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Abstract 

Reaction of 4 equiv of [Li(TMEDA)]2[1,2-S2C6H4] with [ThCl4(DME)2] or [UCl4(THF)3] in 

THF results in formation of [Li(THF)2]4[An(1,2-S2C6H4)4] (An = Th, 1; An = U, 2), whereas 

reaction of 4 equiv of [Li(TMEDA)]2[1,2-S2C6H4] with UCl4 in Et2O results in formation of 

[Li(TMEDA)]4[U(1,2-S2C6H4)4] (3).  Complexes 1-3 represent the first reported 

benzenedithiolate complexes of the actinides.  They were characterized by NMR spectroscopy 

and X-ray crystallography.  In the solid state, complexes 1-3 exhibit triangular dodecahedral 

geometries about their actinide centers.  Additionally, their Li+ cations are bound by two sulfur 

atoms of adjacent [1,2-S2C6H4]2- ligands, in addition to two solvent donor atoms.  In solution, 

complexes 2 and 3 exhibit spectral data consistent with S4 symmetry (and non-exchanging Li+ 

sites), whereas complex 1 exhibits spectral properties consistent labile Li+ cations. 

Introduction 

A number of U(IV) and U(III) thiolate complexes have been reported over the past 

three decades,[1-6] including a number of homoleptic examples, such as [U(dddt)4]4- 

(A), [U(dddt)3]3- (dddt = 5,6-dihydro-1,4-dithiine-2,3-dithiolate),[7] [U(SPh)6]2- 

(B),[4, 8] and [Li(DME)]4[U(SCH2CH2S)4] (C) (Scheme 1).[9] Their syntheses were 

motivated, in part, by the observation that sulfur donors can discriminate between the 

minor actinides and the lanthanides in liquid-liquid extractions.[10-22]  Study of these 

soft donor complexes have generated important insights into actinide-ligand bonding, 

especially in regards to covalency in these elements.[13, 23-26] 

Scheme 1.  Previously reported homoleptic uranium thiolate complexes. 
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Over the past 15 years, our research group has synthesized a series of homoleptic 

alkyl, alkoxide, amide, and ketimide complexes of An(IV) (An = Th, U), including 

[U(OtBu)6]2-, [An(CH2SiMe3)5] (An = Th, U), [An(CH2Ph)6]2- (An = Th, U), 

[U(NHtBu)6]2-, [U(NC5H10)5], [An(N=CtBuPh)6]2- (An = Th, U), and [ThPh6]2-.[27-

33]  While these ligands offer a range of - and -donor abilities,[34] they consist 

exclusively of “hard” donor atoms, i.e., C, N, and O.  In an effort to extend our 

homoleptic actinide chemistry beyond hard donors, we endeavoured to synthesize an 

An(IV) complex featuring a soft donor ligand (e.g., S, Se).  In particular, we chose to 

focus on the synthesis of actinide 1,2-benzenedithiolate complexes, in part, because, 

surprisingly, no 1,2-benzenedithiolate complexes have yet been reported for the 

actinides. In contrast, a large number of homoleptic transition metal 1,2-

benzenedithiolate complexes have been reported.[35-49] Herein, we describe the 

synthesis of three homoleptic An(IV) 1,2-benzenedithiolate complexes, namely, 

[Li(THF)2]4[An(1,2-S2C6H4)4] (An = Th, 1; An = U, 2) and [Li(TMEDA)]4[U(1,2-

S2C6H4)4] (3), along with an investigation of their solution and solid-state structures.  
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Results and Discussion 

Addition of a cold (-25 °C) THF solution of 4 equiv of [Li(TMEDA)]2[1,2-S2C6H4] to a 

cold (-25 °C) THF solution of [ThCl4(DME)2] or [UCl4(THF)3] results in an immediate color 

change. Work-up of the reaction mixtures, followed by crystallization from THF/hexanes (for 

1) or concentrated Et2O (for 2) affords [Li(THF)2]4[An(1,2-S2C6H4)4] (An = Th, 1; An = U, 

