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At the limits of bisphosphonio-substituted stannylenes

Sina Nasemann,” Roman Franz,”” Denis Kargin,” Clemens Bruhn,” Zsolt Kelemen,

Torsten Gutmann, and Rudolf Pietschnig*™

Donor stabilization of Sn(ll) and Pb(ll) halides with 1,1"-
ferrocenylene bridged bisphosphanes has been explored for
Fe(CsH,P(CeHs),), (dppf), and Fe(CsH,PH(C,Ho)),. These bisphos-
phanes are reacted with SnBr, and PbCl, with and without
additional Lewis acid (AICl;) forming acyclic and cyclic donor

Introduction

Heavier tetrylenes like other hetero-carbenes experience pro-
nounced stabilization from adjacent zn-donating substituents
limiting the acceptor properties of the low-valent atom." A
landmark in this respect was the first example of an isolable all
carbon substituted silylene lacking such n-donor substituents.”
The strategy of replacing nitrogen with phosphorus in N-
heterocyclic tetrylenes and hetero-carbenes has also furnished
remarkable results demonstrating the higher electrophilicity of
the low-valent atom by formation of mutual donor acceptor
adducts via 1,2-® or 1,1-dimerization in addition to very few
monomeric examples.”! Owing to the predominant s-character
of the lone-pair in phosphanyl groups the n-donating properties
are already quite limited, apart from special cases.” Quaterniza-
tion of the phosphorus atoms is expected to suspend
mesomeric stabilization completely and the corresponding
bisphosphonio tetrylenes likewise may be described as bis-
phosphane complexes of the corresponding tetrel dications
(Figure 1). Previous work on Sn(ll) coordination indicates a
strong dependence on the counter anion,”’ ligand hapticity®™
and even partial bond activation at the ligand.” Interestingly,
dative N—Sn-coordination was found to be preferred over
isomeric P—Sn donation."” Here we employ 1,1-ferrocenylene
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adducts from which the latter represent bisphosphoniotetry-
lenes. Since dynamic exchange in solution is observed, charac-
terization includes solution and solid-state NMR in addition to
SC-XRD, amended by DFT calculations.

bridged bisphosphanes aiming at the preparation of the
corresponding cationic bisphosphonio stannylenes.

Results and Discussion

As a starting point we explored the coordination of Sn(ll) to
bis(diphenylphosphanyl)ferrocene (dppf) a commercially avail-
able bisphosphane with well documented donor-properties.
The dppf was reacted with 2 eq. of SnBr, since in related cases
the second equivalent acted as halide abstracting Lewis acid
(Scheme 1).

NMR studies in solution (CH,Cl,) indicate a dynamic
equilibrium with significant line broadening. While the '°Sn
resonance at ca. —13 ppm (v, =278 Hz) is significantly de-
shielded with respect to the starting material SnBr,, the *'P, 'H,
and *C NMR signals of the dppf remain almost unchanged (ES|,
Figure S4). Evaporation of the solvent leads to an orange
crystalline product 2. SC-XRD on suitable crystals of 2 revealed
its molecular structure in which each phosphorus atom
coordinates a SnBr, unit in an acyclic fashion (Figure 2).

Since the hypothesis that SnBr, would also act to abstract
halide could not be confirmed, we considered a more
pronounced Lewis acid for this purpose. To this end we reacted
dppf with SnBr, and AICl; simultaneously (Scheme 2). In
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Figure 1. Sketch of heavier bisphosphanyltetrylenes in 1,1-dimeric (1), 1,2-
dimeric (Il), monomeric (lll) and quaternized (IV) form (E=Sn; R, R'=organ-
ic/organometallic substituent).
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Scheme 1. Coordination of Sn(ll) with dppf.
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Figure 2. Molecular structure of 2. Ellipsoids are drawn at 30% probability
level and all hydrogen atoms are omitted for clarity. Selected bond lengths:
Sn1-P1 2.7284(10) A; Sn1-Br1 2.5906(5) A; Sn1-Br2 2.5849(5) A.
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Scheme 2. Coordination of Sn(ll) with dppf in presence of an additional
Lewis acid followed by anion exchange.

