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Enantioselective Deprotonation of 4-tert-Butylcyclohexanone by
Fluorine-Containing Chiral Lithium Amides Derived from a-Phenethylamine

KazumasaAokiandKenjiKoga*
Facultyof Pharmaceuticrd Sciences, University of Tokyo,Hongo,Bunkyo-ku,Tokyo113,Japan

Abstract: An a-phenethylamine-derived chiral lithium amide ((R)-5c) possessing a
2,2,2-trifluoroethyl group on the amide nitrogen was found to induce high enantio-
selectivity in the kinetic deprotonationof 4-tert-butylcyclohexanone (1) in the presence
of excess trimethylsilyl chloride to give the correspondingsilyl enol ether ((S)-2) in up
to 92% ee (86% chemical yield).@1997 ElsevierScienceLtd.

Enantioselectivedeprotonationof a-symmetriccyclohexanonederivativessuchas 4-tert-butylcyclo-
hexrmone(1) canbe carriedoutby usingvariouschirallithiumarnides.1Wehavepreviouslyreportedenantio-
selectivedeprotonationof 1 in the presenceof excesstrimethylsilylchloridez(TMSCI)by a chiralchelated
lithiumamide ((R)-3)possessinga piperidinogroupas an internal ligationsite for the lithiumand a 2,2,2-
trifluoroethylgroupontheamidenitrogento givethecorrespondingsilylenolether((R)-2)in reasonablygood
chemicalandopticalyields.s It is shownthatthe2,2,2-trifluoroethylgroupplaysa cmcialrolein inducinghigh
enantioselectivi~.In searchofeasilyaccessiblechirallithiumamidesthat inducegoodenantioselectivityin the
presentkineticdeprotonationreaction,we designeda-phenethykunine-derivedchirallithiumamideshavinga
fluorine-containingalkylgroup((R)-5a-c)4, and comparedtheir abilityas chirrdbaseswith thosehavingan
rdkylgroup((R)-5d-e) or a 2-(dimethylarnino)ethylgroup((R)-5f) on the amidenitrogen. All reactionswe~
carriedout in THFin thepresenceof excessTMSC1.Resultsaresummarizedin Table1.
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C: R = CF3 f : R = CH2N(CH&
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Run 5 R f’c) 2 Chem.y. (%) Opticaly. (%)

1 (R)-5” CH2F -78 (s)-2 61 43

2 (R)* CHF2 -78 (s)-2 66 59

3 (R)-5c CFS -78 (s)-2 96 69

4 (R)- CF3 -1oo (s)-2 S6 92

5 (s)-s0 CF3 .-100 (R)-2 63 92

6 (R)&f CH3 -78 (s)-2 55 41

7 (R)-Se C(CH~3 -76 (s)-2 94 32

6 (R)-5f CH2N(CH3)2 -76 (s)-2 92 18
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It is shownthatchemicalandopticalyieldsof theproduct(25$)dependheavilyonthesubstituentonthe

amide nitrogen. Thus, among the amides ((l?)-5a-c) having a fluorine-containingalkyl group, enantio-
selectivityof the reactionincreasesas the numberof the fluorineatomsincreases(runs1,2,3). It is shownthat
the amides((R)-5d-e)havingan alkylgroupon theamidenitrogengave(.S,)-2in lowopticalyields(runs6,7).
It is ag+iushownthatthe2,2,2-trifluoroethylgroupis necessaryto get theproductin highefficiency.

Basedontheassumptionthatoneof the fluorineatomsandthe lithiumin (R)-5cmaybe forcedto come
into closeproximitydueto the electrostaticinteraction,as wasobser~edin (R)-3,3(R)-5fwas designedwith
theexpectationthatthedimethylaminogroupwillorientitselfin closeproximityto the lithiumby coordination.
It is shown,however,that (R)-5fgave(S)-2in quitelowenantioselectivity(run8).

A typicalexperimentalprocedure(Table1,run4) is as follows. Underargonatmosphere,a solutionof
butyllithiumin hexane(1.55N, 1.55mL,2.4 mmol)wasaddedto a solutionof (R)-4c (508mg,2.5 mmol)in
THF(50mL)at -78”C.Theresultingsolutionwasstirred,at-78‘Cfor30 minandwasthencooledto -100“C.
Afteradditionof TMSC1(1.27mL, 10mmol),a solutionof 1 (308mg,2.0 mmol)in THF(4 mL)wasadded
dropwiseovera periodof 6 rein,andthe wholewas stirredat -100“Cfor 50 min. The reactionmixturewas
quenchedwith triethykunine(4 mL) and satd. aq. NaHC03(10 rnL),andthe wholewas rdlowedto warmto
roomtemperature.Afteradditionof water(15mL),the mixturewasextractedwithhexane(3 x 50 mL). The
organicextractswere combined,washedsuccessivelywithwater (2 x 20 mL),0.1 N aq. citricacid (2 x 100
rnL,3 x 50 mL),water(20mL),satd.aq.NaHC03(20mL),brine,andthendried(Na2S04). Evaporationof
the solvent in vacuogave a yellowoil, whichwas puiified by columnchromatography(silica gel, hexane)
followedby bulb-to-bulbdistillationto give (S)-2as a colorlessoil (388 mg, 86%yield) of bp 150”C(0.5
mmHg) (bath temperature),[a]36525-217.1(c, 1.49,benzene),correspondingto be gz~o ee.5 (R)-4c was
Hovered (67%isolatedyield)withoutanylossofopticalpurity.

Since(R)- and(S)-5Careeasilyaccessiblein opticallypureformsfromcommerciallyavailable(R)- and
(S)-a-phenethylarnine,thesechirallithiumamidesaie practicallyusefulbasesfor the presentenantioselective
deprotonationreaction.
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