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Summary 

The reaction of p-CH,C,H,‘3C(0)Mn(CO), with H,/CO at 2400 psi in hexane 
solvent leads to incorporation of l/l Hz/CO and essentially exclusive production 
of the oxycarbonyl, p-CH,C,H, ‘3CHzOC(0)Mn(CO),. The success of this unusual 
reaction appears to depend on the dihaptocarbonyl nature of an intermediate 
acylmanganese tetracarbonyl as well as on the use of a hydrocarbon solvent. The 
reaction is quite general and has even been extended to acylmanganese compounds 
derived from dibasic acids. In the initial stage of the reaction it seems likely that a 
carbenic intermediate arising from the dihapto structure is involved but attempts to 
trap such a species were unsuccessful. The possibility that the reaction proceeds by 
initial hydrogenolysis of the acylmanganese compound to aldehyde and HMn(CO),, 
followed by reaction of these two species with each other to give product, has been 
ruled out. 

Introduction 

We recently reported [l] on the unusual reaction of the acylmanganese penta- 
carbonyl, PhCH ,C(O)Mn(CO) 5, with CO + H, (2200 psi, 70°C. hexane solvent) to 
give the alkoxycarbonyl, PhCH,CH,OC(O)Mn(CO),. This product was particularly 
surprising because we have found that the same reaction in sulfolane gives only the 
aldehyde, PhCH,CHO. Hydrogenolysis of an analogous acylmanganese complex in 
sulfolane has been observed previously [2]. 

In an extension of this reaction we have now varied the nature of the R group in 
RC(O)Mn(CO), and found the titled reaction to be quite general. Furthermore, a 
labelling study demonstrates that the original acyl carbon in the reactant is 
exclusively reduced to the methylene group of the product. 

The mechanism of the reaction is not well understood and a variety of valence 
electron-deficient species are probably involved. Experiments to trap intermediates 
were investigated and these and other facets of the reaction are discussed below. 
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Results and discussion 
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The intermediate acylmanganese tetracarbonyl may owe its stabilization to the 
interaction of the acyl oxygen with the metal center; the formation of such an 
$-cat-bony1 is a distinct possibility: 

R-C-Mn(CO), - R-C- 
4 - 

/O\ 
-0 

I 
R-C: - Mn(C0) - 

4 
R-C = Mfn(COl, 

q2-Acyls are known for both the oxophilic early transition metals and some actinide 
metals [4,5]. In the case of low valent manganese such interaction seems unusual. 
However, there is both theoretical and experimental support for the formation of 
q2-acylmanganese carbonyls [6,7]. The IR matrix isolation study of acetylmanganese 
tetracarbonyl provides rather convincing evidence: the carbonyl absorption is 
shifted to 50 cm-’ lower energy compared to the parent acetylmanganese penta- 
carbonyl [7]. 

The canonical forms of the n2-carbonyl indicate a considerable amount of 
carbenic character on the acyl carbon. However, trapping experiments with 
cyclohexene, 1-pentene, and dimethyl maleate under 0x0 conditions at 70°C yield 
only the alkoxycarbonyl, and in the latter case a small amount of dimethyl fumarate 
was formed. 

The complete hydrogenation of the acyl carbon to CH,, implies the formation of 
an intermediate manganese alkoxide (4) (eq. 5) which presumably undergoes rapid 
insertion of CO to yield the final isolated product. 

RCH,OMn(CO), - Co RCH,0C(0)Mn(C0)5 (5) 
(4) 

Surprisingly, the reaction terminates at this point; the alkoxycarbonyl appears to be 
inert to further incorporation of CO + H,. Phenethoxycarbonylmanganese penta- 
carbonyl was subjected to 0x0 conditions at 200°C in hexane but the only observed 
reaction was a small amount of cleavage to form phenethyl formate [l]. 

An alternative route to the formation of an intermediate manganese alkoxide 
(and subsequently the alkoxycarbonyl product) could conceivably involve the 
reaction between HMn(CO), and the aldehyde produced from the hydrogenolysis 
reaction (eq. 6). 

0 0 

R Mn(CO), 
Hz/CO 

- R H + HMn(CO), __L RCH,OMn (CO15 (6) 

It is known that formates are formed from the reaction of HMn(CO), and 
aldehydes under 0x0 conditions at temperatures of 200°C [g] and so it was 
important to rule out the reaction represented by eq. 6. 

