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Asymmetric Catalytic Alkylation of Aldehydes with Diethylzinc
Using a Chiral Binaphthol-Titanium Complex
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Abstract: The mymmetric catalyticalkykrdonof aldehydes with diethylzinc using (R)-
BINOL-Ti(O-i-Pr)2 complex m m mymmetrk precokdyst is shown to afford the
correspondingseconakry alcohols in a highenantioselectivity(up to 86?loee).
01997 EIaevierScience Ltd.

In a continuingeffortto developasymmetrictitaniumcatrdystsbasedon (R)- or (S)-1,l’-di-2-naphthol
(BINOL),1we arecurrentlydevotingour effortsto thedevelopmentof asymmetriccatalysisby usingthe chiral
diisopropoxycomplexA asanasymmetricprecatalystthatis easilyaccessibleby mixingcommerciallyavailable
(i-PrO)dTiand (S)-BINOL. Reportedso far are three differentcatalyticasymmetricprocesses, i.e., the
glyoxylate-enereactioncatalyzedby complexB preparedvia hydrolysisof A,z thehydrosilylationof ketones
withcatalyzedcomplexC generatedin situ fromA snd triethoxysilane,3andthe cyanosilylationof aldehydes
catalyzedby complexD generatedin situ from A and trirnethylsilylcyanide.4 Disclosedherein is a new
asymme~ic~at$ysis of the alkylationof aldehydeswith diethylzincusing complexA as the asymmetric
(pre)catalyst.‘ Of specialinteresthereis whetherthe intermediruydichiralcomplexE mightparticipateas
anotherasymmetric precatalyst.3
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out the reactionof benzddehydewith variousequivalentsof diethylzincinAt the outseb we carried
tolueneat -30 T2in the presenceof complexA preparedinsitu from(S)-BINOLand (i-PrO)4Tiat 25 ‘T (q 1).
The results thus obtained reveal that the ratio of BINOL and (i-PrO)4Tiis a key factor in dictatingthe
enantioselectivity(Table 1). Notably,a largeexcessof (i-Pro)ATi(vs. BINOL)was requiredto render the
reactionefficientlycatalyticand an excessof Et@ (vs. aldehyde)was neededto obtaina highchemicalyield.
Thus, thereactionwasbestcarriedoutin tolueneat -30-0C by using 10mol%of (S)-BINOL,1.2 equivof (i-
PrO)dTi,and 3.0 equivof Et+?%to afford,afterhydrolysis,the alcoholin 85%ee and >98%yield(entry6).7
Interestingly,whenthe four reactantswere addedsuccessivelyat no intervak, the use of 1.6 equiv. of E~Zn
gavea comparablyhigh%eeand%yield(entry8).

Next, the applicabilityof the presentasymmetriccatalysisto the reactionsof rdiphaticrddehydeswas
examinedunder simiku conditions(q 2, Table2). Thus, a comparablyhigh %ee was obtainedwith the

saturatedaldehydesat O ‘C (entries2 and 4) and the unsaturatedaldehydesat -30 ~ (entries6 and 10).
Significantly,(t-butyldimethylsilyl)propynalprovidesa muchhigher%eethanthetrimethylsilylcounterpart.
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JH + Eta
(kpfo)~~ - H+

JHE, (1)toluene

Tabkl. Tbe Asymmetriccatalytic Alkylationof BemzddehydeUsingComplexA.

entry BINOL (i-PrO)4’fi Et@r condition % yiel& % eea(cOnjig.)b
(equiv.) (equiv.) (equiv.)

1 0.2 0.8 1.8 -30 “C 120 h 28 56 (S)
2 0.2 1.0 1.8 -30 “C 120 h 36 77 (s)
3 0.2 1.2 1.8 -30 “C 120 h 61 83 (S)
4 0.2 1.2 3.0 -30 “C120 h 89 85 (S)
5 0.2 1.2 3.0 0 “C / 1 h 97 85 (S)
6 0.1 1.2 3.0 0 “C / 1 h >98 85 (S)

7 0.06 1.2 3.0 0 “C / 1 h >98 80 (S)
8C 0.1 1.2 1.6 0 “C / 1 h >98 84 (S)

“ Detecndnedhy cfsirrdGLCaoafyses(CP-cbimlsil-DEXOB).
b Assignedby tie sign of the OptiCidCOkitiOn(Cf‘f 5).

c BINOL,(i-PrO)4Ti,PhCHO,and Et2Zsrwere addedsuccessivelyat no intervats.

