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Absmut: Mn-cnolam are easily and quandtattvciy abtakd under mild mt&io~~ (THF. -1OaC to rt. 
Ih) by tmument C# ketones with tmmatic Mn-ami&.s such as Ph(Me)NMnZ. They allow to prepare 
2 siiyl en01 ethers ami 2 emi esters in hi 
(kinetic product: 2 99%. ZIE: 9317 to 1001 d 

h yitlds and with an excdent regio- and stereoselectivity 
). 

Silyl en01 ethers arc very vcrsatilc intcrmcdiatcs in organic synthesis.2 as an example. pure 2 OT E 

cnoxysilanes have kn used to pcrfam~ stcrcos&ctive aldol addition reactions3. Tbeii preparatioa has been 
extensively studied and ftquently involves the silylation of metal cnolatcs. As a rule, good yiekis arc obtained, 
the two main pmblctns are the control of the stcrcoselcctivity and. in the case of unsymmetrical ketones. the 
control of the rcgiosekctivity during the enolization step. Thus, to obtain mainly the Z Li-cnolatcs. the ketones 
must generally be treated with Li-amides at low temperature (-78oC) in the presence ofHh4PA4. 

In this communication we show that Mncnolates, a new class of metal enolates which are easily prepe~& 
in THF by legi@ and staWsclcctive~ deprotonation of ketones with Mn-amides under mild condi&nsa (-WC to 
rt). ntiy react with MejSiCl to give the Z silyl en01 ethm with a high selectivity in good yields (Table 1. 

entries 1,2,4 to 6). Moitovcr, the regiosclaztivity in favour of the kin& pmduct is exccllcnt (Entries 3 and 6). 

l/ F'h(R)NMnPh;lTlF. -1O”C.lh 

Y Me&C% -1WC to rt, 30 min. 

TaMc 1. Regio and Stcz~~~lcctive Reparation of 2 Silyl Enol Ethers via Kinetic Mn-Enolatcs7. 

a/ 1.M equiv. of Mn-amide am used. For a typical procedure ace note 7. b/ Yield of distilkd 
pmduct. cl Determined by GLC* and lH NMR (400 MHZ). dl Ratio kinetic/tbcnuodynamic 
products. dR#ctionperfocmedintthainthe~suwxof4aquiv_TMEDA(seeTable6). 

To obtain good yields of silyl tnol cthcn, it is essential to deprotonate tbc ketones with Mn-ami& 
prcpaled f+om tlrotnatic amines (4NH or ArRNH) since Mndialkylamidts Mt ckarly less dfieznt qrabic 2 ). 

6295 



62% 

11 RR’NMnPh 

Tabte 2. Dcprotonation of 5-Nomtnone with N-Ary\ rtd N-Alkyl MI-Amidu. 

1 MO-Amid@ 1 BuZNMnPh 1 i-RzNMnPh 1 Ph(Bu)NMnPh 1 NaphOW- 1 m 1 

Yield, W 1 43 1 40 I 93 I 95 

a/ 1.05 equiv. of Mn-mide are used b/ Yield of dlstllM trlnWhylslly1 enol ether. 

95 1 

In most cases, aqanomanganesc am&s RR’NMnR* (Table 3. entry 7) as well as alcoxymangancsc 
amides9 (Entry 8). halomanganese amides RR’NM& (Entry 9) and manganese diamidcs (RR’N)2Mn9 
(0.5 equiv.. entry 10) can be wed imliffmtly albeit with tbcse thnx later the rate of &ptmaticm is low&O. 
This~~isonly~pdltantinthtcascofrtacdvtlretoncssuchasdiethylkeoDoednatbeeno~sttp 
must he performed with aganomanganese amides to suppress the compe!ing al&l addition maction@ltlies11 
and 12). With the vmy xcactive cyclopentanone or methyl ketones rhe formatiolr of the aldol pmducts cam&X be 
avoided whatever the nature of the Mn-amide @nay 13). 

Table 3. DcprotoMtioe of Ketonts with Mn-Amides: Influtnct of the Natu~ of Ph(Me)NMnD. 

