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Table I.  Rates of Reaction of B I Z S  with B,,a" 
additives pH k /dm3 mol-' s-l 

4.0 1.5 x 107 
CO, saturatedb -4.0 1.2 x 107 

7 . 8  1.0 x 107 

lo-, M borate buffer 9.1 9.0 x 105 
lo-' M borate buffer 9.7 1.8 x 105 

10.35 7 .7  x i o 4  
11.1 2.9 x 104 

8 .8  7 .8  X 10' 

a All solutions contained 0.1 M 2-propanol, 6 X lo-' M B I Z P ,  
and (0.6-2.4) X lo-' M B,,,  and were He saturated; accuracy 
i: 2076, temperature 22 ? 2 "C. Rates were measured at  390  and 
460 nm. CO, and not  He was used as saturating gas. 

although we have no evidence of these; these solutions thus 
had w = 0. 

The results can be summarized as follows. (1) In the acidic 
range, pH 3.9-4.2, in the presence of 0.1 M 2-propanol, under 
either H e  or CO,, the second-order rate constant is (1.5 f 0.3) 
X lo7 dm3 mol-' SKI, in substantial agreement with that re- 
ported in the earlier radiolysis study4 in the acidic range. These 
results also agree with those from the chemical study when 
the latter are extrapolated to acidic pH. The rate constant 
for the term in which eq 3 shows a dependence on [OH-]-' 
can, with inclusion3 of K, and K,, be written in the kinetically 
equivalent form k[Blas] [B,,,], giving k = 1 X lo8 dm3 mol-] 
SKI. Considering the extrapolations involved and the different 
ionic strengths, these results too can be considered comparable. 
(2) A t  higher pHs, especially pH > pK, = 7.8, the rate 
constants decrease markedly as summarized in Table I. In 
this respect the results agree with the chemical result but not 
the earlier pulse radiolysis studies. Furthermore, the earlier 
radiolysis workers4 who used buffer solutions of nominal pH 
(5.8-1 1.0) also saturated them with CO,; thus they also really 
worked in comparably acidic solutions (Le., saturation with 
excess C02 simply caused neutralization of the basic buffering 
components, and the solutions likely had pHs <7),  and all their 
data refer to conditions where the major species is aquo- 
cobalamin, B12a. 

Thus these new pulse radiolysis experiments (a) affirm the 
kinetics results of the chemical study,, (b) establish by direct 
measurement that Blzs is much more reactive (by a factor of 
lo3) toward B12a than toward BI2,, (perhaps for the reasons 
alluded to earlie?), in contradiction to the claim4 that the two 
react a t  essentially the same rate, and (c) establish that a 
simple error in p H  control was the likely reason for the 
published differences.8 
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Base Catalysis of Ligand Substitution in Metal 
Carbonyls',* 

Sir: 
Nucleophilic attack a t  carbon in metal carbonyls has been 

demonstrated in several different chemical situations. Ex- 
amples include reaction of metal carbonyls with organolithium 
corn pound^^^^ or Grignard  reagent^,^ with amines to form 
carbamoyl corn pound^,^^' and with azidea and IaO exchange 
of metal carbonyl cations with aqueous base.'JO The formation 
of hydridometal carbonyl species via hydroxide attack a t  
carbonyl carbon is apparently an important pathway in ho- 
mogeneous Reppe-type catalysis.] Nucleophilic attack of 
hydrides at  carbon leads to formation of formyl complexes.]* 

In earlier work we have described the evidence that many 
ligands, L, in six-coordinate metal carbonyl compounds are 
capable of labilizing the metal center toward dissociative loss 
of CO as compared with L = C0.'33'4 This labilization is, for 
most ligands, specific to the cis position. The purpose of this 
correspondence is to point out that the ideas of cis labilization 
and nucleophilic attack at  carbon together account for several 
interesting and important aspects of metal carbonyl reactivities. 

As an illustration of the concept involved, consider Scheme 
I. The parent Mn(C0)6+ is. from all indications, quite inert 
with respect to C O  diss~ciat ion. '~  The attack of CH3- a t  the 
carbonyl carbon to form the stable compound Mn(CO)5- 
C(0 )CH3 converts the relatively inert metal carbonyl species 
into one in which the rate of C O  dissociation is increased by 
many orders of magnitude. That is. acetyl is a cis-labilizing 
ligand relative to CO. 

