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of NEt, having no a donor ability through the introduction 
of a correction factor D, i.e., by plotting 6 vs. x f (D + (a 
- a)). A linear correlation line (correlation coefficient 0.95 
for an empirically optimized D = 6.5) is obtained (Figure 
5) .  The deviations for some of the ligands (NCPh, CN-, 
S(0)R2, TePh,) should be a measure for the difference 
between the effective xL and the Pauling values of the 
ligating atoms. 

Conclusion 
It has been shown, for [V(CO),L]- complexes, that the 

IR and 51V NMR spectroscopic series of ligand strengths 
can be matched if the ligand field splitting parameter A,?? 
as one of the factors influencing the shielding constant is 
interchanged with the quantity x l (6 .5  + (a - a)), where 
a and a are the Graham parameters calculated from the 
u(C0). The electronegativity x is a suitable measure for 
the contributions arising from the covalency of the V-L 
bond (C:,) and the polarizability of L (or its nephelauxetic 
effect; ( r-,)). A straight correlation is thus obtained for 
6(,lV) as the parameter quantifying overall shielding. 

The magnetochemical series of ligands as depicted by 
decreasing 51V shielding are as follows: group 14 ligands, 
SnPhy > P b P h y  > CO > CNR > CN- > q2-C=C > q2- 
C=C; group 15 ligands, SbR3 > PR3 > AsR3 > BiEt, > 
N2 > NCR > NH, > NR3, NC5H4R, NO';" group 16 lig- 
ands, TePh2 > S(0)R2 > SePh2 > SR, > SO2 > (0); second 
period, (C) > (N] > (0); third period, PR3 > (S); fourth 
period, AsR3 > SePh,; fifth period, SnPhC > SbPh3 > 
TePh2 Closely related trends have been reported for, inter 
alia, 6(,lV) of [CpV(NO)2L]55 and [V(N0)2L4]X34~35 and 

(54) [V(CO),NO]; see ref 34. 
(55) Herberhold, M.; Trampisch, H. 2. Naturforsch., B: 

Chem., Org. Chem. 1982,37B, 614. 
Anorg. 

6(95Mo) of [MO(CO)~L!.~.~' The orderings represent 
counteracting effects arising from AI7 (dominated by the 
Al(b2e4) - E(b22e3a11) transition) related to the strength 
of the ligand and the quantity (r-3)3dCid. The importance 
of the ligand polarizability as a factor responsible for 
variations in metal shielding is evidenced by a comparison 
of q1 and q2 coordination, the additional deshielding con- 
tribution observed with side-on bonded ligands being a 
consequence of the low polarizability perpendicular to the 
backbone axis. 

Registry No. [V(CO),py]-, 82887-76-1; [V(CO)5CN]2-, 
45047-39-0; [ V(C0)5(2-CN-py)]-, 96427-93-9; [V(CO)5(4-CN-py)]-, 
86638-29-1; [ V( C0)5( 2-NHz-py)]-, 86638-26-8; [ V( CO)STHF]-, 

Bu&]-, 96427-940; [V(CO),S(O)MeJ, 96427-95-1; [V(CO)5CS2]-, 
86638-25-7; [V(C0)5(2-Me-THF)]-, 34089-14-0; [V(CO)5(Te(P-t- 

96427-96-2; [V(C0)5(1-hexyne)]-, 95974-55-3; [V(CO),N,]-, 
95974-51-9; [V(C0)6(cyclopentene)]-, 95974-61-1; [V(CO),(l- 
pentene)l-, 95974-59-7; [Et4N] [V(CO),], 13985-78-9; [Et4N] [V- 
(CO)5CN-i-Pr], 96427-67-7; [Et4N] [V(CO),CN-t-Bu], 78954-02-6; 

96427-69-9; [Et4N] [V(CO)5NCMe], 96444-39-2; [Et4N] [V- 
(CO),NCPh], 96427-70-2; [Et4N][V(CO)50CMe2], 95974-68-8; 

74-6; [Et4N] [V(CO)5SMePh], 96427-76-8; [Et4N] [V(CO)&3ePh2], 
96427-78-0; [Et4N] [V(CO)5TePh2], 96427-80-4; [Et4N] [V- 