Entry 1 Ketone 1 Mn-Amid@ 1 wield, %b 1 

I 7 1 BuCOBu 1 PhMOJMnPh f 92 1 

a/ 1.05 equiv. of Mn-amide BIG used. b/ Yield of distllled trlmeXhylslly1 enol ether. 

At room temperature. the deprotonation of ketones with Ph(h4e)NMnPh mainly gives the Z Mn-cnolates 
(Table 4, entry 14). Interestingly. it is possible 10 form almost exclusively the Z isomer by lowering the 
tempemture of the rca~tion mixture (Entries 15 and 16). 

Table 4. Deprotonation of 5-Nonanonc with Ph(R)NMnPh*: Influence of the Nature of R on the 
stelwsekuivllyaftheRl?acti~ 

20 1 Bt2cn ( 2Pc Ill I 69 I 65/35 I 
a/ A.05 equiv. of Mn-amide a~ used bl ll~. sllyladon was performed at the same tempemturt c/ Yield of distilled 
product. d/ Dacrmined by GL@ and IH NMR (400 MHz). d 83/l7 from ph(Mc)NMnQ. 
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Thes~lectivity~Pleokimprovedbyincreroingsli%tlytberizeottherminoOronpafPhRNMnZ 
(for instance, when R= Bu or Ph instead of Me, eatties 14.17 and 19). Howeva,at=bulkyRgroup(R= 
Et~enuy2O)letb&toalowerselectivity. Froma~pointofvisw,itirworrhyof~thatgoodyields 
andselectivities(ZZ~)canbeobtainedbetweenOOC~-l00CbyusingaMn-unide~fromthe 
commacially available N-methyl or N-butykniline @MX& 15 axl 18). 

The dcprotonatiat of ketones with Mn-am&s principally affads the less substituted ttgioiicr (kinetic 
tcgioisomer). The xegioselectivity of the reaction depends on two major factors, the siz of the amino moiety of 
theMn-amidcatxitknatmeoftbesolvent 

The results obtained from various manganese atyl alkyl amides PhRNMuZ (Table 5) show that the 
tqioselectivity clearly dipends on the size of the aryl and alkyl groups Ar (see entry 21 and note d) md R 
(Enhie.s 21 to 28). Nevutkless. when the stuic hindmn~ becomes too impormnt, the rcg&&ckvity and above 
alltheyieLddecreroes(Entry24).Ilrarule,thebertresultrrreobtPinedwith~~~~N_butyl 
aniline (EIntIy 25). In some cases, for example with 2-methyl cyclohexanme, the tqioselectivity can be slightly 
increased by using a N+bmnched alkyl aniline @ntks 26 to 28). 

Table 5. Dcprotonation of i-Methylcyclohexanm with Ph(R)NMnPW: Intluencc of the Nature of R on the 
Stemoselectivity dthe Reaction. 

Entry R Yield, %b A/B= Entry R Yield, %b AIBC 

21 hJ!zd 90 I 84/M 25 Bu 93 

22 Et 91 19=126 M@HCH2 81 95/s 

23 i-R 75 1 98/2 1 27 Et2CHCHZ 90 9614 

24 m2(3I 60 1 WlO 1 2% -cHz 84 97P 

a/ 1.05 equiv. of Mn-amide a~ used. b/ Yield of diied product. c/ Detetmined by GL&? snd lH NMR 
(400 MHz). d/ When Ar= tqbtyl instead of Ph far R=Me; yield: 94%. A/B: 9119. 

All our numerous aaempts to nplace THF by another solvent have led to a similar oc vety often to a lower 
qioseleetivity. In zxlditial tkse exp&nents kqU%tly gave low yields. The only inQzWt.ing rtsults have beul 
obsuved when the c@Wmation was perfamed in a tnixtlnt ether/tertiary amine (Table 6). Wth the appqniate 
Mn-amide. the kinetic enolates are then formed exclusively (Entry 33). It should be noted that the amine can 
even he used as ligand (TIMEDA, 4 equiv., entries 31 and 33). 

Table 6. Dcpmtonation of 2-Methylcyclohexanone with Ph(R)NMnPh: Influence of the Natut~ of the Solvent 
on the stenzo!X1ectivityofthe Reaction. 

