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Synthesis and reactivity of fluorenyl-tethered
N-heterocyclic stannylenes†

Marta Roselló-Merino and Stephen M. Mansell*

A fluorenyl (Fl) tethered diamine was synthesised by nucleophilic substitution of (bromoethyl)fluorene

with a diisopropylphenyl (Dipp) substituted diamine to give FlC2H4N(H)C2H4N(H)Dipp (1a) in good yield

(85%). Lithiation of 1a with n-BuLi proceeded with coordination of the Li cation to the aromatic fluorenide

ring (2), and with subsequent equivalents of n-BuLi, the secondary amines were then sequentially de-

protonated. A fluorenyl-tethered N-heterocyclic stannylene (NHSn) was synthesised from the reaction of 1a

with SnN’’2 {N’’ = N(SiMe3)2} as a neutral dimeric species (5), and this was deprotonated with LiN’’ to give

the corresponding dianionic fluorenide-tethered NHSn (6). Reactions of [{Rh(cod)(μ-Cl)}2] with the

mono-deprotonated ligand 2 led to the formation of a mixed-donor amide–amine Rh(I) compound (7),

whereas reactions with the anionic NHSn 6 led to a Rh–fluorenyl complex of low stability with an

uncoordinated pendent NHSn arm, which X-ray crystallography showed to be dimeric in the solid state.

Introduction

Tethered ligands are interesting candidates for designing new
generations of homogeneous catalysts as they allow the combi-
nation of different ligand classes into one flexible chelating
ligand.1 Alternatively, they can be designed to facilitate the
immobilisation of a homogeneous catalyst on a solid support.2

Due to the exceptional properties of the cyclopentadienyl
ligand in transition metal chemistry, tethered ligands typically
consist of an anionic cyclopentadienyl moiety, or a fused ana-
logue such as indenyl or fluorenyl, attached via a hydrocarbon
linker to a second donor group (Fig. 1, A) which can be
anionic or neutral, hard or soft according to Pearson’s HSAB
classification.3,4 Other anionic anchor groups have also been
explored such as alkoxide or amide, particularly for tethered
N-heterocyclic carbenes (NHCs).5 The combination of an
anionic and strongly binding anchor with the alternative pro-
perties provided by the tethered donor can give rise to hemil-
ability,6 an area of increasing interest in catalysis where
stabilisation of some intermediates in a catalytic cycle may be
required without permanently reducing the catalytic effective-

ness of the complex.7 Tethered ligands can also promote the
formation of bimetallic complexes8 or 1,2 reactions across the
metal–ligand bond.9,10

Research into tethered Cp compounds has been explored in
particular depth for the group 4 metals owing to continued
interest in metallocene-based polymerisation catalysts, and the
‘constrained geometry catalyst’ family, bearing an amido
tether pendent to a Cp group, has been shown to produce poly
(alkenes) with unique material properties.11,12 Focusing on the
tethered donor, anionic oxygen donors4 are suitable for
binding to electropositive metals, but of great interest are soft
donor atoms such as P, S and As due to the contrast with the
Cp unit,3 and C–H activation reactivity has been observed for
group 9 phosphine-tethered Cp complexes under UV-
irradiation.13,14 In the C1 symmetric Ir complex B, C–H acti-

Fig. 1 Examples of transition metal complexes of tethered ligands.

†Electronic supplementary information (ESI) available: Additional synthetic
details for tBuN(H)C2H4NH2, 1b, 1c and 1d, NMR spectra for all the compounds
and additional crystallographic information including the crystal structures of
1a (in P1̄), 1b and 1b·2HCl. CCDC 1424295–1424301, 1431076 and 1441450. For
ESI and crystallographic data in CIF or other electronic format see DOI: 10.1039/
c5dt04060d. Additional research data supporting this publication are available
from Heriot-Watt University’s research data repository at DOI: 10.17861/
ac16915b-851c-4007-8fe3-38a13d6c97d1
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vation of cyclohexane occurred with the formation of only one
diastereomer due to a steric clash between cyclohexyl and tert-
butyl substituents in the product, demonstrating a decisive
role for the ligand in improving product selectivity.14 Unsatu-
rated NHC-tethered Cp ligands represent a relatively new field
of research,15,16 but a growing number of ligands and com-
plexes have been reported (e.g. C)17 which have shown promise
in catalysis.18–22

The study of heavier group 14 carbene analogues, pioneered
by Lappert and co-workers,23,24 is of current interest25,26 due to
their distinctive donor properties, including less directional σ-
donation through a donor orbital of high s-character and
π-accepting behaviour.27 Although the unsaturated analogues
of N-heterocyclic stannylenes (NHSns) were found to be ther-
mally unstable,28,29 saturated30 and benzannulated31 NHSns
are amenable to coordination and reactivity studies, and
demonstrated very different behaviour compared to NHCs, for
example, in their ability to bridge metal centres.32 Bidentate
bis(benzannulated-NHSns) linked by hydrocarbon spacers
allow chelation of a metal by two Sn centres,33–35 and a pincer
ligand formed from two benzannulated NHSns attached to a
pyridine backbone has also been characterised.36 This concept
has also been applied to Si(II) using amidinate supporting
ligands with a pyridine backbone.37

Tethering a stannylene unit to another donor with contrast-
ing properties is still relatively unexplored. Benzannulated
NHSns with neutral methoxy- and dimethylamino-substituted
tethers have only demonstrated intramolecular coordination of
the tethers to the Sn centres.34,38 Pyridine-annulated NHSns,
which cannot function as chelating ligands to transition
metals,39 have revealed interesting self-assembly into a highly
stable tetramer.40 Guanidinate41 and amidinate27,42 ligands
have shown unusual behaviour as supporting ligands for Si(II)
and Ge(II) (E) as the normal κ2-chelating binding mode can
change to a bridging mode between E and a transition metal
acting as a tether to the E–TM interaction (D). A recent report
has demonstrated that low valent Sn can function as either a
donor (E) or acceptor (F) to Pd as part of a phosphine–stanny-
lene chelate highlighting the unique behavior of Sn(II) com-
pared to lighter analogues.43 In the context of the anionic
tethered ligands described below, recent work on protic
NHSns demonstrated deprotonation of a residual N–H with
NaH to give an anionic complex.44,45 In looking to exploit new
bimetallic complexes for CH activation,46 and recognizing that
tin has an expanding role in heterobimetallic catalysis,47 the
development of tethered NHSn ligands was targeted for deve-
loping new cooperative reactivity.

Results and discussion
Ligand precursor synthesis

Due to the difficulties associated with isomerisation of substi-
tuted tetramethylcyclopentadienyl ligands leading to exocyclic
CvC bonds,48 tethered fluorenyl (Fl) ligands were instead
selected (1a, Scheme 1). The sterically encumbered di-

isopropylphenyl (Dipp) substituent was chosen to facilitate the
stabilisation of the corresponding NHSns, and C2-linkers for
the diamine and the tethered fluorene were chosen to avoid
ring strain in the corresponding chelate complexes. Indenyl
and tert-butyl derivatives were also synthesised (1b, 1c, 1d; see
ESI† for details), but were not the focus of subsequent reactiv-
ity studies due to the lower yields and more difficult purifi-
cation of the ligand precursors, particularly for the tert-butyl
derivatives.

