
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Nature of Fe-Se Bond in (NR4)2[Fe(SePh)4]
Norikazu Ueyamaa; Hiroyuki Okua; Wei-Yin Suna; Akira Nakamuraa; Keiichi Fukuyamab

a Department of Macromolecular Science, Faculty of Science, Osaka Unversity, Toyonaka, Osaka b

Department of Biology, Faculty of Science, Osaka Unversity, Toyonaka, Osaka

To cite this Article Ueyama, Norikazu , Oku, Hiroyuki , Sun, Wei-Yin , Nakamura, Akira and Fukuyama, Keiichi(1992)
'Nature of Fe-Se Bond in (NR4)2[Fe(SePh)4]', Phosphorus, Sulfur, and Silicon and the Related Elements, 67: 1, 151 — 154
To link to this Article: DOI: 10.1080/10426509208045832
URL: http://dx.doi.org/10.1080/10426509208045832

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509208045832
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1992, Vol. 67, pp. 151-154 0 1992 Gordon and Breach Science Publishers S.A. 
Reprints available directly from the publisher Printed in the United Kingdom 
Photocopying permitted by license only 

NATURE OF Fe-Se BOND IN (NR4)2[Fe(SePh)4] 

NORIKAZU UEYAMA, HIROYUKI OKU, WEI-YIN SUN, 
AND AKIRA NAKAMURA" 
Department of Macromolecular Science, Faculty of Science, Osaka 
Unversity, Toyonaka, Osaka 560 
KEIICHI FUKUYAMA 
Department of Biology, Faculty of Science, Osaka Unvcrsity, Toyonaka, 
Osaka 560 

Abst rac t  Crystal parameters obtained by the X-ray analysis of 
(NMeq)z[Fe(SePh)4]  (1) were compared with those of (NEt4)2[Fe(SPh)4]  
(2) as in Mn(II), Zn(II), and Cd(I1) seleno- or thiophenolate complexes. 
The Raman bands, e.g. Fe-Se stretching (185 c m - l )  were also compared 
with the bands of 2 ,  for example, Fe-S stretching (180 cm-l ) .  
difference between the both complexes in the catalytic activity for the 
oxidation of various alcohols (e.g. benzoin, benzhydrol) with air or p -  
benzoquinone was demonstrated. 

The 

INTRODUmION 

The state of coordination of a transition metal ion with selenocysteine- 

containing proteins has been discussed in biologically important 

metal loenzymes.1y2 

reactive against air than M-S,3 although electronegativities of S e  and S are 

almost the same. The difference has been sought in the detailed investigation 

of their solid state structures. Thus, the crystal structures of 
( N M e 4 ) 2 [ M ( S e P h ) 4 ]  (M = Zn(II)$ Cd(II),4 Mn(II)5) have been compared with 

those of (NMe4)2[M(SPh)4]  (M = Ni(II), Mn(II), Co(II), Zn(II), Cd(II))6 which 

have been known to have a distorted tetrahedral structure. The presence of 
an interaction in  (NEt4)2 [ F e ( S P h ) 4 1  between sulfur and phenyl proton in 

crystalline state or in acetonitrile was detected by the crystallographic 
analysis which reveals a considerable delocalization of unpaired electron.7 

Jahn-Teller distortion or thc packing cffect has been considcred not to be 
significant for the distortcd tetrahedral structure of FeS4 core. 

M-Se (M = metal ion) bond has been considered to be more 

In this paper we synthesized (NR4)2[Fe(SePh)4]  (R = Me, Et) independently 

from the report by McConnachie and Ibers8 in order to investigate the 

difference between thiolate and selenolate ligands on the structural, spectro- 

scopic, electrochemical properties and the catalytic activity in oxidation. 
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RESULTS AND DISCUSSION 

Perspective view of the 

anion part of 
(NMe4)2[Fe(SePh)4]  is shown 

in Fig. 1. The crystal is 

monoclinic with a = 12.087(4) 

A, b = 14.554(4) A, c = 10.019(4) 

A, p = 90.81(2)", 2 = 2, in space 
group P 2 1 .  A regular 

tetrahedral geometry of FeSe4 

core was similarly found as 

reported for the structure of 
(NEt4)2 [Fe(SePh)4].(CHj CN) by 

McConnachie and ! b e n 8  The 

phenyl groups are located in 

a C 2  structure, different from Figure 1. Perspective view for the anion part 
the pseudo D 2 d  in their 

s t r u c  t u r c .  

