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sumnala 

Coinnercially available Li(C2HS)SBH rapidly and quantitatively cleaves 

[Mn(C0)&j2, [CO(CO)~]E, and [(CSKS)MO(CO)~]~ in THF at room temperature to 

the corresponding transition metal monoanions. C((;5H5)Fe(C0)212 can be 
cleaved ifi hexamethylphosphorous triamide (HMPA) or by use of K(s-C4Hg)3BH. 

The mechanism postulated for Li[Mn(CU)S] formation (Scheme I) is supported 

by the direct observation of a manganese-formyl intermediate (5) and rate 

data- Qacts as a hydride donor toward CH3S03F. Fe(CO)S. and HMn(CO)S. 

Transition metal monoanions play a pivotal role in the construction of 

metal-carbon bonds_“* Numerous organometallic compounds have been prepared 

through.alkylation or acylation of these highly nucleophilic’ species. Clus- 

ter complexes and other compounds containing metal;metal bonds can be obtained 

by addition of an appropriate electrophile_* 

Conventionally, transition metal monoanions are prepared from the readily 

available corresponding metal-metal dimers. Mercury-sodium amalgam’ or other 

heterogeneous metal reductant3 is employed in a somewhat cumbersome overall 

procedure. Mercury-containing by-products are sanetimes produced.4 We re- 

port herein the rapid. quantitative, homogeneous, roan temperature synthesis 

of representative monoanions [Co(CO),l-, C(CSHS)Mo(CO)3]-, CHnn(CO)J. and 

C(C5%@(CO)21 -, utilizing inexpensive, camnercially available trialkylboro- 

hydrides such as Li(C2Hi)3BH (])_ The attractiveness of this procedure is 

further enhanced in that only volatile by-products [K2 and (C.&)3B when 1 is 

used] are -fom, enabling in theory solvent evaporation to an analytically 

Pure product residue. 



Addition of 2.5 equiv Li(C2H5)3BH (l)5a (1 H in THF) to 1.0 equiv 

[Co(CO),l,, [(C5H5)t40(C0)3]2. or [MII(CO)~I~ (0.02 M in TM) afforded the cor- 
responding lithium monoanions in quantitative yields (Initial experiments 

were conducted titrimetrically and ir monitored using an apparatus similar to 

one described by Bro~n.)~ after a few minutes stirring at room temperature. 

During this period, 1 equiv H2 evolved, as determined by mananetric and mass 
spectral methods. Identical products were formed with Li(E-C4H9)3;13 (z).5b 
and potassium monoanions could be obtained from K(x-CqH9)3BH (2). 

LiC(C5H5)Fe(C0)2] could not be formed using 1 or 1 unless done in ~50% hexa- 

methylphosphorous triamide (RWA). but K[(C5H5)Fe(C0)21 was produced over a 
three hour period in THF when 2 was employed, 

To the monoanions thus prepared were added TBF solutions of various elec- 
trophiles, The derivatives obtained are listed in the-Table and illustrate 
the general synthetic utility of our procedure. The yields reported are for 

isolated, purified products, are-based upon metal, and are not optimized. 

Investigation of the mechanism of Li[Mn(CO)5] formation has resulted in 

several remarkable observations. The following evidence supports the reaction 
pathway depicted in Scheme I: 

SCHEME I. Proposed Mechanism of Anion Formation 
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Step (a) The high nucleophilicity of 1- Ltouard organic electrophil&!’ _ 
and the observance of attack on coordinated carbon monoxide by related nucleo- 

philes,11-13 led us to postulate the initial addition step (a)_ Accordingly, 
when [Mn(CO)5]2 was treated with one equiv 1 at -20°C in THF in a ‘H IIilr tube, 
a new canplex was fo;med in 99% yield, as ind_icated by the appearance of a 

signal at 13.666 (e-xylene reference and internal standard). This chemfcal 

shift has been cdablished as characteristic of anfonic fowyl caolpl&,12 
and the structural assig&ent &is further.supported by the observation of 
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Table. Honoanion Derivatives Preoared 

Hydride 
Reagent 

Electrophile Product Isolated 
Yield (%) 

C(C6H,~,PI,H*CI- 

(C6H5)3SnCl 

[Co(CO),i-[(C,H,),P]2N+ 79 

Co(CO),[Sn(C6H5)31 83 

CH31 (C~H~)F~~(C~)~CH~ 77a 

s!? 
CH30CCCl 

!!? 
(C~H~)MO(C~)~(CCOCH~) 77a*b 

(C6H5)3SnCl (C6H,)Ho(CO),ESn(C6H5)31 76 

% 
C6H5CCCl 

!?!? 
Mn(CO)5(CCC6H5) 92a 

(CgH5)3SnCl Mn(CO),@n(C6H5)31 88 

?! 
CH3OCCCl 

!?!j 
Hn(C0)5(CCOCH,) 81asb 

(C6H5)3SnCl 

0 

C6H5CH=CH$Cl 

f? 
C6H5CCl 

(C5H5)Fe(CO)2[Sn(C6H5)31 

!? 
(C,H,)Fe(CO),CCH=CHC,H5 

II 
(C5H5)Fe(CO)2CC6H5 

93 

7za 

67a 

(4 electrophile added at -78“ instead of rocrn temperature 

(b) new compound; satisfactory spectral and elemental analyses were 

obtained 

the formyl vc=O in the vibrational spectrum (1540 an”. THF). CO stretching 

frequencies at 2076 (s). 1970 (vs), 1941 (m) and 1903 (m) cm-’ are clearly 

present, but 4 is unstable at rocnn temperature and assignment of a cis or - 
trans geanetry to the disubstituted manganese cannot at this time be made 