Bases might interact with the carbon atoms of a metal 
carbonyl to form weak acid-base adducts, without forming 
a stable product. Such an interaction is presumably involved 
in the base-catalyzed exchange of l 8 0  between water and metal 
 carbonyl^.^,'^ 

/p 
(Re(CO),')('*OH-) -+ [(OC),ReC ] +(OC),ReC'*O+ + OH' 

\ 
'*OH 

There are several indications from literature reports that base 
interaction with metal carbonyls may play a role in ligand 
substitution processes. The second-order term in the rate law 
for substitution of CO by another ligand L could be interpreted 
in terms of an associative interaction between L and carbonyl 
~ a r b 0 n . l ~  In a somewhat different vein, Morris and Basolo 
interpreted the effect of bases on ligand substitution reactions 
of Fe(C0)2(N0)2  in terms of base interaction a t  carbon.16 
Drew, Darensbourg, and Darensbourg7 report that  
CH3CNMn(CO)5+ reacts with pyridine to give fuc-Mn- 
(CO)3(py)3+ in several minutes at  room temperature, whereas 

0020-1669/78/1317-3726$01,00/0 0 1978 American Chemical Society 



Correspondence 

Scheme I 

Inorganic Chemistry, Vol. 17, No. 12, 1978 3121 

Scheme I1 

0 
II 

0 
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CH3C-Mn(C0)5 t L - c/s-CH3C-Mn(CO)4L t CO (2) 

reaction with triphenylphosphine requires 18 h at 30 OC to 
give M ~ I ( C O ) ~ P P ~ ~ + .  

(q5-C5H5)Mn(C0)2NO+ reacts rapidly with pyridine to 
form (qS-C5H5)Mn(CO)(NO)C5H5N+, in contrast to a much 
slower reaction with PPh3.” Pyridine is similarly more ‘reactive 
in replacing amino-coordinated alanine in ~ i s - B r R e ( C 0 ) ~ -  
(NH2CH(CH3)C02H),.” 

These results can be accounted for by assuming that the 
nitrogen base interacts with the carbon atom of a cis carbonyl 
group, forming a weak complex, as in eq 3. There are three 

r O T  A. 

0 F -0 

possible fates of a complex of this type: (1) A stable carbamoyl 
complex could be formed by loss of a proton, a reaction known 
to occur when the nitrogen base is methylamine6,’ but im- 
possible with the bases used here. ( 2 )  There could be dis- 
sociative loss of the attacked C O  as implied by Morris and 
Basolo.I6 A reaction of this kind is observed when the base 
is trimethylamine oxide,19 which reacts to convert the attacked 
C O  to C 0 2 ,  liberating N(CH3)3. This possibility is excluded 
in the example at hand by the evidence for Mn(CO)5py+ as 
a product in the reaction with pyridine in dilute ~olu t ion .~  (3) 
A ligand remote from the site of attack is labilized; the weak 
CO-base adduct acts as a strongly cis-labilizing ligand. 

The proposed mechanism is as follows: The base attacks 
the carbon atom of a carbonyl cis to acetonitrile, and a rapid 
equilibrium is established. The CO with bound base becomes 
a cis-labilizing ligand, leading to rapid dissociation of a ligand 
cis to it, either CO or acetonitrile (but most likely acetonitrile). 
The five-coordinate unsaturated intermediate which is formed 
rapidly adds base. Attack at a carbonyl could occur again, 
leading to a cis-disubstituted product which, since the base 
would be expected to be a cis-labilizing ligand in its own right, 
would lead to loss of the mutually cis CO and incorporation 
of another molecule of base, giving the observed fac-Mn- 
(C0)3L3+ product. 

A very wide range of cis-labilizing abilities, covering a range 
of perhaps IO8 or more, is observed for various ligands.13 Thus, 
it is not unreasonable to suppose that ligand dissociation from 
the transient acid-base adduct of eq 3 is several orders of 
magnitude faster than in the parent compound. As a result, 
even though the acid-base formation constant may be too small 
for the adduct to be observed, the interaction has a substantial 
effect on the observed kinetics. 