solution (CH,Cl,) the *'P as well as the ''°Sn resonances were
both deshielded and broadened (3(°'P): —2.1 ppm, v, =120 Hz;
3(''°Sn): —24.4 ppm, vi;, =70 Hz). The *’AI-NMR data were further
complicated by halide scrambling indicating the presence of
tetrachloroaluminate (§=103.8 ppm, vi,=52Hz), bromotri-
chloroaluminate (5= 100.0 ppm, v, =78 Hz), dibromodichloroa-
luminate (6=95.0 ppm, vi, =86 Hz), and tribromochloroalumi-
nate (6=288.6 ppm) in reasonable agreement with literature
data.l'"”

To avoid dynamic halide exchange, the anion of compound
1b was exchanged by reaction with Li[AI(OC(CF,);),] (Scheme 2).
The observation of narrow resonances with resolved P—Sn
couplings visible in the *'P- and '"°Sn-NMR spectra confirms the
absence of dynamic exchange as intended. The *'P-NMR spectra
show a narrow singlet at 3.9 ppm (vi,=4Hz) with Ypn =
1751 Hz ("'°Sn isotopomer) and 'Jps,= 1670 Hz ("'’Sn isotopom-
er), shifted 6 ppm downfield compared to 1b. The ratio
between the central resonance and the satellites for the signal
at 3.9 ppm with a value of 85:15 is indicative for a single tin
atom bridging the two phosphorus atoms. In the corresponding
"9Sn-NMR spectrum a triplet at 0.1 ppm corroborates the
bridging situation with the matching coupling constant 'Jug, =
1751 Hz and is in agreement with 'Jy, literature values for the
SnCl-fragment chelated by [(Ph,PCH,),BPh,] ("Jps, = 1794 Hz).”!

Although the identity of 1c is evident from the complete
set of heteronuclear NMR spectra, traces of the analogous
aluminum bridged diphospha-[3]ferrocenophane [Fe-
(CpPPh,),AICLI[AI(OC(CF;),),], could not be removed (cf. ESI for
details).

Moving to the heavier tetrel, we explored the reaction of
dppf with PbCl,. Again dppf was exposed to two equivalents of
lead(ll) chloride in dichloromethane (CH,Cl,). Even after several
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days of stirring at room temperature no reaction with PbCl, was
observed, which did not change by the addition of equimolar
amounts of aluminium(lll) chloride. Although no reaction
involving lead occurred, NMR spectroscopy revealed that rather
aluminium coordinates to dppf. Therefore, the direct reaction
between dppf and AICl; in the absence of PbCl, was explored
(Scheme 3).

In CD,Cl, solution the 3'P-chemical shift of the dppf
resonance at —17.7 ppm is hardly affected by the addition of
aluminium(lll) chloride whereas the signal broadening increases
with the amount of Lewis-acid (3: —17.8 ppm, v;, =28 Hz and 4:
—18.1 ppm, v, =158 Hz), in agreement with previously re-
ported complexes of dppm and dppe with aluminium(ll)
chloride."?