2) in 35% (for 1) and 49% (for 2) yields (Scheme 2).  Complexes 1 and 2 were isolated as 

colorless plates and orange blocks, respectively.  In contrast, slow addition of a cold (-25 °C) 

Et2O solution of 4 equiv of [Li(TMEDA)]2[1,2-S2C6H4] to a cold (-25 °C) Et2O suspension of 

UCl4 results in immediate formation of dark yellow solution. Work-up of the reaction mixture, 

followed by crystallization from Et2O/hexanes, affords [Li(TMEDA)]4[U(1,2-S2C6H4)4] (3), 

which can be isolated as yellow plates in 62% yield.  Presumably, the weakly-donating Et2O 

cannot outcompete with TMEDA binding to Li+, in contrast to the THF reactions (Scheme 2), 

permitting the isolation of the TMEDA-containing complex.  Attempts to make the thorium 

analogue of 3 were unsuccessful. Complexes 1, 2, and 3 are also formed upon addition of only 

3 equiv of [Li(TMEDA)]2[1,2-S2C6H4] to the actinide salt.  They are soluble in Et2O, THF, 

and benzene, but insoluble in hexanes.  Complexes 1 and 2 are thermally stable.  C6D6 

solutions of either complex show no evidence of decomposition upon standing at room 

temperature for 1 week.  They are also moderately air stable; however, they are highly 

moisture sensitive.  For example, exposure of complex 1 to H2O in C6D6 results in complete 

consumption of 1 and formation of 1,2-C6H4(SH)2 as the major product,[50] concomitant with 

the deposition of copious amounts of white solid. 
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Scheme 2. Syntheses of Complexes 1-3. 

 

The 1H NMR spectrum of 1 in benzene-d6 reveals two distinct resonances at 7.63 ppm 

and 6.84 ppm, assignable to ortho and meta positions of the [1,2-S2C6H4]2- fragment.  These 

resonances are present in a 1:1 ratio (Figure S2).  Additionally, its 7Li{1H} NMR spectrum 

displays a single resonance at 1.57 ppm (Figure S4).  These results contrast with the S4 

symmetry observed in solid state (see below), which would result in four unique 1H 

environments for the [1,2-S2C6H4]2- ligand.  To explain these results, we suggest that the Li+ 

cations in 1 can rapidly exchange between the benzenedithiolate binding sites at room 

temperature.  Interestingly, the 1H NMR spectrum of 2 in benzene-d6 reveals four distinct, 
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paramagnetically-shifted resonances at 17.68 ppm, 11.88 ppm, 7.95 ppm, and 2.11 ppm, 

which are assignable to the [1,2-S2C6H4]2- fragment (Figure S5). These resonances are present 

in a 1:1:1:1 ratio, and indicate that the S4 symmetry observed in the solid-state is maintained 

in solution (see below).  Similar behavior is observed in the 1H NMR spectrum of complex 3, 

as well as the previously reported dithiolate complex, [Li(DME)]4[U(SCH2CH2S)4].[9]  

Finally, the 7Li{1H} NMR spectrum of 2 displays a single resonance at 7.31 ppm (Figure S6). 

The relatively large downfield shift observed for the 7Li resonance is indicative of a 

paramagnetic pseudo-contact shift and provides further evidence that the Li+ cations remain 

bound to the benzenedithiolate ligands in solution, as suggested by the 1H NMR spectral data. 

Complexes 1 and 2 crystallize in the tetragonal space group P4ത21c as the THF solvates, 

12THF and 22THF (Figures 1 and S1), whereas complex 3 crystallizes in the orthorhombic 

space group P21212 (Figure 1).  The metal centers in all three complexes lie on special 

positions.  According to the continuous shape measure,[51] their coordination geometries are 

best described as distorted triangular dodecahedra (CSM = 1.015 for 1, 1.161 for 2, and 1.928 

for 3). Each actinide center features eight An-S σ-bonds to four [1,2-S2C6H4]2- ligands.  For 

all three complexes, the chelating C6H4 rings occupy the “m” edges of the dodecahedron, 

which results in approximate D2d point group symmetry.[52]  A similar arrangement of the 

chelating groups is observed for [U(SCH2CH2S)4]4-.[9] Additionally, the Li+ cations in 1 and 