[EtdN] [V(CO)&NCy], 78954-04-8; [EtdN] [V(CO)&NCH2C02Et], 

[Et4N] [V(CO),OPh,], 96427-72-4; [EtdN] [V(CO)SSPh2], 96427- 

(CO)5SO2], 95998-43-9; [Et4N][V(CO)sX(O)Ph2], 96427-82-6; 
[ EtdN] [V(CO),NEt,], 96427-84-8; [EtdN] [V(CO),NHEtz], 
96427-86-0; [Et4N][V(CO)5NH,Ph], 96427-88-2; [EtdN][V- 
(CO)5NHPhZ], 96427-90-6; [Et*N] [V(CO)5NE&Ph], 96427-92-8. 

(56) Dysart, S.; Georgi, I.; Mann, B. E. J. Organomet. Chem. 1981,213, 
c10. 

(57) Alyea, E. C.; Lenkinski, R. E.; Somogyvari, A. Polyhedron 1982, 
1, 130. 

(58) Fjare, K. L.; Ellis, J. E. Organometallics 1982, 1, 1373. 
(59) More recent investigations in our group have shown that the 

temperature gradient (tg) of a(slV) increases with decreasing metal 
shielding. This effect amounts to ca. 6 X lo4 ppm/ppm. The tg/6 
correlation is roughly linear (M. Hoch and D. Rehder, unpublished). 

Kinetic Investigation of the Mixed-Metal Bimolecular Reductive 
Eliminations in the Reactions of EtOC(O)CH,M(CO), or 
EtOC(O)M(CO), (M = Co, n = 4; M = Mn, n = 5) with 

HCo(CO), or HMn(CO), 
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The alkyl- and acylmetal carbonyls EtOC(O)CH,M(CO), and EtOC(O)M(CO), (M = Co, n = 4; M = 
Mn, n = 5) react with HCO(CO)~ or HMn(CO), to yield ethyl acetate or ethyl formate and the corresponding 
binuclear metal carbonyl. Kinetic experiments support a mechanism according to which the reaction between 
a coordinatively unsaturated alkyl- or acylmetal carbonyl (formed by CO loss) and the metal carbonyl hydride 
is rate determining. The rate of this bimolecular reductive elimination step varies strongly and unexpectedly 
in the mixed-metal systems. 

Introduction 
High activities and selectivities with homogeneous 

mixed-metal catalysts have been reported for amino- 
methylation,l carbonylation,2 glycol formation from syn- 

'University of Miami. 
f University of Veszprgm. 

0276-7333/85/2304-1347$01.50/0 0 

thesis gas: hydrogenation? hydr~formylation,~ methanol 
homologation6 and water gas shift r e a ~ t i o n . ~  Very little 

(1) Laine, R. M. J.  O g .  Chem. 1980, 45, 3370. 
(2) Alper, H.; Petrignani, J. F. J. Chem. Soc., Chem. Commun. 1983, 

(3) (a) Knifton, J. F. J. Chem. SOC., Chem. Commun. 1983, 729. (b) 
1154. 

Whyman, R. J.  Chem. SOC., Chem. Commun. 1983, 1439. 
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1348 Organometallics, Vol. 4, No. 8, 1985 

is known, however, about the origin of the beneficial effect 
of the second metal. The comparison of reaction rates 
involved in the catalytic cycle with homometal and mix- 
ed-metal complexes would help to localize the kinetic 
differences. 

We report now such a comparison for reductive bimo- 
lecular eliminations related to the product formation steps 
of olefin hydroformylation and hydrogenation. 

