
Organometallic Chemistry: Synthesis, Structure and 
Applications of Organochalcogens (S, Se, Te)

Synthetic Metals:
Synthesis and structural characterization of organosulfur 
π-donors and acceptors for structure-property correlation

Systematic study of intramolecularly coordinated 
organochalcogens (S, Se, Te):

1.  E···D secondary bonding by X-ray and NMR etc.

D

EX

D = N, O
E = O, S, Se, Te
X = E, Halogens, Organyl groups

2.  Isolable reagents/reagent precursors for organic synthesis
catlysis; RE+, RE–

3.  Hybrid multidentate ligands containing both “hard” and “soft”
donor atoms: chiral, macrocyclic ligands

4. Synthetic organochalcogens with Glutathione Peroxidase 
(GPx)-like activity

5. Monomeric, volatile stoichiometric organometallic precursors for  
MOCVD of Group II-VI semiconductors



Synthetic metals and Superconductors

1973
TTF.TNCQ First Organic Metal

(TMTSF)2ClO4
First Organic Superconductor
Tc ~ 1 K

(BEDT-TTF)2[Cu{N(CN)2}Cl]
Tc 12.5-12.8 K
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Synthesis and Structural Characterization of 
BEDT-TTF type π - Donors/Acceptors
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n = 4, 5, 6, 12 

Major findings
(a) Core C6S8 more planar
(b) Donor properties unchanged
(c) S...S nonbonded interactions decrease
(d) n = 6 onwards, isomers
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Phane type TTFs isolated

(i) C6S8 core not planar
(ii) Poor donors



1. C6S8 Core planar
2. Stacked uniformly along a axis
3. S…S 3.686 Å

BEDT-TTF 3.686 Å (core tube-shape) 



TTF-6 Isomers

PM-3 computed parameters

Energy = 68.56 kcal/mol Energy = 79.42 kcal/mol
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X = Cl, 
Br

Functionalised TTFs

Singh et al. Tetrahedron 1977, 11627.

Benzene

Thio-Claisen Rearrangement



(BMeEDT-TTF)8/3(CuCl2) 

Normalised resistance vs temperature plot
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All Chalcogen Acceptors

Te0 +

Central Element
Ligand
Cation

Attempted partial oxidation
chemically, electrochemically

Singh et al. Polyhedran 1993, 2849.
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G

G = NMe2, Cl, 
       OH, SPh

N

Me H O

N

R1
R2
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R1 = Me, R2 = Me
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 R = R´ = Me
 R = Et, R ´ = H

E powder

[O]/H2O

R = R´ = Me
   (E = Se)

 E = Se; E = Te

 R = R´ = Me
 R = Et, R ´ = H

 R = R´ = Me; E = Se
 R = Et, R ´ = H; E = Se
 R = R´ = Me; E = Te

 R = R´ = Me; E = Se
 R = Et, R ´ = H; E = Se
 R = R´ = Me; E = Te

R´

R = R´ = Me

R = R´ = Me
   (E = Se)

 E = Se; M = Zn
 E = Se; M = Cd
 E = Se; M = Hg
 E = Te; M = Zn
 E = Te; M = Cd

R = R´ = Me

Br2 or I2

(E = Se)

 R = R´ = Me; X = Cl
 R = R´ = Me; X = Br
 R = Et, R ´ = H; X = Br
 R = R´ = Me; X = I
 R = Et, R´ = H; X = I

A Typical Sequence of Reactions



RSeI

Stabilised RSeI
Toshimitsu Reagent: Ph2Se2/I2                   PhSeI ?

