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Abstract: Uenolates are readily converted to Mn-enoiates by treatment with manganese halides. In 
THF, the reaction is easily and economically performed with manganese chloride at room temperature. 
Mn-ctwlates can then be regioselectively monoalkylated in good yields. The formation of di and 
polyalkylated products is never observed (c I %). 

In the preceding communicationl, in which we claim our anteriority on a communication 

recently published in this journal.23 3 we have shown that ketones are easily and regioselectively 

deprotonated by Mn-amides in THF at room temperature to give the kinetic Mn-enolates. In the 
presence of a polar cosolvent (e. g. DMSO or NMP), Mn-enolates are then regioselectively 

monoalkylated in good yields at room temperature. 1~ 3a However, Mn-amides cannot be used to 

obtain the thermodynamic Mn-enolates (i.e. 3). 1*3z Now, we report that both kinetic and 

thermodynamic Mn-enolates (i. e. 3 and 7, scheme I) are easily and selectively prepared by 

transmetallation from the corresponding Li-enolates (i. e. 2 and 61 or from Mg. K and Na-enolates?b 

Scheme I. Regioselective Preparation and Monobenzylation of the two Regioisomeric 

Mn-Enolates of a-Methyl Cyclohexanone. 
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a/ 1.05 equ. MeLi, THF, -15°C to rt, 30 minP bl MnCl4Li2.5 rt. 30 min. d 1.25 equ. PhCHzBr, THF/DMSO. 20°C. 2h. dl 
Distilled product, 4/g= 94:6 (regioisomeric purity of the starting silylenol ether 1 : 95%) cl polyalkylation < 1%. f/ 1.1 equ. 
LDA, THF, rt, lh. g/ Distilled product, 814 = 94:6. The cis isomer is predominant. 
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The Mn-Li exchange reaction readily occurs quantitatively in ether or in THF with MnI2 as well 

as with M&r2 or better its soluble ate complex MnBr4Li27v 8. However, it is easier and more 

economical9 to perform the transmetallation in THF at room temperature from MnCl2 or its soluble ate 

complex MnC4Li25 (scheme I). 

As previously reported, hdn-enolates are regioselectively monoalkylated; a polar cosolvent such 

as DMSO or NMP must generally be added to increase the alkylation rate.19 3a Thus, it is possible to 

prepare the two regioisomeric ketones 4 and 8 in good yields and with an excellent regioisomeric 

purity. It is worthy of note that 8 has been obtained by alkylation of the Li-enolate 6 in only 42-4596 

yield (20% polyalkylated products) with a moderate regioselectivity (8/4= 76:24).10 Moreover, the 

results obtained from Li-enolates clearly depend on the rate of addition of the alkylating agent, an 

“instantaneous” addition leading to the best results. On the contrary, this parameter is not very 

important with Mn-enolates, which is especialIy interesting for large scale applications. 

Various ketones have been selectively monoalkylated according to this procedure (Table I and 

Scheme II). The conversion of Li-enolates to Mn-enolates allows to avoid both regioisomerization 

and polyalkylation. 

Table I. Preparation of Monoalkylated Ketones by Alkylation of Mn-Enolates Prepared from 
Kinetic Li-Enolatesa (the results under brake@ correspond to the alkylation of Li-enolates) 

Starting Ketone Alkylating Agentb Yield, W Regioselectivity Polyalkyhtion, 96 

Cyclohexanone PhCH2Br 88 (55) c 1 (32) 

prcopr PhCHzBr 92 (68) 4 (23) 

I 3-Me-Cyclohexanone PhCHZBr 1 79 (37) 1 86/14 (74:26)d 1 <l (47) 

I PrCOMe I PhCH2Br I 72 I 82/18= I <l 

a/ 1.1 equiv. LDA, O”C, 1 h then MnClqLi25; rt, 30 min. ((for PrCOMe, the two steps are performed 
at -78°C for lh). b/ 1.25 equiv. RX, THP/DMSO, rt, lh except for PrCOMe: 2 equiv. PhCH@r, 
THF/NMP, -78°C. lh . c/ Distilled product. d/ 6-BenzyWbenzyl. e/ Phenyl3-hexanone& 
benzyl-Zpentanone. 