The difference comes from a crystal packing effect by the different cation 

and the concomitant difference in solvation. The differece (0.1 I A )  between 
Fe-Se and Fe-S bond distances is almost the same as those for [M11(QPh)4]2- (M 

= Zn, Cd; Q = S, Se) while the difference (0.14A) between Se-C and S-C bond 

distances is also the same as those listed in Table 1. 

of (NMeq)2 [Fc( S ePh)q ] 

Table. 1. Comparison of the average distances of M-Q and Q-C bonds in 
(MI1( QPh)4I2- .  

M(11) M - Se M - S difference M(I1) Se - C S - C difference 

Fe 2.460A 2.353Ab) 0 . 1 1 8  F e  1.907A 1.767Ab) 0.14A 
M n  2.564a) 2 .442b)  0.12 M n  1.903a)  - - 

Z n  2.469C) 2.357c) 0.11 Z n  1.907c) 1.760C) 0.15 
Cd 2.649c) 2 .54Ic)  0.11 Cd 1.903c) 1 .755c)  0.15 

a) Ref. 5 .  b) Ref. 7. c) Ref. 4. 
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First we have communicated the short distance for an avcragc Mn-S 

distance (2.346 A)5 in (NMe4)2[Mn(SPh)4]  as briefly described in a review.9 

Then an unusually small S-C distance was obtained for (NMe4)2[Mn(SPh)4] .  

However, we are now reexamining the crystal structure again since the 
observed C-S stretching Raman band in (NMe4)2[ Mn(  S P h ) 4 ]  is similar to those 

of other (NMe4)2[MI1(SPh)4] complexes (M = Fe(II), Zn(II), Cd(I1)). T h e  

difference (0.12 A) between Mn-Se and Mn-S7 in both Mn(I1) complexes is 

similar to those (0.11 A) in the corresponding Fe(II), Zn(I1) and Cd(I1) 

complexes.4.8 

at 185 cm-l  assignable to v(Fe-Se) for 1 and at 180 cm-l  assignable to v ( F e - S )  

for 2 .  The redox potentials obtained from the cyclic voltammgrams are -0.60 V 

vs SCE for 1 and -0.52 V vs SCE for 2 in acetonitrile. This tendency is ascribed 

to the more ionic character of the Fe-Se bond. 

The resonance Raman spectra of both complexes show an intense band 

Both complexes, 1 and 2,  exhibit catalytic activity in the oxidation of 

benzoin or benzhydrol with p-benzoquinone or air under mild conditions (1 

atm, 25 "C). The reaction is pseudo first order in the concentration of benzoin 

at the initial stage since a log plot of benzoin consumption against time was 

linear and the rate constant is proportional to concentration of the catalyst. 

The observed rates at the initial stage of the benzoin oxidation with p- 

benzoquinone are 98 and 50 M - l s - l  [or 1 and 2 ,  respectively, in N , N -  

dimethylfomiamide at 25 "C (reaction conditions: [ b e n ~ o i n ] ,  20 mM; [catalyst]; 

1 mM; [p-benzoquinone], 40 mM). Thus, a relatively high catalytic reaction 

rate at the initial stage was observed for 1 which later shows fast 

d e c o m p o s i t i o n .  The results indicate that the ionic Fe-Se bonding in 1 is 

associated with the better catalytic activity for the electron transfer 

oxidation. Similarly the somewhat increasing ionic character of the Mn-Se 

bond leads to the higher oxidation activity by (NMe4)2[Mn(SePh)4]  than by 

( N M e 4 ) 2 [ M n ( S P h ) 4 ]  for similar organic substances as described in the 

previous paper .10  

p-Substitution effect in the catalytic oxidation of benzhydrols was 

found with a trend of the oxidation rate : p-CI > H > p-OMe, which suggests the 

participation of proton and electron transfcr. The reaction proceeds by the 
same path as the catalytic cycle by [FeqSq( SR)412- (ferredoxin model 

complexes) in the p-benzoquinone oxidation of benz0in.l The observed a- 

deuterium isotope effect in the benzoin oxidation by p -benzoquinone also 
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indicates that the methine hydrogen of benzoin and benzhydrol is released as 

a proton at the rate-determining step with coordination of OH group at Fe(II1) 
c e n t e r .  

Ph-7 H- C- Ph P h- C-C- P h 
O H 8  

2 [F~"'(CIP~)~]' 
"Deactivated 

species" * - - - 

OH 6 0 

Fig. 2. Oxidation scheme of benzoin by p-quinone in the presence of [Fe"(QPh)4l2- 
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