hydrogen atoms
calculated and refined as riding atoms.

Preparation of Lithio[3]ferrocenophane 13. A solution of rac-
12 (270 mg, 1.0 mmol) in ether (5 mL) was cooled with an ice—salt
bath (ca. —20 °C). After n-BuLi (0.6 mL, 1.6 M in hexane, 0.96
mmol) was added, the bath was removed and the solution was kept
without any agitation for 48 h. Big crystals of 13 were isolated by
decanting the solvent in a glovebox (198 mg, 72%). Anal. Calcd
for CisHgFeLiN: C 65.49, H 6.60, N 5.09. Found: C 64.61, H
6.65, N 4.87. "H NMR (300 MHz, ds-THF, 298): 6 1.88 (td, 2/ =
14.0, °J = 14.0, 2.3 Hz, 1H, 6-H), 2.13 (br m, 1H, H-8), 2.23 (s,
6H, NMe,), 2.45 (dd, *J = 11.0, 1.5 Hz, 1H, 9-H), 2.51 (dt, 2] =
14.0, 3J = 3.4 Hz, 1H, 6-H'), 3.10 (br m, 1H, 8-H'), 3.71, 3.87,
3.95, 4.40 (each br, each 1H, 2,3,4,5-H), 3.93, 3.99, 4.16 (each br,
each 1H, 11,12,13-H). '*C{'H} NMR (75.0 MHz, ds-THF, 298
K): 0 27.6 (C6), 38.8 (C8), 45.7(NMe,), 65.9, 69.7, 70.4, 71.6
(C2,3,4,5),70.0, 74.8, 80.9 (C11,12,13), 72.2 (C9), 87.6 (C1), 89.8
(C10), n.o. (C14).

X-ray crystal structure analysis for 13: formula C;sH,gFeLiN,
M = 275.10, orange crystal 0.30 x 0.15 x 0.10 mm, a = 7.4443(1)
A b =929932) A, ¢ = 9.96023) A, o = 95318(1)°, f =
108.510(1)°, y = 102.226(2)°, V= 629.43(2) A, pege = 1451 gem ™3,
u=1.174 mm™", empirical absorption correction (0.720 < T < 0.892),
Z = 2, triclinic, space group P1 (No. 2), A =0.71073 A, T=198 K,
 and @ scans, 5795 reflections collected (+h, + k, & ), [(sin 6)/A]
=067 A1, 3013 independent (R = 0.039) and 2587 observed
reflections [/ > 20(/)], 165 refined parameters, R = 0.034, wR> =
0.080, max. residual electron density 0.46 (—0.41) e A™3, hydrogen
atoms calculated and refined as riding atoms.

Preparation of Lithio[3]ferrocenophane 13 -n-BuLi. A solu-
tion of rac-12 (270 mg, 1.0 mmol) in ether (5 mL) was cooled
with an ice—salt bath (ca. —20 °C). After n-BuLi (1.3 mL, 1.6 M
in hexane, 2.08 mmol) was added, the bath was removed and the
solution was kept without any agitation for 48 h at room temper-
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ature. Again the solution was cooled to —32 °C for crystallization.
Crystalline 13 +n-BuLi was isolated by decanting the solvent in a
glovebox (203 mg, 60%). A satisfactory result of element analysis
for this compound was not obtained due to its high sensitivity. "H
NMR (600 MHz, ds-toluene, 298 K): 6 —0.41(m)/—0.44 (br) (=
2H), 1.15 (pt, 3H), 1.72/1.92 (each m, each 1H), 1.76 (m, 2H) (Bu),
1.47 (s, 3H, NMe), 1.51/2.29 (each m, each 1H, 6-H), 1.93 (m,
1H, 9-H), 1.94/1.98 (each m, each 1H, 8-H), 2.02 (s, 3H, NMe),
3.82, 3.97, 4.25 (each m, each 1H, 11,12,13-H), 3.95, 3.96, 3.97,
4.00 (each m, each 1H, 2,3,4,5-H). "*C{'H} NMR (125 MHz, ds-
toluene, 298 K): 0 14.3, 32.7, 33.4, n.o. (Bu), 25.2 (C6), 39.5 (C8),
43.1 (NMe), 45.9 (NMe), 64.4, 67.5, 68.9, 71.8 (C2,3,4,5), 68.1
(C9), 71.4, 74.9, 78.1 (C11,12,13), 86.1 (Cl), 98.2 (C10), n.o.
(C14).