Entry Mn-Amide Solvent Yield, %” A/B= 

29 fi(Me)NMnQ TIlF I 86 83/17 

1 30 iPh(Me)NMnBr 1 Ed&Bt+J O/l) I 74 I 9WlO I 

I 31 IIll(Me)NMnBr l-A (4eciuiv.) 1 89 1 9218 I 

32 =@wHm)-~ THF 93 9415 

33 Ph(Et$IHCIj2)NMnBr IW&IMBDA (4 cquiv.) 90 > 99/l 

a/ 1.0.5 equiv. of Mmamide m used. b/ Distilled pmd~~%. d Determined by CL@ atxi *H NMR (4CXl MHz). 
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As lllusaated above, Mncnolates 6m? easily sllylated. They can also be ecylated tew and aaeosekctively by 
carboxylic acid anhydrides to give the comsponding enol esters in good yields qabk 7). 

0 RCOO 

RJ 
l/ Ph(R)NMnPh; -ITIF, -10°C. lh 

RJ 

2j 2 cquiv. (Rcoho; -1oDC tort. 30 min. 

Table 7. Regio and Ste~eosclectivc Preparat.ion of Z En01 Bsoers via Kinetic Mn-Enoiarcs. 

Entry Ketone Ma-Amid@ R Yield, %b Z/EC Ahw’ 

34 Pb(Me)NMnPh Pent 90 w4 - 

35 i-RcoHex Ph(Bu)NMnMc Et 95 93fJ 99/l 

36 2-Mccyclohc~nc Ph(Bll)NMncl MC 92 99/l 

a/ 1.05 
4x 

iv. of bin-amide BTC used. b/ Yield of distilled pmduct. d Determined by GLC8 and lH 
_( MHz). dl Ratio kinetic&hemrodynamic pmducts. 

In conclusion, the regio- and stereosekctive preparation of Z sllyl enol ethers and Z enol esters firom ketones is 
easily performed in high yields and under mild conditions via Mn-enolates. From a preparative point of view, it 
is an interesting new route to these intermediates which have a large field of application in organic synthesis. It 
should be noted that the obtcntion of pure 2 or E silyl enol others is of great intcmst in diast~~~~~lc~tivc 

synthesis.3 Our results on the alQ1 and Michael addition rcactiofw of Mncnolatcs will be published soon. 
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T~piatl I&cedure: Preparation of Z-2-Methyl-3-trimethylsilyloxy-3-nonene (Table I. entry 6). 
A solution of 52.5 mmoles of PhMnN(Me)Pb was prepared by stirring, at moan tempantme for 30 min.. 
52.5 mmoles of MnC!l2-2LiCl. 52.5 mmoles of Ph(Me)NLi and 52.5 mmoks of PhLi/& in 80 ml of 
THF. At -1oOC. 50 mmoles of iPrCOHex and, after 30 min., 55mmoles of MejSiCl wetc ad&d. The 
reaction mixture was stir& for 30 min. then hydrolyzed (2 ml Et* then 60 ml HZO). Afrer usual work- 
up, the product was isolated by distillation (9O“Cn torr) in 90% yield (mgiusekctivity : 98%. ZIE: 97/3). 
The Z and E isomers ~lrc easily separated on a capillary column OV- 1.25 m x 0,33 mm i.d, 0.5 pm Blm 
thickness. 
FortheprrpsratlonofMn-smidesseertf.baandPlso~6bPnd~. 
TherateofdeprotonationandthcyieldsofMncaolaresalsodependonthepieoeaceofLixin~reoction 
mlxtum Thus, to obtain the best results, at least two equivalents of LiQ ate w with RR-Cl 
and tluee equivaknm with RR’NMnR”. In some cases, it is possible to improve tbe ykld by heating. 
Thus, the depmtonation of 3-methyl 

Y 
lohexanone by Ph(Me)NMnPb gave betbn yields at 6O“C (65% of 

silyl em1 ether) than at -1oOC (only 1 96). 

(Received in France 10 June lw: accepted 6 July 1994) 


