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A trinuclear metallasilsesquioxane of uranium(III). 

Maxime Tricoire,†a Nadir Jori,†a Farzaneh Fadaei Tirani,b Rosario Scopelliti,b Ivica Z>ivković,c Louise 
S. Natrajand and Marinella Mazzanti *a 

The silsesquioxane ligand (iBu)7Si7O9(OH)3 (iBuPOSSH3) is revealed as 
an attractive system for the assembly of robust polynuclear 
complexes of uranium(III) and allowed the isolation of the first 
example of a trinuclear U(III) complex ([U3(iBuPOSS)3]) that exhibits 
magnetic communication and promotes dinitrogen reduction in 
presence of reducing agent.  

The design of polymetallic assemblies is attracting high interest 
in uranium chemistry because of their ability to promote small 
molecule activation,1-10 and their interesting magnetic 
properties,11-15 yet synthetic routes to such assemblies remain 
elusive. Moreover, the recent identification of the first example 
of actinide metal-metal bonding interactions in a trinuclear 
thorium complex16-17 suggests that trinuclear assemblies may 
be used to promote metal-metal interactions in uranium 
compounds. Nevertheless, examples of trinuclear uranium 
complexes18-25 remain rare with only two examples reported so 
far for the +III oxidation state.26-27 
Siloxides were shown to act as versatile supporting ligands in 
low-valent uranium chemistry which have led to unprecedented 
reactivity including dinitrogen reduction and cleavage.28-30 
However, the use of the polydentate analogue silsesquioxane 
(POSS) in uranium chemistry remains limited to two reports 
describing the synthesis of mononuclear complexes 
[U(Cy7Si7O12)2]n- (Cy =cyclohexyl) with uranium in the oxidation 

states +IV, +V and +VI.31-32 In the most recent study by Hayton 
and coworkers,32 the formation of a trimeric assembly of 
uranyl(VI) was also described suggesting, together with several 
reports of POSS based di- and tetrametallic clusters of 
lanthanides, 33-34 that POSS may provide a suitable ligand for the 
assembly of trinuclear U(III) complexes through silanolate 
bridges. Here we report the synthesis, structure and properties 
of the first example of a trinuclear complex of uranium(III) 
which is assembled by using the silsesquioxane ligand 
(iBu)7Si7O9(OH)3, iBuPOSSH3. 
The addition of one equiv. of iBuPOSSH3 to equimolar 
[U(N(SiMe3)2)3] in hexane at -40 °C led to a colour change from 
purple to dark brown (Scheme 1). The 1H NMR spectrum of the 
reaction mixture measured at 25 °C in cyclohexane shows a 
complex pattern suggesting the presence of several solution 
species. Storage of the resultant reaction mixture at -40 °C 
allowed to obtain midnight blue XRD-suitable crystals of the 
complex [U3(iBuPOSS)3], 1 (Figure 1, a). Due to the high solubility 
of 1, the careful removal of the HN(SiMe3)2 formed during the 
reaction was challenging but crucial to isolate analytically pure 
complex 1. After drying carefully the reaction mixture under 
dynamic vacuum for 16 h, complex 1 was isolated analytically 
pure in 19% yield, as a midnight blue powder, by 
recrystallization from cold (-40°C) hexane (Scheme 1). Isolation 
of the trimeric complex in higher yields was prevented by its 
solubility and by the presence of species of higher nuclearity in 
the reaction mixture. Notably a few crystals of the tetranuclear 
complex [U4(iBuPOSS)4] (Figure 1, c) were isolated alongside the 
trinuclear complex when further concentrating the reaction 
mixture. The conditions required for the isolation of reasonable 
amounts of analytically pure [U4(iBuPOSS)4] could not so far be 
identified.  
Complex 1 crystallizes in the P-1 space group and shows a 
triangular uranium core that is disordered over two positions in 
a 77:23 ratio. In the solid state, each uranium centre is 
coordinated by one iBuPOSS ligand. 
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Scheme 1. Synthesis of complex 1 and 2. 

The three U(iBuPOSS) fragments are assembled in a trinuclear 
architecture with a U3(μ-O)6 core, with three oxygen atoms in a 
triangular arrangement located above the plane formed by the 
three uranium centres and three oxygen atoms below the 
plane. A similar  An3(μ-X)6 topology has only been observed 
twice in actinide chemistry with X=Cl.35, 16 Although a few 
additional examples of trinuclear oxo- or nitride centred 
complexes of uranium with a U3(μ-X)6(μ3-Y) (Y = O, N) core22 21, 