Results 
Ethyl formate and ethyl acetate were formed smoothly 

at 25 "C from (ethoxycarbonyl)- and (ethoxycarbonyl)- 
methyl complexes of cobalt and manganese carbonyls using 
both HCO(CO)~ and HMn(CO), (reactions 1-8). 

rl 
E~OC(O)CO(CO)~ + HCo(C0)4 - 

1 3 
EtOC(0)H + C02(C0)8 (1) 

r2 
EtOC(O)CH&o(CO)4 + HCo(C0)4 - 

2 3 
EtOC(O)CH, + C02(C0)53 (2) 

r3 
EtOC(O)Co(CO), + HMn(CO), - 

1 4 
EtOC(0)H + MnCo(CO)g (3) 

5 

74 
E~OC(O)CH,CO(CO)~ + HMn(CO)6 - 

2 4 
EtOC(O)CH, + MnCo(CO)g (4) 

5 

r5 
EtOC(0)Mn(C0)5 + HCO(CO)~ - 

6 3 
EtOC(0)H + MnCo(CO)g (5) 

5 

Kovdcs et al. 

r6 
EtOC(O)CH,Mn(CO), + HCo(CO)., - 

7 3 
EtOC(O)CH, + MnCo(CO)g (6) 

5 

r7 
EtOC(0)Mn(C0)5 + HMn(CO), - 

6 4 
EtOC(0)H + Mn2(CO)lo (7) 

r8 
EtOC(0)CHzMn(C0)5 + HMn(C0)5 - 

7 4 
EtOC(0)CH3 + Mn2(CO)lo (8) 

The rate of these reactions could be followed spectro- 
scopically by the decrease of reactant concentration and 

(4) Fusi, A.; Ugo, R.; Psaro, R.; Braunstein, P .  B.; Dehand, J. J. Mol. 
Catal. 1982, 16, 217. 

(5) (a) Pino, P.; Consiglio, G. Proceedings Symposium on Rhodium 
Homogeneous Catalysts, VeezprBm, 1978, p 98. (b) Pino, P.; von B W d ,  
D. A. Swiss Patent 625 233, 1981. (c) Kmsic, P. J. Third International 
Symposium Homogeneous Catalysis, Milano, 1982, Abstr. p 27. (d) Hidai, 
M.; Fukuoka. A.: Kovasu, Y.: Uchida. Y. J. Chem. Soc., Chem. Commun. 
1984, 516. 

(6) (a) Hidai, M.; Orisaku, M.; Ue, M.; Uchida, Y.; Yasufuku, K.; 
Yamazaki, H. Chem. Lett. 1981,143. (b) Hidai, M.; Orieaku, M.; Ue, M.; 
Koyasu, Y.; Kodama, T.; Uchida, Y. Organometallics 1983, 2, 292. (c) 
Chen, M. J.; Feder, H. M.; Rathke, J. W. J .  Am. Chem. SOC. 1982,104, 
7346. (d) Chen, M. J.; Feder, H. M.; Rathke, J. W. J. Mol. Catal. 1982, 
17, 331. 

(7) (a) Ford, P. C.; Rinker, R. G.; Ungermann, C.; Laine, R. M.; Landis, 
V.; Moya, S. A. J.  Am.  Chem. SOC. 1978,100,4595. (b) Ungermann, C.; 
Landis, V.; Moya, S. A.; Cohen, H.; Walker, H.; Pearson, R. G.; Rinker, 
R. G.; Ford, P. C. J.  Am. Chem. SOC. 1979,101, 5922. 

20 LO 60 
1021 1 ],lo2[ 4 I M DU lo2[ 2 ],lo2[ 4 I M 

2 0  

10 

20 L O  60 
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lo2[ 6 1.1021 4 I M I/ 
2 0  LO 60 2 0  1 0  60 

10'1 7 ],lo2[ b I M 
c. c 

Figure 1. Influence of concentrations on rates of ethyl formate 
(r3,  r5, r7) and ethyl acetate (rq, r6, r8) formation in n-heptane 
solution at 25 "C. The concentration of CO was calculated from 
pco and the solubility of CO in n-heptane'O (a) (+) experiments 
at constant [l] = [4] = 0.012 M, (0) experiments at constant [CO] 
= 0.0108 M and [ 11 = 0.012 M, and (X) experiments at constant 
[CO] = 0.0108 M and [4] = 0.012 M; (b) (0) experiments at 
constant [CO] = 0.0107 M and [6] = 0.012 M and (x) experiments 
at constant [CO] = 0.0107 M and [3] = 0.012 M; (c) (0) exper- 
iments at constant [CO] = 0.0107 M and [6] = 0.012 M and (X) 
experiments at constant [CO] = 0.0107 M and [4] = 0.012 M; (d) 
(+) experiments at constant [2] = 0.024 M and [4] = 0.012 M, 
(0) experiments at constant [CO] = 0.0108 M and [2] = 0.012 
M, and (x) experiments at constant [CO] = 0.0108 M and [4] = 
0.012 M; (e) (+) experiments at constant [7] = [3] = 0.012 M, (0) 
experiments at constant [CO] = 0.0108 M and [7] = 0.012 M, and 
(x) experiments at constant [CO] = 0.0108 M and [3] = 0.012 
M; (f) (0) experiments at constant [CO] = 0.0107 M and [7] = 
0.012 M and (X) experiments at constant [CO] = 0.0107 M and 
[4] = 0.012 M. 

