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Re6Q8L6 {Re6Q8}L6

Q=S, Se, Te, Cl, Br, O

L=Cl, Br, I, OH, CN, SCN…

N-, P-, O-, S- donor organic ligands

[Re6Se4Br4]6+

[Re5OsSe8]3+

[Re5MoSe8]+

[Re6Se8]2+ VEC=24e/Re6

{[Re6Se8](H2O)6}2+

{[Re6Se8]Br6}4-

L

2
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● S.S. Yarovoi, Y.V. Mironov, D.Y. Naumov, et all.
Eur. J. Inorg. Chem. 2005, 3945–3949

Octahedral Rhenium Chalcohydroxo 
Complexes
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Re6Q8Br2

Q = S K4[Re6S8(OH)6]

Molten MOH
(M = K or Cs)

Q = Se K4[Re6Se8(OH)6]

Synthesis andSynthesis and Strucrure of Rhenium Strucrure of Rhenium 
Cluster ComplexCluster Complex CsCs1111(H(H33O)[ReO)[Re66SeSe44OO44ClCl66]]33

Re6Se8Br2 + KOH              “K4Re6Se4O4(OH)6”
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320oC

HCl, CsCl

Cs11(H3O)[Re6Se4O4Cl6]3

● S. S. Yarovoi, Y. V. Mironov, S. F. Solodovnikov, 
D. Y. Naumov, N. K. Moroz, S. G. Kozlova, A. 
Simon, V. E. Fedorov, Chem. Commun., 2005, 
719–721

Se
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Protonation of OH groups

Reactions with alkaline-earth metal cations

Cl−, Br −, I−
R-COO−

SO3
2−

S2O3
2−

H2PO2
−

Formation of [Re6Q8(CN)x(OH)6-x]4−

x=2, 4
Substitution of OH group 

by acidoligands:

T-Bu-py
P(EtCN)3
CH3NH2

Substitution of OH
groups by neutral 

ligands:
Ca2+, Mg2+, Sr2+, Ba2+

Reactions of rhenium octahedra complexes 
[Re6Q8(OH)6]4-

[Re6Q8(OH)6]4-, Q=S, Se
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K4Re6Q8(OH)6 Re6Q8(OH)2(H2O)4
.12H2O

K4Re6S8(OH)6 [Re6S8(H2O)6]2+
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H2O

H2O

H+

+K2Re6Q6Br8 (Q=S, Se)

[Re6S8(H2O)6][Re6Q6Br8].6H2O

H2O, H+

Protonation of OH groups
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Re6Q8(OH)2(H2O)4
.12H2O [Re6S8(H2O)6][Re6Q6Br8]
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The First Coordination Polymers Based on The First Coordination Polymers Based on 
Octahedral Octahedral HexahydroxoHexahydroxo Rhenium Cluster Anions Rhenium Cluster Anions 
[Re[Re66QQ88(OH)(OH)66]]44–– (Q = S, Se) and Alkaline Earth (Q = S, Se) and Alkaline Earth 

Metal CationsMetal Cations
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2. K4Re6Q8(OH)6 + CaCl2 [{Ca(H2O)3}2Re6Q8(OH)6]

4. K4Re6Q8(OH)6 + Ba(NO3)2 [{Ba2(H2O)8}Re6Q8(OH)6]

Q=S, Se

H2O

H2O

3. K4Re6Q8(OH)6 + Sr(NO3)2 [{Sr2(H2O)10}Re6Q8(OH)6]
H2O

1. K4Re6S8(OH)6 + Mg(NO3)2 [{Mg(H2O)5}2Re6S8(OH)6]
H2O

● Y.V. Mironov, V.E. Fedorov, H.J. Bang, S.-J. 
Kim, Eur. J. Inorg. Chem. 2006, 553-557.
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[{Mg(H2O)5}2Re6S8(OH)6].6H2O [{Sr2(H2O)10}Re6Q8(OH)6].6H2O
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[{Ca(H2O)3}2Re6Q8(OH)6] [{Ba2(H2O)8}Re6Q8(OH)6]
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The First Coordination Polymers with
3d-transition Metals

1. K4Re6S8(OH)6 + Ni2+ + en                     [Ni(en)2(H2O)2][{Ni(en)2}Re6Q8(OH)6]
H2O

1   :   2
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K4Re6S8(OH)6 + Cu2+ + en                     [{Cu(en)2}Re6Q8(OH)4(H2O)2]
H2O

1   :   2
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K4Re6S8(OH)6 + Cu2+ + NH3 [{Cu(NH3 )3}{Re6Q8(OH)6}]
H2O
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[Re6S8(CH3NH2)2(OH)4]2-

Interaction of KK44ReRe66SS88(OH)(OH)66 with Amines

K4Re6S8(OH)6 + CH3NH2

H2O

[CH3NH3]2[Re6S8(CH3NH2)2(OH)4]
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[Re6S8(CH3COO)6]4-

Interaction of KK44ReRe66SS88(OH)(OH)66 with Acides

K4Re6S8(OH)6 + RCOOH  (R=H, CH3)

H2O

K4[Re6S8(RCOO)6]

[Re6S8(HCOO)6]4-

K.A. Brylev, Y.V. Mironov, S.G. Kozlova, V.E. Fedorov, S.-J. Kim, H.-J. Pietzsch, H. Stephan,
A. Ito, S. Ishizaka, N. Kitamura // Inorg. Chem. – 2009 – V. 48 – P. 2309-2315.
K.A. Brylev, Y.V. Mironov, V.E. Fedorov, S.-J. Kim, H.-J. Pietzsch, H. Stephan, A. Ito,
N. Kitamura // Dalton Trans. – 2009 – submitted. 15
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Interaction of KK44ReRe66SS88(OH)(OH)66 with Salts

