
 

 

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

HALIDE EXCHANGE REACTIONS BETWEEN CpW(CO)3
- AND

CpMo(CO)3X
William S. Striejewskea; Jim D. Atwooda

a Department of Chemistry, Natural Sciences & Mathematics Complex, State University of New York,
University at Buffalo, Buffalo, NY

To cite this Article Striejewske, William S. and Atwood, Jim D.(1996) 'HALIDE EXCHANGE REACTIONS BETWEEN
CpW(CO)3

- AND CpMo(CO)3X', Journal of Coordination Chemistry, 38: 1, 145 — 149
To link to this Article: DOI: 10.1080/00958979608022700
URL: http://dx.doi.org/10.1080/00958979608022700

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/10.1080/00958979608022700
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. COOrd. ChCWl., 1996, VO! 38, pp. 145-149 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands under 
license by Gordon and Breach Science Publishers SA 

Printed in Malaysia 

HALIDE EXCHANGE REACTIONS BETWEEN 
CpW(CO)3- AND CpMo(CO),X 
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University at Buffalo. Biifalo. MY 14260-3000 

(Received September 15, 1995; in jinal form Oclober 177, 1995) 

Halogen atom transfer from C ~ M O ( C O ) ~ X  (X - CI, Br and I) to CpW(C0); forming CpMo(CO), - 
and CPW(CO)~X occurs with a first-order dependence on the oxidant and the reductant. The rate 
constants show a very small dependence on the identity of X, suggesting a mechanism involving 
nucleophilic attack by CpW(CO),- on a carbonyl of C ~ M O ( C O ) ~ X .  

KEYWORDS: Halide exchange, electron transfer, kinetics. metal carbonyl anions, atom transfer 

Electron transfer and atom transfer reactions involving organometallic compounds 
continue to be of great interest. Atom transfer reactions have been defined by 
Taube’ as those in which an atom from either the oxidizing or reducing species is 
transferred through an activated complex in which both species are bound to the 
transferred atom. Among the species whose transfer has been effected between 
metal carbonyl anions are H + ,2*3 R + (R = Me, Et, and CH2Ph)2.4 and C0.5 Halide 
transfer reactions have gotten less a t t e n t i ~ n . ~ . ~  

Our previous research’ involving metal carbonyl anions and metal carbonyl 
halides indicated that in reactions represented by Eq (l), transfer of the halide 
occurred in those instances where the reactant anion M- was more nucleophilic9 
than an anion M‘- resulting from the atom transfer. 

M- + M ’ - X - - - + M - X  + M’- (1) 
In the opposite situation (M’- more nucleophilic than M-), no halide transfer is 
seen, only singie electron transfer.’ 

As an extension of his theory of electron transfer, Marcus developed a treatment 
for cross-exchange reactions. l o  Kristjansdottir and Norton showed that proton 
transfer between the group 6 complexes HMCp(CO), and M’Cp(CO),- follows 
relative Marcus theory. 

Schwarz et al. examined the kinetics and mechanism for the halide self-exchange 
reactions between CpM(CO),- and CpM(CO),X (M = Cr, Mo,W; X = C1, Br, I).’ 
They proposed an outer-sphere mechanism, with a significant influence on the rate 
constants (Table 1) from the halide. 

* Author for correspondence. 
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Table 1 
CpM(CO),X at 298 K.= 

Rate constants for self-exchange reactions between CpM(CO),- or (Cp-d,)Mo(CO),- with 

Metal carbonyl halide 

CpMo(CO),I 
CpMo(CO),Br 
CpMo(CO),Cl 
CPW(C0)J 
CpW(W3Br 
CPW(C0)~CI 

kJM-'s-' ) 

16 
9.0 x 

I . 5  

1 .5  104 

4.5 103 

2.1 1 0 - 3  

"Data from Reference 8. 

In this manuscript, we examine the halide cross-exchange reactions between 
CpW(CO),- and CpMo(CO),X (X = Cl, Br, I) to supplement the self-exchange 
reactions. 

EXPERIMENTAL 

W(CO)6 and Cp,Mo,(CO), were purchased from Strem Chemical Co., [PPN][Cl] 
(PPN = bis(triphenylphosphine)nitrogen( 1 + )), CHBr,, and dicyclopentadiene 
from Aldrich Chemical Corp., CHCl, and iodine from Fisher Scientific, and 
all were used as received. The compounds [PPN][CpW(CO),],' [PPN] 
[CpMo(C0),],I2 CpMo(CO),X (X = C1, Br, I),', and CPW(CO)~X (X = Cl,I4Il5) 
were prepared by literature methods. CpW(CO),Br was prepared by the same 
method as CpMo(CO),Br. Infrared spectra were recorded on a Mattson Polaris 
FTIR. THF was refluxed over Nalbenzophenone and distilled under N,. 

Product Studies 
Each of the samples was prepared, and the reactions run, by the same method. In 
an inert-atmosphere glovebox, approximately 1 x 10- moles of metal carbonyl 
anion were dissolved in THF in a 10 mL volumetric flask. An equimolar quantity 
of halide was prepared in the same way. These solutions were then combined in a 
5 dram vial, capped, and shaken vigorously. An infrared cell was filled with a 
solution, removed from the drybox, and a spectrum recorded. 