(S)-BINOL

,jiH + Et@
(i-Pfo)4rl(l.2equiv.)

“0: JHEt (2)
(3.oequiv.) toluene

Table 2 The AsymmetricCatafyticAkylations of VariousAMchydes.

entry Afdehyde BINOL(equiv.) condition % yield” % eeb(conjig.)d

1 n-C8H1f10 0.2 0 “C 13 h 90 81b(s)
2 0.2 -30 “C 140 h 94 86 (s)

3 c-qH13cHo 0.1 0 “C / 3 h 51 7$Sb(.S)
4 0.2 -30 “C/ 40 h 75 85 (S)

5 CHO
P-

0.1 0‘C I 1 h S8 78b(s)
6 0.2 0 ‘C I 1 h 97 82 (S)

7
~,~c”o :;

O“C / 1 h M8 56C(S)
8 -30 “C/ 20 h 26 (S)

9
TBDMSMcHO g:; O°C/lh ; 79(S)

O°C/lh 62’(S)
10

a Isolatedyield. b Determinedby chiralGLCanalysesss describedabove.c Determinedby
1“ w ~say of tie MTpA esters.‘Assigned by the sign of the OPtiCdromtions(c~ ~f 5)

In orderto identifytheactualcatalyticspecies,thefollowingNMRexperimentswere madeon the catalyst
solutionsin toluene-ds. (a)The 13CNMRspectrumofcmnplexApreprutdfroma 1:1mixtureof (&)-BINOL

and(i-PrO)4Tishowedtwo setsof peakspresumablydue to the homochirrdand heterochirrddimers,8whilethe
spectrumof complexF preparedfroma 1:6mixtureof (&)-BINOLand (i-PrO)4Tishowedonly a singleset of
differentpeaks. (b)TheracemiccomplexA showeda differentmorecomplicatedIHNMRspectrumthanthat
of theenantio-purecomplexA derivedfrom(S)-BINOL. Bycontms~thermemicandenantio-putecomplexF
showedan identicaland much simpler‘H NMR spectrumthan thatof the enantio-pusecomplexA. These
observationssuggestth~ underthe re.don conditions,the dimericcomplexA would readilyreiwtwith an
excessof (i-PrO)4Tito forma newrnonochiralspecies(probablyidenticaiwithcomplexF) whichmightact as
theactualasymmetriccatalyst. Althoughtheexactskwture of thenewcomplexF cannotbe drawnat presen~
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the reported structuresof relatedcomplexes5’8leadus toproposeadimrmc“ structmehavingone BINOLligaud
andsix isopropoxyligandsas depictedbelow. Theviewthat the asymmetriccatalystwtuallyinvolvedis not
thedichiralcomplexA itself,but the monochiralcomplexF is supportedby the indepen&ntobservadonthatno
signifkantlevelof thenonlineareffectbetween%eeof BINOLusedaud%eeof theproductwasobservedin the
presentcatalyticprocessas illustratedin Fig. 1. ItI addition,the initiallythoughtinvolvementof the dichiral
intermcdimycomplexE as auotherasymmetricprecatatystwas totallyexcluded,since no appreciablechange
of %cewasobservedthroughoutthereactionas showninFig. 2.9
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Basedon thesefindings,a plausiblecatalyticcycleforthepresent m.actionis depictedin Scheme1. The
enantio—detcrmmm“ “ g step is the additionof complexG once generatedfrom complexF and Et@ onto an
aldehydcto forrnthedichiralcomplexE whichthenreactswith(i-Pro)dTitogivethetitaniumalkoxideproduct
withtheregenerationof complexF. Thus, tbis catalyticcycleaccountsfor why at leastone equivalentof (i-
Pro)lTi is requinxl for renderingthe catelyticreactioneffective. Again, it should be noted that the tbird
generationcomplex E does not participateas another asymmetricprccatalyst. This observationis of
mechanisticinteresL since a complexsimilarto complexE has been proved to act as another asymmetric
pmxtalys~ atlcast partially,in thecomplexC-catalyzedhydrosilylationof ketoneswith(EtO)#iH.3
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In summary,we havedevelopedan asymmetriccatalysisof thealkylationof aldehydeswithEt@ using
commerciallyavailable(S)-BINOLand(i-Pro)dTias the catalystprecursorsto affordtheethylcarbinolsin high
enantiornericpurity. Furtherworkis underwaytoextendthepresentasymmetriccatrdysisto thereactionswith
otherorganozincreagentsanddeveloptiuthernewBINOL-basedasymmetriccatalysts.
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