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Abstract: Uranium nitrides are important materials with potential 
application as fuel for nuclear power generation, and as highly 
active catalysts. Molecular nitride compounds could provide 
important insight into the nature of the uranium-nitride bond, but 
currently little is known about their reactivity. Here we find that a 
complex containing a nitride bridging two uranium centres and a 
cesium cation readily cleaves the C≡O bond (one of the strongest 
bonds in nature) under ambient conditions. The product formed 
has a [CsU2(μ-CN)(μ-O)] core indicating that the three cations 
cooperate to cleave CO. Moreover, the addition of MeOTf to the 
nitride complex leads to an exceptional valence 
disproportionation of the CsUIV-N-UIV core to yield CsUIII(OTf) and 
MeN=UV fragments. The important role multimetallic cooperativity 
in both reactions is illustrated by the computed reaction 
mechanisms. 

Uranium nitrides are of great interest because of the potential 
applications in both stoichiometric and catalytic transformations 
and in materials science and engineering.[1] The recent discovery 
and characterization of stable mononuclear and dinuclear 
uranium nitride complexes[2] has now rendered the investigation 
of the reactivity of these species accessible.  
Carbon monoxide is an inexpensive and readily available C1 
feedstock used in industry for the production of a wide variety of 
chemicals such as methanol, acetic acid, phosgene and 
hydrocarbons.[3] A key step in the Fischer-Tropsch hydrocarbon 
production from CO and H2 is the cleavage of the CO triple bond, 
which is the strongest bond in chemistry (dissociation energy at 
298 K =1076 kJ mol-1). This process requires the use of 
heterogeneous transition-metal catalysts at elevated 
temperatures.[4] The cleavage of the CO bond under mild 
conditions is an important fundamental challenge in the search of 

new routes for the production of functionalized organic molecules 
from CO.  
The direct addition of CO to a metal-nitride is a rare event 
observed only for highly nucleophilic nitride complexes of d-block 
transition metals such as V, Fe and Hf. [5] Notably, a few terminal 
monometallic nitrido complexes and only one exemple of nidride-
bridged dimetallic complex [5f] effect nitrogen atom transfer to CO 
affording cyanate which in some case is spontaneously 
extruded.[5d] Reductive carbonylation of monometallic U(V) and 
U(VI) nitrides by CO affording the isocyanate ligand has also been 
recently reported.[5e] However complete cleavage of CO by a 
nitride complex has not been reported so far. 
Several examples of CO cleavage by metal complexes have been 
reported,[6] and these reactions often yield metal-carbide 
complexes and oxo clusters. The binding [7] and the reduction[8] of 
CO by uranium(III) complexes has been demonstrated. Several 
examples of CO reductive homologations effected by uranium(III) 
systems, yielding deltate,[9] squarate[9b, 10] or ethynediolate 
dianions[9b, 11] have also been identified. However, uranium 
compounds that effect the deoxygenation of CO have not yet 
been identified.  
We recently demonstrated the unusually high nucleophilic 
character of the nitride-bridged di-uranium complex 
Cs[{U(OSi(OtBu)3)3}2(μ-N)], (1)[2d, 12], that reacts in ambient 
conditions with CO2 and CS2 leading to N-C bond formation 
yielding cyanate and thiocyanate and unprecedented 
dicarbamate species.  
Here we show that the unusually high nucleophilic character of 1, 
and the multimetallic cooperativity of the CsU2 core, lead to 
complete cleavage of the CO triple bond, yielding a cyanide. The 
cyanide ligand in 1 is easily transferred to electrophiles such as 
MeOTf and Me3SiI, yielding organic nitriles. We also demonstrate 
that the direct methylation of the nitride complex 1 leads to 
disproportionation of the uranium cation, a completely 
unprecedented reactivity in nitride chemistry. 
The addition of stoichiometric or excess amounts of CO or 13CO 
(1 equivalent) to the diuranium(IV) complex 
Cs[{U(OSi(OtBu)3)3}2(μ-N)], 1 in toluene at room temperature 
leads to an immediate colour change of the solution from brown 
to light blue. The proton NMR spectrum carried out at 25 °C 
immediately after the reaction shows the disappearance of the 
peak assigned to complex 1 and the appearance of a single new 
signal at -1.34 ppm. Blue crystals of the complex 
Cs[{U(OSi(OtBu)3)3}2(μ-CN)(μ-O)], 2, were isolated in 60% yield 
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at -40°C. Proton NMR studies showed that complex 2 is stable in 
toluene at room temperature for several hours. The 13C NMR 
spectrum of complex 2 shows the presence of a signal at 866 ppm 
that is assigned to the 13CN ligand. Traces of decomposition, 
evident from a new NMR peak assigned to the [U(OSi(OtBu)3)4] 
complex, appeared only after three days, probably as a result of 
ligand scrambling. The solid-state structure of 2 shows the 
presence of a diuranium(IV) complex where two [U(OSi(OtBu)3)3] 
fragments are bridged by one oxo ligand and one cyanide group. 
This indicates that the highly nucleophilic character of the bridging 
nitride promotes the ready cleavage and deoxygenation of carbon 
monoxide to afford a N-C triple bond and a bridging oxo group. 
The resulting cyanide ligand adopts a bridging mode with U-C 
(2.609(7) Å) and U-N (2.576(6) Å) bond distances comparable to 
those reported for cyanide bridged diuranium(IV) complexes 
(2.549(8)- 2.583(2) Å).[13] The N-C bond distance (1.155(9) Å) 
compares well to that found in cyanide-bridged diuranium(IV) 
complexes (1.177(4) Å).[13b]  