K4Re6S8(OH)6 + Na2S2O3
200oC

H2O

CH3OH

H2O +CH3COOH

Na10[Re6S8(SO3)6]

Na10[Re6S8(S2O3)6]
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[Re6S8(SO3)6]10- [Re6S8(S2O3)6]10-
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K4Re6S8(OH)6 + tert-BuPy Re6S8(tert-BuPy)4(OH)2

H2O

Interaction of KK44ReRe66SS88(OH)(OH)66 with
Organic Compounds
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Selective Selective functionalisationfunctionalisation of Reof Re66 cluster cluster 
anionic unitsanionic units

XX
F. F. DorsonDorson, Y. , Y. MolardMolard, S. , S. CordierCordier, B. , B. FabreFabre, O. , O. EfremovaEfremova, D. , D. RondeauRondeau, Y. , Y. MironovMironov, V. , V. 
CircuCircu, N. , N. NaumovNaumov, C. Perrin,, C. Perrin, Selective Selective functionalisationfunctionalisation of Reof Re--6 cluster anionic units: from 6 cluster anionic units: from 
hexahexa--hydroxohydroxo [Re[Re66QQ88(OH)(OH)66]]44–– (Q = S, Se) to neutral (Q = S, Se) to neutral transtrans--[Re[Re66QQ88LL44LL’’22] hybrid building ] hybrid building 
blocksblocks // // Dalton TransDalton Trans.. –– 2009 2009 –– No. 8 No. 8 –– P. 1297P. 1297--1299.1299.

K4[Re6Q8(OH)6]   [Re6Q8(TBP)4(OH)2]   [Re6Q8(TBP)4L2]
TBP, H2O HL, C6H5Cl

TBP – tert-butylpyridine HL – 3,4,5-trimethoxybenzoic acid
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Preparation of RePreparation of Re66 doped PMMA hybrid doped PMMA hybrid 
materialmaterial

[Re6Q8(TBP)4(OH)2]         [Re6Q8(TBP)4(MAC)2]
HMAC, C6H5Cl

HMAC – methacrylic acid copolymerisation
with methyl-
methacrylate (MMA)

Scheme of Re6 doped PMMA 
hybrid material obtained
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Luminescence of ReLuminescence of Re66 doped PMMA hybrid doped PMMA hybrid 
materialmaterial

Digital photographs of the PMMA and Re6–PMMA pellets. 
Top: under normal day light; bottom: under UV irradiation at λex = 365 nm. 

The weight percentage of cluster increases from left to right: 0, 0.025, 0.05, and 0.1 wt%.
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Re6Se8(t-BuPy)4(OH)2 + H3PO2 [Re6Se8(t-BuPy)4(H2PO2)2] 
CH2Cl2
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K4Re6S8(OH)6 + KCN + CsCl(CsOH)       Cs4Re6S8(CN)2(OH)4
H2O

K4Re6Se8(OH)6 + KCN + CsCl(CsOH)      Cs4Re6Se8(CN)4(OH)2
H2O

Cyanohydroxo Complexes: a New Group of Re6 Cluster 
Compounds with Different Type of Terminal Ligands.
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Cs4Re6Se8(CN)4(OH)2 + CuCl2 + NH2CH3(aq.)

[Cu(NH2CH3)4]2[Re6Se8(CN)4(OH)2]
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Cyanobridged Complexes
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Cs4Re6S8(CN)2(OH)4 + 3,5Me2PzH   

[Re6S8(CN)2(3,5Me2PzH)4]
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Substitution of OH ligands by organic 
molecular

H2O
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Substitution of OH ligands by CN ligands

Cs4Re6Se8(CN)2(OH)4 + CuCN + en 
[Cu2en]{[Cuen]3[Re6Se8(CN)6]}
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Novel Re12 Chalcocyanide Cluster 
Complexes [Re12CS17(CN)6]6-/8-

ReS2 +KCN                                      K8[Re12CS17(CN)6]

K8[Re12CS17(CN)6]                           K6[Re12CS17(CN)6]

K6[Re12CS17(CN)6] +CsCl Cs6[Re12CS17(CN)6]

H2O

H2O

750oC

● Y.V. Mironov, N.G. Naumov, S.G. Kozlova, S.-J. 
Kim, V.E. Fedorov Angew. Chem. Int. Ed. 2005, 
44, 6867 –6871
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● Y.V. Mironov, N.G. Naumov, S.G. Kozlova,            Sung-Jin 
Kim, V.E. Fedorov, Angew.Chem., Int. Ed.  Engl., 2005, 
v.44, pp.6867-6871. 

Structure of cluster anions
[Re12CS17(CN)6]6-/8-

Anion 8- Re-Re = 3.178-3.184Å

Anion 6- Re-Re = 2.904 Å

Re

Re
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[Re12CS17(SO3)6]10-[Re12CS17(OH)6]6-[Re12CS17(CN)6]6-

KOH Na2S2O4

Reactions of rhenium bioctahedra
complex [Re12CS17(CN)6]4-
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“Re12CS17”

K6[Re12CS17(CN)6] K6[Re12CS17(OH)6]

[Re12CS17(H2O)6]·4H2O“[Re12CS17]”

H2SO4(разб)

T~200°C

KOH

300°C, 1 ч.

KOH
Br2, 150°C

KCN

*Yuri V. Mironov et al., Polyhedron, 29 (2010), 3283 12
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