
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 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

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

57Fe-Moessbauer and 13C-Cp-Mas NMR Spectroscopic Studies of Reaction
Products of Ferrocenylruthenocene with Lewis Acids
Masanobu Watanabea; Yuichi Masudaa; Izumi Motoyamaa; Hirotoshi Sanoa

a Department of Chemistry, Faculty of Science, Tokyo Metropolitan University, Setagaya, Tokyo, Japan

To cite this Article Watanabe, Masanobu , Masuda, Yuichi , Motoyama, Izumi and Sano, Hirotoshi(1988) '57Fe-Moessbauer
and 13C-Cp-Mas NMR Spectroscopic Studies of Reaction Products of Ferrocenylruthenocene with Lewis Acids', Journal
of Coordination Chemistry, 18: 1, 141 — 148
To link to this Article: DOI: 10.1080/00958978808080698
URL: http://dx.doi.org/10.1080/00958978808080698

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=t713455674
http://dx.doi.org/10.1080/00958978808080698
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  Coord. Chem. 1988, Vol. 18,pp. 141-148 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1988 Gordon and Breach Science Publishers Inc. 
Printed in Great Britain 
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REACTION PRODUCTS OF FERROCENYLRUTHENOCENE WITH LEWIS ACIDS 

MASANOBU WATANABE, YUICHI MASUDA, IZUMI MOTOYAMA and 
HIROTOSHI SANO 
Department of Chemistry, Faculty of Science, Tokyo Metro- 
politan University, Setagaya, Tokyo 158, Japan 
(Received April 18, 1988) 

Abstract Adducts of ferrocenylruthenocene (I), ferrocenyl- 
ruthenocenylmethane (11) and bi thenocene (111) wf+h Lewis 
y@ds were studies by means of '%-CP-MAS NMR and Fe- and 

Sn-Moessba r spectroscopies. Large low-field shifts 
found in the ''C-CP-M$$ NMR and large quadrupole splittings 
(Q. S.) found in the Fe-Moe auer and covalently bonded 
tin( IV) species found in the '@Sn-Moessbauer spectroscopic 
studies on the adducts suggest the presence of a direct 
chemical bonding between the central metal atoms in the 
metallocenes and the Lewis acids. 

Keywords: Ferrocenylruthenocene, Lewis Acids 

INTRODUCTION 

It has recently been shown in our previous reports that fer- 
rocenylruthenocene reacts with Lewis acids, such as HgC12, SnC14, 

12, giving diamagnetic stable adducts. 
scopic studies of the adducts show that an anomalously large Q .  S. 

value is found f o r  the HgC12 adduct, whereas relatively smaller 
Q. S. values than that of ferrocenylruthenocene are found for the 
I2 m d  SnC14 ad duct^.'-^ The results indicate a direct bond forma- 

tion between the Fe and Hg atoms in the HgClZ adduct but no bond 
formation in the case of I2 and SnCl,, adducts. 

however, has remained whether the Ru atoms of ferrocenylruthenocene 
could be ligated to the Lewis acid (Hg2+, It and Sn4+) as in the 
case of ruthenocene-Lewis acid adducts ,4 because of lack of 
Moessbauer spectroscopic information on Ru atoms. 

57Fe-Moessbauer spectro- 

The question, 

Present studies 
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142 M. WATANABE, Y. MASUDA, 1. MOTOYAMA AND H. SANO 

aim to provide information on the chemical state of metal atoms by 

means of 57Fe-Moessbauer and 13C-CP-MAS NMR spectroscopies. 

2. EXPERIMENTAL 

The reaction products of ferrocenylruthenocene, ferrocenyl- 

ruthenocenylmethane and biruthenocene with HgC12, SnC14 and I2 were 
prepared by the methods reported previously. 13C-CP-MAS NMR 
spectra were obtained at the same conditions as in 
vious report. Chemical shifts were measured with 
ternal adamantane and were converted to the shifts 

assignments of the 13C signals of the metallocenes 
using the proton decoupling experiments. 

the case of pre- 
respect to ex- 

from TMS. The 
were carried out 

57Ee-Moessbauer spectroscopic measurements were carried out 
using a 57Co(Rh) source moving in a constant acceleration mode, 

while 119Sn-Moessbauer spectra were measured against a Ca11gmSn03 

source. The isomer shift (I. S.) value for 57Fe was taken with 
respect to metallic iron and that for ll’Sn was described with 
respect to a BaSn03 absorber. 

and Q. S. values was estimated within & 0.02 nun s- . 
The experimental error of the I. S. 