The possible participation of HMn(CO), in the reaction with aldehyde was 
examined in two ways. HMn(CO), (sealed ampoule) was reacted with benzaldehyde 
under the desired 0x0 conditions by breaking the ampoule under a CO/H, 



Experimental 
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Synthesis of the acylmanganese pentacarbonyls 
All of the acyl complexes were prepared from [Mn(CO),]- and the appropriate 

acyl halide using a modified literature procedure [lo]. The anion, [Mn(CO),]-, was 
generated from Mn,(CO),, by either Na/Hg or K/Hg reduction in either THF or 
ether. In our hands, K/Hg reduction in ether gave the most satisfactory results, 
principally because the slow settling of suspended Hg in the Na/Hg preparation is 
avoided. A typical preparation of p-toluoylmanganese pentacarbonyl was conducted 
as follows: Potassium metal (1 g, 26 mmol) was cut up, rinsed with pentane and 
added to 15 ml Hg with vigorous stirring. After the potassium had reacted 
completely, the amalgam was stirred an additional 10 min. Mn,(CO),, (1.88 g, 4.8 
mmol) was added along with 50 ml of ether. The mixture was stirred for 1 h. The 
formation of [Mn(CO),]- was indicated by the color of the reaction mixture (pale 
green) and by the IR spectrum: 1910, 1890, 1820 cm ’ in ether, or 1890, 1865 cm-’ 
in THF [Ill. The anion solution was transferred to a second flask, equipped with 
stirrer, via a transfer needle. The amalgam was washed with 15 ml fresh ether and 
this was transferred to the second flask as well. The anion solution was cooled to 
0°C and the acyl halide (1.3 ml, 9.6 mmol) was added dropwise via syringe. 
Immediate precipitation of both KC1 and acyl complex occurred. The mixture was 
stirred for 0.5 h at O°C and warmed to room temperature and stirred an additional 
0.5 h. The product was collected by filtration and KC1 was separated by extraction 
of the solids with CH,Cl,. Recrystallization (- 78OC, CH,ClJether) afforded the 
product (lemon yellow). Additional product could be obtained by evaporation of the 
original filtrate and recrystallization of the residual solids as above. Obtained: 1.62 
g (5.15 mmol), 54%. M.p. 89-90°C (lit. [12] 98°C). IR (CH2Cl,): v(C=O) 2111(m); 
2048(sh); 2010(s); v(C=O) 1606 (w) cm -I. 13C NMR (CDCI,): 248.6 (acyl C); 
211.6 (GO); 130.3, 129.6, 125.3 (Arc); 21.89 (CH,) ppm. Mass spectrum: Mt = 
314. 

Acetylmanganese pentacarbonyl was prepared in 42% yield from [Mn(CO),]-~ 
and acetyl chloride. M.p. 52-54°C. IR (pentane): v(C=O) 2108(m), 2045(s), 2OOO(vs), 
1975(m,sh); Y(C=O) 1658(s) cm-‘. 

Hexanoylmanganese pentacarbonyl was prepared in 38% yield essentially as 
described above. The pure white compound was isolated by preparative TLC (silica 
gel G, 99/l 40-60°C petroleum ether/ether); it appears to melt at about room 
temperature but is difficult to keep solid and readily turns into a yellow-green oil. 
IR (CH,Cl),): v(C=O) 2110(m), 2040(sh), 2005(vs); v(C=O) 1635 cm-’ (m,br). ‘H 
NMR (CDCI,): 2.67 (2H, a-CH,); 1.43 (2H. /?-CH,); 1.10 (4H, y-and &CH,); 
0.79 (3H, CH,) ppm. Mass Spectrum Mt = 294. 

Adipoylmanganese pentacarbonyl (1, n = 4) was prepared as above except that 
only one equivalent of adipoyl chloride was added to the etheral solution containing 
[Mn(CO),-] (22%). M.p. 118-121°C (dec.) (lit. [13] 119~120°C). IR (CHCI,): 
v(C+O) 2102(m), 2038(m), 2000(s); v(C=O) 1632 (m,br) cm- ‘. 

Sebacoylmanganese pentacarbonyl (1, n = 8) was prepared as above using only 
one equivalent of sebacoyl chloride. M.p. 95-97°C. IR (CHCI,): Y(C=O) 2105(m), 
2043(sh), 2008(vs); Y(C=O) 1635 (m,br) cm -’ ‘H NMR (CDCl,): 2.88 (4H, t. (Y, cy’ . 
CH,); 1.40 (12H, m) ppm. 

p-Toluoylmanganese pentacarbonyl . 13C. The Grignard of p-bromotoluene (Al- 
drich) was prepared in THF. The system was sealed (septa) and a stoichiometric 
amount of 13COZ (Cambridge Isotopes, 99%) was added over the course of several 







the product examined by ‘H NMK in CDC‘I,. Only resonances corresponding to 
PhCI12CI-1,OC(O)Mn((‘O), [l] and unconverted p-tolualclehydr wcrt’ observd. A 
benqlic singlet at 5.1 ppm characteristic of authentic (‘~l:C‘,I-l,C‘HIO(‘!O)Mn((‘O), 
was abarnt. When the reaction 1~~1s repeated with ;I 10 I’c~ici c~ize l3i’ aldch\dc 
similar results were obtained 
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