2 are coordinated by two sulfur atoms of adjacent [1,2-S2C6H4]2- ligands and two oxygen 

atoms of the THF ligands. Similarly, 3 features Li+ cations coordinated by two sulfur atoms 

of adjacent [1,2-S2C6H4]2- ligands and two nitrogen atoms of TMEDA. For all three structures, 

the Li cations occupy “g” edges of the dodecahedron,[52] and their arrangement among the 

eight “g” edges gives each complex S4 symmetry.   
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The average Th-S distance in 1 (2.89 Å) is notably longer than other reported Th-S single 

bonds, likely due to the high charge on the Th center.[53, 54] For example, the Th-S distances 

in [Cp*2Th(SPh)2] are 2.7488(11) and 2.7451(10) Å,[55] whereas the Th-S distance in 

[Th(SCPh3)(NR2)3] (R = SiMe3) is 2.718(3) Å.[56] The average U-S distances in 2 (2.82 Å) 

and 3 (2.81 Å) are shorter than that found in 1, consistent with the smaller ionic radius of the 

U(IV) ion,[57] but similar to those found in previously reported U(IV) dithiolate 

complexes.[58] For instance, the average U-S distance in [U(dddt)4]4- is 2.83 Å,[7] whereas 

the average U-S distance in [U(SCH2CH2S)4]4- is 2.85 Å.[9] However, the average U-S 

distances in 2 and 3 are longer than that found in [U(SPh)4(Py)3] (2.74 Å).[59] Finally, the 

average Li-S distances found in 1 (2.50 Å), 2 (2.46 Å), and 3 (2.46 Å) are consistent with 

previously reported Li-S dative interactions.[9, 60, 61]  The S-Li-S angles are also similar for 

1 (102.2(8)), 2 (101.3(4)), and 3 (103.7(4) and 103.2(5)).  The similarity of the Li+ 

environments across all three complexes is surprising, given the differing solution-state 

behavior for complex 1 versus complexes 2 and 3.  The reason for this differing solution 

behavior is presently unknown.   
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Figure 1. Solid-state molecular structure of 12THF shown with 50% probability ellipsoids 

(top). Solid-state molecular structure of 3 shown with 50% probability ellipsoids (bottom). 

The THF and TMEDA ligands are shown in wireframe style and hydrogen atoms are omitted 

for clarity.  Selected bond lengths (Å) and angles (): 12THF: Th1-S1 = 2.885(3), Th1-S2 = 

2.892(3), Li1-S1 = 2.50(2), Li1-S2 = 2.48(2), Li1-O1 = 1.94(3), Li1-O2 = 1.91(2), S1-Th1-

S2 = 69.75(9), S2-Li1-S1 = 102.2(8). 22THF: U1-S1 = 2.8169(12), U1-S2 = 2.8275(11), Li1-
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S1 = 2.467(10), Li1-S2 = 2.460(10), Li1-O1 = 1.935(11), Li1-O2 = 1.946(11), S1-U1-S2 = 

70.52(3), S1-Li1-S2 = 101.3(4). 3: U1-S1 = 2.8011(16), U1-S2 = 2.8184(16), U1-S3 = 

2.7827(17), U1-S4 = 2.8224(16), Li1-S1 = 2.487(12), Li1-S4 = 2.460(12), Li2-S2 = 

2.447(13), Li2-S3 = 2.482(12), Li1-N1 = 2.103(12), Li1-N2 = 2.084(13), Li2-S3 = 2.056(14), 

Li2-N4 = 2.068(13), S1-U1-S2 =70.56(5), S3-U1-S4 = 70.48(5), S4-Li1-S1 = 103.7(4), S2-

Li2-S3 = 103.2(5). 