Reactions of the monolithiated diamines RN(H)C2H4N(H)Li
with (bromoethyl)fluorene quantitatively formed the corres-
ponding spirocycle,49 and reactions using the free diamines in
organic solvent were both slow and unselective. Careful
optimisation of the reaction conditions was required to avoid
formation of this by-product and also suppress the formation
of disubstituted products formed from two equivalents of
(bromoethyl)fluorene reacting with the diamine. For R = Dipp,
good results were obtained using neat conditions with an
excess of diamine, and column chromatography furnished the
pure product in good yield (1a, 85%). For R = t-Bu, additional
HCl was required to inhibit the formation of the spirocycle,
and the best results were obtained when using a 1 : 2 HCl :
diamine ratio and heating the reagents at 100 °C for 1–3 hours
(see ESI†). 1H and 13C NMR spectroscopy and elemental analy-
sis were used for characterisation. For 1a, fast rotation around
the N–Dipp bond was observed, as shown by the presence of
only one doublet and one septet resonance for the isopropyl
groups, and the characteristic resonance of the 9-H in the Fl
moiety was observed as a triplet at ca. 4 ppm due to coupling
to a CH2 in the ethyl linker. The CH2 groups in the ethyl
linkers were observed between 2 and 3 ppm as multiplets due
to second order effects. Single crystals of 1a crystallised from
saturated n-hexane solutions upon cooling to −20 °C in the
space group P1̄, or as a polymorph in P21/c after slow evapo-
ration at room temperature. Identical molecular structures were
observed in each case with a long intramolecular hydrogen
bond between H2 and N1 (both N–H hydrogen atoms were
located in the Fourier difference map and their positions
refined; Fig. 2). The packing differed between the two poly-
morphs as although there were no interactions involving H1,
short contacts between N2 and H4 (a hydrogen atom on the

Scheme 1 Synthesis of ligand precursors (Dipp = 2,6-i-Pr2C6H3, Ind =
indenyl analogue).
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fluorene ring) formed pairs of molecules in 1a (P1̄), whereas
the equivalent interaction was between adjacent molecules in
1a (P21/n) forming ribbons (see ESI† for details). The mole-
cular structure of 1a possesses a tetrahedral carbon centre in
the fluorenyl ring with a hydrogen atom present (C1), and the
bond lengths and angles are unexceptional.

These reactions represent a simple route into diamine-teth-
ered fluorenyl ligand precursors which feature two N donors,
both of which are additionally secondary amines capable of
undergoing deprotonation. This introduces much greater
ligand versatility compared to conventional (dialkylamino)
ethyl tethers.1,8,50,51

Lithiation chemistry

With three relatively acidic hydrogen atoms, it was important
to establish the sequence of deprotonation for the fluorenyl
and amine groups, as well as establish the structures of these
anionic species, in order to verify their use as ligand pre-
cursors. This was investigated by sequential lithiation of 1a
using one, two and three equivalents of n-BuLi (Scheme 2).
Addition of n-BuLi to a benzene solution of 1a formed an
orange solution. Single crystals suitable for X-ray diffraction
grew at room temperature over a period of several days and the
molecular structure of 2 was determined (Fig. 3). As expected
on pKa grounds,52,53 the fluorene 9C atom has been deproto-
nated with the lithium cation binding to five C atoms in the
fluorenide anion in an interaction best described as an asym-
metric η5 coordination mode (Li1–C1 2.289(2), Li1–C2 2.404(2),

Li1–C13 2.450(2), Li1–C7 2.643(2), Li1–C8 2.658(2) Å). The
ligand has folded so that the two N atoms can function as
neutral amine donors to the Lewis acidic Li cation (Li1–N1
2.075(2), Li1–N2 2.109(2) Å), definitively established by
location and refinement of the N–H hydrogen atoms. The
fourth coordination site of the lithium cation appears to be
taken up with an interaction to a methyl C–H bond (Li1–C25
2.660, Li1–H25C 2.183 Å) to give the preferential pseudo-tetra-
hedral coordination at the Li cation. These distances are
longer than the electrostatic interactions observed in the
n-BuLi hexamer (av. Li–Cβ 2.287, Li–H 2.04(2) Å) and the t-BuLi
tetramer (av. Li–Cβ 2.374 Å),54 but the geometry of the inter-
action could be an indication of its potential to influence the
structure of the complex. For comparison, the structure of
[Li(FlC2H4NMe2)(thf)2] showed the Li cation η2-bound to the
fluorenide (Li–C 2.386(10) and 2.659(10) Å) with pseudo-tetra-
hedral geometry established by coordination of the NMe2
tether and two molecules of thf.51 The energetics favouring
specific Fl–Li geometries are apparently subtle as the same
compound crystallised from Et2O with almost identical η5-Fl
distances compared to 2 (Li–C 2.235(5)–2.684(6) Å), but with
only one molecule of Et2O bound to the Li, in addition to the
NMe2 tether, leaving the Li cation in a non-tetrahedral environ-
ment.51 Other Li salts of tethered fluorenide compounds have

Fig. 2 Thermal ellipsoid plot of the molecular structure of 1a (50%
probability). The positions of only the relevant hydrogen atoms are
shown with the rest omitted for clarity. Selected bond distances (Å) and
angles (°) for 1a (P1̄): C1–C2 1.526(1), C1–C13 1.528(1), C1–C14 1.546(1),
C2–C7 1.416(1), C7–C8 1.482(1), C8–C13 1.415 (1); Σ (angles at C1)
330.9.

Scheme 2 Lithiation studies of 1a (Dipp = 2,6-i-Pr2C6H3).

Fig. 3 Thermal ellipsoid plot of the molecular structure of 2 (50% prob-
ability). All H atoms except those attached to the nitrogen atoms and
C25 have been removed for clarity. Selected bond distances (Å) and
angles (°) for 2: Li1–N1 2.075(2), Li1–N2 2.109(2), Li1–C1 2.289(2), Li1–
C2 2.404(2), Li1–C7 2.643(2), Li1–C8 2.658(2), Li1–C13 2.450(2), Li1–
C25 2.660, C1–C2 1.436(2), C1–C13 1.440(2), C1–C14 1.519(2), C2–C7
1.456(2), C7–C8 1.453(2), C8–C13 1.465(2); Σ (angles at C1) 359.8.