25 have been reported, none of them contains only U(III) 
centres. The structure of complex 1 (Figure 1, a) shows that in 
each U(iBuPOSS) moiety, the uranium ion is coordinated by three 
anionic siloxide oxygen atoms and two oxygens of the silyl ether 
backbone of the iBuPOSS ligand. Each uranium ion is also bound 
by two additional bridging anionic siloxide oxygens from an 
adjacent U(iBuPOSS) unit. The U-Osiloxide distances range from 
2.125(16) Å to 2.568(17) Å (average value of 2.36(2) Å), which 
lie within the range of distances found in previously reported 
U(III) siloxide complexes36, 28, 37 (2.182(3)–2.549(3) Å). The U3(μ-
O)6 core in 1 displays alternating U-O bond lengths in which the 
shortest bonds are observed for an anionic oxygen from the 
coordinated iBuPOSS (U1–O1, U2–O13 and U3–O25) and for two 
bridging anionic oxygens from an adjacent U(iBuPOSS) fragment 
(U1–O35, U1–O36, U2–O11, U2–O12, U3–O23, U3–O24), thus 
ensuring the trimeric architecture’s rigidity (Figure 1). The U–U 
distances range from 3.6347(13) Å to 3.6493(12) Å, and are 
significantly shorter than the reported distance in the 
[UIII(OSi(OtBu)3)3]2 dimer (3.9862(2) Å).36 These values lie 
between the sum of the covalent radii of two uranium atoms 
(3.40 Å) and the sum of their Van der Waals radii (3.72 Å).38 The 
observed arrangement of the U atoms in the U3(μ-O)6 core and 
the U–U short distance are similar to what observed in the tri-
thorium Th3(μ-Cl)6 cluster displaying a s-bonding Th–Th 
interaction with Th–Th distances in the 3.9896(4)-3.9947(5) Å 
range.16  
The 1H NMR spectrum of isolated 1 recorded at 25°C in 
cyclohexane-d12 shows the twenty-one peaks expected for the 
seven iso-butyl groups of the iBuPOSS ligands in a C3 symmetric 
coordination environment (Figure S1). Switching the solvent to 
thf-d8 led to a well resolved 1H NMR spectrum displaying 69 and 

76 resonances at 25 and at -40 °C respectively (Figure S2 and 
S3), which indicates a loss of the C3 symmetry that is likely 
induced by thf coordination to the uranium centres. The fact 
that more than 63 peaks are observed suggests that not every 
iso-butyl is freely rotating at low temperature. Complex 1 did 
not show any sign of decomposition after 4 days at 25°C in 
cyclohexane-d12 and is stable in thf-d8 at -40 °C up to a week but 
it slowly decomposes at 25°C in thf-d8 over a week. The values 
of the Stokes radii obtained by 1H DOSY NMR experiments 
(Table S1) in cyclohexane-d12 (12.1 Å) and in thf-d8 (11.4 Å) 
correlates well with the 10.3 Å value estimated from the solid-
state structure confirming that the trinuclear assembly of 1 is 
retained both in cyclohexane and in thf solution.  

  

 

 

Figure 1. ORTEP of complexes 1 (a), 2 (b) and [U4(iBuPOSS)4] (c) with thermal ellipsoids 
drawn at 50% probability level, close-up view of their core structure are shown on the 
right. The iso-butyl groups and the minor part of the disorder have been omitted for 
clarity. Selected bonds distances (Å): 1: U(1)–U(2) 3.6347(13), U(1)–U(3) 3.6493(12), 
U(2)–U(3) 3.6426(13). 2: U(1)–U(2) 3.8163(5), U(1)–U(3) 3.8124(5), U(2)–U(3) 3.7139(6). 