Conclusion 

In summary, we have prepared and characterized three homoleptic actinide benzenedithiolato 

complexes, namely, [Li(THF)2]4[An(S2C6H4)4] (An = Th, U) and 

[Li(TMEDA)]4[U(S2C6H4)4], and we confirmed their formulations using X-ray 

crystallography and multi-nuclear NMR spectroscopy. These complexes represent the first 

reported 1,2-benzenedithiolate complexes of the actinides, which is surprising considering the 

widespread application of benzenedithiolate ligands in transition metal chemistry.  Their 

solid-state and solution phase characterization will assist in the development of highly-

selective soft-donor chelators for actinide binding and separation.  Their isolation also sets the 

stage for synthesis of the Np and Pu analogues, which we plan to pursue in a future study. 

ASSOCIATED CONTENT 

Supporting Information. Experimental procedures, crystallographic details, and spectral 

data for complexes 1, 2, and 3 (PDF). 

AUTHOR INFORMATION 

Corresponding Author 

*hayton@chem.ucsb.edu,  



 

 10

Author Contributions 

The manuscript was written through contributions of all authors. All authors have given 

approval to the final version of the manuscript.  

ACKNOWLEDGMENT 

This work was supported by the U.S. Department of Energy, Office of Basic Energy 

Sciences, Chemical Sciences, Biosciences, and Geosciences Division under Contract DE-

SC0001861. 

References 

[1] M. Ephritikhine, Uranium complexes with amide, alkoxide and thiolate ligands, J. Alloys 
Compd., 213-214 (1994) 15-19. 
[2] P.C. Leverd, M. Ephritikhine, M. Lance, J. Vigner, M. Nierlich, Triscyclopentadienyl 
uranium thiolates and selenolates, J. Organomet. Chem., 507 (1996) 229-237. 
[3] P.C. Leverd, M. Lance, J. Vigner, M. Nierlich, M. Ephritikhine, Synthesis and reactions 
of uranium(IV) tetrathiolate complexes, J. Chem. Soc., Dalton Trans., (1995) 237-244. 
[4] P.C. Leverd, M. Lance, M. Nierlich, J. Vigner, M. Ephritikhine, Synthesis and crystal 
structure of the homoleptic uranium (IV) thiolates [(thf)3Na(-SR)3U(-SR)3Na(thf)3] (thf = 
tetrahydrofuran; R = But or Ph), J. Chem. Soc., Dalton Trans., (1993) 2251-2254. 
[5] M. Ephritikhine, Molecular actinide compounds with soft chalcogen ligands, Coord. 
Chem. Rev., 319 (2016) 35-62. 
[6] M. Roger, N. Barros, T. Arliguie, P. Thuéry, L. Maron, M. Ephritikhine, U(SMes*)n, (n 
= 3, 4) and Ln(SMes*)3 (Ln = La, Ce, Pr, Nd):  Lanthanide(III)/Actinide(III) Differentiation 
in Agostic Interactions and an Unprecedented η3 Ligation Mode of the Arylthiolate Ligand, 
from X-ray Diffraction and DFT Analysis, J. Am. Chem. Soc., 128 (2006) 8790-8802. 
[7] M. Roger, T. Arliguie, P. Thuéry, M. Fourmiguè, M. Ephritikhine, Homoleptic 
Tris(dithiolene) and Tetrakis(dithiolene) Complexes of Uranium(IV), Inorg. Chem., 44 
(2005) 594-600. 
[8] P.C. Leverd, M. Lance, M. Nierlich, J. Vigner, M. Ephritikhine, Synthesis and crystal 
structure of homoleptic uranium hexathiolates: [NEt2H2]2[U(SPh)6] and [(Ph3P)Cu(µ-SPh)3-
U(µ-SPh)3Cu(PPh3)], J. Chem. Soc., Dalton Trans., (1994) 3563-3567. 
[9] K. Tatsumi, I. Matsubara, Y. Inoue, A. Nakamura, R.E. Cramer, G.J. Tagoshi, J.A. 
Golen, J.W. Gilje, A homoleptic uranium thiolate: synthesis, structure, and fluxional 
behavior of [Li(dme)]4[U(SCH2CH2S)4] and reaction with carbon disulfide, Inorg. Chem., 
29 (1990) 4928-4938. 
[10] A. Leoncini, J. Huskens, W. Verboom, Ligands for f-element extraction used in the 
nuclear fuel cycle, Chem. Soc. Rev., 46 (2017) 7229-7273. 