Paper Dalton Transactions

6284 | Dalton Trans., 2016, 45, 6282–6293 This journal is © The Royal Society of Chemistry 2016

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
le

dn
a 

20
16

. D
ow

nl
oa

de
d 

on
 0

8.
12

.2
02

5 
22

:2
8:

11
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c5dt04060d


displayed η1-,55 η2-56,57 and η5-interactions55 highlighting the
flexibility of coordination geometries with the fluorenide
group.58

7Li NMR spectroscopy of 2 in C6D6 revealed one resonance
at −5.7 ppm, a very distinctive chemical shift indicative of an
interaction with an aromatic ring current. Studies on LiFl with
a number of donors have established that values of ca. −7 ppm
represent symmetrical coordination to the 5-membered ring,59

whereas the solid state NMR shift of [LiFl(Et2O)2]
(−5.6 ppm),59 together with asymmetry in the 13C NMR
spectra, represent an asymmetric interaction as observed in
crystal structures of [LiFl(Et2O)n], either η3 (n = 1)57 or η2 (n =
2).60 This suggests that the asymmetric coordination of 2 is
likely to be preserved in non-coordinating solvents. 1H NMR
spectroscopy of 2 revealed broad signals at room temperature
so a variable temperature NMR study was carried out. Heating
to 60 °C caused the signals to sharpen and a symmetric struc-
ture was evident without a characteristic triplet for the 9-H
atom. Cooling to −50 °C caused uninterpretable broadening of
the low frequency signals, but decoalescence of the Fl reson-
ances was observed due to a reduction in symmetry for the
complex. Although this dynamic process could not be defini-
tively assigned, the low temperature asymmetric structure is in
agreement with the molecular structure observed in the solid
state. Addition of thf to this sample produced a sharp set of
resonances at room temperature assignable to the complex
(see ESI†), although the 7Li NMR resonance at −2.7 ppm indi-
cates that thf has changed the Li–Fl coordination geometry.
Addition of a second equivalent of n-BuLi to benzene solutions
of 2 deprotonated the compound for a second time and 7Li
NMR spectroscopy now revealed two resonances, one at
−5.7 ppm from identical coordination to the fluorenide ring as
seen in 2, and the other at higher frequency (−2.5 ppm) from
deprotonation at another site without close interaction to the
Fl ring system. Exchange between these positions must be
slower than the NMR timescale. 1H NMR spectroscopy of 3

revealed sharp resonances at room temperature with reson-
ances integrating to one for the individual fluorenide H atoms
and only one N–H resonance.

Using NOESY, no through-space correlations were detected
between the N–H and the isopropyl groups of the Dipp ligand,
with correlations instead observed between the N–H and two
adjacent methylene groups supporting the formulation of 3 as
deprotonated at the more acidic site. Addition of a third equi-
valent of n-BuLi had to be performed in thf to solubilise the
product which displayed only one 7Li NMR resonance at
0.1 ppm, indicating solvent separated ion pairs with [Li(thf)4]

+

cations.61 A simple set of 1H NMR resonances indicated a sym-
metric or averaged structure in solution. These results indicate
that the site of lowest pKa (at the fluorenyl) is deprotonated
first resulting in coordination of the lithium cation to the
fluorenyl ring with two neutral amine donors and an inter-
action with a C–H bond fulfilling the rest of the coordination
sphere. A second and third site of the ligand can also be
deprotonated with the same fluorenyl coordination largely
retained for 3, but poor solubility meant that trilithiated 4
required a coordinating solvent for NMR analysis, which
breaks up the Li–Fl interactions.

Stannylene formation

Syntheses of tin(II) amides are usually carried out from the
reaction of lithium amides with SnCl2, or transamination
using [Sn{N(SiMe3)2}2] (SnN″2). The trilithiated ligand pre-
cursor 4 was reacted with SnCl2 in OEt2 in an attempt to form
a fluorenide substituted NHSn, but multinuclear NMR spec-
troscopy revealed that the reaction was not selective. Trans-
amination of SnN″2 with 1a in non-coordinating solvents rapidly
produced insoluble white precipitate. However, using d8-thf
as a coordinating solvent under dilute conditions (ca. 10 mg
per cm3) allowed analysis of the homogeneous reaction
mixture (Scheme 3). 1H NMR spectroscopy in d8-thf revealed
the formation of two equivalents of HN(SiMe3)2 along with

Scheme 3 Synthesis of N-heterocyclic stannylenes and Rh complexes (N’’ = N(SiMe3)2, cod = 1,5-cyclooctadiene).
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resonances for a new species with a characteristic triplet
at 4 ppm which revealed that the fluorenyl group was
intact. 119Sn NMR spectroscopy showed a sharp resonance at
+67 ppm which is at much lower frequency compared to
previously characterised monomeric, 2-coordinate NHSns (e.g.
+366 ppm for [Sn{N(Dipp)CH2}2]).

30 This region is character-
istic of 3-coordinate NHSns which are dimeric through dative
N–Sn bonds (cf. + 57 ppm for a dimeric NHSn)44 or from
additional dative bonds from amine tethers (cf. +49 to
+52 ppm for NHSns with (CH2)nNMe2 tethers).

31

These data, together with the poor thf solubility of 5, indi-
cate that this NHSn is likely to be dimeric in solution. Deproto-
nation of the Fl–H was readily achieved with LiN″ in thf
forming the dianionic species 6 which is more soluble than 5
in coordinating solvents. 7Li NMR spectroscopy showed the
formation of solvent-separated ion pairs with [Li(thf)4]

+

cations (−0.8 ppm), and 1H NMR spectroscopy of 6 in d8-thf or
d5-pyridine revealed broad resonances indicating more compli-
cated solution behaviour than was seen for 5. In order to
probe this further, a variable temperature NMR study in d8-thf
was carried out. Upon cooling the resonances sharpened and a
set of major and minor resonances were observed. For the
major set, the broad signals for the i-Pr methyl groups separ-
ated into four doublets at 0 °C with two resonances coincident
(unambiguously established by cooling to −40 °C which
caused a slight difference in their chemical shifts). The high
frequency region at low temperature showed four resonances
each integrating to two H-atoms for the fluorenide group indi-
cating the presence of symmetry at −40 °C, along with a set of
minor resonances of low intensity as well. Heating the com-
pound to 55 °C led towards coalescence of the iPr Me reson-
ances into one signal before onset of thermal decomposition
was identified. This was confirmed by heating a sample of 6 in
d8-toluene which revealed complete decomposition to a new
green product at 80 °C which has not been identified (see ESI†
for VT NMR study). Decomposition was also observed for 6 in
the solid state when heated to 106–111 °C emphasising the
relatively low thermal stability of 6. 119Sn NMR spectroscopy is
a useful tool for assessing the coordination number of tin
atoms as well as the potential coordination of donor sol-
vents.62,63 Whereas changing the concentration of 6 in d8-thf
solution made only minor changes to the broad 1H NMR
spectra at room temperature, 119Sn NMR spectroscopy revealed
a single resonance at high concentration (+53 ppm) but two
resonances at low concentration (+224 and +54 ppm). This
indicates a concentration dependent monomer – dimer equili-
brium is likely to be present, as was inferred by the variable
temperature 1H NMR study. In literature studies, the 119Sn
NMR resonance for [Sn{N(SiMe3)2}2] reduced from 767 ppm to
602 ppm upon coordination of thf,62 and a benzannualted
stannylene with N-Me substituents revealed a similar shift to
lower frequency from 222 ppm to 107 ppm upon dissolution
in d8-thf.38 Typical 119Sn NMR chemical shifts for saturated
NHSns are around 360 ppm (e.g. 366 ppm for [Sn{N(Dipp)
CH2}2]

30 and 359 ppm for 8, see below), so it is likely that at
low concentrations, thf coordination to the monomer gives

rise to the resonance at 224 ppm, with the dimer at 54 ppm. At
high concentrations, the dimer predominates.