Similar mechanisms may operate in other systems. The 
interaction of metal carbonyls with aqueous base has been of 
interest in connection with metal hydride formation1*%20 and 
in applications of phase-transfer catalysis to metal carbonyl 
substitution processes (Scheme II).21 Transient formation 
of a -COOH moiety has the effect, as indicated above, of 
producing a cis-labilizing ligand. Following CO loss there may 

0 

‘OH- 
( CO),-,M- C 

Y \ 

I 
(CO),_,ML t OH- (CO),-,M--H- t co2 

be uptake of a ligand present in excess, or elimination of COz, 
forming a metal carbonyl hydride. This elimination should 
in general be facilitated by-indeed may require-the presence 
of a coordination vacancy at the metal. The /3 elimination of 
butene from di-n-butylbis(triphenylphosphine)platinum(II)22 
or from (q5-C5H5)Fe(CO)(PPh3)(n-C4H9)23 is strongly in- 
hibited by excess PPh3, suggesting that dissociation of this 
ligand precedes the elimination step in both cases. 
References and Notes 

This is part 6 in the series, “Cis Labilization of Ligand Dissociation”. 
For the previous paper, see ref 14. 
This research was supported by the National Science Foundation via 
Research Grant NSF CHE76-17570. 
D. J. Darensbourg and M. Y. Darensbourg, Inorg. Chem., 9, 1691 (1970). 
G.  R. Dobson and J. R. Paxson, J .  Am. Chem. Soc., 95, 5925 (1973). 
(a) D. Drew, M. Y. Darensbourg, and D. J. Darensbourg, J .  Organomet. 
Chem., 85, 73 (1975); (b) M. Y. Darensbourg, H. L. Conder, D. J. 
Darensbourg, and C. Hasday, J .  Am. Chem. Soc., 95, 5919 (1973). 
(a) R. J. Angelici, Acc. Chem. Res., 5, 335 (1972); (b) R. J. Angelici 
and R. W. Brink, Inorg. Chem., 12, 1067 (1973). 
D. Drew, D. J. Darensbourg, and M. Y. Darensbourg, Inorg. Chem., 
14, 1579 (1975). 
H. Werner, W. Beck, and H.  Engelmann, Inorg. Chirn. Acta, 3, 331 
(1969). 
E. L. Muetterties, Inorg. Chem., 4, 1841 (1965). 
(a) D. J. Darensbourg and J. A. Froelich, J .  Am. Chem. SOC., 99,4726 
(1977); (b) ibid., in-press. 
(a) H.-C. Kana. C. H. Mauldin. T. Cole. W. Sleneir. K. Cann. and R. 
Pettit, J .  Am. &em. Soc., 99, 8323 (1977); ( b j  R. M. Laine, R. G. 
Rinker, and P. C. Ford, ibid., 99, 252 (1977); (c) C. H. Cheng, D. E. 
Hendriksen, and R. Eisenberg, ibid., 99, 2791 (1977); (d) R. B. King, 
C. C. Frazier, R. M. Hanes, and A. D. King, Jr., ibid., 100,2925 (1978). 
C. P. Casey and S. M. Neumann, J .  Am. Chem. Soc., 98, 5395 (1976). 
J. D. Atwood and T. L. Brown, J .  Am. Chem. Soc., 98, 3160 (1976). 
D. L. Lichtenberger and T. L. Brown, J. Am. Chem. Soc., 100,366 (1978). 
G. R. Dobson, Acc. Chem. Res., 9, 300 (1976). 
D. E. Morris and F. Basolo, J .  Am. Chem. Soc., YO, 2536 (1968). 
H.  Brunner, Z .  Anorg. Allg. Chem., 368, 120 (1969). 
A. M. Sladkov, N. A. Vasneva, A. A. Johansson, and V. V. Derunov, 
Inorg. Chim. Acta, 25, L97 (1977). 
(a) H. Alper and J. T. Edward, Can. J .  Chem., 48, 1543 (1970); (b) 
J. Elzinga and H. Hogeveen, J .  Chem. Soc., Chem. Commun., 705 (1977); 
(c) U. Koelle, J .  Organomet. Chem., 133, 53 (1977); (d) H.  Alper, H. 
Des Abbayes, and D. Des Roches, ibid., 121, C31 (1976). It seems likely 
that labilization of CO(CO)~- via hydroxide attack occurs in this work. 
(a) H. C. Clark and W. J. Jacobs, Inorg. Chem., 9, 1229 (1970); (b) 
R. P. Stewart, N. Okamoto, and W. A. G. Graham, J.  Organomet. Chem., 
42, C32 (1972). 
K-Y. Hui and B. L. Shaw, J .  Organomet. Chem. 124, 262 (1977). 
G. M. Whitesides, J. F. Gaasch, and E. R. Stedronsky, J .  Am. Chem. 
Soc., 94, 5258 (1972). 
D. L. Reger and E. C. Culbertson, J .  Am. Chem. Soc., 98, 2789 (1976). 

School of Chemical Sciences 
University of Illinois-Urbana 
Urbana, Illinois 6 1801 

Theodore L. Brown* 
Peter A. Bellus 

Received February 21, 1978 