 

 11

[11] N.P. Bessen, J.A. Jackson, M.P. Jensen, J.C. Shafer, Sulfur donating extractants for the 
separation of trivalent actinides and lanthanides, Coord. Chem. Rev., 421 (2020) 213446. 
[12] N. Bessen, Q. Yan, N. Pu, J. Chen, C. Xu, J. Shafer, Extraction of the trivalent 
transplutonium actinides americium through einsteinium by the sulfur donor Cyanex 301, 
Inorg. Chem. Front., 8 (2021) 4177-4185. 
[13] M.L. Neidig, D.L. Clark, R.L. Martin, Covalency in f-element complexes, Coord. 
Chem. Rev., 257 (2013) 394-406. 
[14] N. Pu, E. Archer, X. He, J. Chen, L. Rao, J.C. Shafer, P. Yang, C. Xu, Tuning 
Selectivity to f-Elements through Bonding and Solvation Effects of a Sulfur Donor Ligand, 
Inorg. Chem., 63 (2024) 6845-6853. 
[15] H.H. Dam, D.N. Reinhoudt, W. Verboom, Multicoordinate ligands for 
actinide/lanthanide separations, Chem. Soc. Rev., 36 (2007) 367-377. 
[16] M.A. Boreen, B.F. Parker, S. Hohloch, B.A. Skeel, J. Arnold, f-Block complexes of a 
m-terphenyl dithiocarboxylate ligand, Dalton Trans., 47 (2018) 96-104. 
[17] N.A.G. Gray, D.J.H. Emslie, Thorium(IV) and Uranium(IV) Thioether and Selenoether 
Complexes: Synthesis and An–ER2 (E = S, Se) Bonding Comparison, Inorg. Chem., 63 
(2024) 18884-18891. 
[18] I. Lehman-Andino, J. Su, K.E. Papathanasiou, T.M. Eaton, J. Jian, D. Dan, T.E. 
Albrecht-Schmitt, C.J. Dares, E.R. Batista, P. Yang, J.K. Gibson, K. Kavallieratos, Soft-
donor dipicolinamide derivatives for selective actinide(iii)/lanthanide(iii) separation: the role 
of S- vs. O-donor sites, Chem. Commun., 55 (2019) 2441-2444. 
[19] A.J. Gaunt, B.L. Scott, M.P. Neu, Homoleptic uranium(iii) 
imidodiphosphinochalcogenides including the first structurally characterised molecular 
trivalent actinide–Se bond, Chemical Communications, (2005) 3215-3217. 
[20] A.J. Gaunt, S.D. Reilly, A.E. Enriquez, B.L. Scott, J.A. Ibers, P. Sekar, K.I.M. Ingram, 
N. Kaltsoyannis, M.P. Neu, Experimental and Theoretical Comparison of Actinide and 
Lanthanide Bonding in M[N(EPR2)2]3 Complexes (M = U, Pu, La, Ce; E = S, Se, Te; R = 
Ph, iPr, H), Inorg. Chem., 47 (2008) 29-41. 
[21] A.C. Behrle, C.L. Barnes, N. Kaltsoyannis, J.R. Walensky, Systematic Investigation of 
Thorium(IV)– and Uranium(IV)–Ligand Bonding in Dithiophosphonate, 
Thioselenophosphinate, and Diselenophosphonate Complexes, Inorg. Chem., 52 (2013) 
10623-10631. 
[22] A.C. Behrle, A. Kerridge, J.R. Walensky, Dithio- and Diselenophosphinate 
Thorium(IV) and Uranium(IV) Complexes: Molecular and Electronic Structures, 
Spectroscopy, and Transmetalation Reactivity, Inorg. Chem., 54 (2015) 11625-11636. 
[23] M.B. Jones, A.J. Gaunt, Recent Developments in Synthesis and Structural Chemistry of 
Nonaqueous Actinide Complexes, Chem. Rev., 113 (2013) 1137-1198. 
[24] K.A. Pace, V.V. Klepov, A.A. Berseneva, H.-C. zur Loye, Covalency in Actinide 
Compounds, Chem. Eur. J., 27 (2021) 5835-5841. 
[25] W. Quintero-Martinez, D. Páez-Hernández, Exploring Covalency in f-Element 
Complexes: Dithiocarbamate Ligands Reveal Differences Between Heavy Actinides and 
Lanthanides, Inorg. Chem., 64 (2025) 3747-3759. 
[26] F.A. Pereiro, S.S. Galley, J.A. Jackson, J.C. Shafer, Contemporary Assessment of 
Energy Degeneracy in Orbital Mixing with Tetravalent f-Block Compounds, Inorg. Chem., 
63 (2024) 9687-9700. 



