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Abstract: The asymmetric cotalytic cyanosilylationof oliphaticaldehydes with
Me3SiCN using (R)-BINOL-Ti(O-i-Pr)2m an arymmem”cprecakdyst is shown to
proceed smoothly in dichloromethaneto ~ford the cyanohydrinsin rekdvely high
enantiose!ectivity(up @ 75~oee). @1997Elsevier ScienceLtd.

Recently,much interesthas been focusedon asymmetic catalysisby (R)- or (S)-1,1’-bi-2-naphthol
(BINOL)-derivedchid titaniumcomplexes.l In ao effort to develop new BINOL-derivedasymmetric
catalysts,we havecurrentlybeendevelopingnew asymmetriccatalysesby using(R)-BINOL-Ti(O-i-Pr)z(A)z

as an asymmetricprecatalystthat is easilyaccessibleby simplymixingcommerciallyavailable(i-Pro)dTiand
(R)-BINOL. Reportedso far iwethe asymmetriccatrdysesof the glyoxylate-enereaetionby complex B

preparedvia completehydrolysisof complexA3and of the hydrosilylationof ketonesby complexC generated
in situ from complexA and (EtO)+SiH.4In a continuationof these studies, we now wish to report the
asymmetriccatalyticcyanosilylationof aldehydeswith trimethylsilylcyanide(TMSCN)usingcomplexA as an

asymmetricprecatalyst,wherein the chid dicyanocomplexE in situ formed, not the initiallypostulated
monoeyartocomplexD, is likelyto serveas theactualasymmetriccatalysts

83:I;. A, X,X=O-kPr(dimer)
B, X2=0 (dimer)

;Tl:x C, X=H,X=O-i-Pr

:1 ;0 x D, X=CN, X=O-kPr
E, X, X=CN

At the outse~ we s~died the reactionof an aliphaticaldehyde, nonrmal,with TMSCN using a
stoichiomeb-icor catalyticamountof complexA undervariousconditions(q. 1). Table I summarizesthe
results thus obtained. Whiletheuse of a stoichiornetricamountof complexA in toluenewas foundto providea

reasonablyhighYO ee (78%)andchemicalyield(entry1), itscatalyticuse intolueneresultedin theformationof
the racernicproductin a muchlower yield (entry4). Interestingly,whendichlorornethanewas used as the

solvent,thereactionproceededcatalyticallyatOT to afford,afterhydrolysis,the cyanohyclrinin 72%ee (entry
5). Unfortunately,the reactiondid not proceedcatalyticallyat -30 t, whilethe reaetionat room temperature
exhibiteda lower% ee (entry6). Theuseofpropionitrileas thesolventalso resultedina lower%ee (entry7).

Thus, thecatalyticcyanosilylationis bestrunatO~ by usingdichloromethaneas thesolvent.6’7
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OH
“48H1, ~H +TMSCN ~a n-C8H17‘CN (1)

TableI. AsymmetricCyanosilylationUsingComplexA.
b

entry A(mol%) conditions %yield” (c%nfg.f

1 100 tolueneI -30‘C 118h 72 78 (S)
2 100 tolueneI O“C 124h 80 32 (s)
3 100 CH2C12/ -30‘C/18 h 71 64 (s)
4 20 tolueneI r.t. I 4 d 43 0
5 20 CH2C12/O‘C /18 h 92 72 (S)
6 20 CH2C12/ r.t. / 16h 98 63 (S’)
7 20 C2H#2N/ O‘C /16 h 93 23 (S)

“Isolatedyield. bDeterminedby IH NMRsssayof the MTPAesters.cllre cootlgumtionwas

assignedby comparisonof the opticalrotationwith the literaturevalue(ref 5)

Thequestionsthusarisewhetherthecatalyticspeciesactuallyinvolvedis theinitiallypostulatedcomplex
D andwhya temperaturehigherthanOT is requiredto renderthe reactioncatalytic. To answerthe questions,
IHNMRexperiments(500MHz)weremadeon a mixtureof complexA andTMSCN(12 equiv.) in C~C12at
variabletemperatures. At-30 ~ the methinepeakdueto theisopropoxygroupboundto Ti was stillobserved
around&.3. Whenthe temperaturewas raisedto OT, this peakcompletelydisappeared,whilethe methitte
peaksdueto i-PrOHand i-PrOllfS liberatedwereintettsifkd. Thisspectralchangestronglysuggeststhatat -

30 ~ the monocyanocomplexD is predominantlyformedwhich,however,cannotact as an efficientcatalys~
butas a cyanatingagentin the stoichiometricreaction,whereasat O‘T thedicyattocomplexE is readilyformed
whichcan serveas an efficientcatalyst. SchemeI depictsa plausiblecatalyticcyclefor the presentreaction,
whereintheenantio-determinirtg step is theadditionof complexE to thealdehydeto givecomplexF whichthen
reactswithTMSCNto affordthe cyanohydrinsilyletherwiththe regenerationof complexE. It is interesting
to notethattheYOee’s of theproductessentiallywereconstantlyindependentof Y. conversion,indicatingthatthe
third generation complex F does not act as unother asymmetriccatalyst.g In other words, such
“enantioselectiveautoinduction,” as previouslyobservedfor thecomplexC-catalyzedhydrosilylationof ketones
with(EtO)$iH,4’9doesnotoccurin thepresentreaction.

Scheme I. TMSCN, >0 “C
Complex A — (R)-BINOL-Ti(CN)2

R::N2:::f,cfR1H

,Ti.

: I ; 0 “7CN
FR
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Next theapplicabilityof theptesentasymmetriccatalysisto otheraldehydeswas studiedundertheoptimal

conditions(TableII). Ofspecialirttrxestis thatthe reactionswithaliphaticaldehydes,particularlythosewith a
long or bulky chain, providerelativelyhigh % ee’s (entries1 and 2), whereas the reactionswith aromatic
aldehydesresultedin muchlowered% ee’s, regardlessof the substituentson the phenylgroup(entries6-8).
This trend is in stark contrastto the previouslyreportedcasesswhere aromaticaldehydesgenerallyprovide
higher%ee’sthanaliphaticaldehydes. Thus, thepresentcatalyticmethodcomplementstheexistingones.s

TableII. CatalyticAsymmetricCyanosilylationofAMehydes.”

entry aldehydes %eeb

1 t-BuCHO 75
2 n-CsH17CH0 72
3 LPrCHO 34
4 C-C6HIICH0 33
5 EtCHO <lo

entry aldehydes %eeb

6 PhCHO <lo

7 4-MeO-PhCHO <lo

8 4-Cl-PhCHO <lo

‘Chemical yieldswere90% in everycase. %eterrnined by IH NMRassayof the MTPAesters,

Finally, the presentasymmetriccatalysiswas appliedto the cyanosilylationof an imineunder similar
conditions. As shownineq. 2, thereactionof theN-benzyliminewithTMSCNusing20 mol%of complexA
was foundtoproceedcatalyticallyto affordthea-aminonitrileingoodyieldbutquitelow %ee.

NBn
20 molYo

d

complexA NBn
H30+ OH- ~

H + TMSCN —
1; CHZC12,O ‘C

d
1;

CN (2)

60% yield (30% ee)

[a]D-21.3° (c1.00, CHCLJ

In summary, we have developeda new, convenientasymmetriccatalysisof the cyanosilylationof
aliphaticaldehydeswith TMSCNusing (R)-BINOLand Ti(O-i-Pr)das the asymmetriccatalystprecursors.
Further work to improvethe present catalyticasymmetricprocess and developmore new BINOL-based
asymmetriccatalystsis in progressin ourlaboratories.
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