Single crystals of 5 and 6 suitable for X-ray diffraction were
grown from saturated thf solution and a thf solution layered
with petroleum ether respectively. Their molecular structures
were determined and revealed dimeric species with dative N–
Sn bonds from the nitrogen attached to the C2H4-fluorenyl
tether; the least sterically congested N atom (Fig. 4).

The structure of 5 featured a neutral fluorenyl ring with tet-
rahedral C1 and a H atom attached, whereas 6 is doubly depro-
tonated causing C1 to become trigonal planar. Compared to 5,
the C–C bond lengths in the aromatic 5-membered rings in 6
have decreased for the bonds to C1 (from an average of 1.522 Å
in 5 to an average of 1.416 Å in 6) and conversely lengthened

Fig. 4 Thermal ellipsoid plots (50% probability) of the molecular struc-
tures of 5 (top) and the dianionic portion of 6 (bottom). All H atoms,
except the fluorenyl 9-H, and the [Li(thf )4]

+ cations have been omitted
for clarity. Symmetry operator used to generate symmetry generated
atoms in 6: −x + 1, −y + 1, −z + 1.
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for the benzene-fused C–C bonds from an average of 1.402 Å
in 5 (C2–C7, C8–C13, C30–C42 and C31–C36) to an average of
1.446 Å in 6 (C2–C7 and C8–C13). There are no significant
interactions between the [Li(thf)4]

+ cations and fluorenide
rings. Other ‘naked’, uncoordinated fluorenide anions are
known with the lithium cations coordinated to four molecules
of thf,64 two molecules of ethylenediamine65 or two diglyme
solvent molecules.66 Bond lengths and angles for 5 and 6 are
given in Table 1 and show the shortest Sn–N distances to the
planar, three coordinate N(Dipp) atoms (2.074(2)–2.087(6) Å),
intermediate distances to the other N atoms in the chelates
(2.223(5)–2.229(5) Å) and the longest distances in the dative
interactions (2.277(5)–2.283(2) Å) which feature pyramidalised
N atoms. These features have been observed previously such as
in a dimeric, mesityl-substituted saturated NHSn.30

Rhodium coordination chemistry

Two routes were investigated for the formation of bimetallic
Sn–Rh compounds: reaction of the lithiated ligand precursor 2
with Rh salts followed by transamination with SnN″2, or reac-
tion of dianionic NHSn 6 with Rh salts. The reaction of mono-
lithiated 2 with [{Rh(cod)(μ-Cl)}2] in Et2O produced an initially
dark red solution that turned pale yellow after a few minutes.
1H NMR spectroscopy revealed a highly asymmetric structure
with four doublets and two septets for the Dipp group indicat-
ing hindered rotation around the N–Ar bond, resonances inte-
grating to one for the signals arising from the methylene
groups, and a Fl 9-H triplet still evident. Crystallisation from
slow diffusion of petroleum ether into a Et2O solution of 7
gave crystals suitable for X-ray diffraction, and the molecular
structure of 7 revealed a square planar Rh(I) centre coordinated
to cyclooctadiene (cod) and the ligand via one amide and one
amine donor (Fig. 5). Anionic amide donors to Rh are relatively
uncommon,67 but Rh–Fl chemistry is also not extensive. A
phosphine-tethered η5-Fl Rh compound has been character-

ised by NMR spectroscopy68 and only two η5-Fl Rh compounds
have been crystallographically characterised69 (see below for
the second example), along with a handful of η1 examples.70,71

This sparsity, compared to the wealth of Rh–Cp compounds,
probably represents the underlying lower stability of TM-Fl
binding,72 and compound 7 is evidently more energetically
stable as a square planar complex with a chelate ring com-
posed of one amine and one amide donor. In the formation of
7, however, the dark red colour initially observed suggests that
a fluorenide intermediate is transiently formed which then
rapidly isomerises to the more stable amide complex. A similar
transformation has been observed for a mixed imidazolium–

fluorenide ligand that displayed fast isomerization to its NHC–
fluorenyl form upon coordination to Rh.71

Compound 7 was found to be unsuitable for the formation
of the desired tethered NHSn complexes as addition of SnN″2
to this species led to no reaction at room temperature after
several days, whereas heating resulted in decomposition.
Therefore, the alternative route in which dianionic NHSn 6
was reacted with [{Rh(cod)(μ-Cl)}2] was subsequently
attempted. NMR analysis of the crude reaction mixture in
C6D6 after short reaction times revealed the presence of two
new species. The 119Sn NMR spectrum presented two signals:
a singlet at 359 ppm and a doublet at 136 ppm with 1JSnRh =
630 Hz that disappeared after 2 hours at room temperature.
The latter compound is tentatively assigned as a species where
the stannylene is interacting with the Rh(cod) fragment and
the fluorenide, if bound to the metal, is coordinated with low
hapticity. Compound 8, with a singlet resonance observed by
119Sn NMR spectroscopy and no coupling to rhodium, is the

Table 1 Selected bond distances (Å) and bond angles (°) for com-
pounds 5 and 6

5 Sn1–N1 2.223(5) Sn2–N3 2.229(5)
Sn1–N2 2.083(5) Sn2–N4 2.087(6)
Sn1–N3 2.277(5) Sn2–N1 2.278(5)
C1–C2 1.517(10) C30–C31 1.532(10)
C1–C13 1.516(9) C30–C42 1.524(9)
C2–C7 1.403(10) C31–C36 1.395(9)
C7–C8 1.467(10) C36–C37 1.459(9)
C8–C13 1.402(10) C37–C42 1.409(10)
N1–Sn1–N2 79.7(2) N3–Sn2–N4 79.7(2)
Σ (angles at N1) 337.4 Σ (angles at N3) 337.9
Σ (angles at N2) 358.2 Σ (angles at N4) 359.0
Σ (angles at C1) 325.9 Σ (angles at C30) 327.2

6 Sn1–N1 2.227(2) C1–C2 1.415(3)
Sn1–N2 2.074(2) C1–C13 1.416(3)
Sn1–N1a 2.283(2) C2–C7 1.443(3)
Σ (angles at N1) 335.5 C7–C8 1.430(3)
Σ (angles at N2) 357.0 C8–C13 1.448(3)

Σ (angles at C1) 360

a Symmetry generated atom.