 

 12

[27] E.A. Pedrick, P. Hrobarik, L.A. Seaman, G. Wu, T.W. Hayton, Synthesis, structure and 
bonding of hexaphenyl thorium(iv): observation of a non-octahedral structure, Chem. 
Commun., 52 (2016) 689-692. 
[28] L.A. Seaman, J.R. Walensky, G. Wu, T.W. Hayton, In Pursuit of Homoleptic Actinide 
Alkyl Complexes, Inorg. Chem., 52 (2013) 3556–3564. 
[29] L.A. Seaman, G. Wu, N.M. Edelstein, W.W. Lukens, N. Magnani, T.W. Hayton, 
Probing the 5f Orbital Contribution to the Bonding in a U(V) Ketimide Complex, J. Am. 
Chem. Soc., 134 (2012) 4931–4940. 
[30] L.A. Seaman, S. Fortier, G. Wu, T.W. Hayton, Comparison of the Redox Chemistry of 
Primary and Secondary Amides of U(IV): Isolation of a U(VI) Bis(imido) Complex or a 
Homoleptic U(VI) Amido Complex, Inorg. Chem., 50 (2011) 636-646. 
[31] S. Fortier, B.C. Melot, G. Wu, T.W. Hayton, Homoleptic Uranium(IV) Alkyl 
Complexes: Synthesis and Characterization, J. Am. Chem. Soc., 131 (2009) 15512-15521. 
[32] S. Fortier, G. Wu, T.W. Hayton, Synthesis and Characterization of Three Homoleptic 
Alkoxides of Uranium: [Li(THF)]2[UIV(OtBu)6], [Li(Et2O)][UV(OtBu)6], and UVI(OtBu)6, 
Inorg. Chem., 47 (2008) 4752-4761. 
[33] M.K. Assefa, D.-C. Sergentu, L.A. Seaman, G. Wu, J. Autschbach, T.W. Hayton, 
Synthesis, Characterization, and Electrochemistry of the Homoleptic f Element Ketimide 
Complexes [Li]2[M(N═CtBuPh)6] (M = Ce, Th), Inorg. Chem., 58 (2019) 12654-12661. 
[34] W.W. Lukens, N.M. Edelstein, N. Magnani, T.W. Hayton, S. Fortier, L.A. Seaman, 
Quantifying the σ and π Interactions between U(V) f Orbitals and Halide, Alkyl, Alkoxide, 
Amide and Ketimide Ligands, J. Am. Chem. Soc., 135 (2013) 10742-10754. 
[35] M. Kondo, S. Minakoshi, K. Iwata, T. Shimizu, H. Matsuzaka, N. Kamigata, S. 
Kitagawa, Crystal Structure of a Tris(dithiolene) Vanadium(IV) Complex Having 
Unprecedented D3h Symmetry, Chem. Lett., 25 (1996) 489-490. 
[36] R.L. Melen, M. McPartlin, D.S. Wright, An unexpected dependence on the SnII base; 
reactions of Sn(NR2)2 with aromatic dithiols, Dalton Trans., 40 (2011) 1649-1651. 
[37] J.L. Martin, J. Takats, Crystal and molecular structure of tetraphenylarsonium 
tris(benzenedithiolato)tantalate(V), Inorg. Chem., 14 (1975) 1358-1364. 
[38] D. Sellmann, A.C. Hennige, F.W. Heinemann, Synthesis, Structure, and Properties of 
Osmium Complexes Containing [Os(′S4′)] and [Os(′S2′)2] Fragments (′S4′2− = 1,2-Bis(2-
mercaptophenylthio)ethane(2−), ′S2′2− = 1,2-Benzenedithiolate), Eur. J. Inorg. Chem., 1998 
(1998) 819-826. 
[39] M.S. Fataftah, M.D. Krzyaniak, B. Vlaisavljevich, M.R. Wasielewski, J.M. Zadrozny, 
D.E. Freedman, Metal–ligand covalency enables room temperature molecular qubit 
candidates, Chem. Sci., 10 (2019) 6707-6714. 
[40] C.-H. Lin, C.-G. Chen, M.-L. Tsai, G.-H. Lee, W.-F. Liaw, Monoanionic {Mn(NO)}5 
and Dianionic {Mn(NO)}6 Thiolatonitrosylmanganese Complexes: [(NO)Mn(L)2]− and 
[(NO)Mn(L)2]2− (LH2 = 1,2-Benzenedithiol and Toluene-3,4-dithiol), Inorg. Chem., 47 
(2008) 11435-11443. 
[41] M. Könemann, W. Stüer, K. Kirschbaum, D.M. Giolando, Synthesis, crystal structure 
and electrochemistry of bis(N,N-dimethylammonium) tris(1,2-
benzenedithiolato)titanate(IV), Polyhedron, 13 (1994) 1415-1425. 
[42] H. Huynh, T. Lügger, F.E. Hahn, Synthesis and X-ray Molecular Structure of 
[WVI(C6H4S2-1,2)3] Completing the Structural Characterization of the Series [W(C6H4S2-