by the increase of the product concentration in a way 
similar as described recently for the reactions l8 and 2.9 
As shown in Figure 1, first order in 1,2, 6, and 7, less than 
first order in 3 and 4, and less than negative first order in 
CO were found. These latter apparent reaction orders 
decreased by increasing the concentrations of the corre- 
sponding reactants. 

The mixed-metal carbonyl 5 is the only organometallic 
product of the reactions 3-6. From the reaction mixtures 
5 could be isolated in good yields. 

Discussion 
The kinetics of the reactions 1-8 are closely similar and 

support the general picture depicted in Scheme I. 

(8) UngvHry, F.; Mark6, L. Organometallics 1983, 2, 1608. 
(9) Hoff, C. D.; Ungviry, F.; King, R. B.; Markb, L. J. Am. Chem. SOC. 

(10) Gjaldbaek, J. C. Acta Chem. Scand. 1952, 6,623. 
1986,107,666. 
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Mixed-Metal Binuclear Reductive Eliminations 

Scheme I 
ka 

k-n 
RM(CO), + RM(CO),-i + CO 

RM(CO),l + HM’(CO1, -!% RH + MM’(CO),+n-l 
faat 

MM’(CO),+,-i + CO - MM’(CO),+, 

R = EtOC(O), EtOC(O)CH,; if M or M’ = 
Co, n or m = 4; if M or M‘ = Mn, n or m = 5 

The kinetic behavior is in accordance with a reversible 
dissociation of CO from RM(CO), followed by a fast re- 
action between HM’(CO), and the intermediate RM- 
(CO),,. Assuming steady-state concentration for this in- 
termediate, the rate (r) can be described by eq 9 or after 
r = k,kb[RM(cO),] X 

[HM’(CO)mI /(kb[HM’(CO)mI + k-a[COI) (9) 

[RM(CO),] / r  = k_,[CO]/k,kb[HM’(CO),] + l / k a  (10) 

arrangement by eq 10, and k, and the ratio of kb to k, can 
be calculated from the intercept and the slope by plotting 
[RM(CO),]/r against [CO]/[HM’(CO),]. The plots for 
reactions 1-8 can be seen in Figure 2. The constants 
derived in this way for reactions 1-8 are compiled in Table 
I.” 

The k, values for reactions 3 and 4 showed good 
agreement with the values derived earlier for the reactions 
1 and 2. This supports the assumption that ka is indeed 
the rate constant of CO dissociation from the alkyl or acyl 
complex. Manganese in place of cobalt in the alkyl or acyl 
complex results in a 10-20-fold slower rate of CO disso- 
ciation. This is in accordance with the well-known sig- 
nificantly higher stability of alkyl- and acylmanganese 
carbonyls as compared to their cobalt analogues. 

Remarkable, the highest (0.67) and also the lowest 
(0.021) k b / k ,  values-which reflect the relative reactivities 
of the coordinatively unsaturated acyl- or alkylmetal 
carbonyls toward the metal carbonyl hydride and CO- 
were found with the mixed-metal systems (reactions 3-6). 
On the other hand, the homometallic systems showed 
rather similar kblk-8 values (reactions 1, 2, 7, and 8) 
ranging between 0.078 and 0.13. In addition, the kb/k-a 
values of the mixed-metal systems were in three out of four 
cases higher, than those of their homometallic counter- 
parts. Especially reaction 3 deserves attention in this 
respect, since comparing it with reaction 1 it  is apparent 
that in this case HMn(CO), was found to be more reactive 
than HCO(CO)~. 