Attempts to reduce 1 by adding KC8 (up to 10 equiv.) and 2.2.2-
cryptand (crypt) (1 equiv.) under Ar only led to the isolation of 
dark red crystals of a 2.2.2-cryptand adduct of 1, 
[U3(iBuPOSS)3(crypt-κ2-O,Oʹ)] complex 2 (Figure 1, b). Complex 2 
can be prepared in 48% yield by adding 1.0 equiv. of cryptand 
to 1.0 equiv. of complex 1 in hexane at -40 °C (Scheme 2). 
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Cryptand was previously found to encapsulate both low-valent 
lanthanides39-40 and actinides41-43, but complex 2 is the first 
example of a bidentate cryptand coordinated to an actinide ion. 
Two examples of a similar bidentate binding mode were 
previously reported for rare-earth metals.44 Complex 2 
crystallizes in the P-1 space group and shows an interesting 
reorganization of the iBuPOSS ligands, leading to a modified core 
topology U3(μ-O)3(μ3-O)2 that allows the coordination of the 
cryptand. The number of the bridging oxygens (five) is different 
with respect to complex 1 (six) with the five bridging oxygen 
atoms now forming a distorted trigonal bipyramidal 
coordination polyhedron. The cryptand binding results in a 
lengthening of the U–U distances (3.7139(6) Å to 3.8163(5) Å) 
compared to 1.  
The 1H NMR spectrum of complex 2, recorded at 25 °C in 
cyclohexane-d12, showed 63 peaks which is consistent with the 
loss of symmetry observed in the solid state upon cryptand 
coordination. Dissolving complex 2 in thf-d8 showed unbound 
cryptand signals and the proton resonances corresponding to 
complex 1 in thf-d8 indicating that cryptand is readily displaced 
in coordinating solvent (Figure S14). 
To probe the impact of the structural differences observed in 1 
and 2 on their magnetic properties, SQUID magnetic 
measurements were carried out in the 2–250 K range under an 
applied DC field of 1 T (Figure 2). 
At 250 K, complex 1 displays an effective magnetic moment of 
4.16 μB (2.40 μB per uranium centre) while a value of 5.12 μB 
(2.95 μB per uranium centre) was recorded for 2. Both values 
are in reasonable agreement with the presence of uranium 
centres being in the +III oxidation state.45 Upon cooling, the two 
complexes show different behaviours. Complex 2 displays a 
moderate and monotonic decrease of its magnetic moment to 
reach a value of 4.35 μB (2.51 μB per uranium centre) at 15 K 
before dropping to 3.58 μB (2.07 μB per uranium centre) at 2 K. 
The observed behaviour is similar to those measured for 
mononuclear complexes of U(III) suggesting that the three 
uranium centres in 2 are essentially magnetically 
independent.45 46, 37  
A different low temperature behaviour of the magnetic 
moment was observed for complex 1. Upon lowering the 
temperature, the magnetic moment decreases almost 
monotonically until 6 K (1.15 μB per complex, 0.67 μB per 
uranium centre), and then with a steeper curve to reach a value 
of 0.54 μB (0.31 μB per uranium centre) at 2 K. The observed low 
value of the magnetic moment with a cT value approaching 0 at 
low temperature indicates the presence of a non-magnetic 
ground state (Figure S22). Such behaviour is rare in systems 
comprising an odd number of unpaired electrons and was 
previously only observed for a triangular pentavalent uranium 
[UO2L]3 (L= 2-(4-tolyl)-1,3-bis(quinolyl)malondiiminate) 
system23-24 and for several Dy3 architectures.47-48 The analysis 
the c vs T plot for 1 revealed a sharp maximum of the 
susceptibility at 6 K which indicates the presence of an 
unambiguous antiferromagnetic coupling at low temperature 
(Figure 2). The observed magnetic exchange is probably due to 
superexchange through the bridging oxygen atoms although a 
contribution from direct exchange cannot be ruled out 

considering the short U-U distances observed in the solid-state 
structure of complex 1. Only a few examples of complexes 
showing unambiguous magnetic coupling between U(III) 
centres have previously been reported.49-50, 3, 9 These results 
provide a rare example of structure-magnetic properties 
relation in uranium chemistry51 showing that structural changes 
lead to dramatic differences in the magnetism of polynuclear 
U(III) complexes. 

 

Figure 2. Solid-state μeff/complex vs T data measured under an applied field of 1 T for 
complexes 1 and 2 and low temperature ꭓ vs T plot for 1 (inset).  

Besides its interesting magnetic properties, the isolation of 1 
also represented an excellent opportunity to study the 
reactivity of a trinuclear U(III) system. Exposing cyclohexane-d12 
or thf-d8 solutions of complex 1 to N2 (1 atm) at 25 °C and -40 °C 
respectively did not lead to any observable changes in the 1H 
NMR spectrum. However, THF solutions of 1 were found to 
react with N2 at -40 °C in presence of excess KC8 (10 equiv.) 
leading to a slow color change from dark to pale brown over 
several days. The 1H NMR spectrum of a thf-d8 reaction mixture 
after 3 days at -40 °C showed only the complete disappearance 
of the resonances of 1. Crystallization attempts did not allow us 
to identify the reaction product(s). However, treating the 
reaction mixture after 5 days with a 2M HCl solution in Et2O at -
80 °C resulted in the formation of NH4Cl that was quantified to 
2.0 equiv. per trimeric complex by 1H NMR spectroscopy in 
DMSO-d6. To further confirm that N2 activation had occurred 
the reaction was also performed with labelled 15N2 (Figure S19) 
yielding the distinctive signals of 15NH4Cl after quenching. The 
observed reduction of N2 by the complex 1 in the presence of 
KC8 suggests that N2 binding to the uranium centres must occur 
to some extent also in thf solution, but could not be detected 
by 1H NMR spectroscopy. The observed stoichiometry of 2 NH3 
formed per complex suggested binding of one N2 molecule by 
each U(III) trimer. 
In conclusion the iBuPOSS ligand revealed an attractive system 
for the assembly of robust polynuclear complexes of 
uranium(III) and allowed the isolation of the first example of a 
trinuclear U(III) complex showing magnetic exchange. Notably, 
the triangular U3(μ-O)6 core of complex 1 results in unusually 
short U–U distances and an antiferromagnetic coupling 
between the U(III) centres leading to a non-magnetic ground 
state. Coordination of 2.2.2-cryptand to one U(III) centre leads 
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to a rearrangement to the core geometry and suppression of 
magnetic communication. Preliminary reactivity studies show 
that complex 1 promotes the reduction of one molecule of 
dinitrogen in the presence of an external reducing agent. These 
studies demonstrate the versatility of the silsesquioxane 
scaffold for assembling polymetallic complexes of low valent 
uranium that possess unusual properties. 
We acknowledge support from the Swiss National Science 
Foundation grant number 212723 and 217133 and the Ecole 
Polytechnique Fédérale de Lausanne (EPFL).  
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