Further confirmation of adducts 3 and 4 is obtained in the
'H- and even more pronounced in the C-NMR spectra. The
multiplets of the Cp-resonances in the proton NMR spectra are
deshielded upon AICl; coordination by ca. 0.4 ppm as compared
to dppf. Owing to fast exchange on the NMR time scale, the
signals of the non-coordinated and the coordinated units in 3
are observed as averaged signals in between those in 4 and
dppf. In the *C-NMR spectra the carbon atoms adjacent to
phosphorus are most affected by the adduct formation. Both
types of nuclei experience significant shielding compared with
dppf. In 4 the signal for phenyl ipso-C at 126 ppm is shifted to
higher field by more than 13 ppm and the one for the Cp, at
67 ppm is shifted upfield by 10 ppm. Additionally, the related
'Joc coupling constants increase significanly by 43 Hz to 54 Hz
(Ph,) and 50 Hz to 58 Hz (Cp,). Comparable trends of the NMR
parameters have already been observed for dppe and its
aluminium chloride adducts.”” The “Al-NMR spectrum of 3
shows a broad signal at 109.9 ppm (vi,=750 Hz). A visually
identical shift is observed for 4 (109.8 ppm, v:, =740 Hz). These
values are in agreement with literature known values for the
structurally related dppe mono-AICl; adduct (3(*Al): 109.3 ppm
(vi, =600 Hz)) and the bis-AlCl; adduct (8(*’Al): 108.8 ppm (v, =
600 Hz)).'"" Coupling between phosphorus and aluminium was
neither observed in ZAl- nor in 3'P-NMR spectra. However, Reid
et al. were able to resolve the 'J,, coupling constant of 275 Hz
for the similar system [AICI;(PMe;)] but only at low
temperature."¥ Elemental analysis of the reaction products in
presence and absence of PbCl, confirms that in both cases the
aluminium-monoadduct 3 is formed. ssSNMR measurements of 3
(ESI, Figures S6-S8) support the formation of a mono-phosphan-
yl-coordinated aluminium adduct showing two signals in the
3P CP MAS spectrum. The resonance at —17.8 ppm is in
agreement with the *'P-NMR chemical shift of 3 in solution and
is assigned to the phosphorus atom attached to the aluminium,
whereas the sharp signal at —14.7 ppm is assigned to the free

o ©
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Scheme 3. Adducts of dppf with AICI;.
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phosphanyl unit of 3 in agreement with the *'P CP MAS
spectrum of the neat dppf ligand (ESI, Figure S1). Furthermore,
the J-resolved *'P-ssNMR spectrum (ESI, Figure S7) shows no
resolvable coupling between both phosphorus nuclei, indicat-
ing the formation of 3, while bridging of both phosphanyl units
by a single aluminium nucleus can be excluded. The corre-
sponding ¥Al MAS spectrum shows a dominant resonance at
104 ppm for 3 (ESI, Figure S8) consistent with the chemical shift
in solution (v.s.). Similarly, neither in the *'P CP MAS nor the Al
MAS spectra a P—Al coupling can be resolved, just as in
solution.

Structural evidence for formation of adduct 4 is provided by
SC-XRD. Adduct 4 crystallizes in the triclinic space group P1.
The phosphorus atoms are found in anti conformation (Fig-
ure 3). The bond lengths of P1-Al1 2.4211(18) A and P2-Al2
2.4037(16) A are comparable to those of similar, tertiary
phosphane complexes of tetracoordinate aluminum such as
AlX;(PR,) (X=Cl, Br and R=Me, SiMe,) with P—Al 2.391(6) A to
2.4059(14) A"*" The AI-Cl bond lengths cover distances from
2.107(2) to 2.127(2) A and are in agreement with corresponding
bonds in e.g. AICI;P(SiMes); (2.112-2.125 A).["*

Since dppf was unfavorable for bridging the two phosphan-
yl groups with Sn(ll) and Pb(ll) in an intermolecular fashion we
switched to the sterically less challenged bisphosphane 5 which
has been successfully employed in preparing neutral bisphos-
phanyltetrylenes in the past.**® In addition, bisphosphane 5
shows superior o-donor properties than dppf as indicated by
the 'Jps, coupling constants of the corresponding selenides i.e.,
761 Hz (dppfeSe,, toluene-dg) vs. 729/731 Hz (rac/meso-5 e Se,,
C¢De).™ Reacting bisphosphane 5 with SnBr, in a 1:2 ratio in
dichloromethane results in the formation of PSn'P
[3lferrocenophane 6a as intended. When DMSO or coordinating
solvents like tetrahydrofuran (THF) or dimethylol ethylene urea
(DMEU) are added, a back-reaction takes place leading to the
starting compound 5 together with a donor solvent-SnBr,
adduct. Compound 6a shows two broad *'P-NMR resonances at
—5.0 ppm (v, =170 Hz, 90%) and 6.7 ppm (v, =190 Hz, 10%).
Isomers of compound 6a could arise from rac and meso
diastereomers or cis and trans isomers of meso-6a with respect
to the orientation of the bromine atom to the substituents at
the phosphorus atoms. In structurally related P—-X—P bridged