vithonfidence.14 

Attempted O-methylation of 4 at -20-C with CH3S03F1’ led only to CR4 (800, 

by manauetry and mass spectroscopy) and CHn(CO),l, (98%). Treatment of Qwith 

one equiv. Fe(CO)5 afforded the. known iron fonayl 12*13’16 6 in 76-79x yield by 

nmr and ir (Scheme II). The reduction of ctctyl iodi.de to octane by 2 has been 

previously reported.‘6 These experiments suggest thdt anionic fonnyl complexes 

can act as hydride donors. The migration -of a font+ ligand from manganese to 

ironlin the conver&n 2 + 2 is considered unlikely.’ 



SCHEME II. Reactions of Bimetallic Manganese-F&y1 5 

CH3SO3F 
--.- > CR4 * Pi”(CO)5]2 

i F&O)5 

4 \-- ) [(CO)4Fe&- + CMn(CO)& 

\ 
m”KO15 

-.- _ __ -3 CHn(C0)53- + CMn(CO)5]2 (+H2) 

Steps (b)-(d) At -20°C in THF, 4 is stable for hours, but ateroom temp- 

erature it rapidly decomposes. One equiv [Mn(CO) 
15 

]- and 0.5 equiv_ [Mn(CO),], 

are formed, with no detectable intermediates by H runt- or ir. This experiment 

differs from preparative reactions in that no trialkylborohydride is present 

at this stage- At 14’C, kobs for the decomposition of 4 is first order 

(2.63 + -04 x 10m4/sec_ Arrhenius E, = 24-8 kcal/mol) which requires at least 

one intermediate between 4 and the products- We propose that the unsaturated 

for-my1 gis formed in the initial a-elimination step (b). The acetyl homolog 

of Qhas been previously generated 
17,18 and fragments analogously. Rapid re- 

arrangement of gto HMn(C0)5 would be subsequently expectede6 In a separat’e 

experiment, Hh(CO), was found to react instantly with Qat -20aC to yield one 

equiv each* of [Mn(CO),]- and [Mn(CO),], (Scheme II)_ This accounts for the 

unobservability of intermediate HMI’I(CO)~ and is consistent with the first order 

disappearance of 4 (kobs = 2kl)_ HMn(CO)5 also reacted instantly with 1 at 

-20°C to form [Mn(CO),]-; hence in the preparative reactions, this pathway may 

predominate_ Formation of [Mn(C0)5]- from RMn(CO),(Ka 2 10-7)1g may occur as 

an acid-base process or via hydride attack on CO. Yhile the above body of re- 

sults exclude many alternatives for steps (b)-(d), mechanistic investigations 

are continuing. 

He postulate that the other monoanions are formed by a mechanism qualita- 

tively similar to the one depicted for [Mn(CO)5]-. When [(C5H5)Fe(CO)2]2 was 

treated with one equiv 2 in THF at 20°C, an intermediate was formed (vCzo 1926 

(s), 1745 (m). 1718 (m). 1677 (s) an-‘) which slowly disproportionated to star- 

ting material and K[(C5H5)Fe(C0)2]; no ‘H nmr resonance below d 7.0 could be 
found _ The less rapid formation of [(C5H5)Fe(CO)2]- relative the other anions 

20 may be in part connected to the higher reduction potential of the parent dimer. 

Anion formation from [CO(CO)~]~ and [(C5H5)Mo(C0)3]2 is too rapid to detect any 

l Stoichianetry yas established spectroscopically and via treatment of the re- 

action mixture with (C6H5)3SnCl;- Mn(CO)5[Sn(C6H5)3] and [Mn(CO)5]2 were subse: 

quently isolated. 
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intermediates, even at -50°C by ‘H nmr. In terms of limitations, [Re(CO),]- 

is the only comson transition metal monoanion which cannot be prepared in high 

yield by this methodology. 

Formyl complexes such as 4 are of substantial current interest 
11-13.16.21 

as possible intermediates in important fuel producing catalytic processes. 

This investigation has established the possibility of their more widespread 

intermediacy in comnon organometallic reactions and contributed to the under- 

standing of their fundamental chemistry_ Preparative efforts are currently 

directed at making transition metal monoanion synthesis catalytic in trialkyl- 

borane (e.g., 3 can be generated from (E-CqHg)3B and KH)’ and at transition 

metal polyanion synthesis. 

Acknowledgment is made to the donors of The Petroleum Research Fund, ad- 

ministered by the American Chemical Society, for support of this research. 
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