Fig. 5 Thermal ellipsoid plot of the molecular structure of 7 (50% prob-
ability). All H atoms, except the fluorenyl 9-H and the N–H, have been
omitted for clarity. Only the major positions of the disordered fluorene
group and ligand backbone are shown (ratio of disordered components
0.63 : 0.37). Selected bond distances (Å) and angles (°) for 7: Rh1–C30
2.129(2), Rh1–C31 2.114 (2), Rh1–C34 2.113(2), Rh1–C35 2.107(2),
Rh1–N1A 2.168(6), Rh1–N2A 2.008(9), Rh1–N1B 2.117(11), Rh1–N2B
2.003(15); Σ (angles at C1A) 332.1, Σ (angles at C1B) 333.3, Σ (angles at
N1A) 327.3, Σ (angles at N1B) 328.0, Σ (angles at N2A), 359.9, Σ (angles at
N2B) 356.8.

Dalton Transactions Paper

This journal is © The Royal Society of Chemistry 2016 Dalton Trans., 2016, 45, 6282–6293 | 6287

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
le

dn
a 

20
16

. D
ow

nl
oa

de
d 

on
 0

8.
12

.2
02

5 
22

:2
8:

11
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c5dt04060d


major product after loss of the initial species at 136 ppm, and
multinuclear NMR spectroscopy was used to characterise it in
solution. The 119Sn chemical shift was very similar to other 2-
coordinate NHSns such as [Sn{N(Dipp)CH2}2] (366 ppm) which
suggested that the final product was a fluorenyl–Rh(cod)
complex with an uncoordinated stannylene arm (8). This
species is relatively unstable, decomposing over the course of
several days in solution at room temperature. In order to
confirm the assignment of this heterobimetallic complex, crys-
tallisation of the compound was achieved by layering filtered
benzene solutions with petroleum ether, and yellow crystals
suitable for X-ray diffraction were grown. Although the data
were of poor quality, connectivity was unambiguously estab-
lished. The compound shows a dimeric structure through
dative Sn–N bonds with Rh(cod) moieties bound η5 to each of
the fluorenyl 5-membered rings (9, Fig. 6). This is only the
second crystallographically-characterised Rh complex to
feature an η5 fluorenyl interaction.69 The solid-state structure
of this compound is dimeric, in contrast to the proposed
species in solution which in C6D6 revealed one sharp singlet
resonance at 359 ppm by 119Sn NMR spectroscopy indicating
a monomeric, unsolvated species in non-coordinating sol-
vents. However, the very broad 119Sn NMR resonance at
ca. 218 ppm in d8-thf suggests an interconversion between sol-
vated and unsolvated species in this solvent.

These observations suggest that the choice of the ancillary
ligand at the Rh centre is likely to be crucial, and that cod is
not labile enough for coordination of the pendent NHSn arm.
Further reactions utilising different co-ligands on Rh to gene-

rate NHSn binding and control subsequent reactivity are cur-
rently underway.

Experimental
General synthetic details

Experiments were performed under dry, oxygen free N2 using
standard Schlenk-line and glovebox techniques except in the
synthesis of the diamine ligand precursors which were per-
formed in the open laboratory. Petroleum ether (40–60) and
diethyl ether were distilled under nitrogen from sodium wire
and sodium wire/benzophenone respectively, freeze–pump–
thaw degassed and stored over activated 4 Å molecular sieves.
Toluene, tetrahydrofuran (thf) and CH2Cl2 (DCM) were dried
using a commercial solvent purification system and degassed.
Deuterated solvents were dried over molten potassium (C6D6

and C7D8), CaH2 (CDCl3) or activated 4 Å molecular sieves
(d8-thf) and were degassed before use. 1H and 13C NMR
spectra were recorded on Bruker AVIII400 (400 MHz), AVI400
(400 MHz) or AVIII300 (300 MHz) spectrometers referenced to
internal solvent resonances, 119Sn and 7Li NMR spectra were
recorded on a Bruker AVIII400 spectrometer referenced to
external samples of SnMe4 (δ 0 ppm) and LiCl/D2O (δ 0 ppm)
respectively. ESI mass spectrometry was carried out using a
Bruker MicroToF 2 mass spectrometer at the University of
Edinburgh. Elemental analyses were conducted using an
Exeter CE-440 elemental analyser at Heriot-Watt University or
by Mr Stephen Boyer at London Metropolitan University for
air-sensitive samples. Despite repeated attempts, satisfactory
elemental analyses could not be obtained for the lithium salts
2, 3 and 4. Multinuclear NMR spectra are provided in the ESI
as confirmation of their purity. Column chromatography was
performed using silica gel (60 Å, particle size 35–70 μm). The
starting materials SnN″2 {N″ = N(SiMe3)2},

24 DippN(H)
C2H4NH2 (Dipp = 2,6-i-Pr2C6H3),

73 and FlC2H4Br
74,75 were pre-

pared by literature methods. The synthesis of tBuN(H)-
C2H4NH2 was adapted from the literature76 (see ESI† for
details). All other reagents were supplied commercially.

(9H-C13H9)C2H4N(H)C2H4N(H)Dipp (1a). FlC2H4Br (0.5 g,
1.83 mmol) and DippN(H)C2H4NH2 (2 g, 9.08 mmol, 5 eq.)
were heated at 115 °C for 16 hours in a stoppered flask. KOH
(110 mg, 2.01 mmol, 1.1 eq.) was added to the resulting brown
oil and the mixture was distilled at 100 °C, 7 × 10−2 mbar to
recover the excess of diamine. The remaining brown paste was
extracted with diethyl ether (3 × 3 cm3) and the volatiles
removed under reduced pressure yielding a brown oil that was
purified by column chromatography (CH2Cl2 initially to elute
the spirocyclopropane derivative followed by ethyl acetate)
yielding 1a as an off-white solid (640 mg, 1.55 mmol, 85%)
which can be recrystallized from n-hexane. Colourless crystals
suitable for X-ray analysis were obtained from concentrated
n-hexane solutions, the P1̄ polymorph at −25 °C and the P21/n
polymorph from slow evaporation at room temperature.
1H-NMR (400 MHz, 25 °C, CDCl3): δ = 7.78 (d, 3JHH = 7.0 Hz,
2H, ArFl H), 7.56 (dd, 3JHH = 7.5 Hz, 4JHH = 0.7 Hz, 2H, ArFl H),

Fig. 6 Thermal ellipsoid plot of the molecular structure of 9 (50% prob-
ability). All H atoms have been omitted for clarity. Symmetry operator
used to generate symmetry generated atoms: −x + 1, −y + 1, −z + 1.
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7.40 (m, 2H, ArFl H), 7.33 (m, 2H, ArFl H), 7.11–7.02 (m, 3H,
Dipp Ar H), 4.13 (t, 3JHH = 5.7 Hz, 1H, 9H-fluorene), 3.28 (sept,
3JHH = 6.9 Hz, 2H, Dipp CH), 2.89 (m, 2H, CH2), 2.77 (m, 2H,
CH2), 2.57 (m, 2H, CH2), 2.30 (m, 2H, CH2), 1.22 (d, 3JHH =
6.7 Hz, 12H, Dipp CH3);

13C-NMR (100 MHz, 25 °C, CDCl3): δ =
147.2 (ArFl Cq), 143.6 (Dipp-ipso), 142.5 (Dipp-ortho), 141.1
(ArFl Cq), 127.2 (ArFl CH), 127.1 (ArFl CH), 124.4 (ArFl CH),
123.7 (Dipp-CH), 123.6 (Dipp-CH), 120.0 (ArFl CH), 51.4 (CH2),
50.0 (CH2), 46.4 (9C fluorene), 45.9 (CH2), 33.5 (CH2), 27.7
(CH iPr), 24.4 (CH3

iPr); elemental analysis calcd (%) for
C29H36N2: C 84.42, H 8.79, N 6.79; found: C 84.07, H 8.80,
N 6.69.