Du Mont et al.: Inorg. Chem. 1990, 29, 4847

R2Se2  +  I2 R2Se2.I2
Charge-transfer
adduct

Reversible

SeI 77Se δ 517

N

O R

R´

Se

N

Se

 R = R´ = Me; X = I
 R = Et, R´ = H; X = I

Stabilized by Intramolecular Coordination

Stable, Irreversible

I
I

R = 2,4,6-tri-isopropylphenyl; 
       2,4,6-tri-tertbutylphenyl

Orthorhombic P212121
Se-I : 2.8616(10) Å
Se···N: 2.074(6) Å
∠C(1)-Se-N: 82.0(3)°
∠N-Se-I: 176.1(2)°



Chiral Molecule without chiral center

Orthorhombic P212121
Flack enantiopole parameter = 0
R value: 0.0564
Se-Se: 2.383 (2) Å
Se(1A)···N(1A): 2.652 Å
Se(1B)···N(1B): 2.628 Å
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Glutathione Peroxidase (GPx)

v Cytosolic GPx (cGPx) – uses GSH as co-substrate

v Reduction of hydrogen peroxides and organic peroxides

ROOH   +   2GSH                    ROH   +   GSSG   +   H2OGPx

Ø Tetramer of four identical subunits; each subunit contains a 
selenocysteine residue

Ø Catalytic triad – SeCys, Gln, Trp - Selenolate is highly stabilized
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Organochalcogen Compounds As a GPx Mimics



Table: Initial reduction rates (v0)[a] of H2O2 (3.75 mM) with PhSH (1 mM)
in the presence of various dichalcogenide catalysts (0.1 mM).

[a]Obtained by Lineweaver-Burk Plots. [b]Standard deviations are shown in parentheses.
[C]Inactive at lower concentration.9 [d]Since the reduction rate was too fast to be determined 
at 0.1 mM concentration range, 0.01 mM was used for the experiments.9 [e]decomposed

entry catalyst
(E = Se)

v0
[b] µM.min-1 entry catalyst

(E = Te)
v0

[b] µM.min-1

a 2 24.08(1.04) b 3 59.52(3.58)

c 4 53.21(5.81) d 5 142.97(5.17)

e 6 31.48(3.07) f 7 70.47(5.40)

g 8 33.92(0.37) h 9 77.61(6.08)

i 10 124.02(7.89) j 11 1629.56(5.67)

k 12c 28.87(1.72) l 13 135.09(10.04)

m 14c 18.53(1.32) n 15 109.38(6.95)

o 16 41.64(1.48) p 17 -e

q 18c 45.34(2.81) r 19 239.00(8.99)

s 20 3.52(0.87) t 21 9.83(1.82)

u 22 inactive v 23 inactive

w 24 574.01 (23.98)d x 25 -e
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Single source precursors for Group 12-16 semiconductors

M(ER)2

M      E

Zn     S

Cd     Se

Hg     Te

ME (Binary, Ternary
 combinations)

Metal 
Chalcogenolates

Polymeric
Insoluble
Low volatility

Strategies: a) Use of bulky R groups
                   b) Adduct formation with neutral ligands

R =
, ,



O

N E-Li+

O

N

O

N
[O]

E M E

O

N

E Hg

MCl2

O

N

O

N

Hg

E

MeOH

O

N

O

N

E

E
E = S, Se, and Te

E = S and Se

i) n-BuLi ii) E powder

Zinc, Cadmium and Mercury Chalcogenolates

Mass Spectroscopy

Zn(RSe)2
+                 m/e = 572

Zn2(RSe)3
+               m/e = 890

Cd(RSe)2
+                m/e = 619

Cd2(RSe)3
+              m/e = 985

Hg(RSe)2
+                m/e = 709

                      (no peak corresponding 

                              to dimer)

M(SeR)2

TGA/TDA

Zn(SeR)2

Cd(SeR)2

Zn(SeR)2

ZnSe + R2Se

CdSe + Se

Hg + R2Se2

~300oC

~300oC

~300oC

[RSeR]+ + MSe

Monomeric, 
hydrocarbon soluble, 
Crystalline
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E = O, S, Se, Te

    P21

    Chiral space group

1. Enantiomerically pure, interconversion between (P) and (M) helix 

    slow at room temperature

2. Thiolato- both pure enantiomers and recemic forms isolated

3. Zinc phenolate-           -550C   AB quartret

4. Zinc tellurolate-          -600C   AB pattern resolved
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