 

Scheme 1. CO cleavage reaction effected by complex 1 under ambient 
conditions to afford the complex Cs[{U(OSi(OtBu)3)3}2(μ-CN)(μ-O)], 2.  

 

 

 

 

 

Figure 1. Molecular structure of Cs[{U(OSi(OtBu)3)3}2(μ-CN)(μ-O)], 2. Thermal 
ellipsoids depicted at 50% probability. Hydrogen atoms and methyl groups were 
omitted for clarity. Selected bond distances (Å): U1-O105 2.124(4), U1-N1 
2.576(6), N1-C113 1.155(9), U2-O105 2.144(4), U2-C113 2.610(7). 

The outcome of the reaction of 1 with CO is very different from 
that recently reported for the reaction of mononuclear uranium 
nitride complexes with CO leading to the reductive carbonylation 
of U(V) and U(VI) affording UIII-OCN and UIV-OCN complexes 
respectively.[5e] Such remarkable difference in reactivity shows 
the importance of multimetallic cooperativity in CO scission.  
In order to confirm the presence of a cyanide ligand in complex 2 
and to investigate the possibility of transferring the cyanide ligand 
to organic substrates, complex 2 was reacted with Me3SiI and with 
MeOTf (Scheme 2). 

 

Scheme 2. Reactions of 2 with the electrophiles MeOTf and Me3SiI to afford 
MeCN and Me3SiCN products. 

The reaction of Cs[{U(OSi(OtBu)3)3}2(μ-13CN)(μ-O)] with one 
equivalent of Me3SiI at room temperature in benzene leads to an 
immediate colour change, affording a white suspension. The 13C 
NMR spectrum of the reaction mixture shows the disappearance 
of the peak assigned to the uranium-bound 13CN and the 
appearance of a new signal at 126.3 ppm that is assigned to the 
cyanide group of the Me3Si13CN.[14] After the addition of Me3SiI, 
proton NMR studies showed, the immediate disappearance of the 
peak assigned to complex 2 and the appearance of only one new 
major signal at -1 ppm. This signal is assigned to an intermediate 
oxo iodide species “Cs[{U(OSi(OtBu)3)3}2(µ-O)(I)]”. This species 
decomposes rapidly and after 48 hours only a peak assigned to 
[U(OSi(OtBu)3)4] is observed. The formation of a stable µ-oxo-
iodide complex and Me3Si13CN was observed from the reaction of 
the dihafnium oxo cyanide complex, [(η5-C5Me4H)2Hf(NCO)](μ-
O)[(η5-C5Me4H)2Hf(CN)], with Me3SiI.[14] The formation of 
[U(OSi(OtBu)3)4] from the intermediate iodide is the result of ligand 
scrambling. Ligand scrambling leading to the formation of bis(oxo) 
complexes and unidentified products has previously been 
reported for the diuranium(IV) oxo- and cyanate- bridged complex 
“Cs[{U(OSi(OtBu)3)3}2(μ-NCO)(µ-O)]”.[12] The reaction of 2 with 
MeOTf proceeds more slowly and after 24 hours at room 
temperature a large amount of starting material is still present. 
The 1H NMR spectrum in d8-toluene after 24 hours shows the 
presence of the signal assigned to [U(OSi(OtBu)3)4] and a broad 
signal at 0.63 ppm assigned to CH313CN. The formation of 
CH313CN was confirmed by the presence of a signal at 113 ppm 
in the 13C NMR spectrum. The cyanide alkylation reaction was 
complete after overnight heating at 55°C. NMR studies did not 
show evidence of products arising from the alkylation of the 
bridging oxo ligand. Overall the successive addition of CO and 
MeOTf (or Me3SiI) to complex 1 results in the conversion of CO 
into organic nitrile compounds. 