Figure 3. Molecular structure of 4. Ellipsoids are drawn at 30% probability
level and all hydrogen atoms are omitted for clarity. Selected bond lengths:
P1-Al1 2.4211(18) A, P2-Al2 2.4037(16) A.
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[3lferrocenophanes (X=B, Si, P), predominantly the optically
inactive meso-form was formed except for P—B—P bridged
[3]ferrocenophanes."® Our DFT calculations indicate a moderate
preference for the cis isomer which is only 0.5 kcal/mol more
stable than its trans isomer (wB97x-D/def2-TZVP). The low
energy difference is consistent with the observation of both
isomers. Since the occurrence of rac and meso isomers would
entail additional isomers, which are not observed, we assign the
major isomer of 6a to its cis form and the minor isomer to its
trans form.

Accordingly, the hydrogen atoms at phosphorus show
doublets at 6.90 ppm ('Jp,y =374.1 Hz, cis isomer) and 6.04 ppm
(‘Joy=364.4Hz trans isomer) in the 'H-NMR-spectra. These
resonances are strongly deshielded compared with the starting
material, 5 (5('H)=3.84 and 3.81 ppm, 'J;;=210 and 209 Hz, in
CD,Cl,), in line with the phosphonium character of the
respective protons. Despite 6a containing two chemically
inequivalent tin atoms, only a single broad signal at 130 ppm
(v,=1370Hz) is found in the '"°Sn-NMR-spectrum without
resolved ""”""°Sn-*'P coupling consistent with the absence of tin
satellites in the *'P-NMR spectra. Structurally related literature
known compounds show 'Jus, coupling constants in the range
of 720-1200 Hz™ A conceivable reason for not observing
satellites is dynamic behavior in solution, which is known to
cause broader signals in the related NMR spectra."” To circum-
vent the dynamic behavior in solution, solid-state NMR
measurements of compound 6a were performed. *'P CP MAS
NMR spectra of 6a (ESI, Figure S11) show two signals of similar
intensity with tin satellites at —7.0 ppm ('Jps,= 1215 Hz) and
—17.5 ppm ("Jps, =1580 Hz). The corresponding '"°Sn static
spectrum (ESI, Figure S12) shows two broad signals with
isotropic shifts at —4.5 ppm and — 199 ppm. These signals are
assigned to the [SnBr;]~ anion and to the bridging Sn-atom of
the ferrocenophane backbone, respectively. Since the ''°Sn-*'P
couplings were unresolved in the '°Sn static spectrum,
unambiguous signal assignment is difficult.

The formation of adduct 6a was further corroborated by
SC-XRD (Figure 4). Compound 6a crystallizes in the meso cis
form as yellow plates in the monoclinic space group P2,/c. The

Figure 4. Molecular structure of adduct 6a with ellipsoids drawn at 30 %
probability level and hydrogen atoms, except for PH, omitted for clarity.
Selected bond lengths and angles: Sn1-P1 2.7404(9) A; Sn1-P2 2.7394(8) A;
Sn1-Br1 2.6155(4) A; P1-H1 1.29(3) A; P2-H2 1.32(4) A; Br1-Sn1-P1 95.56(2)°;
Br1-Sn1-P2 87.02(2)°, P1-Sn1-P2 77.79(3)°.
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P—Sn-P bridge causes a slight inclination of the Cp rings
towards the bridge (tilt angle a=3.8(2)°). This value indicates
no ring tension in the molecule, consistent with a angles found
in the literature for P-X—P [3]ferrocenophanes (X=Si, P).22'®
The P—Sn-P angle of 77.79(3)° in 6a is close to the values
observed for P—X-P angles in tetrylene adducts with
[3]ferrocenophane scaffold (X=Si, Sn, Pb).*** The angular sum
at Sn1 (260(2)°) indicates a trigonal pyramidal geometry with a
stereochemically active non-bonding electron pair (compare 5-
Sn trans: 280°, cis: 273°)."”

