
@
Pergamon

TetrafwdronLetters, VOL38, No. 38, pp.6705-6708, 1997
@ 1997ElsevierScienceLtd

AUrightsreserved.PrintedinGreatBrit&n

PII: SO040-4039(97)01570-0 0040-4039/97$17.00 + 0.00
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Abstract: y-Trifluoromethylatedallylic axtates wrm foundto qsite smoothly proceedSN2’ type
swxion with vsriousGrignsrdmageatsin the pseaenceof a catalyticamountof CUCNandTMS-C1,
withoutanytraceamountof theconespondingSN2Ptorhctsin all casesexamin~dJe to the elmnic
effectof a CF3~oup. @ 1997ElsevierScienceLtd.

l%e enhancementof biologicalactivityby moditlcationof organicmaterialswith fluorineatom(s)]has
beenone of the principaldrivingforces for developmentof novelmethodsfor the introductionof fluorine-
contrtiningmethylor rmtitylene~ups. Considerablerlilllcultyhas usuallyaccompaniedthe preparationof
CF3-containingcompoundsby way of the classical fluorinationtechniqtsesacomparedto the much easier
syntheticpathways to mono- or difluorinsttedsubstances.zb Wipulation of appropriatelytimctionzlized
buildingblocksthatcontaina CF3groupis thereforetherrutjorstmtegyto zcwsssuchsFfiC @ets * Present-

On the other hand, becauseextensiverecentwork has allowedthe constnsctionof chid trifluorinated
secondaryalcoholsA inhighopticalpuritiesviaopticalresolutionof racemates3or asymmetricsynthesis,4one
mightconcludethat such moleculescouldbe versatilechid units for the constructionof type C moleculesby
theSN2reactionvia thecorrespondingstdfonateB (Fig. 1) However,in sharpcontrastto the nonfluorinated
prototypes, the desired substitutionof B by carbon nucleophilesis especiallydiifkxd~which is usually
exphiinedas the result of the stronglyelectron-withdrawingnatureof a CF3SOUPSi) wstig the el~onic
repulsionwith theincominganionicspecies,andii) strengtheningthe C-Obondtobe cleaved. To thebest of
ourknowledge,themis onlyonesuccessfulprecedentin theliterahuefor thistransforrnrdion.6

Wehaverecentlydisclosedthe convenientconstructionof the chid propargylicalcoholsE fromreadily
available2-bromo-3,3,3-trifluoropropeneF,7 moreadvantageousthantheuse of thequiteexpensivegas 3,3,3-
trifhtoropropyne. AllylicderivativesD, easilyaccessiblefrom E,7 seemsto have reducedstericcrowding
aroundtheCF3groupanda weakerC-Obondthantheone inB. If D undergcesnewC-C bondformationat
the positiony to the leavinggroup,this processbecomesan alternativeroutefor the synthesisof C.8 Here,
we wouldlike to reportthe GrignardreactiontowardsD in theptesenceof CUCNandTMS-Clas catrdysts,
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Fig.2 ReactionMechanismof thePresentS~2’Process

preceding withyxegiospecificityandhighE stereosekztivitywhenstardngfromZ substrates.9
(2)-1, themodelsubstratethroughoutthepresentwork,was reactedwith2 equivof n-BuMgCl10in the

pmaenceof 0.1 equivof CUCN,ll’12andoptimizah“onof otherfactorswascarriedout(Table1). Withoutany
additives(entry1), thedeairedproduct(E)-2 wasobtainedonlyin a moderateyieldalongwiththeformationof
theunexpected&fluorinateddiene3 S3themajorproduct. AdditionofLewiaacidasuchas BF3.~ or TiC14
(entries2 and 3) didnot tied the reaction. However,TMS-C113was foundto playa signifkantlyimportant
~le ~ -l-g the ~onl’t and (E).2 WM obtainedin 85% yieldwiththe COmPlete@o- (U vs Y)and
stsmmselectivity(E vs Z, entry 4). Employmentof THF as a solventwas turnedout to completelysuppress
the desiredreactionpath (entry6). We eventuallydeterminedthe usageof 0.2 and 0.6 equivof CUCNand
TMS-Cl, respectively,in E~O at O ~ as the standardconditions. VariousGrignsrd=gents were also
rmaled to reactsmoothlywith (2)-1 in an .f$.J2’mannerto pr~uce (~-2 in highyieldswithcompleteE
stereoselectivity. Onthe otherhand, theisomeric(E)-1 resultedonly in the lowolefmicstereoselectivity;the
ditYerencecan be understoodfromthe conformationspreferencebasedon the allylic1,3-strainconcept.15’16
Thus, (2)-1 usuallypossessesonly oneenergeticallyimportantstmcturewiththe leavingsoup approximately
perp?ndicukum the C-C double bond, while, in the case of (lJ)-l, thereexist two such conformations
producingdifferentisomersat theolefinicbondof 2 ina comparableratio.

