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An Approach to Catalytic Enantioselective Protonation of
Prochiral Lithium Enolatesl
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Abstract: Protonationof prochirallithiumenolates(4), preparedfromracemic2-
substituted-1-tetralones(2) via their silyl enolethers(3), withexcesssuccinimidein
thepresenceof lithiumbromideand0.2equivalentof a chiraltetmdentateamine((R)-
1) in tolueneat -78‘Cgaveopticallyactive2 in upto 83%ee.
@1997 Elsevier Science Ltd.

Enantioselectiveprotonationof prochiralenolatesis a promisingmethodforthepreparationof optically
activecarbonylcompoundshavinga chiraltertiarycarbonat thea-positionof thecarbonylgroup,becausethis
methodmakesit possibleto convertthe racemiccarbonylcompoundsintothe correspondingopticallyactive
ones. Sincethepioneeringworkby Duhamel,3manyexampleshavebeenreportedto date,4includingcatalytic
versionsof this process.5
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Scheme 1. Enantioselective Protonation

Wehavepreviouslyreportedenantioselectiveprotonationofprochirrdlithiumenolates(4)byaceticacid
usinga stoichiometricamountof a chiraltetradentateamine((R)-l)asa chiralsourceas shownin Scheme1.6
Thus,racemic2-substituted-l-tetralones(2)wereconvertedto theircorrespondingsilylenolethers(3),which
weretreatedwithmethyllithium-lithiumbromide(LiBr)inethertogivethe lithiumenolates(4)containingLiBr.
Afteradditionof (R)-1(1 equivalent),protonationby aceticacidwas camiedout in tolueneat -78 ‘C to give
opticallyactive2 in up to 91’ZOee (Table 1, run 1). By a similarstrategy,enantioselectivealkylationof the
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lithiumenolate of I-tetralonewas realizedusingalkyl halidesas electrophilesinsteadof acetic acid.7 It is
postulatedthat the reactiveintermediatein theseenantioselectivereactionsshouldbe a ternarycomplexformed
froma lithiumenolate,a chiraltetradentateamine,andLiBr.c-8 Catalyticenrrntioselectivealkylationwasalso
realizedbythis strategyusinglessthana stoichiornetricamountof a chiraltetradentateamineas a chirrdsource
in thepresenceof an achiralbidentateamine. Thismeansthatthe lithiumenoiatethatis complexedwitha chiral
tetradentateaminereactswithalkylhalidesfasterthanthelithiumenolatethatis notcomplexedor is complexed
witha bidentsteamine,andthat ligandexchangein situ occurs fasterthanalkylation.7bfJAlthoughprotonation
is obviouslyfaster than alkylation, the above data suggest the possibilitythat catalytic enantioselective
protonationby using less than a stoichiometricamountof (R)-1 may be possible,if some devicecould be
designedwherebythe protonationof the lithiumenolatesthat arecomplexedwith(R)-1couldbe madeto take
placeslowerthanthe ligandexchange.

Table1. Enantioaelective Protonation of 4 to Give 2a

(R)-1 Proton source Product
Run Substrate (eq.) (eq.) Reaction mixture 2 E.e. (%)9

lb 3a
2C ti
3d 3a
4e 3a
5f 3a
~f 3a
~f 3a
8f 3a
9f 3a

,~f 3a

1If 3a
12f 3a
13f 3b

1.03
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1

0.1
0.2
0.1

AcOH (1.02)
AcOH (1.2)

di-tBu malonate (1.2)
2,4,6-tri-tBu-phenol (1.2)

2-piperidinone(1.2)
phthalimide(1.2)

Me2NEt HCI (1.2)
succinimide(1.2)

polymaleimide(excess)wl-m o NH(l.2)

o 0
succinimide(10)
succinimide(10)
succinimide(1.2)

14f 3a 0.011 succinimide(3.8)

homogeneous
homogeneous
homogeneous
homogeneous
homogeneous
heterogeneous
heterogeneous
heterogeneous
heterogeneous

heterogeneous

heterogeneous
heterogeneous
heterogeneous
heterogeneous

(S)-2a
(S)-2a
(S)-2a
(S)-2a
(S)-2a
(S)-2a
(S)-2a
(S)-2a
(S)-2a

(S)-2a

(S)-2a
(S)-2a
(R)-2b
(S)-2a

91
28
15
51
59
55
67
69
72

74

73
83
68
54.,

a Two reactionprocedures(for runs 2-13, and for run 14)are described in the text. The products (2) were
isolated in over 86’%.yields. b Date taken from ref. 6. c Protonsourcewas added slowlyduring 45 min.
d proton sourcewas addad within 1 min. e Protonsoucewas added slowlyduring 150 min. f Protonsource
was added in one portion. 9 Determinedby HPLCusinga chiral column.’4