 

 13

1,2)3]n− (n = 0, 1, 2): Trigonal-Prismatic versus Octahedral Coordination in Tris(benzene-
1,2-dithiolato) Complexes, Eur. J. Inorg. Chem., 2002 (2002) 3007-3009. 
[43] J. Wegener, K. Kirschbaum, D.M. Giolando, Synthesis, properties and crystal structures 
of benzene-1,2-dithiolato complexes of antimony-(III) and -(V), J. Chem. Soc., Dalton 
Trans., (1994) 1213-1218. 
[44] C. Lorber, J.P. Donahue, C.A. Goddard, E. Nordlander, R.H. Holm, Synthesis, 
Structures, and Oxo Transfer Reactivity of Bis(dithiolene)tungsten(IV,VI) Complexes 
Related to the Active Sites of Tungstoenzymes, J. Am. Chem. Soc., 120 (1998) 8102-8112. 
[45] S.F. Colmanet, G.A. Williams, M.F. Mackay, Preparation and crystal structures of 
bis(tetraphenylarsonium) tris(oxalato)technetate(IV), and tetraphenylarsonium tris(benzene-
1,2-dithiolato)technetate(V): octahedral versus trigonal-prismatic geometry for tris-bidentate 
complexes of technetium, J. Chem. Soc., Dalton Trans., (1987) 2305-2310. 
[46] M. Cowie, M.J. Bennett, Trigonal-prismatic vs. octahedral coordination in a series of 
tris(benzene-1,2-dithiolato) complexes. 3. Crystal and molecular structure of 
bis(tetramethylammonium) tris(benzene-1,2-dithiolato) zirconate(IV), 
[CH3)4N]2[Zr(S2C6H4)3], Inorg. Chem., 15 (1976) 1595-1603. 
[47] D. Sellmann, K. Hein, F.W. Heinemann, Synthesis, structure and reactivity of 
complexes containing [M(S2)2] fragments (M=Ru, Os; (S2)2−=1,2-benzenedithiolate (2−)), 
Inorg. Chim. Acta, 357 (2004) 3739-3745. 
[48] K. Mrkvová, J. Kameníček, Z. Šindelář, L. Kvítek, J. Mrozinski, M. Nahorska, Z. Žák, 
Synthesis, properties and crystal structures of R[MIII(bdt)2] complexes (M = Ni, Co, Cu), 
Transition Met. Chem., 29 (2004) 238-244. 
[49] A. Cervilla, E. Llopis, D. Marco, F. Pérez, X-ray Structure of (Bun4N)[Mo(1,2-
Benzenedithiolate)3]. Trigonal-Prismatic versus Octahedral Coordination in Tris(1,2-
Benzenedithiolate) Complexes, Inorg. Chem., 40 (2001) 6525-6528. 
[50] D.M. Giolando, K. Kirschbaum, An Efficient One-Pot Synthesis of 1,2-Benzenedithiol 
from Benzenethiol, Synthesis, 1992 (1992) 451-452. 
[51] J. Cirera, E. Ruiz, S. Alvarez, Continuous Shape Measures as a Stereochemical Tool in 