The P—H bond length increases upon coordination to the
SnBr fragment, showing bond lengths of P1-H1 1.29(3) A and
P2-H2 1.32(4) A compared to the P—H bond lengths of the
starting material (P-H 0.76(4) A).?” Symmetric contacts are
found between tin and both phosphorus atoms with bond
lengths of Sn1-P1 2.7404(9) A and Sn1-P2 2.7394(8) A.
Compared to the structurally related dimeric bisphosphanyl-
stannylenes (P—Sn bond lengths between 2.588(6) and 2.665(5)
A)P" the bond lengths in adduct 6a are significantly longer,
indicating relatively weak bonds consistent with the observed
dissociation in presence of other donor molecules like THF. The
distance between cationic and anionic tin atoms (4.5258(3) A) is
larger than the sum of vdW radii (4.32 A)?" excluding direct
interaction. By contrast, the distance between the cationic tin
atom Sn1 and anionic bromine atom Br2 (3.3254(4) A) is below
the sum of the vdW radii (4.03 A),?" whereas the distances
between cationic Sn1 and Br3 (5.6577(5) A) or Br4 (6.7314(4) A)
are significantly larger, indicating no interaction. The Br1-Sn1
bond (2.6155(4) A) in the cation of 6a is slightly longer than the
Sn—Br bond in SnBr, bromide (2.55 A),?? similar to the Sn—Br
bond lengths in the [SnBr;]~ anion (2.6123(4) A and 2.6941(4)
A).

Mass spectrometric techniques such as Electrospray lonisa-
tion (ESI) and Laser Desorption lonization without an assistant
matrix (LDI) led to fragmentation during the ionization process.
Further, the identity and purity of neat product 6a is confirmed
by elemental analysis.

To increase the solubility and to avoid dynamic exchange,
6a was reacted with Li[AI(OC(CF;);),] in dichloromethane
solution (Scheme 4). As intended 6b shows an increased
solubility compared with 6a and can be separated easily from
the precipitated by-product LiSnBr;. The *'P-NMR spectra of 6b
show singlet resonances at 3.3 ppm (95%, cis isomer) and
6.5 ppm (5%, trans isomer) with reduced line broadening (6b
('P) vi, =100 Hz, compared to 6a (*'P) v, =170 Hz). The anion
exchange causes a downfield shift of ca. 8 ppm for the cis
isomer, while the chemical shift of the trans isomer remains
nearly unchanged. Interestingly, for the *'P-NMR signal of cis-6b
the Jps, coupling can be observed as satellites ('Jps, = 1400 Hz
("'°Sn isotopomer), 'Jps, = 1240 Hz ('’Sn isotopomer)), which is

H tBu H tBu H tBu
SV psm, S 1T rumocerny &K | 1°
e Ghoo e s s Fe s [AKOC(CRI
@l\ 2v2 /\ Br 2> ,\ Br
H tBu H - LiSnBrg H tBu
5 6a 6b

Scheme 4. Coordination of Sn(ll) with 5 followed by anion exchange.
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not possible for trans-6b owing to the weak signal intensity.
The observed J,s, coupling constants are consistent with
literature data.®®* Despite observing tin satellites in the *'P-
NMR spectra of 6b, no '°Sn-NMR signals of 6b could be
observed. In the 'H-NMR-spectra of 6b, the PH protons are
slightly deshielded relative to 6a with the cis isomer resonating
at 6.03 ppm (d, 'Jpy=360.0 Hz) while the signal of the trans
isomer is found at 5.78 ppm (d, 'J;,=364.3 Hz). The AI-NMR
spectrum of 6b shows a narrow singlet at 34.7 ppm (v, =
13 Hz) characteristic for the aluminate species in this weakly
coordinating anion.”” Furthermore, the identity and purity of
6b was confirmed by elemental analysis.