A further conclusion which can be reached from these 
data is that the rates of product formation in the man- 
ganese-containing homometallic systems are only by about 
1 order of magnitude smaller than in the corresponding 
cobalt-containing ones. If we compare this result with the 
very low catalytic activity of manganese in hydro- 
formylationi4J5 and hydrogenation, it becomes evident that 

Organometallics, Vol. 4, No. 8, 1985 1349 

(11) The same kinetic picture has been found for the reaction between 
p-CH30C6H4CH2Mn(CO)5 and HMn(C0)5 in nonpolar The 
kinetics of the reaction between cis-p-CH3OC6H4CH2C(0)Mn(CO),- 
(PMezPh) and HMn(CO), is somewhat more complex because of the 
simultaneous decarbonylation to C~~-~-CH,OC$~~CH~M~(CO)~(PM~~P~) 
but may also be explained by the formation of a coordinatively unsatu- 
rated intermediate by CO loss and the oxidative addition of HMn(CO)5 
to this intermediate.13 

(12) Nappa, M. J.; Santi, R.; Diefenbach, S. P.; Halpern, J. J. Am. 
Chem. SOC. 1982,104,619. 

sults. 

227. 

(13) Halpern, J.; MarkB-Monostory, B.; Markd, L., unpublished re- 

(14) Wed, T. A,; Metlin, S.; Wender, I. J.  Organornet. Chem. 1973,49, 

/‘ 
30 

1.0 2.0 30 

Figure 2. Plots of [RM(CO),]/rate against [CO]/[HM’(CO),] 
for reactions 1-8 (R = EtOC(O), EtOC(0)CH * M, M’ = Co, Mn; 

literature data. 

the bottleneck is not in this part of the catalytic cycle. 

Experimental Section 
General Techniques. Infrared spectra were recorded on a 

Carl Zeiss Jena 18 75 spectrophotometer using a Carl Zeiss Jena 
low-temperature thermostated KBr cuvette. Analysis of the 
volatile compounds was performed on an analytical Hewlett- 
Packard Model 5830A gas chromatograph using 30-m glass ca- 
pillary column with 0.15-pm OV-1 or SP 2100 stationary phase. 
All manipulations involving air-sensitive organometallic com- 
pounds were carried out by using anaerobic techniques.” 

Materials. All solvents were dried on sodium wire and were 
freshly distilled under a CO atmosphere. Stock solutions of 
HCO(CO)~ were prepared in n-heptane from CO~(CO)~, DMF, and 
concentrated HC1.18 The concentration of HCO(CO)~ was de- 
termined by titration with 0.1 N NaOH at 0 “C under CO in the 
presence of phenolphthalein as indicator. In some cases the 
concentration of HCO(CO)~ in the reaction mixtures was checked 
also by using the value of *(HCo(C0)4) = 330 * 10 cm2 -01-1 l9 
for its highest energy infrared absorption band at 2116 cm-’. 

Almost colorless pale yellow 0.3 M stock solutions of HMII(CO)~ 
in n-heptane were freshly prepared from Mn2(CO)lo in a fashion 
similar to that reported by King.20 Instead of the difficult 
purification procedure using a vacuum line, HMII(CO)~ was ex- 
tracted with n-heptane after the addition of H P 0 4  to N~MII(CO)~, 
and then this solution was distilled in vacuo. The concentration 
of HMn(CO)5 was determined after its infrared spectrum was 
checked, by manganese analysis. In order to control the HMn- 
(CO)5 qoncentration independently, we used the stoichiometric 
hydrogenation of a-methylstyrene which was reported to proceed 
quantftatively in benzene solution between 40 and 75 O C Z 1  ac- 
cording to reaction 11. 
PhC(CH3)=CH2 + ~HMII(CO)~ - PhCH(CH3I2 + Mn2(CO)lo 

(11) 

To aliquots of the HMII(CO)~ stock solution (1 mL) were added 
n-heptanebenzene mixture (2 mL, l:l), a-methylstyrene (0.082 
mL, 0.63 mmol), and mesitylene (0.010 mL, 0.07 mmol) as internal 
standard at room temperature. After the solution was heated (4 
h at 75 “C), the quantity of cumene was measured by GLC 
analysis. The HMn(C0)6 concentration calculated on the basis 
of cumene formed was 95% of that found by Mn analysis. 

m = n = 5 for mN and 4 for Co). Curves 1 0 and 29 represent 

(15) Under catalytic hydroformylation conditions Mn is estimated to 
be approximately l0-l as reactive as CO’~. 