Li{(C13H8)C2H4N(H)C2H4N(H)Dipp} (2). n-BuLi (0.18 cm3,
1.52 M in n-hexane, 0.27 mmol) was added to a solution of 1a
(102 mg, 0.25 mmol) in dry toluene (3.0 cm3) at 0 °C forming a
light orange solution. After the solution was allowed to warm
to room temperature, it was stirred for 30 min. The solvent was
removed under reduced pressure and the residue was washed
with petroleum ether (2.0 cm3) yielding an orange solid
(55 mg, 0.13 mmol, 52% yield). The reaction proceeded cleanly
to completion by 1H NMR spectroscopy, but isolating the
product in a glovebox leads to a lower yield. 1H-NMR
(400 MHz, 60 °C, d8-tol): δ = 8.08 (d, 3JHH = 7.8 Hz, 2H, ArFl H),
7.58 (d, 3JHH = 7.8 Hz, 2H, ArFl H), 7.32 (t, 3JHH = 7.3, 2H,
ArFl H), 6.88–6.82 (m, 3H, Dipp + ArFl H), 6.74 (m, 2H, Dipp
Ar H), 3.35 (t, 3JHH = 6.6 Hz, 2H, CH2), 2.82 (br, 2H), 2.07–1.88
(m, 4H), 1.83 (br, 1H), 1.38–1.21 (m, 2H), 0.81 (br, 12 H, Dipp
CH3), 0.14 (br, 1H). 7Li-NMR (155.4 MHz, 60 °C, d8-tol): δ =
−5.69. (See ESI† for 1H, 13C and 7Li NMR data for the THF
adduct and for spectra of 2 at room temperature).

Li2{(C13H8)C2H4N(H)C2H4NDipp} (3). n-BuLi (0.07 mL, 1.52
M in hexane, 0.10 mmol) was added to a solution of 1a
(20 mg, 0.05 mmol) in benzene (0.5 cm3) at 0 °C, forming a
deep orange solution. After removal of volatiles under reduced
pressure, the product was analysed by NMR spectroscopy upon
addition of C6D6 and the reaction was found to have proceeded
cleanly to completion. 1H-NMR (400 MHz, 25 °C, C6D6): δ =
8.20 (d, 3JHH = 7.9 Hz, 1H, ArFl H), 7.69 (d, 3JHH = 8.5 Hz, 1H,
ArFl H), 7.65 (d, 3JHH = 7.6 Hz, 1H, ArFl H), 7.55 (m, 1H, ArFl H),
7.50 (d, 3JHH = 8.9 Hz, 1H, ArFl H), 7.19 (t, 3JHH = 7.3 Hz, 1H,
ArFl H), 6.96–6.85 (m, 4H, ArFl H + Dipp Ar H), 6.23 (m, 1H,
ArFl H), 3.33 (m, 1H, CH2), 3.17 (m, 1H, CH2), 2.96 (m, 1H,
CH2), 2.88 (m, 1H, CH2), 2.56 (m, 1H, CH2), 2.20 (m, 1H, CH2),
2.06 (br s, 2H, Dipp CH), 1.93 (m, 2H, CH2), 0.91 (d, 3JHH =
7.0 Hz, 6H, Dipp CH3), 0.86 (br s, 6H, Dipp CH3), 0.16 (m, 1H,
DippNH); 13C-NMR (100 MHz, 25 °C, C6D6): δ = 155.4 (Dipp-
ipso), 144.6 (Dipp-ortho), 132.9 (ArFl Cq), 130.5 (ArFl Cq), 124.4
(ArFl CH), 123.7 (Dipp CH), 122.0 (ArFl CH), 121.2 (Dipp CH),
120.8 (ArFl Cq), 120.2 (ArFl CH), 118.5 (ArFl Cq), 117.8, 116.2,
115.2, 114.7, 105.6 (collection of ArFl CH), 90.5 (9C fluorene),
56.4 (CH2), 49.5 (CH2), 45.5 (CH2), 28.1 (CH iPr), 24.5
(CH3

iPr), 23.5 (CH2);
7Li-NMR (155.4 MHz, 25 °C, C6D6): δ =

−2.53, −5.69.
Li3{(C13H8)C2H4N(H)C2H4NDipp} (4). n-BuLi (0.10 mL, 1.52 M

in hexane, 0.15 mmol) was added to a solution of 1a (20 mg,
0.05 mmol) in benzene at room temperature forming a red oily

precipitate. The solvent was removed under reduced pressure
and subsequent addition of d8-THF revealed the formation of
4 in a reaction which had proceeded cleanly to completion.
1H-NMR (400 MHz, 25 °C, d8-THF): δ = 7.90 (d, 3JHH = 7.6 Hz,
2H, ArFl H), 7.50 (d, 3JHH = 7.9 Hz, 2H, ArFl H), 6.83 (t, 3JHH =
7.2 Hz, 2H, ArFl H), 6.47 (d, 3JHH = 7.3 Hz, 2H, Dipp Ar H), 6.41
(t, 3JHH = 7.0 Hz, 2H, ArFl H), 5.79 (br m, 1H, Dipp Ar H), 3.59
(br m, 2H, CH2), 3.42–3.30 (m, 6H, Dipp CH + CH2), 3.11 (br
m, 2H, CH2), 1.03 (d, 3JHH = 6.7 Hz, 12H, Dipp CH3);

13C-NMR
(100 MHz, 25 °C, d8-THF): δ = 161.8 (Dipp ipso), 136.5 (ArFl Cq),
135.8 (Dipp ortho), 123.2 (ArFl Cq), 127.7 (Dipp meta CH), 119.8
(ArFl CH), 119.3 (ArFl CH), 115.1 (ArFl CH), 108.7 (ArFl CH),
107.5 (Dipp para CH), 92.3 (9C fluorene), 65.4 (CH2), 61.8
(CH2), 59.5 (CH2), 31.4 (CH2), 28.8 (CH iPr), 25.0 (CH3

iPr). 7Li-
NMR (155.4 MHz, 25 °C, C6D6): δ = 0.14.