 

Scheme 3. Methylation reaction of the complex 1 with MeOTf to form complexes 
3 and 4. 
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For comparison, we also investigated the reactivity of the nitride 
complex 1 with MeOTf.  
The reaction of 1 with one equivalent of MeOTf at room 
temperature resulted in a slow (24 hours) colour change of the 
solution from brown to green, affording a mixture of complexes 3 
and 4 (Scheme 3). Storing the solution at -40 ° resulted in the 
isolation of light blue crystals of the bis(imido) complex 
[{UV(OSi(OtBu)3)3}2(µ-NMe)2], 4. Attempts to isolate the two 
products in a pure form from this reaction were not successful. 
The reaction is faster when 1 is reacted with two equivalents of 
MeOTf, but the same mixture of complexes 3 and 4 is obtained, 
as indicated by the proton NMR spectrum. However, in this case 
storing the reaction mixture at -40 ° for 24 hours resulted in the 
isolation of green-blue crystals of the complex 
Cs2[{U(OSi(OtBu)3)3}2(µ-OTf)2].2(C7H8), 3.2(C7H8) in 60% yield. 
The crystallization of complex 3 is probably favoured by the 
presence of an excess of MeOTf in the solution. Subsequent 
cooling of the mother liquor afforded a few crystals of complex 4. 
Due to its low stability, the isolation of complex 4 in sufficient 
amounts for further characterization was not possible. The low 
stability of the UV imido complex 4 is consistent with the observed 
instability of the previously reported “[UV(OSi(OtBu)3)3}(NR)]” (R= 
adamantly) intermediate that could not be isolated because it 
rapidly disproportionate to afford [UIV(OSi(OtBu)3)4] and 
[UVI2(NR)4(OSi(OtBu)3)4].[2d] 
The solid-state structure of 3 (Figure 2) consists of a diuranium(III) 
complex where two [U(OSi(OtBu)3)3] fragments are bridged by two 
triflate anions, each one binding the two uranium centres and a 
cesium cation in a μ3:κ2(O,O):η1-O fashion. The mean U-Osiloxide 
bond length is similar (2.165(3) Å) to the U-Osiloxide distance found 
in the U(IV) complex 1 (U-Oavg 2.19(3) Å) and in the diuranium(III) 
tris(siloxide) complex [U(OSi(OtBu)3)2(µ-OSi(OtBu)3)]2 (2.193(4) 
Å).[15] The U-U distance is longer (5.636 Å) than that found in the 
[U(OSi(OtBu)3)2(µ-OSi(OtBu)3)]2 complex (3.9862(2) Å.) 
The solid-state structure of 4 was determined by X-ray 
crystallography (Figure 3). The unit cell consists of two 
independent diuranium(V) complexes, 4a and 4b where two 
[U(OSi(OtBu)3)3] fragments are bridged by two methylimido 
ligands. The mean U-Osiloxide bond length (2.110(5) Å) is slightly 
shorter than that found in the U(V) terminal imido complex 
[K(18c6)][U(NSiMe3)(OSi(OtBu)3)4] (U1-Oavg 2.16(2) Å).[2d] The 
average U-U distance in 4 is 3.8612(6) Å. The U-N distances in 
the two complexes are slightly different (2.319(6) Å in 4a and 
2.309(6) Å in 4b). These values can be compared to those found 
in the rare examples of previously reported imido-bridged 
diuranium(V) complexes (2.387(5)- 2.078(5) Å).[16] The formation 
of imide complexes from the alkylation of nucleophilic bridging 
nitrides has been reported[17] but did not lead to valence 
disproportionation. In contrast, the alkylation of 1 promotes the 
disproportionation of the metal centre, leading to the 
transformation of two U(IV) cations into a U(V) and a U(III) 
complex. This is exceptional reactivity since U(IV) complexes are 
generally much more stable than their U(III) and U(V) analogues, 
which are usually more prone to disproportionation reactions.[18] 
For instance, the diuranium(IV) imido-bridged complex, 
[(MeC5H)4U2(µ-NPh)2], was obtained from the comproportionation 