Kinetics 
All data were collected at 25'C under pseudo first-order conditions by following the 
disappearance of the infrared absorptions of the metal carbonyl anion, with at least 
a 5-fold excess of halide complex. 

THF solutions were prepared in volumetric flasks in the drybox, with anion 
solution concentrations between 5 x 10- and 1 x 10- 3M. Concentrations of the 
halide complex ranged from 5 x loA3 to 3 x 10-2M. These flasks were then 
capped with rubber septa and removed for analysis on our stopped-flow instrument, 
which has been described previously.16 The data collected were analyzed using the 
stopped-flow operating system (OLIS). 
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All rate constants are averages of multiple reactions of independently prepared 
solutions. Error limits are standard deviations for kobs, and 95% confidence limits 
for second-order rate constants. 

RESULTS 

Products 
The products of the reactions between CpW(CO),- and CpMo(CO),X are shown in 
Table 2. In each case, the halide was transferred quantitatively to the anion, forming 
a new metal carbonyl halide CpW(CO),X, and CpMo(CO),- . In addition, reaction 
between CpW(CO),- and (C,H,)Mo(CO),Br resulted in halide transfer, with 
CpW(CO),Br and (C,H,)Mo(CO),- as products. The reactions were all sufficiently 
rapid that the final products were the only species present in the first infrared 
spectrum obtained after mixing (approximately five minutes). Infrared absorption 
data are listed in Table 3. 

Kinetics 
These reaciions were overall second order (first order in both CpW(CO),- and 
CpMo(CO),X) with a rate law 

rate = k[CpW(CO),-][CpMo(CO),X] 
normal for electron transfer reactions. Second order rate constant data were 
obtained under pseudo first-order conditions with halide in excess. The rate 
constants are listed in Table 4. Reaction between CpW(CO),- and 
(C,H,)Mo(Co),Br gave a second order rate constant of 220 k 20 M-'s-'. 

DISCUSSION 

Reaction of CpW(CO),- with CpMo(CO),X results in quantitative transfer of 
halide to the tungsten, coupled with a two electron change; alternatively, this could 
be considered as X' transfer. The reactions were first order in [CpW(CO),-] and 
first order in CpMo(CO),X. Table 4 shows calculated equilibrium constant values 
from using relative Marcus theory and the self-exchange rate data from Table 1. The 
calculated values vary tremendously and cannot be accurate. The failure of the rate 
constants to agree with relative Marcus theory is likely an indication of a 
mechanistic The very small dependence of the rate on X for the cross 

Table 2 Products of the reaction of CpW(CO),- with 
CpMo(CO),X (X = CI, Br, I). 

CpMo(CO),X Products 

CpMo(CO),Br CpMo(CO),- , CpW(CO),Br 
CpMo(CO),Cl CpMo(CO),-, CpW(C0)~CI 

CPMO(CO)~ CpMo(CO)j-, CpW(CO)3I 
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Table 3 Infrarcd absorption frequencies in THF. 

Compound IR (cm-’) 

1898(s), 1781(vs) 
1 89 1 (s). I 777(vs) 
1902(s). I789(s) 
2051(s). 1972(s, br), 1957(sh) 
2047(s), 1971(sh), 1960(s. br) 
2039(s). 1962(s) 
2043(s), 1954(vs, br) 
2041(s), 1953(vs) 
2033(s), 1949(vs, br) 
2045(m), 1969(s), I952(sh) 

Table 4 Experimental second order rate constants for the reactions between 
CPW(CO)~- and CpMo(CO),X and calculated K, ,  Values. 

CpMo(CO),X k( m- ’ s- ’ ) K,, 
CpMo(CO),I 390 2 50 2 10-3 
CpMo( CO), br 210 c 30 2 x 103 
CpMo(CO),CI 160 k 30 1 x 108 

reactions reported herein, is quite different than the dependence on halide for the 
self-exchange reactions.’ 

An inner-sphere mechanism is proposed for these reactions involving nucleo- 
philic attack. One site for attack in halogen transfer reactions is the halide, forming 
a halide-bridging dimer in the activated complex. However, a reaction intermediate 
involving a bridged halide can be discounted by the experimental rate constant data 
in Table 4. Attack at the halide should show a wide variation in the rate constant 
when X is varied from C1 to Br to I,  in the order CI < Br < I, similar to the 
self-exchange data. While our data showed this order of rate constants, the rate 
dcpcndence was not large enough for attack at halide. 

A second possible site for attack is the metal center of the reactant halide 
complex. Attack at the metal center can also be discounted, however, for two 
reasons. Formation of bimetallic complex (even in very low yield) would be 
expected from attack at the metal. In addition, the large rate enhancements 
(“indenyl effect”) indicative of a ring slippage mechanism were not evident when 
idenyl ligand was substituted for Cp in the reactant halide complex. 

Attack at a third possible site, the carbon atom of a carbonyl cis to the halide is 
possible, as suggested for reactions between metal carbonyl anions and metal 
carbonyl halides previously described.8 Attack at the CO cis to X is consistent with 
the relatively small dependence on X. Nucleophilic attack at CO has been 
reviewed. l 9  That the cross-exchange reactions (reaction 2) occur by a different 
mechanism than the self-exchange partially accounts for the failure of relative 
Marcus theory to correctly predict the reaction rates. 
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