1 

3. RESULTS AND DISCUSSION 

It has been already reported that ferrocenylruthenocene 

reacts with HgC12, SnC14 and 1 2 ,  giving diamagnetic precipi- 

tates which are analyzed as ferrocenylruthenocene-5HgC12, 

-2.5SnClq(H20) and 

4 

Fe R u  

-212, respectively. Figure 

Fe R u  

1 shows 57Fe- 

R U  R u  
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57Fe-MOESSBAUER, 13C-CP-MAS NM R STUDIES OF FERROCENE 143 

Moessbauer spectra of ferrocenylruthenocene (a) and its adduct with 
5HgC12(b), 2.5SnC14(H20) (c) and 212 (d), and ferrocenylrutheno- 

cenylmethane (e) and its reaction products with HgC12 (f) and I2 

( g ) .  
in the HgCl2  adduct showing direct chemical bond formation between 
the Fe and Hg atoms, relatively smaller values (2 .25  and 2.16 mm 

s-l for the SnC14 and 12 adducts, respectively, both at 78 K) than 
that of ferrocenylruthenocene (2.36 rnm s-l at 78 K )  are observed in 
the 57Fe-Moessbauer spectroscopic studies showing no bond formation 

between the Fe and Sn or I atoms. 

Although a large Q. S. value (2.99 mm s-l at 78 K) is found 

Figure 2 shows "C-CP-MAS NMR spectra of the ferrocenylruthe- 
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FIGURE 1 "Fe-Moessbauer spectra of (I) (a) and its HgC12 (b), 
SnC14 (c), I 
(11) with Hg612 (f) I2 ( g ) ,  a l l  at 78 K. 

(d) adducts and (11) (e) and reaction products of 
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nocene ( a )  and i t s  a d d u c t s  w i th  5HgC12 ( b )  and 212 ( c ) .  

were a s s i g n e d  based  on t h e  r e s u l t s  of 13C-NMR spec t roscopy  on t h e  

s t a r t i n g  material i n  CDC13,  

ceny l ru thenocene  ( a )  g i v i n g  two main peaks  are found t o  be  72.9 ppm 

f o r  ru thenocene  and 71.3 ppm f o r  f e r r o c e n e  m o i e t i e s .  The v a l u e s  

of 88.5 and 84.6 ppm are a s s i g n e d  t o  C, atoms of  ru thenocene  and 

f e r r o c e n e ,  r e s p e c t i v e l y .  

found t o  be 69.9 and 69.6 ppm f o r  ru thenocene  and 67.2 and 67.4 

ppm f o r  f e r r o c e n e  moie ty  i n  CDC13 i n  t h e  p r e s e n t  s t u d i e s ,  r e spec -  

t i v e l y ,  t h e s e  peaks  are h idden  i n  t h e  Cp-r ing ' s  main peaks  i n  t h e  

s o l i d  s ta te .  T h e r e f o r e ,  on ly  t h e  low- f i e ld  s h i f t  v a l u e s  of Cp-ring 

ca rbon  are d i s c u s s e d .  

M. WATANABE, Y. MASUDA, I. MOTOYAMA A N D  H. SANO 

The peaks  

13C-chernical s h i f t  v a l u e s  of f e r r o -  

Although t h e  v a l u e s  of C 2 , 5  and c 3 , 4  are 

The Cp- r ing ' s  chemica l  s h i f t  v a l u e s  of t h e  f e r r o c e n y l r u t h e n o -  

100 * O  6/pprn6O 

FIGURE 2 13C-CP-MAS NMR s p e c t r a  of ( I )  (a)  and its HgC12 ( b ) ,  1 2  
(c )  and (111) ( d ) ,  i t s  HgC12 ( e ) ,  SnC14 ( f ) ,  I2 ( 8 )  a d d u c t s .  
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cene-5HgC12 adduct are found to be 81.4 ppm for ruthenocene and 

79.1 ppm for ferrocene moieties, decreasing by 8.5 and 7.8 ppm from 
the values of 72.9 and 71.3 ppm, respectively. The low-field shift 

value of ruthenocene moiety (8.5 ppm) is in good agreement with the 
value of ruthenocene-3HgC12 qdduct (8.0 ppm) but the value of fer- 

rocene moiety (7.8 ppm) is slightly smaller than that of ferro- 
cene-7HgC12 (9.9 ppm) in the present studies. 
that the interaction between the Fe and Hg atoms in ferrocenyl- 
ruthenocene-5HgC12 is slightly smaller than that in ferrocene- 

7HgC12. The conclusion is well supported by the results of the 
57Fe-Moessbauer spectroscopic studies; i.e., the Q. S. value of 
ferrocenylruthenocene-5HgC12 (2.99 mm s-l) is slightly smaller than 
that of ferrocene-7HgC12 adduct (3.09 mm s-').~ 
sults obtained in the present studies it can be summarized that 

there are two kinds of metal-metal chemical bonds (Fe-Hg, Ru-Hg) in 
the ferrocenylruthenocene-5HgC12 adduct. 