reaction of the imido complex (MeC5H)3UVNPh with the tris-
(cyclopentadienyl) complex [(MeC5H5)3UIII].[19] The reactivity of 
complex 1 could be explained by the presence of asymmetric 
bonding in the UIV-N-UIV core that may be formulated as a mixed 
valent UV-N-UIII complex, but this formulation is not supported by 
both the optimized geometry and the metrical parameters in 
complex 1 (See SI).[2d] 

 

Figure 2. Thermal ellipsoid drawing of Cs2[{U(OSi(OtBu)3)3}2(µ-OTf)2] 3; 
probability 50%. Hydrogen atoms, methyl groups and interstitial solvent 
molecules were omitted for clarity. Selected bond distances (Å): U1-O61 
2.537(3), U1-O62 2.479(3), U1-O63 2.323(3), S1-O61 1.504(3), S1-O62 
1.492(3), S1-O63 1.462(3), U1-U1 5.6356(1). A = -x+1,-y+2,-z+1. 

 

 

 

 
 
Figure 3. Thermal ellipsoid drawing for [{U(OSi(OtBu)3)3}2(µ-NMe)2], 4a (only 
one complex is displayed); probability 50%. Hydrogen atoms and methyl groups 
were omitted for clarity. Selected bond distances (Å): U1-N1 2.324(6), U1-N1#1 
2.314(6), N1-C53 1.429(13), U2-U2 3.8735(5). A = -x+1,-y+2,-z+1. 
 
The unique reactivity of complex 1 towards CO and MeOTf 
substrates, was further explored by examining plausible reaction 
pathways with calculations at the DFT level of theory (see SI for 
computational details).[20] 
 

 
 
Figure 4. 2D and 3D-representation of the DFT computed ts-BC.  
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Figure 5. DFT computed enthalpy profile for the reaction of CO with complex 1 to afford complex 2 at room temperature (the values are given in kcal.mol-1). In the 
inset a 3D representation of the active core of the ts-G2 is given. 

 
Full systems without any simplifications or geometrical constraints 
were considered in the calculations.[21] In the computed profile for 
the reaction of 1 with MeOTf (Figure S21 in SI) the first step 
involves the coordination of the MeOTf to complex 1 yielding a 
mixed-valent intermediate (int-B) that is enthalpically more stable 
compared to the charge-delocalized one (int-A). Interestingly, no 
direct methyl-transfer TS from MeOTf to the nitride (in an outer-
sphere-type mechanism) could be located, as every attempt leads 
to either int-A or int-B. The Cs+ plays a crucial role in holding the 
fragments together in the dinuclear mixed valence complex, but 
also in stabilizing the anionic, monomeric formally U(V) nitride 
molecular part. From int-B, the system can reach the transition 
state ts-BC (Figure 4) where the methyl group is transferred from 
the triflate moiety to terminal nitride. This reaction can be better 
described as a methyl transfer from oxygen to nitrogen at the Cs 
atom rather than at the uranium centre, as illustrated nicely in 
Figure 4. Eventually, the uranium atoms act solely as Lewis acid 
centres to activate the nitride and methyl triflate ligands. 

This leads to the formation of complex int-C, which is a mixed-
valence bimetallic complex involving two fragments (a U(III) 
sulfonate (Cs) and a U(V) imido) that further dimerizes to yield 
the two homoleptic U(III) and U(V) experimental complexes, 3 
and 4 respectively.  
The computational mechanistic investigation of the reaction 
between complex 1 and CO was also carried out (Figure 5). 
The closest, unique analogue of such exceptional reactivity is 
the high temperature (110 °C) cleavage of CO by a diazenido 
di-hafnium complex to yield a µ–oxo/µ-cyanido species that 
proceeds through the formation of a stable oxamidide 
intermediate.[14] Computational and experimental studies  
suggest that this stable oxamidide species forms via an 
unstable nitride intermediate.[22] However, the uranium nitride 
reactivity appears to be significantly different (Figure 5). First 
the CO molecule binds one uranium centre with an activation 
barrier of 8.6 kcal/mol, yielding an unstable CO adduct 
(endothermic formation of 8.1 kcal/mol). Subsequently, the CO 
molecule undergoes a barrierless migratory insertion onto the 
U-nitride bond. The insertion yields int-E, that is a 
η2(C,N):κ2(O,N) bimetallic complex. The int-E then undergoes 
a isomerization process assisted by the Cs cation to yield the 
isoenergetic but reactive isomer int-G (see SI for the full 