Organometallic Chemistry, Organometallics, 24 (2005) 1556-1562. 
[52] J.L. Hoard, J.V. Silverton, Stereochemistry of Discrete Eight-Coördination. I. Basic 
Analysis, Inorganic Chemistry, 2 (1963) 235-242. 
[53] M. Ringgold, W. Wu, M. Stuber, A.Y. Kornienko, T.J. Emge, J.G. Brennan, 
Monomeric thorium chalcogenolates with bipyridine and terpyridine ligands, Dalton Trans., 
47 (2018) 14652-14661. 
[54] N.S. Settineri, M.E. Garner, J. Arnold, A Thorium Chalcogenolate Series Generated by 
Atom Insertion into Thorium–Carbon Bonds, J. Am. Chem. Soc., 139 (2017) 6261-6269. 
[55] W.J. Evans, K.A. Miller, J.W. Ziller, A.G. DiPasquale, K.J. Heroux, A.L. Rheingold, 
Formation of (C5Me5)2U(EPh)Me, (C5Me5)2U(EPh)2, and (C5Me5)2U(2-TeC6H4) from 
(C5Me5)2UMe2 and PhEEPh (E = S, Se, Te), Organometallics, 26 (2007) 4287-4293. 
[56] D.E. Smiles, G. Wu, N. Kaltsoyannis, T.W. Hayton, Thorium-ligand multiple bonds via 
reductive deprotection of a trityl group, Chem. Sci., 6 (2015) 3891-3899. 
[57] R.D. Shannon, Revised Effective Ionic Radii and Systematic Studies of Interatomic 
Distances in Halide and Chalcogenides, Acta Crystallogr. Sect. A, A32 (1976) 751-767. 
[58] T. Arliguie, P. Thuéry, M. Fourmiguè, M. Ephritikhine, Reduction of Dithiocarbonates 
as a Novel Route to Dithiolene Compounds of Uranium.  Crystal Structure of the First 
Bimetallic Dithiolene complex of an f-Element, Organometallics, 22 (2003) 3000-3003. 



 

 14

[59] A.J. Gaunt, B.L. Scott, M.P. Neu, U(IV) Chalcogenolates Synthesized via Oxidation of 
Uranium Metal by Dichalcogenides, Inorg. Chem., 45 (2006) 7401-7407. 
[60] M. Aslam, R.A. Bartlett, E. Block, M.M. Olmstead, P.P. Power, G.E. Sigel, The first X-
ray crystal structural characterizations of alkali metal alkyl thiolates: X-ray crystal structures 
of [Li2(thf)4{SCH(SiMe3)2}2] and [Li2(thf)3.5{SC(SiMe3)3}2](thf = tetrahydrofuran), J. 
Chem. Soc., Chem. Commun., (1985) 1674-1675. 
[61] G.A. Sigel, P.P. Power, Synthesis and characterization of the bulky thiolate complexes 
[Li(OEt2)3][Ti{S-2,4,6-iso-Pr3C6H2}4] and Li(THF)3(S-2,4,6-tert-Bu3C6H2)]. Comparisons 
of M-SR and M-OR bonding, Inorg. Chem., 26 (1987) 2819-2822. 
 