5 

This fact suggests 

Based on the re- 

On the other hand, the absence of the large Q. S. values in 
the SnC14 and I2 adducts suggests that the Fe atom in the metal- 

locene is ligated neither to the Sn nor I atom in the adducts. The . "  
l3C-chernical shift values of ferrocenylruthenocene-212 adduct are 
found to be 93.6 ppm for ruthenocene and 76.5 ppm for ferrocene 
moieties. Although a small low-field shift in ferrocene moiety 
(5.2 ppm) is found, a relatively large shift (20.7 ppm) is found 
for the ruthenocene moiety, which is very similar to the trend 

found in ruthenocene-212 adduct (20.2 pp~n).~ 

only the Ru atom is ligated to the I atom as in the case of ruthe- 
nocene-212 adduct and the adduct may be expressed as [(C5H5)(C5H4)- 
Fe(C5H4)(C5H5)Ru-I ]+I3-. 

the I3C-CP-MAS NMR spectrum have been unsuccessful but the '19Sn- 

Moessbauer study was carried out. ' 19Sn-Moessbauer spectroscopic 
study shows the presence of an organotin(1V)-type species (1. S. = 

2 .14  mm s-' at 78 K) in the SnC14 adduct as in the case of ruthe- 

The facts show that 

The SnC14 adduct is so hygroscopic that all attempts to obtain 
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nocene-1.5SnC14 adduct (1. S. = 2.08 mm s-l at 78 K).7 
shows that ferrocenylruthenocene reacts with SnC14 giving an adduct 

containing a chemical bond between the Ru and Sn atoms. The results 

show that the ferrocenylruthenocene-5HgC12 adduct has two kinds of 

chemical bonds (Ru-Hg and Fe-Hg), while the I2 and SnC14 adducts 

have only Ru-I and Ru-Sn bonds. 

M. WATANABE, Y. MASUDA, I. MOTOYAMA AND H. SANO 

The fact 

F e r r o c e n y l r u t h e n o c e n y l m e t h a n e  reacts with HgC12 in ether 

giving a diamagnetic orange-yellow unstable product which is analy- 

zed as ferrocenylruthenocenylmethane-2.5HgC12. 
57Fe-Moessbauer spectrum of f errocenylruthenocenylmethane( 11) (e) 

and reaction products of I1 with HgC12 ( f )  and l2 (8). The Q. S. 
value found in the HgC12 adduct (2.84 mm s-' at 78 K )  is much smal- 

ler than the values of the HgC12 adducts with ferrocene (3.09 mm 

s and ferrocenylruthenocene (2.99 mm s-l at 78 K)I,  but 

still larger than that of the original ferrocenylruthenocenyl- 

methane (2.44 mm s-' at 78 K). 

Figure 1 shows the 

-1 6 at 80 K) 

The 13C-chemical shift values are found to be 93.6 (Cl), 71.9 
(C5H5) ppm for ruthenocene and 91.0 (C,) and 70.3 (C5H5) pprn for 
ferrocene moieties for the f e r roceny l ru thenoceny lme thane  and 80.6 
(C5H5) for ruthenocene and 70.7 ppm for ferrocene moieties in the 
HgC12 adduct from the results of 13C-CP-MAS NMR spectroscopic 
studies. The low-field shift value of the ruthenocene (8.7 ppm) is 

in good agreement with the ferrocenylruthenocene-5HgC12 adduct (8.5 

ppm) but the value of ferrocene moiety (0.4 ppm) is much smaller 
than the value of ferrocenylruthenocene-5HgC12 (7.8 ppm). 

The facts indicate that the f e r roceny l ru thenoceny lme thane -  

2.5HgC12 adduct has two kinds of chemical bond formation, that is, 

one is strong Ru-Hg bond formation and the other is much weaker Fe- 
Hg bond formation than that of ferrocenylruthenocene-5HgC12 adduct. 