isomerization part). The geometry of complex int-G is quite 
interesting as the cyanate ligand exhibits a η1-N coordination 
with one uranium centre and η2(C,O) with the other uranium 
(η1,η2 is a classical coordination for bimetallic uranium 
complexes of triatomic molecules such as CO2[15]). From int-
G, an easy elimination of a CN- anion (i.e., full C-O bond 
scission from carbon monoxide) takes place with an activation 
barrier of 15.1 kcal/mol. 
The high nucleophilic reactivity of the nitride ligand in the 
heterodimetallic 1 leads to the first example of complete 
cleavage of CO by a nitride complex under ambient conditions. 
The CO cleavage affords a new complex (2) containing two 
U(IV) cations bridged by an oxo and a cyanide group. This 
complex can transfer the cyanide group to electrophiles 
leading to N-C bond formation and release of organic 
molecules such as CH3CN or CH3SiCN. An exceptional 
outcome is also observed for the reaction of the U(IV) with the 
electrophilic MeOTf leading to the unprecedented valence 
disproportionation of U(IV) to U(III) and U(V) with concomitant 
formation of a U(V) imido complex. The DFT studies support 
the presence of a multimetallic cooperative effect in the 
complete cleavage of CO and in the methyl transfer to the 
uranium-bound nitride. The results show novel reactivity of 
highly nucleophilic metal nitrides that might provide new routes 
to the use of the easily available CO substrate in the synthesis 
of valuable chemicals. 

Acknowledgements  

We acknowledge support from the Swiss National Science 
Foundation and from the Ecole Polytechnique Fédérale de 
Lausanne (EPFL). We thank Euro Solari for carrying out the 
elemental analyses.  

Keywords: uranium• nitrides • carbon monoxide cleavage• 
uranium disproportionation • cooperativity 

 
[1] aA. R. Fox, S. C. Bart, K. Meyer, C. C. Cummins, Nature 2008, 455, 341-

349; bM. J. Monreal, P. L. Diaconescu, Nat. Chem., 2, 423-423; cG. W. C. 

[UIV]

LL

[UIV]N

Cs

[UIV]

LL

[UIV]N

Cs

C

O

CO

[UIV]

LL

[UIV]N

Cs

C

O

LL

N

Cs

C
O

LL
N

Cs

O

[UIV]

[UIV]
0.0

ts-1D
8.1 7.8

-30.6

8.41
ts-DE

-15.5

2-30.6

-63.2

LL

N

Cs

C

O

[UIV] [UIV]
LL

O

Cs

C
N

[UIV] [UIV]

LL
O

Cs

CN

[UIV] [UIV]
ts-G2

int-D

int-E int-G
isomerizations

Δ
H

 (k
ca

l/m
ol

)

L= -OSi(OtBu)3

reaction coordinate

[UIV]
C

[UIV]= [UL2]

Cs

U UO

CN

ts-G2

[UIV]



COMMUNICATION          

 
 
 
 

Silva, C. B. Yeamans, A. P. Sattelberger, T. Hartmann, G. S. Cerefice, K. 

R. Czerwinski, Inorg. Chem. 2009, 48, 10635-10642. 

[2] aD. M. King, S. T. Liddle, Coord. Chem. Rev. 2014, 266, 2-15; bT. W. 

Hayton, Chem. Commun. 2013, 49, 2956-2973; cA. R. Fox, P. L. Arnold, 

C. C. Cummins, J. Am. Chem. Soc. 2010, 132, 3250-3251; dC. Camp, J. 

Pecaut, M. Mazzanti, J. Am. Chem. Soc. 2013, 135, 12101-12111; eD. M. 

King, F. Tuna, E. J. L. McInnes, J. McMaster, W. Lewis, A. J. Blake, S. T. 

Liddle, Science 2012, 337, 717-720; fL. Chatelain, R. Scopelliti, M. 