[{Sn(9H-C13H9)C2H4NC2H4NDipp}2] (5). A solution of
Sn[N(SiMe3)2]2 (266 mg, 0.60 mmol) in thf (1 cm3) was added
to a solution of 1a (250 mg, 0.60 mmol) in thf (1 cm3) in an
ampoule equipped with a Youngs adaptor. After stirring over-
night at room temperature, petroleum ether (3 cm3) was added
to the suspension to precipitate additional product. The
solvent was removed by filtration and the remaining white
solid was washed with an additional portion of petroleum
ether (2 cm3) then dried under reduced pressure to yield a col-
ourless solid (284 mg, 0.25 mmol, 84% yield). 1H-NMR
(400 MHz, 25 °C, d8-THF): δ = 7.79 (m, 2H, ArFl H), 7.55 (d,
3JHH = 7.3 Hz, 1H, ArFl H), 7.48 (d, 3JHH = 7.3 Hz, 1H, ArFl H),
7.37–7.21 (m, 4H, ArFl H), 7.01 (m, 2H, Dipp Ar H), 6.94 (m,
1H, Dipp Ar H), 3.98 (m, 2H, CH2 + 9H-fluorene), 3.60 (br, 1H,
Dipp CH), 3.49 (m, 1H, CH2), 3.40 (m, 1H, Dipp CH), 3.28 (m,
1H, CH2), 3.20 (m, 1H, CH2), 3.14 (m, 2H, CH2), 2.40 (m, 2H,
CH2), 1.20 (m, 3H, CH3

iPr), 1.11 (m, 3H, CH3
iPr), 0.96 (m,

6H, CH3
iPr); 13C-NMR (100 MHz, 25 °C, d8-THF): δ = 150.4

(Cq), 147.5 (Cq, ×2), 141.8 (Cq), 141.7 (Cq), 127.8 (CH), 127.6
(CH), 127.6 (CH), 125.1 (CH), 124.8 (CH), 124.1 (CH), 120.6
(CH), 61.3 (CH2), 56.1 (CH2), 49.8 (CH2), 46.8 (9C fluorene),
34.1 (CH2), 29.6 (CH iPr), 29.0 (CH iPr), 25.7 (CH3

iPr, ×2), 25.5
(CH3

iPr), 25.3 (CH3
iPr); 119Sn (148 MHz, 25 °C, d8-THF): δ =

67.3; elemental analysis calcd (%) for C58H68N4Sn2: C 65.81, H
6.47, N 5.29; found: C 65.76, H 6.43, N 5.18.

[Li(thf)4]2[{Sn(C13H8)C2H4NC2H4NDipp}2] (6). A solution of
LiN(SiMe3)2 (44 mg, 0.26 mmol, 2 eq.) in thf (1.5 cm3) was
added to 5 (135 mg, 0.12 mmol, 1 eq.). The suspension was
stirred at room temperature for 15 min yielding a deep red
solution that was layered with petroleum ether (5 cm3). Slow
diffusion led to the formation of red crystals that were washed
with petroleum ether (2 cm3) to yield 6 (181 mg, 0.11 mmol,
93% yield). 1H-NMR (400 MHz, 25 °C, d8-THF): δ 7.87 (br, 2H,
ArFl H), 7.34 (br, 2H, ArFl H), 6.93 (br, 1H, ArDipp H), 6.84 (br,
4H, ArDipp + ArFl H), 6.39 (br, 2H, ArFl H), 4.32 (br, 1H, CH2),
3.96 (br, 1H, CH2), 3.87–3.28 (br, 7H, CH2 + CH iPr), 3.05 (br,
1H, CH2), 1.16 (br, 6H, CH3

iPr), 0.91 (br, 3H, CH3
iPr), 0.41

(br, 3H, CH3
iPr); 13C-NMR (100 MHz, 25 °C, d8-THF): δ 151.9

(Cq), 149.8 (Cq), 146.1 (Cq), 136.3 (Cq), 123.7, 123.3, 122.9
(CH Dipp, ×3), 119.1, 118.7, 113.9, 107.6 (CH Fl, ×4), 89.1
(9C fluorene), 61.9 (CH2, ×2), 56.1 (CH2), 52.8 (CH2), 28.7, 27.2,
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26.5; 119Sn (148 MHz, 25 °C, 0.034 M in d8-THF): δ = 52.9;
119Sn (148 MHz, 25 °C, 0.003 M in d8-THF): δ = 224.4 and 54.5;
elemental analysis calcd (%) for C90H130Li2N4O8Sn2: C 65.62,
H 7.95, N 3.40; found: C 65.49, H 7.82, N 3.28; m.p.:
106–111 °C (decomp. to green solid).

[Rh(cod){κ2-(9H-C13H9)C2H4N(H)C2H4NDipp}] (7). A mixture
of 1a (75 mg, 0.18 mmol, 1 eq.) and LiN(SiMe3)2 (32 mg,
0.19 mmol, 1 eq.) were dissolved in Et2O (2 cm3) and stirred at
room temperature for 30 minutes, then [{Rh(cod)(μ-Cl)}2]
(45 mg, 0.09 mmol, 1 eq.) was added. After 1 hour at room
temperature a yellow solution with pale precipitate had
formed. This was filtered and the filtrate was concentrated to
ca. 1 cm3 and layered with petroleum ether (5 cm3) to yield
yellow crystals (82 mg, 0.13 mmol, 73% yield) after diffusion at
room temperature. 1H-NMR (400 MHz, 25 °C, C6D6): δ 7.61 (m,
2H, ArFl H), 7.29–7.11 (m, 9H, ArFl + ArDipp H), 4.42 (sept,
3JHH = 6.9 Hz, 1H, CH iPr), 4.00 (sept, 3JHH = 6.9 Hz, 1H, CH
iPr), 3.57 (t 3JHH = 5.2 Hz, 1H, 9H-Fl), 3.30 (m, 2H, CH cod),
3.07 (m, 1H, CH2), 2.90 (m, 1H, CH2), 2.74 (m, 1H, CH cod),
2.39–2.25 (m, 4H, CH cod, + CH2) 2.22–1.99 (m, 5H, CH2),
1.84–1.76 (m, 3H, CH2), 1.68–1.49 (m, 2H, CH2), 1.51 (d, 3JHH =
6.8 Hz, 3H, CH3

iPr), 1.46 (d, 3JHH = 7.1 Hz, 3H, CH3
iPr), 1.40

(m, 1H, CH2), 1.42 (d, 3JHH = 6.8 Hz, 3H, CH3
iPr), 1.28 (d,

3JHH = 6.8 Hz, 3H, CH3
iPr) 13C-NMR (100 MHz, 25 °C, C6D6):

δ 153.4 (d, 2JCRh = 1.6 Hz, Cipso), 147.0, 146.9 (Cq Dipp), 146.6,
145.8, 141.6, 141.3 (Cq Fl), 128.2, 128.0, 127.6, 126.9, 124.6,
124.2, 123.6, 123.3, 120.7, 120.5 (CH Dipp, ×3 + CH Fl, ×8),
80.4, 80.2 (d, 1JCRh = 14.0 Hz, CH cod), 69.7, 68.2 (d, 1JCRh =
11.8 Hz, CH cod), 58.5, 54.1, 46.8 (CH2), 45.9 (9C Fl), 32.7,
31.7, 30.5, 30.2, 29.5 (CH2), 27.8 (CH3

iPr), 27.2 (×2), 27.1
(CH iPr + CH3

iPr), 24.5, 23.8 (CH3
iPr); elemental analysis

calcd (%) for C37H47N2Rh: C 71.37, H 7.61, N 4.50; found:
C 71.27, H 7.59, N 4.43.