Actually, the HgC12 adduct of ferrocenylruthenocenylmethane is not 

as stable as the HgC12 adduct of ferrocenylruthenocene; after being 

allowed t o  stand i n  air for few days after preparation, the color 

of the HgCIZ adduct gradually changes into blue-green, while the 
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color of the ferrocenylruthenocene-5HgC12 adduct remains upon 

standing under the same conditions. 

F e r r o c e n y l r u t h e n o c e n y l m e t h a n e  reacts with I2 in hexane to give 
paramagnetic precipitates with the composition of ferrocenyl- 

ruthenocenylmethane-3. 512. 57Fe-Moessbauer spectroscopic studies 

of the product show a broad singlet line from 78 K to 300 K, as 
shown in Fig. 1-g. This fact suggests that the Fe atoms in the 

products are oxidized by I2 as in the case of most ferrocene 
derivatives. Magnetic susceptibility measurements show that the 

reaction products are paramagnetic. 

is estimated to be 2.63 BM in the temperature range from 78 K to 
300 K. 
available owing to the paramagnetism of the reaction products, the 

results indicate that the ferrocene and ruthenocene moieties in 

ferrocenylruthenocenylmethane react with I2 independently, because 
the ferrocene and ruthenocene moieties are connected with a 

methylene bridge. The reaction product can be expressed as 

[Fe(C5H5)(C5H4)CH2(C5H4)(C5H5)Ru-I]+(13-)2, based on the results of 

the elemental analysis data. 

The effective magnetic moment 

Although no significant I3C-CP-MAS NMR data have been 

Biruthenocene reacts with HgC12, SnC14 and 12, giving stable 
adducts, analyzed as biruthenocene-3.5HgC12, -3.5SnC14(H20) and 

-212, respectively. 
and its adducts with 3.5HgC12 (f), 3.5SnC14(H20) ( g ) ,  and 212 (h) 

are shown in Fig. 2. The I3C chemical shift values of the metal- 
locene are found to be 87.5(C1), 72.3(C5H5) and 69.1(C3,4) ppm. 

The other signal of C2,5 is hidden in the main signal of C5H5 ring. 

A broad signal is found for the HgC12 adduct with the chemical 
shift value of 81.2 ppm assigned to C5H5 ring. 

sponds to that of ruthenocene-3HgC12 adduct (81.2 ppm) and a rela- 

tively large low-field shift (8.9 ppm) shows the chemical bond for- 
mation between the Ru and Hg atoms. 

two Ru atoms in the HgC12 adduct are bound equivalently to the Hg 

atoms. 

I3C-CP-MAS NMR spectra of the metallocene (e) 

This value corre- 

The facts indicate that the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



148 M. WATANABE, Y. MASUDA, I. MOTOYAMA A N D  H.  SANO 

Similar results are also found for the SnC14 adduct; i.e., the 

chemical shift value of the Cp-ring carbon atoms in the SnC14 ad- 

duct is found to be 88.4 ppm. The low-field shift value (16.1 ppm) 

well corresponds to that of the ruthenocene-1.5SnC14 adduct (15.9 

ppm). 
presence of an organotin(1V) species (I. S., 2.12 mm at 78 K) 
as in the case of ferrocenylruthenocene-2.5SnClq(H20) adduct. 

results indicate that two Ru atoms in a SnC14 adduct are bound 

equivalently to the Sn atom. 

Moreover, 119Sn-Moessbauer spectroscopic studies show the 

The 

On the other hand, two kinds of broad 13C-CP-MAS NMR signals 
are found f o r  the l2 adduct, as shown in Fig. 1-h. 

shift values of the peaks are found to be 92.9 and 77.4 ppm. 
former value corresponds to that of the I2 adduct of ruthenocene 
( 9 3 . 4  ppm) and the latter to that of biruthenocene itself (72.3 

ppm). The fact that two kinds of low-field shift values (20.6 and 

5.1 ppm) are found, indicates that one of the two Ru atoms in bi- 

ruthenocene is bound with the 1' atom and that the adduct may be 

expressed as [ (C5H5)(C5H4)Ru(C5H4)(C5H5)Ru-I]+13- in the solid 

state. 

The chemical 

The 

All the results obtained in the present studies lead us to the 

conclusion that ruthenocene moiety in the hetero-binuclear metal- 

locenes gives a coordination bond easier than ferrocene moiety, 

presumably because the ruthenocene moiety has less steric hindrance 

than the ferrocene moiety. 
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