Protonationexperimentswerecarriedoutas shownin Scheme1usinglessthana stoichometricamount
of (R)-1in tolueneat -78 ‘C. In all cases, the productswere isolated in over 88Y0yield. The results are
summarizedin Table 1(runs2-13). Byslowadditionof aceticacid (pKa 4.76in water9)in tolueneduring45
min in the presenceof 0.1 equivalentof (R)-1, (S)-2awasobtainedin 28%ee (run2), indicatingthat (R)-1is
actuallyrecycledin situ.. Quickadditionof the lessacidicdi-ter-t-butylmalonate(pKa 13.510) gave (S)-2ain
loweree (run3),but still showsthe recyclingof (R)-1.Onthe otherhand,veryslowadditionof 2,4,6-tri-ter-t-
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butylphenol(pKa 12.2 in waterll) in tolueneduring 150mingave (S)-2ain 51%ee (run4). Interestingly,
quickadditionof 2-piperidinonewasfoundto be effective(run5).

Basedonthe assumptionthat slowadditionof the protonsourcemaybe realizedby usingacidsthat are
solid and are not practicallysolublein toluene,phthalimide(pKa 8.3 in water12),N,N-dimethylethylamine
hydrochloride(pKa 9.99in waterls) and succinimide(pKa 9.6 in waterlO)werepowderedand addedin one
portion(runs6-8). A heterogeneousmixturewasobtained,whichwasstirredat -78“Cfor 1hr. Acidshaving
an imidemoiety,suchas polymaleimideandpyromelliticdiimide,werealsoexaminedin a similarway(runs9,
10). It is shownthat ee’sof (S)-2awere foundto be increased. By usinga largeexcessof succinimideand
0.2 equivalentof (R)-1,ee of (S)-2a was furtherincreasedto 83%(run 12). In a similarway, by using0.1
equivalentof (R)-1,4b wasenantioselectivelyprotonatedto give(R)-2bin 68%ee (mn 13).

A typical experimentalprocedure(Table 1,run 12)is as follows. A solutionof MeLi-LiBrin ether
(1.03M in MeLi,0.75mL,0.77mmol)wasaddedto 3a (171.6mg,0.72mmol)at roomtemperature,andthe
wholewas stirredat this temperaturefor 90 min. Toluene(7 mL)was added,and the resultingmixturewas
cooledto -20 “C. A solutionof (R)-1 (46.0 mg,0.144mmol)in toluene(1.5mL)wasadded,andthe resulting
clearsolutionwasstirredat -20‘Cfor40 rein,andthenat -78‘Cfor20 min. Powderedsuccinimide(712mg,
7.2 mrnol)wasaddedin oneportion,andthe resultingsuspensionwasstirredat -78 ‘Cfor 1hr. 10%aqueous
citricacid(10mL)wasaddedto the reactionmixture,andthewholewasextractedwithether(20mLx 3). The
combinedorganicextractswerewashedwith saturatedaqueousNaHC03and brine,and driedoverMgS04.
Evaporationof the solventto drynessunderreducedpressuregave(S)-2a(103mg,90%)as a colorlessliquid
of 83%ee.14

Protonationcan be carriedout in a differentway as follows(run 14). A solutionof 4a and LiBr was
preparedfrom 3a (612.3mg, 2.63 mmol)and MeLi-LiBrin ether (1.03M in MeLi, 2.76 mL, 2.84 mmol)
followedby dilutionwithtoluene(20 mL)as describedabove,and wasaddedveryslowlyto a suspensionof
(I/)-l (10.0 mg, 0.03 mmol) and powderedsuccinimide(995 mg, 10 mmol) in toluene (18 rnL)at -78 “C
during5 hr usinga microfeeder.Work-upas describedabovegave(S)-2a(383mg,91%)as a colorlessoil of
54%ee.14 Thereasonforthe loweree of (S)-2ain thiscasemaybe dueto the amountof (R)-1(0.011equiv.
to 4a), or to the partialracemizationof (S)-2abecauseof the longerreactiontime. However,this resultmay
mean the necessity of forming the intermediate complex prior to the protonation. Details are under
investigation.

In conclusion,it is shownthat, in thepresenceof LiBr,catalyticenantioselectiveprotonationof achiral
lithiumenolates(4), preparedfrom racemic2-substituted-l-tetralones((RS)-2),was achievedby usingless
thana stoichiometricamountof (R)-1andexcessamountof protonsourcesthatare solidandarenotpractically
solublein toluene.
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