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Absfract Transmetalatlon of organolithium reagents RLi (R = CH3, n-B@ with manganese 
pivalate produces reagents of the type RMnOC(O)rBu which react stereoselectively with 
substituted cyclohexanones to afford the axial alcohols preferentially. These reagents as well 
as cerium ate complexes RCe(OrR)3MgX react aldehyde-selectively in the presence of 
ketone functionality. 

Carbanions in the form of organolithium reagents constitute the largest and most diverse class of 

organometallics used in synthetic organic chemistry. Unfortunately, in some cases the reactions with 

organic substrates show low degrees of chemo- and stereoselectivity. In the 1980’s we introduced the 

concept of controlling “carbanion selectivity” via titanation with ClTiX3 (X = Cl, OR, NR2, etc.)‘). It turned 

out that the nature of the ligand determines the diction and extent of stereoselectivity in many carbonyl 

addition reactions. Subsequently, a number of other metals were likewise tested as transmetalating agents, 

including cerium2). ytterbium3), iron41. cobalt5) and uranium@ salts. However, the possible influence of 

ligands was generally not studied. Recently, we have shown that ligand effects in classical Grignard 

reagents RMgL (L = tosylate, carboxylate, etc.) have a pronounced influence on the extent of chemo- and 

stereoselectivity7). Here we report our initial experience with ligand effects in carbonyl addition reactions of 

organomanganese*) and cerium2) reagents. 

In an in situ reaction mode organolithium reagents were transmetalated with manganese pivalate 2 to 

produce alkyl- and arylmauganese pivalates 3. Since we do not currently know the structure, aggregation 

state or the possible role of the lithium salt 4 which is formed concomitantly, formula 3 is to be regarded as 

a formal representation. 

! ti :: 
RLi + MnWC(CH3)312 - RMI~OCC(CH~)~ + LiOCC(CH3)3 

1 2 3 4 
Upon adding these reagents and the corresponding bromides RMnB? to 4-rerr-butylcyclohexanone 

5, notable ligand effects were observed (Table 1). Significantly, CH3MnOC(0)rBu9) shows preferred 

equatorial attack to the extent of 92%. whereas CH3MnBr results in oniy 81% diastereoselectivity. The 

former reaction is comparable to that of CH,Ti(OPh), (93% diitereoselectivity in a very slow reacti~n)~~). 

Interestingly, the magnesium analog CH,MgOC(O)rBu leads to a 65 : 35 mixture of 6/7 as do CH,MgBr 

and CH3Liro). Using a different strategy, namely complexation of CH,MnBr with phosphines, diastereo- 

selectivity can also be influenced (Table 1). For reasons that are currently unclear, the phenyl-reagent 

PhMnOC(O)rBu reacts stereorandomly, in contrast to the magnesium analog PhMgOC(O)rBu’). 
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Table 1. Reactions of Organometallics with 5 in THF (-78°C + +22Va). 

Reagent 6 : 7b) Con%Zion 
CHsMnBlf) 81 : 19 92 

CHsMnBr .2 PEts 82 : 18 64 

CHsMnBr ~2 P(D), 89 : 11 89 

CHsMnBr -2 P(rBu), 91 : 9 95 

1 CHsMnOC(O)rBu 92 : 8 95 (82)d)] 

CHsCe(OrPr)&i 71 : 29 77 

CHsCe(OiPr),MgCle) 71 : 29 78 

n-BuMnBrC) 87 : 13 92 

n-BuMnOC(O)tBu 93 : 7 94 (78)d)l 

n-BuCeCla 

n-BuCe(OiPr)sLi 

PhMnBrC) 

PhMnOC(O)tBu 

PhMgBrKeCls 

PhCe(OiPr)sMgCl 

PhCeCl$ 

PhCe(OrPr)lLi 

79 : 21 80 

84 : 16 72 

53 : 47 83 

50 : 50 91 (72)d) 

50 : 50 81 

39 : 61 57 

56 : 44 90 

58 : 42 89 

a) Reactions of manganese reagents (2 eq) at -78“C --* +22Y?), those of cerium reagents (1.3 eq) at -78% 
(3 h). b) Determined by CC. c) Prepared by tmnsmetalating RLi with MnBra.2LiBr. d) Isolated yield. e) 
From CeCls~3rPrOH and four equivalents of CHsMgCl. 