[Rh(cod){η5-(C13H8)C2H4N(Sn)(C2H4)NDipp}] (8). A solution
of 18 mg (0.037 mmol) of [{Rh(cod)(μ-Cl)}2] in 0.2 mL of dry
d8-thf was added to a solution of in situ prepared lithiated
stannylene 6 (0.075 mmol) in 0.3 mL of dry d8-thf. A dark red
solution formed and complex 8 was the main species in solu-
tion after one hour at room temperature. 1H-NMR (400 MHz,
25 °C, d8-THF): δ 7.95 (d, 3JHH = 7.0 Hz, 1H, Ar H), 7.88
(d, 3JHH = 7.5 Hz, 1H, Ar H), 7.73 (d, 3JHH = 7.5 Hz, 1H, Ar H),
7.37 (d, 3JHH = 7.5 Hz, 1H, Ar H), 7.21–7.03 (m, 5H, Ar H), 7.00
(t, 3JHH = 7.3 Hz, 1H, Ar H), 6.94 (m, 1H, Ar H), 4.68 (m, 1H,
CH cod), 4.16 (m, 1H, CH2), 3.97–3.69 (m, 4H, mix of CH2, CH
iPr and CH cod), 3.45–3.26 (m, 4H, mix of CH2 and CH cod),
2.87 (m, 1H, CH2), 2.74 (m, 1H, CH cod), 2.26 (m, 1H, CH2),
2.02 (m, 1H, CH2), 1.90–1.76 (m, 3H, CH2), 1.46–1.35 (m, 2H,
CH2), 1.31–1.24 (m, 9H, CH3), 1.14 (d, 3JHH = 6.7 Hz, 3H, CH3),
1.07 (m, 2H, CH2), 0.80 (m, 1H, CH2);

13C-NMR (100 MHz,
25 °C, d8-THF): 155.8, 150.1, 147.1, 146.5, 145.7, 137.0, 136.8
(collection of Cq), 125.5, 124.7, 124.2, 123.6, 123.4, 123.1,
122.8, 122.3, 121.2, 120.6, 119.4 (collection of CH), 87.9 (br,
CH cod), 83.2 (d, 1JCRh = 13.8 Hz, CH cod), 81.6 (CH2), 65.5 (d,
1JCRh = 20.7 Hz, 9C Fl), 62.0, 61.9, 61.8 (2 CH2 and 2 CH cod
overlapping, assignment via {1H,13C}-correlation), 41.7 (CH2),
36.0 (CH2), 32.5 (CH2), 28.8 (CH iPr), 28.5 (CH iPr), 27.0, 26.7,

26.5 (2 CH2 + CH3), the remaining 3 CH3 signals are coincident
with a THF resonance; 119Sn (148 MHz, 25 °C, C6D6): δ = 359.

Crystallisation of [Rh(cod){η5-(C13H8)C2H4N(Sn)(C2H4)-
NDipp}]2 (9). [{Rh(cod)(μ-Cl)}2] (14 mg, 0.08 mmol) was dis-
solved in benzene (0.7 cm3) and added to a vial containing 6
(46.5 mg, 0.08 mmol) in a glovebox. After 3 hours, the dark red
solution was filtered through glass fibre filter paper and then
the solution was layered with petroleum ether (1 cm3). After 3
days, yellow crystals of 9 with some dark precipitate was
observed (4 mg, 0.002 mmol, 3%).

X-ray crystallographic studies

Single crystals of the samples were covered in inert oil and
placed under the cold stream of a Bruker X8 APEXII four-circle
diffractometer cooled to 100 K. Exposures were collected using
Mo Kα radiation (λ = 0.71073). Indexing, data collection and
absorption correction were performed using the APEXII suite
of programs.77 Structures were solved using direct or Patterson
methods (SHELXS or SHELXT)78 and refined by full-matrix
least-squares (SHELXL)78 interfaced with the programme
OLEX279 (Table 2). Crystals of 5 were found to be non-
merohedrally twinned. Accordingly, the data were detwinned
and refined using an hklf5 refinement with two crystal
domains of ratio 0.77 : 0.23. Crystals of 6 showed disorder in
the Li(thf)4 cations, which was modelled with the whole cation
over two sites at 50% occupancy and with additional SIMU and
DELU restraints. Crystals of 7 showed disorder in the ligand
from N2 to the fluorene ring with modelling accomplished
over two positions (ratio 0.63 : 0.37) using SAME constraints
for the two positions. Crystals of 9 were found to be very
poorly diffracting necessitating long collection times (120
seconds for each exposure) which still led to poor data quality.
A number of reflections with poor fobs vs. fcalc agreement were
omitted to improve the data quality and the structure was
modelled using the RIGU restraint as well as using ISOR on
one C atom (C5 in the fluorenyl ring). However, the data still
allowed connectivity within the structure to be definitively
established. CCDC deposition numbers: 1424295–1424301,
1441450 and 1431076.

Conclusions

The synthesis of diamine-tethered fluorenyl ligand precursors
was achieved after optimisation of the reaction conditions and
using column chromatography to yield pure products. A more
selective synthesis and easier purification was developed for
the Dipp substituted compound, whereas the t-butyl substi-
tuted compounds were synthesised in lower yield and required
more challenging purification. The deprotonation chemistry of
FlC2H4N(H)C2H4N(H)Dipp revealed deprotonation at the most
acidic site first forming a lithium–fluorenide contact ion pair.
A second equivalent of n-BuLi deprotonated the more acidic
DippN(H) next, keeping the Li–Fl interaction intact, but the tri-
lithiate was only soluble in coordinating solvents which dis-
rupted this structure. Transamination reactions with SnN″2
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generated a neutral, dimeric NHSn which was readily deproto-
nated with LiN″ to give a dimeric fluorenide-tethered NHSn
which showed complex solution behaviour. Reactions with
[{Rh(cod)(μ-Cl)}2] led to a transiently stable Rh compound with
fluorenyl and cod bound to Rh and leaving the NHSn unco-
ordinated. This compound was found to be a dimer in the
solid state as was observed for all the tethered NHSns. Reac-
tions of mono-lithiated 2 with [Rh(cod)(μ-Cl)}2] did not lead to
a Rh–fluorenyl complex with a pendent diamine arm, but
instead led to isomerisation forming square planar Rh(cod)
with a mixed amide/amine donor ligand.
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