(16) Pruett, R. L. Adu. Organornet. Chem. 1979, 17, 53. 
(17) (a) Thomas, G. Chern.-Ztg., Chem. Appr. 1961, 85, 567. (b) 

Shriver, D. F. ‘The Manipulation of Air-Sensitive Compounds”; R. E. 
Krieger Publ. Co.: Malabar, FL, 1982. 

(18) Kirch, L.; Orchin, M. J.  Am. Chem. SOC. 1958,80, 4428. 
(19) Tannenbaum, R. Dim. ETH Zurich Nr. 6970, 1980, p 36. 
(20) King, R. B. “Orangometallic Synthesis”; Academic Press: New 

(21) Sweany, R. L.; Halpern, J. J.  Am. Chem. SOC. 1977, 99, 8335. 
York, 1965; Vol. 1, p 158. 
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Table I. Rate Constants" for the Reactions in Scheme I at 25 "C 

Kovcics et al. 

18 
3 
20 
4 
7 
5 
8 
6 

c o  
co  

Mn 
Mn 

co 
c o  

Mn 
Mn 

M' in M in 
reactn EtOC(O)M(CO), EtOC(O)CH,M(CO), HM'(CO), 106k,, s-l kb/k-a 

co 1.73 f 0.07 0.084 f 0.006 
Mn 
co 
Mn 
Mn 
c o  
Mn 
co 

1.57 f 0.17 0.171 f 0.027 
2.86 f 0.43 0.078 f0.014 
2.53 f 0.39 0.020 f 0.001 
0.14 f 0.06 0.131 f 0.078 
0.18 f 0.01 0.671 f 0.081 
0.20 f 0.01 0.095 f 0.006 
0.26 f 0.04 0.375 f 0.074 

Deviations represent 95% confidence level. 

The compounds EtOC(O)Co(CO)~ (1) and EtOC(0)CH2Co- 
(CO)422 (2) were prepared by published procedures. 

Preparation of (Ethoxycarbony1)manganese Penta- 
carbonyl (6) Stock Solution. To a solution of NaMn(CO), (15.4 
mmol) in THF (60 mL) was added ethyl chloroformate (1.50 mL, 
15.4 mmol) at -10 "C. When the mixture was stored overnight, 
a red-orange solution and a white precipitate (NaCl) was formed. 
After filtration and removal of THF in vacuo the orange oil was 
dissolved in n-heptane (40 mL), washed with water (20 mL), and 
filtered through a mixture of activated carbon and anhydrous 
MgS04. On the basis of manganese analysis, the yield of 6 was 
20%: IR (heptane) u(C0) 2125 (w), 2059 (sh), 2030 (vs), 2007 (s), 
1653 (w) cm-'. 

To prepare 6 by thermal decarbonylation of (ethoxyoxaly1)- 
manganese pentacarbonyl (8) failed. Instead of a facile decar- 
bonylation as could be observed in the case of pyruvoylmanganese 
pentacarbonyP or (alkoxyoxaly1)cobalt tetracarbonyl~,8*~~ the 
manganese complex 825 decomposed according to reaction 12. 