Mazzanti, J. Am. Chem. Soc. 2016, 138, 1784-1787; gN. Tsoureas, A. F. 

R. Kilpatrick, C. J. Inman, F. G. N. Cloke, Chem. Sci. 2016, 7, 4624-4632. 

 [3] G. W. Parshall, S. D. Ittel, Homogeneous Catalysis. The Applications and 

Chemistry of Catalysis by Soluble Transition Metal Complexes, 2nd ed ed., 

Wiley Interscience, 1992. 

[4] H. Schulz, Appl. Catal. A 1999, 186, 3-12. 

[5] aB. Askevold, J. T. Nieto, S. Tussupbayev, M. Diefenbach, E. Herdtweck, 

M. C. Holthausen, S. Schneider, Nat. Chem. 2011, 3, 532-537; bJ. J. 

Scepaniak, R. P. Bontchev, D. L. Johnson, J. M. Smith, Angew. Chem. Int. 

Ed. Engl. 2011, 50, 6630-6633; cB. L. Tran, M. Pink, X. F. Gao, H. Park, D. 

J. Mindiola, J. Am. Chem. Soc. 2010, 132, 1458-+; dJ. S. Silvia, C. C. 

Cummins, J. Am. Chem. Soc. 2009, 131, 446-447; eP. A. Cleaves, D. M. 

King, C. E. Kefalidis, L. Maron, F. Tuna, E. J. L. McInnes, J. McMaster, W. 

Lewis, A. J. Blake, S. T. Liddle, Angew. Chem. Int. Ed. Engl. 2014, 53, 

10412-10415; fS. P. Semproni, C. Milsmann, P. J. Chirik, Angew. Chem. 

Int. Ed. Engl. 2012, 51, 5213-5216. 

[6] aF. Calderazzo, U. Englert, A. Guarini, F. Marchetti, G. Pampaloni, A. 

Segre, Angew. Chem. Int. Ed. Engl. 1994, 33, 1188-1189; bN. M. West, A. 

J. M. Miller, J. A. Labinger, J. E. Bercaw, Coord. Chem. Rev. 2011, 255, 

881-898; cD. R. Neithamer, R. E. Lapointe, R. A. Wheeler, D. S. Richeson, 

G. D. Vanduyne, P. T. Wolczanski, J. Am. Chem. Soc. 1989, 111, 9056-

9072; dR. L. Miller, P. T. Wolczanski, A. L. Rheingold, J. Am. Chem. Soc. 

1993, 115, 10422-10423; eT. Shima, Z. Hou, J. Am. Chem. Soc. 2006, 128, 

8124-8125; fJ. Ballmann, F. Pick, L. Castro, M. D. Fryzuk, L. Maron, 

Organometallics 2012, 31, 8516-8524; gA. S. Batsanov, J. A. Cabeza, M. 

G. Crestani, M. R. Fructos, P. Garcia-Alvarez, M. Gille, Z. Lin, T. B. Marder, 

Angew. Chem. Int. Ed. Engl. 2016, 55, 4707-4710; hP. A. Belmonte, F. G. 

N. Cloke, R. R. Schrock, J. Am. Chem. Soc. 1983, 105, 2643-2650; iJ. A. 

Buss, T. Agapie, Nature 2016, 529, 72-75; jD. J. Knobloch, E. Lobkovsky, 

P. J. Chirik, J. Am. Chem. Soc. 2010, 132, 10553-10564; kT. Matsuo, H. 

Kawaguchi, J. Am. Chem. Soc. 2005, 127, 17198-17199; lH. Braunschweig, 

M. A. Celik, R. D. Dewhurst, S. Kachel, B. Wennemann, Angew. Chem. Int. 

Ed. Engl. 2016, 55, 5076-5080. 

[7] aJ. G. Brennan, R. A. Andersen, J. L. Robbins, J. Am. Chem. Soc. 1986, 

108, 335-336; bJ. Parry, E. Carmona, S. Coles, M. Hursthouse, J. Am. 

Chem. Soc. 1995, 117, 2649-2650; cW. J. Evans, S. A. Kozimor, G. W. 

Nyce, J. W. Ziller, J. Am. Chem. Soc. 2003, 125, 13831-13835. 

[8] I. Castro-Rodriguez, K. Meyer, J. Am. Chem. Soc. 2005, 127, 11242-11243. 