With respect to ready accessiblility, reactivity, stereoselectivity and ease of performance, no other 

methvlmetal reagent nresentlv known excells CH~MnOC(O)tBu in eauatorial addition reactions to 

substituted cvclohexanones”*r2). The reaction with cholestanone 81°*13) is another example: 

To probe potential ligand effects of organocerium reagents, we first concentrated on ate complexes 

produced by reacting cerium triisopropoxide14) with RLi and RMgCl. 
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RLi + Ce(OiPr)s - RCe(OrPr)&i 

RMgCl + ce(o-13 ____) RfJe(01%)~MgCl 

These reagents appear to be less suited for stereoselective additions to ketone 5 as shown in Table 1. 

However, the Ce/Mg-ate complexes am highly aldehyde-selective in simple competition reactions involving 

1 : 1 mixtures of benxaldehyde and acetophenone (Table 2). It is also significant that PhLiiCeC13 behaves 

chemorandomly. in contrast to the ~99% aldehyde-selectivity displayed by PhMgBr/CeC13! Uthiated 

acetonitrile has been transmetalated previously using titaniumlb~la! iron’@. manganese16). chromium’@, 

nlcke116), cobalt16), copper*@ and cerluml’) salts. 

ff 
OH OH 

PhCHO + PhCCH3 =+ A + Ph R 
Ph R + 

CH3 

10 11 12 13 

Table 2. Chemoselective Reactions of Organometallics with lo/11 in THF. 

Reagent 12 : 13 Conversion 
I (a) 

CH3MnBI) >99 

CH3MnOC(0)rBu 249 

CH3Ce(Or~)zb’ 95 

3 CH3Li/CeC13 50 

CH3Ce(Oih)3Lic) 82 

CH3Ce(OrPr)3Lid) >99 

CH3Ce(OiPr)3MgC1” >99 

n-BuLiiCeC13 58 

n-BuMgCl/CeCl, 98 

n-BuCe(OiPr),MgCl >99 

PhLiKeCl, 50 

PhMgBr/CeC13 >99 

PhCe(OrPr)3MgBfl >99 

NCCHzMnOC(0)zBus) 88 

LiCH2CN/CeC!13 14 

NCCH2Ce(OiPr),MgBrs) 87 

: cl 95 

: <l 85 

5 50 

: 50 99 

: 18 90 

: <l 91 

: <l 80 

: 42 95 

. 2 89 

: cl 72 

: 50 95 

: <l 81 

: <l 80 

: 12 90 

: 26 13 

: 13 61 

a) Prepared by transmetalating CH3Li with MnBq2LiBId). b) Prepared by reacting CH,Li with 
ClCe(01Pr),~~). c) From CH3Li and C&Or%),. d) Prepared by treating &Cl,* 3 rPrOH with three 
equivalents of n-BuMgCl followed by one equivalent of CH3Li. e) From CeC!ls* 3 rZY0I-I and four 
equivalents of CH3MgC1. f) From PhMgBr and Ce(OrPr)s. g) Thii reagent Was prepared from lithlated 
acetonitrile and the equivalent amount of Mn[OC(0)zBulz. h) Prepared by reacting NCCHzMgBr wltb 
Ce(OiPr)3. 



In summary, this communication demonstrates that the exploration of poteatial l&and effects in such 

organometallic compounds as organomanganese and cerium reagents can be rewarding. Indeed, new 

synthetic methodologies ‘evolve, inspite of the fact that struchiral and mechanistic studies lag behind. More 

work is necessary with these and other metals, with other organolithium precursors and with different 

organic reaction partners. The final picture which will evolve is likely to be one of complementarity, i. e., 

not a single metal or a particular ligand is expected to be optimal in all synthetic situations. 
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