X-ray crystal structure analysis for 13-n-BuLi: formula
[C15H18FCLiN'LiC4H9]2, M= 67829, orange crystal 0.45 x 0.25
x 0.20 mm, a = 21.6614(3) A, b = 10.6671(2) A, ¢ = 19.0435(3)
A, B =124613(1)°, V= 3621.46(10) A>, peae = 1.244 gcm >, u
= 0.828 mm ™', empirical absorption correction (0.707 < T <
0.852), Z = 4, monoclinic, space group C2/c (No. 15), 1 =0.71073
A, T =198 K, w and ¢ scans, 13 024 reflections collected (£h, £
k, & 1), [(sin )/A] = 0.66 A~', 4263 independent (R, = 0.048)
and 3394 observed reflections [/ = 20(])], 240 refined parameters,
R = 0.037, wR> = 0.102, max. residual electron density 0.41
(—0.44) e A3, hydrogen atoms calculated and refined as riding
atoms.

Preparation of 17. A solution of 16 (320 mg, 1.0 mmol) in
ether (5 mL) was cooled with an ice—salt bath (ca. —20 °C). After
t-BuLi (0.6 mL, 1.5 M in pentane, 0.9 mmol) was added, the bath
was removed and the solution was kept without any agitation for
24 h. Big crystals of 17 (232 mg, 64%) were isolated by decanting
the solvent in a glovebox. NMR data were obtained by dissolving
the crystals at —78 °C and directly measured at —75 °C. At —5 °C
the detected compound rearranged to a complex mixture (see the
Supporting Information). Anal. Caled for (C9HyFeLiN),*Et,O:
C 69.63, H 6.96, N 3.87. Found: C 69.39, H 6.91, N 3.86. '"H NMR
(600 MHz, ds-THF, 198 K): 6 1.92 (br, 6H, NMe,), 3.34 (br, 5H,
Cp), 3.76, 3.93. 3.95 (each br, each 1H, 11,12,13-H), 4.02 (br, 1H,
9-H), 7.17 (pt, 1H, p-Ph), 7.31 (pt, 2H, m-Ph), 7.58 (pd, 2H, o-Ph).
13C NMR (125 MHz, ds-THF, 198 K): 6 45.5 (br, NMe,), 67.7,
70.2, 76.5 (C11,12,13), 68.8 (Cp), 73.4 (C9), 99.0 (C10), 126.3
(p-Ph), 128.0 (m-Ph), 129.0 (o-Ph), 148.3 (i-Ph), n.o. (C14).

X-ray crystal structure analysis for 17-0.5Et,O: formula
(Ci9HpoFeLiN),*C4H 0O, M = 724.42, orange crystal 0.30 x 0.25
x 0.20 mm, a = 10.9229(1) A, b = 12.9582(2) A, ¢ = 13.9885(2)
A, o = 75.410(1)°, B = 84.683(1)°, y = 83.606(1)°, V =
1899.88(4) A3, Peate = 1.266 g cm ™2, u = 0.797 mm ™', empirical
absorption correction (0.796 < T =< 0.857), Z = 2, triclinic, space
group P1 (No. 2), 2 = 0.71073 /OX, T =198 K, w and ¢ scans,
20 005 reflections collected (£h, + k, & 1), [(sin 0)/A] = 0.66 A",
8977 independent (R, = 0.054) and 7248 observed reflections [/
> 20(l)], 448 refined parameters, R = 0.040, wR? = 0.104, max.
residual electron density 0.42 (—0.59) e A3, hydrogen atoms
calculated and refined as riding atoms.
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