[9] aO. T. Summerscales, F. G. N. Cloke, P. B. Hitchcock, J. C. Green, N. 

Hazari, Science 2006, 311, 829-831; bA. S. Frey, F. G. N. Cloke, P. B. 

Hitchcock, I. J. Day, J. C. Green, G. Aitken, J. Am. Chem. Soc. 2008, 130, 

13816-13817. 

[10] O. T. Summerscales, F. G. N. Cloke, P. B. Hitchcock, J. C. Green, N. Hazari, 

J. Am. Chem. Soc. 2006, 128, 9602-9603. 

[11] aP. L. Arnold, Z. R. Turner, R. M. Bellabarba, R. P. Tooze, Chem. Sci. 2011, 

2, 77-79; bS. M. Mansell, N. Kaltsoyannis, P. L. Arnold, J. Am. Chem. Soc. 

2011, 133, 9036-9051; cB. M. Gardner, J. C. Stewart, A. L. Davis, J. 

McMaster, W. Lewis, A. J. Blake, S. T. Liddle, Proc Natl Acad Sci USA 

2012, 109, 9265-9270. 

[12] M. Falcone, L. Chatelain, M. Mazzanti, Angew. Chem. Int. Ed. Engl. 2016, 

55, 4074-4078. 

[13] aJ.-C. Berthet, P. Thuery, M. Ephritikhine, J. Chem. Soc.-Dalton Trans. 

2015, 44, 7727-7742; bA. Herve, Y. Bouzidi, J.-C. Berthet, L. Belkhiri, P. 

Thuery, A. Boucekkine, M. Ephritikhine, Inorg. Chem. 2014, 53, 6995-7013. 

[14] S. P. Semproni, G. W. Margulieux, P. J. Chirik, Organometallics 2012, 31, 

6278-6287. 

[15] V. Mougel, C. Camp, J. Pecaut, C. Coperet, L. Maron, C. E. Kefalidis, M. 

Mazzanti, Angew. Chem. Int. Ed. Engl. 2012, 51, 12280-12284. 

[16] aL. P. Spencer, E. J. Schelter, P. Yang, R. L. Gdula, B. L. Scott, J. D. 

Thompson, J. L. Kiplinger, E. R. Batista, J. M. Boncella, Angew. Chem. Int. 

Ed. Engl. 2009, 48, 3795-3798; bC. R. Graves, J. L. Kiplinger, Chem. 

Commun. 2009, 3831-3853. 

[17] aF. Akagi, T. Matsuo, H. Kawaguchi, Angew. Chem. Int. Ed. Engl. 2007, 

46, 8778-8781; bT. M. Powers, A. R. Fout, S.-L. Zheng, T. A. Betley, J. Am. 

Chem. Soc. 2011, 133, 3336-3338. 

[18] The Chemistry of the Actinide and Transactinide Elements, 3rd ed., 

Springer, Dordrecht, 2006. 

[19] J. G. Brennan, R. A. Andersen, A. Zalkin, J. Am. Chem. Soc. 1988, 110, 

4554-4558. 

[20] aC. E. Kefalidis, L. Castro, L. Perrin, I. Del Rosal, L. Maron, Chem. Soc. 

Rev. 2016, 45, 2516-2543; bC. E. Kefalidis, L. Castro, A. Yahia, L. Perrin, 

L. Maron, Computational Methods in Lanthanide and Actinide Chemistry, 

Wiley, 2015. 

[21] O. Cooper, C. Camp, J. Pecaut, C. E. Kefalidis, L. Maron, S. Gambarelli, 

M. Mazzanti, J. Am. Chem. Soc. 2014, 136, 6716-6723. 

[22] aD. J. Knobloch, S. P. Semproni, E. Lobkovsky, P. J. Chirik, J. Am. Chem. 

Soc. 2012, 134, 3377-3386; bX. Zhang, B. Butschke, H. Schwarz, Chem. 

Eur. J. 2010, 16, 12564-12569. 
 
 



COMMUNICATION          

 
 
 
 

 
 
COMMUNICATION 

Cooperative CO cleavage by a U(IV) nitride:  A heteropolymetallic uranium nitride 
with a CsUIV-N-UIV core effects the complete cleavage of CO in ambient conditions 
leading to the formation of the CN- ligand that can be easily alkylated to afford 
organic nitriles.  
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