2EtOC(O)C(O)Mn(CO), - 80 'C 

8 
[EtOC(0)I2 + Mn2(CO)lo + 2CO (12) 

Thermal Decomposition of (Ethoxyoxaly1)manganese 
Pentacarbonyl (8). The complex 8 (0.2 mmol) dissolved in 
n-heptane (5 mL) was heated at 80 "C under CO atmosphere. CO 
evolution started immediately with an initial rate of 9 x 10" M 
s-l and ceased after 4 h releasing 0.19 mmol of CO. IR spectra 
showed the presence of 0.09 mmol of diethyl oxalate (absorbancies: 

cm2 mmol-')) and Mn2(CO)lo as the only complex in the solution. 
Preparation of [ (Ethoxycarbonyl)methyl]manganese 

Pentacarbonyl (7) Stock Solution. To a solution of NaMn- 
(CO), (15.4 mmol) in THF (60 mL) was added ethyl bromoacetate 
(1.78 mL, 16 mmol) at 0 "C. Immediately a yellow solution and 
a white precipitate were formed. A stock solution of 7 in n-heptane 
was prepared in the same way as in the case of 6. Yield based 
on manganese analysis was 30%. IR (heptane): v(C0) 2117 (w), 
2050 (m), 2027 (sh), 2022 (vs), 1996 (s), 1957 (w), 1720 (w) cm-l. 

Preparation of Manganese Cobalt Nonacarbonyl(5). To 
a solution of 1 (1.2 mmol) in n-heptane (96 mL) under carbon 
monoxide atmosphere (752 mmHg) was added a solution of 4 (1.2 
mmol) in n-heptane (4 mL) at 25 OC. The color of the reaction 
mixture changed slowly from pale yellow to red orange. Moni- 

1750 (t~([EtOc(O)]2) 445) and 1775 Cm-' (t~([EtoC(O)]z) 848 

(22) Galamb, V.; Pftlyi, G.; Cser, F.; Furmanova, M. G.; Struchkov, Y. 

(23) Casey, C. P.; Bunnell, C. A.; Calabrese, J. C .  J. Am. Chem. Soc. 
T. J .  Organornet. Chem. 1981,209, 183. 

1976.98. 1166. 
(24) Milstein, D.; Huckaby, J. L. J.  Am. Chern. SOC. 1982,104,6150. 
(25) Cawse, J. N.; Fiato, R. A.; Pruett, R. L. J. Organornet. Chem. 

1979, 172, 405. 

toring the reaction by IR spectra showed the gradual decrease 
of the concentrations of 1 and 4 parallel to the increase of the 
concentration of 5 which was the only new complex in the solution. 
Complex 5 was identified by its known infrared spectrum (hep- 
tane): v(C0) 2117 (w), 2056 (s), 2026 (vs), 2004 (sh), 1996 (m), 
1981 (br) cm-1.26 After 24 h 5 was practically the only complex 
in the reaction mixture which could be isolated after removing 
90% of the solvent in vacuo at 0 OC and crystallizing at -79 O C :  

orange red needles (310 mg); 71% yield. Similar yields of 5 could 
be achieved in reactions 4-6 by using the above procedure. 

Kinetic runs were performed under CO in a thermostated (25 
"C) reaction vessel connected to a 5-L buffer flask in order to 
maintain the pressure constant. The actual total pressure was 
determined in milimeters of Hg by using an open mercury ma- 
nometer measuring the pressure difference between the atmo- 
sphere and the reaction vessel. The reactions were started by 
injecting 0.2-0.3 M solutions of 3 or 4 in n-heptane into vigorously 
stirred solutions of 1,2,6,  or 7 in n-heptane. The change of IR 
spectra was followed from samples withdrawn by a gas-tight 
syringe and fded through a three-way Hamilton valve and Teflon 
tubing into the thermostated (25 "C) 0.11- or 0.25-mm KBr cu- 
vette. Initial rates were calculated from graphical plots below 
20% conversions. 

Reaction of 1 with HMn(CO),. The change of IR spectra 
was followed at 1692 ( t ~ ( 1 )  1266)8 and 1737 cm-' (cM(EtOC(0)H) 
1050 cm2 mmol-').* 

Reaction of 2 with HMn(CO),. The change of IR spectra 
was followed at 1717 cm-' (tM(2) 820)' and 1752 cm-' (tM(EtOC- 
(0)CH3) 740 cm2 mrn~l-').~ 

Reaction of 6 with HcO(CO)4 and HMn(CO)S. The change 

cm2 mmol-'), and 1737 cm-l. 
Reaction of 7 with HCo(CO), and HMn(CO)S. The change 

of IR spectra was followed at  2117 (tM(7) 557), 1720 (e&) 475 
cm2 mmol-'), and 1752 cm-'. 
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