Moving to the next heavier tetrel, we explored the reaction
of 5 with equimolar amounts of PbCl, and AICl; in dichloro-
methane. (Scheme 5). Within a few hours all solids dissolved
resulting in an orange-red, clear solution. The *'P-NMR spectra
of the solution show a very broad signal ranging from 59 ppm
to 50 ppm (vi,=1000 Hz) with no resolved *”’Pb-satellites.
Significant broadening is observed in the '"H-NMR spectra where
the PH resonances at 6.10 ppm ("Jpy=332Hz) and 5.73 ppm
("Joy=336 Hz) are deshielded relative to the starting material.
The "H and “C-NMR spectra are consistent with the formation
of p-bridged dimeric adduct 7. The 'H-NMR spectrum shows
seven multiplets in the range of 5.02 to 4.45 ppm for the Cp
hydrogen atoms, while the protons of tert-butyl groups are
found as a multiplet (1.37-1.28 ppm). The corresponding "*C-
NMR spectrum of 7 reveals eight multiplets, while some of the
for a- and B-Cp carbon atoms are observed as pseudo triplets in
the range of 79.3 ppm to 72.8 ppm. Those pseudo triplets are
characteristic for a successful ring formation and are observed
for many diphospha [3]ferrocenophanes.?*"'¢!

The tetrachloroaluminate counter anion in 7 features a
singlet resonance at 103.9 ppm (v, =250 Hz) in the ZAI-NMR
spectra, for which the relatively narrow line width can be
attributed to the high symmetry of the anion."" By contrast, no
27ph-NMR resonance could be detected which may be a
consequence of broadening owing to fast
relaxation.!'"® 2!

Our attempts to characterize 7 using Electrospray lonisation
(ESI) remained unsuccessful as well, since the compound
decomposed during the ionization process. Nevertheless, iden-
tity and purity of 7 were further corroborated by elemental
analysis.

Owing to its low solubility, bisphosphonio plumbylene 7
crystallizes readily from the reaction mixture in the monoclinic
space group C2/c. The asymmetric unit contains half of the
molecule, whereas the molecular structure depicted in Figure 5
is generated by symmetry operations.

extreme

H tBu H tBu H tBu tBu H T2+
\/ + PbCl, \/ + \/ Y
¥ o | A o e
Fe — Fe Pb  AICl, | ——™ Fe Pb Pb Fe 4
i . CH,Cl, L AN CH,Cl, ) 7N _@
=R =} © =R o A
H tBu H tBu H tBu H
5 7

Scheme 5. Coordination of Pb(ll) with 5 in presence of an additional Lewis
acid.
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Figure 5. Molecular structure of 7. Ellipsoids are drawn at 30% probability
level. The hydrogen atoms, except those attached to the phosphorus atoms
and the tetrachloroaluminate anions are omitted for clarity. Selected bond
lengths and angles: P1-Pb1 2.935(2) A; Pb1-Cl1 2.620(2) A; P2-Pb1 2.915(3) A;
Pb1-Cl1 A 3.035(2) A; P1-H1 1.33(13) A P2-H2 1.29(10) A; P1-Pb1-P2 87.50(7)°.

