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summary 
The synthesis of p( 1,4)-butaneaiylbis( manganese pentacarbonyl) and its re- 

actions with a number of nucleophilic and electrophilic reagents are described. 

p( 01,w )-Alkanediyl complexes (also known as polymethylene bridged com- 
plexes) are binuclear compounds in which the metal atoms are bridged by an 
alkyl chain via the latter’s two terminal carbons [l] . These complexes can be 
represented by the general formula LxM(CH&M’Ly (n > 2). 

Recently considerable attention has been focused on ~(cu,w )-alkanediyl com- 
plexes because of their possible role in catalytic processes. In the Fischer- 
Tropsch reaction [ 21 for example it has been suggested that p-polymethylene 
bridged complexes could be models for hydrocarbon fragments bound to a 
catalytic metal surface. These complexes could also act as models for chain 
extension in polymerization catalysis. 

The binuclear iron complexes, [CpFe(CO)Jz {P-(CH,),} (n = 3-12; Cp = 
o-C&H,) are well known [ 31, and constitute the most extensive series of 
p-alksnediyl complexes. We are at present investigating their reactivity [4]. 
The iron complexes can be prepared by the reaction of CpFe(CO)zNa with the 
appropriate a,w-dihaloalkanes, X(CH2),X, (X = Br or I; n = 3-12). Attempts 
to prepare related polymethylene bridged complexes of manganese pentacar- 
bony1 using an analogous method have failed; these attempts resulted only in 
the formation of a cyclic carbene complex such as (CO),Mn-yn(CO), [5]. 
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Until now the only known alkanediyl bridged manganese complex has been the 
,p( 1,2)-ethanediylmanganese species, [ Mn( CO),] 2 {h-( CH2)2 1, which was pre- 
pared by the reaction of [ (CO),Mn(C,H,)]+ with [Mn(CO)J [ 61. We now 
report the synthesis and reactions of the new ~.l(a,w )-alkanediyl complex of man- 
ganese, (CO~~Mn(~H~~~Mn(CO)~ (I), which was prepared by the following 
route: 

THF 
2Mn(CO),- + ClCO(CH2)&OC1 --+ r t (CO),MnCO(CH,)&OMn(CO)~ f 2CT 

* . 

The diacyl species (~O)~MnCO~CH~)~COMn(CO)~ [7] is decarbonylated by 
refluxing in hexane for 15 min. This affords I as a white microc~st~~e solid, 
which is stable in the atmosphere at room temperature for at least several 
months. I has been fully characterised” by IR, ‘H NMR and mass spectroscopy 
(IR: (v(C0) (CHCIB), 2104w, 2007s, 1980sh cm-’ ; “H NMR (CIX&): 6 1.70 
(4H, m), 1.09 (4H, m); mass spectrum, M+ = 446, followed by loss of ten CO 
groups). The stability of the compound is remarkable in comparison with mono- 
nuclear alkyl complexes of rn~g~ese pen~~~bonyl which contain P-hydro- 
gens. Ethylmanganese pentacarbonyl for example is reported to decompose 
slowly even when kept in the dark, in vacua and at -10°C [8]. 

SCHEME 1. R-gents: (i) CO. 1 atm r.t.; (ii) PR, (PPh,, PPh,Me, PFhMe, , PMe,). THF, 1 h, r.t.; (ii) X, 
(Brand I), THF, 1 h. r-t.; (iv) X2 (Br and I), CH,Cl,, 1 h, r.t.; (v) reflux hexane. 16 min; (vi) refhax in 
toluen% 30 w: (vii) reflux in h-am. 1 h: (viii) dry HCl gas in CH,Cl, ; (ix) I-I,, 63 atm, in CH,Cl,, 3 h. 

The reactions of compound I with a number of nu~leoph~i~ and elec~oph~c 
reagents have been investigated. Some of these reactions are outlined in Scheme 
1. Compound I was found to react with CO to yield (CO)SMnCO(CH2)&OMn- 
(CO), . It also reacts with tertiary phosphines (PPh$, PPh,Me, PPhMez, PMe,) in 
THF, under mild conditions (25”C, 30-40 min) to yield phosphine-substituted 
diacyl products; for example reaction with PPh3 in a l/2 molar ratio gives 
(CO)~(PPh~)Mn~O(CH~)~~OMn(PPh~j~CO)~ (II) (IR: v(C0) (CHCl,) 2067m, 

*Satisfactory microanalyses were obtained for aJl new compounds. 
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1994s, 1962vs, 1604mbr cm -l ; ‘H NMR (CDCIB): 6 7.38 (30H, s) C6H5, 2.66 
(4H, s br) CH,CO, 1.24 (2H, s br) and 0.88 (2H, s br) CH,CH,). Similarly, the 
reactions of PPhlMe, PPhMe, and PMe, give rise to analogous diacyl products 
(III-V). The IR spectra of the diacyl species (II-V) show four bands in the 
v(C0) region. This suggests that the molecules have C, local symmetry and 
hence we have the cis configurations of ligands around both Mn atoms, i.e. a 
cis,cis-configuration. The isolation of cis- rather than truns-isomers, is anal- 
ogous to the results obtained in a study of methylmanganese pentacarbonyl 
with similar ligands [ 91. Thermal decarbonylation of the phosphine diacyl 
species (II-V) gave disubstituted phosphinebutanediyl complexes (VI-IX); 
again only cis,cis-isomers were obtained. 

The reaction of I with halogens, Xz (X = Br and I) was also investigated. In 
THF as solvent, the reaction yields adipic acid, HOOC(CH2)&OOH and an 
unidentifiedinorganic product, but in CHzClz it gives Mn(C0)5X and X(CH&X 
as expected. The isolation of adipic acid, can be accounted for by the fact that 
THF is a good coordinating solvent, and this promotes initial CO insertion to 
form a THF adduct, compound X. 

WWWCW&WW~ r t z (THF)(CO)&InCO(CH,),COMn(CO),(THF) 3 
. . 

(X) 

XOC(CH2)&OX + unidentified inorganic product 

hydrolysis during work-up ) HOOC(CH2)&OOH 

It is thought that possibly the THF-adduct, compound X, undergoes Mn-C 
bond cleavage in the presence of X2, yielding the corresponding acid dihalide. 
This is then hydrolyzed during the work-up to give adipic acid. 

The reaction of I with HCl yields Mn(CO),Cl, while reaction with Hz gives 
Mn,(CO)10 as the major product. The formation of HMn(CO), was also de- 
tected in the latter reaction. 

From the results obtained, it is clear that compound I is highly reactive 
under mild conditions, yielding stable products. The reactions of I are anal- 
ogous to those of mononuclear alkyl complexes of manganese pentacarbonyl 
with similar reagents. 

We are currently investigating the synthesis of other alkanediyl complexes 
containing other metals and various polymethylene chain lengths. The aim is 
to compare the chemistry of these novel binuclear complexes with that of 
mononuclear complexes and to elucidate their importance as models of inter- 
mediates in catalytic reactions. 
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