As a comparison,(E)-417 was also subjectedto the same reactioncondition(n-BuMgCl)to furnish5
quantitatively(.E:Z= 9:1), whichled us to concludethat1 and4 werethe specialsubstrata specificallygiving
theSN2’products(E)-2 and 5, respectively,18whose~hmism was explainedas fo~ows. ~ the absence
ofTMS-Cl,intramolecularinteractionof theneighboringfluorineatom(s)to Cu in Int-A1lbis consideredto be
responsiblefor the formationof the unexpectedpmductj difluorinateddiene 3,19 which would lead to the
twcelerationof the “CU-F”eliminationratherthantheexpectedreductiveeliminationor theisomxizah“onto Int-
C underthen-electronassistance. However,becausecmrdinationofTMS-Cltocoppereffectivelydecreases
the transitionstateenergybarrierof the reductiveelimination,13~20the much SIIKOther productionof (E)-2

occurred. Since Grignard reagents employedin entries 7 and 18 possess inherentlylower nxhwtive
etimon ~fiw,21 tie unfavo~le ~uk ~ 3 Wm sw the ~jor p~way even under the wtion of TMS-Cl

bututilizadonof diethylphosphstesinsteadof scetateawasfoundto increasetheyieldsof (E)-2 to auacceptable
level. On the other hand, in the case of the regioisomeric(E)-4, the quantitativeconversionto (Zi’)-5was
understoodas the combinedresultsof the dilllcultisomerizationof Int-C to Int-A by the electrondeficientC-
C double bond and no chance of the CU..*F interaction. Regiospaitlc preparationof the S#’ pmdum
describedabovewasthus atbibutedto theelectron-withdrawingeff~t of theCF3~i@Y andc~rdination
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Table1 Reactionof (2)-1 withVariousGrignardReagents

Equivalentof Substrate1 Isolatedyield’(%)
entry CUCN additives Eor Z RMgx 2 IE:zl 3

1 0.1 none z n-BuMgCl (39) [>99/1] (54)
2 0.1 B, 0.3 z rt-BuMgCl (38) [>99/1] (50)
3 0.1 Ti, 0.3 z rs-BuMgCl (42) [>99/1] (18)
4 0.1 Si, 0.3 z n-BuMgCl (85) [>99/1] (7)
5 0.2 Si, 0.6 z n-BuMgCl 91 [>99/1] (3)
6C 0.2 Si, 0.6 z n-BuMgCl (1) --------- (99)...................................................................................................................................................................................................................................................
7 0.2 Si, 0.6 z MeMgBr (17) [>99/1] (83)
gd 0.2 Si, 0.6 z MeMgBr 88 [>99/1] (<1)
9 0.2 Si, 0.6 z n-C7H15MgBr 95 [>99/1] (<1)

10 0.2 Si, 0.6 z sllylMgBr v --------- (o)
lld 0.2 Si, 0.6 z aUylMgBr 67 [>99/1] (9)
12 0.2 Si, 0.6 z i-PrMgCl 99 [>99/1] (<1)
13 0.2 Si, 0.6 E i-PrMgCl 88 [60/40] (1)
14 0.2 Si, 0.6 z c-C6HllMgCl 91 [>99/1] (<1)
15 0.2 Si, 0.6 E c-C6H11MgCl 89 [59/41] (3)
16 0.2 Si, 0.6 z t-BuMgCl 86 [>99/1] (5)
17 0.2 Si, 0.6 E t-BuMgCl 33 [79/21] (15)
18 0.2 Si, 0.6 z PhMgI (8) [>99/1] (92)
19d 0.2 Si, 0.6 z PhMgI 49 [>99/1] (18)

a:Yieldsin parenthesesandHZ ratioswere&&mnimdby 470 MHz1%NMR. b: Si: TMS-C1,Ti:TiC14,B: BF3.0E~. c:THF
wasusedas tbesolvent. d:The.correspondingdiethylpbospbatewasused. e: No reaction(93%recoveryof (Z)-1).

ability of a fluorineatom.
At the next stage, we extendedthis process to the asymmetricversion,which was expectedto give us

furthermechanisticinformationon the presentreaetion. (S)-(2) -17’22after acetylationof (S)-(Z)-6 was
treatedas above,and (S)-(E)-2 was obtainedin 9370yieldwhosestereochemistryatthe CF3-attachedcarbon
atomwas clarifkl by chemicalcorrelationto the product(R)-(E)-7 startingfrom(S)-(2)-6 by way of the
mechanisticallyestablishedJohnson-Claisenrearrangement(Fig. 3). Chiral capillaryGC analysisof the
alcoholaftercleavageof theterminalbenzylgroupof (S)-(E)-2 showed2 peaksin a ratioof 77.4:22.6, which
unambiguouslydemonstratedthecompletechirrditytransmissionviathe@“-SN2’mechanism.
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Fig.3 AsymmetricS~2’Reactionwithn-BuMgCl

As depicted above, we have
found that the copper(I)-catalymd
Grignard reaction towards a or y
CF3-containing allylic alcohol
derivatives smoothly proceeded by
the addition of TMS-Cl, and this
reaction was proved to follow the
Onti-SN2’mechanismby the strong
electroniceffectof the CF3 groupas
the controllingfactor. We believe
this procedurewill open the novel
routeto accessthe importantclass of
materials like C in Fig. 1, whose
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scopeandlimitationas wellas furtherutilimionof theSN2’productsis nowinvestigatingin thislaboratory.
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