In contrast to its stannylene analog 6a, plumbylene 7
stabilizes by intermolecular dimerization via p-Cl bridges, similar
to other lead chlorides."** Symmetric contacts are found
between Pb1 and both phosphorus atoms with bond lengths of
Pb1-P1 2.935(2) A and Pb1-P2 2.915(3) A. Literature known low
coordinate lead(ll) complexes show Pb—P bond lengths
between 2.715(5) A and 2.971(5) A% The Pb,Cl, unit forms a
diamond-shaped planar ring with an intramolecular Pb1-Cl1
distance of 2.620(2) A which is significantly shorter compared to
the intermolecular Pb1-Cl1A distance of 3.035(2) A, by 0.415 A.
Comparable Pb—Cl bond lengths have been reported for
intermolecularly stabilized p-chlorobridged bisplumbylene with
2.6440(1) A (intramolecular) and 3.2677(2) A (intermolecular),
showing a larger Pb—Cl distance difference of A(Pb—Cl)=
0.628 A"?7 The Pb-Pb distance (4.4450(7) A) is larger than the
sum of the vdW radii (4.04 A)*" not supporting direct
interaction. The distance between the cationic lead atom Pb1
and anionic chloride atom CI2 (3.264(3) A) is also below the
sum of the vdW radii (4.04 A),?" whereas the distances of
cationic Pb1 to all other anionic chloride atoms (5.563(3) A
(Pb1-Cl4)-6.521(2) A (Pb1-CI3)) are significantly larger, indicat-
ing no interaction. The interpretation of the bonding situation
of 7 was verified by DFT calculations at the ®B97X-D/def2-SVP
level of theory. The Wiberg bond index of the Pb1-Cl1 bond is
0.91, while 0.29 was computed in case of the intermolecular
Pb1-CI1 A bond. Results of Bader's analysis are in agreement
with the Wiberg bond index, the electron densities are 0.052 au
(Pb1-Cl) and 0.019 au (Pb1-CI1A) in the bond critical points. No
bond critical point was found between the lead atoms, there-
fore a direct Pb—Pb interaction can be excluded.

Remarkably, compound 7 is the dimer of the rac diaster-
eomer in contrast to most other diphosphal3iferrocenophanes
occurring in the meso form.®'® Accordingly, the PH hydrogen
atoms in 7 are arranged in trans orientation with PH bond
lengths (P1-H1: 1.20(12) A, P2-H2: 1.16(8) A) being slightly
shorter compared to those in 6a (P1-H1: 1.33(13) A, P2-H2:
1.29(10) A). The P—Pb-P angle in 7 is 87.50(7)° which is
significantly larger than the P—Sn-P (77.79(3)°) angle in adduct
6a, or structurally related compounds where P—Pb-P angles
range between 68° and 79°.5%'" The Cp rings in 7 are found in
a staggered conformation (z=50°) and are arranged nearly
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coplanar (a=0.3(4)°), indicating no ring strain in the ferroceno-
phane bridge. Preliminary investigations exploring the electro-
chemical properties even for ligand 5 alone indicate irreversible
to quasi-reversible behavior depending on the potential scan
rate (cf. figures S15-17 in the ESI for details). These findings
would be consistent with an initial iron centered oxidation
followed by intramolecular SET from P" to Fe" in analogy to a
closely related example studied in depth, previously.'®

Conclusions

We have shown that 1,1"-ferrocenylenen bisphosphanes are
well suited for the donor stabilization of Sn(ll) and Pb(ll)
fragments depending on the substitution pattern at the
phosphanyl! units. The donor stabilization exerted by commer-
cially available dppf is limited and cyclic bisphosphoniostanny-
lenes are only accessible with additional Lewis acids which
likewise compete with the donor precluding formation of the
corresponding bisphosphonioplumbylenes. By contrast, with
bisphosphane 5 the cyclic bisphosphoniostannylene is formed
even in the absence of additional Lewis acids and the related
bisphosphonioplumbylene can be obtained as well, albeit in
dimeric form. Generally, the situation is complicated by
dynamic exchange in solution requiring a comparative ap-
proach in solution and solid phase based on XRD and solid
state NMR spectroscopy. The dynamic nature can be effectively
suppressed by employing anion exchange with weakly coordi-
nating anions. Based on this general entry, we will further vary
the nature of the underlying bisphosphanes in the future to
explore displacement of the halide donor and interaction with
potential substrates.
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