Scheme II. Highly Regioselective Monometbylation of Z-Methylcyclohexanone via the 
Mn-Enolate Prepared from the Thermodynamic Li-Enolate. 

a/ THF, -15°C to rt, 30 min. b/ MnClqLi25; rt, 30 min. c/ 1.15 equiv., 
THF/DMSO. rt, 1 h. d/ Regioisomeric purity; 2.2E2.6 dimethyl= 99: 1. 
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Various procedures have been previously reported to perform the monoalkylation of ketones. 
Thus, Tardella has converted the Li-enolates to Sn- or Al-enolates and Noyori to Zn-enolates whereas 
Negishi has prepared the K-enolates which are then transformed to B-enolatesll. Our procedure is 
clearly simpler and less expensive since the transmetallation is performed with MnC12 instead of 
Et3Al, Bu3SnC1, Et3B or EtzZn, which are expensive and for some of them toxic or pyrophoric. ln 
addition, no excess of alkylating agent is required (Sn- and Al-enolates) and the hazardous 
preparation of K-enolates (required for the synthesis of B-enolates) is avoided. 

Kinetic Mn-enolates can be obtained either by transmetallation from Li-enolates (see above) or 
by deprotonation of ketones with Mn-amides. 1 The first procedure may seem easier to carry out 
since LDA is more usual than aromatic Mn-amides. However, Mn-amides are readily prepared and 
can be easily stored at room temperature, contrary to LDA.l.3 

In fact, the choice of the procedure depends on the nature of the starting ketone. Thus, the Li- 
Mn transmetallation procedure generally gives better results with the very reactive ketones (i. e. 
methyl ketones and to a less extent cyclohexanone), which easily undergo a 1,Zaddition reaction, 
since the aldol condensation is slightly easier to control with LDA than with Mn-amides. For 
instance, in the case of the benzylation of cyclohexanone; the transmetallation procedure gives a 
88% yield (Table I) and the Mn-amide procedure 65%. On the other hand, the Mn-amide method 
generally gives a higher regioselectivity and often a better yield with the less reactive ketones such as 
Zsubstituted cyclohexanones or dialkyl ketones (Scheme III). 

Scheme III. Regioselective Monobenzylation of 2-Methyl3-Nonanone 
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Li-Mn transmetallation procedurea: 84%b (11/W= 83:17) 
Ph(Me)NMnCl procedurec: 85%b (11/12= W:3) 

a/ 1) 1.1 equiv. LDA, rt, THF, 30 min. then M&l&$, rt, 30 min. then 1.5 equiv. PhCHgBr. 
THF/DMSO, rt, 2h. b/ Yield of distilled product. c/ 1.1 equiv. Ph(Me)NMnCl. THF, rt, lh 
then 1.2 eqiv. PhCH2Br. TIWDMSO, rt, 2h. 

Of course, the Li-Mn transmetallation reaction can also be performed from the Li-enolates of 
esters (Scheme IV). The resulting Mn-enolates are easily alkylated under the conditions described 
above. 
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Scheme IV. 

0 OMnC1 0 
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Et - Et 
t-BuO 2/ MnClzb t-BuO t-BuO 90%9bd 

a/ 1.1 equiv. LDA, THF, -78’C, lh. b/ MnClqLiz 5, -78’C to rt, 30 min. c/ 1.25 equiv. PhCHgBr, 
THF/DMSO, rt, 2h. d/ Yield of distillated product. 

In conclusion, kinetic and thermodynamic Mn-enolates are easily prepared by Li-Mn exchange 
reaction from the corresponding Li-enolates. The alkylation of Mn-enolates allows to obtain the 
mono alkylated ketones in excellent yields and with an excellent regioselectivity. The polyalkylation 

generally observed with Li-enolates is avoided (< 1%). The results are often better than those 

previously described with other metal enolates (Sn, Al, Zn, B). In addition, the Mn-enolate procedure 

is clearly superior for large scale applications since it is simpler, cheaper and does not require any 

toxic or pyrophoric material. 
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