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Abstract:(2S,l’S,2’S)-2-(Carboxyeyclopropyl)glyeine&-CCG-I) was synthesizedin 12 stepsand 14%
overallyield by using Sharpleaa’sasymmetricdihydroxylationreaetionand stereoehernicallycontrolled
eyclopropanationas key steps. O 1997Elsevier Science Ltd.

(2S,l’S,2’S)-2-(Carboxycyclopropyl)glycine(L-CCG-1),a cottformationrdlyconstrainedL-glutamate

analogue,wasoriginallysynthesizedbyOffine andcoworkersin 19911’2.Thiscompoundwas foundto be an

isoform-selectiveagonistfor group II metabotropicglutamatereceptors(mGluRs)3.As a pharmacological

tool,L-CCG-Ihasplayedan importantroleinfirther understandingthe finctiongandcouplingmechanismsof

in situ mGluRsin the last fiveyears34, Recently,muchattentionhas been paid to the modificationof this

compound,whichhas led to the discoveryof severalother potent and selectiveagonistsor antagonistsfor

mGluRs7-12.In orderto meet the increasingrequirementsfor chemicalmodificationof L-CCG-I,we feelthat

it is necessatyto developvariablesyntheticprotocolsfor this compound13.Herein,we describea facileand

stereoselectivesynthesisof L-CCG-I.
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Ourretrosyntheticanalysisof L-CCG-Iis shown.in SchemeI. It is obviousthat the keystep for building

this moleculeis stereochemicallycontrolledcyclopropanation.The route I has been used by Offine’ to

deliverL-CCG-Iand the cyclopropanationstepgavefour stereoisomerswith the desiredisomeras the minor

component. While the route H has also proven problematicfor stereochemicalcontrol. For example,

cyclopropanationof variousolefinsB underseveralconditionsproducedtwo isomersand the desiredisomer

stillbeingthe minorcomponent’.We havefoundthat the Wittig-typecyclopropanationfor olefinsB did not

work14.On the otherhand,good diastereoselectivityhas beenreachedwhenisopropylidenediphenylsulfurane

reactedwithan olefinC (R = Me)15andthe stereoconfigurationof cyclopropanewasjust the sameas that of

theL-CCG-I,whichstimulatedus to try routeIII.

As outlinedin SchemeII, diene1, preparedfromacroieinand 2-triphenylphosphoranylidene-terl-butyl

acetate, was subjectedto asymmetricdihydroxylationreaction]bto producediol 2 (85Y0ee determinedby

GC).Protectionof 2 with dimethoxypropane(DMP)in refluxingbenzenefbrnishedy-alkoxyester 3. Now

we couldtry to use a ylidemethodto build cyclopropanering and the results are summarizedin Table 1.

Whenwe usedmethylene-triphenylphosphaneto runthe reaction,we foundthat no reactionoccurredat lower

temperature(Entry4, TableI); whilethe diastereoselectivitywaspoor, the reactionoccurred(Entry3, Table

I). Aftersomeexperimentation,we foundthat usingdimethylsulfoxoniummethylideas the cyclopropanation

reagentunderlowerreactiontemperaturecouldtiord 4 in good diastereoselectivity(Entry 8). It is notable

that cyclopropanationwithdiazomethanewasnot suitablein ourcasealthoughgooddiastereofacialselectivity

hasbeenreachedin somecases” (Entry1).

Table 1: Stereochemically Controlled Cyclopropanation of 3
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Entry Reagent Temperature(“C) Time(h) Yield(’%.) 514
1 CHZNZ,Pd(OAc)z 20 0.5 98 1.4/1
2 CHZNZ,Pd(OAc)z -50-0 6 0
3 Ph3P+CHJ-,n-BuLi 20 0.5 66 1/1.3
4 PhJP”CHJ-,n-BuLi o 5 0
5 (CH3)3S+(0)I“,NaH 55 1 82 112
6 (CHJ,S+(0) 1-,NaH 20 5 82 1/2
7 (CH,),S+(0)1-,NsH o 5 80 1/4
8 (CH,)3S’(0)I“,NaH -30 5 73 1/19

In orderto remove the isopropylidenegroup, compound5 was treated with TsOHin I-BuOHat

r,t. for 24 h., but no reactionoccurred.Whenthe reactiontemperaturewas raisedto 50 “C, in additionto the

desiredproduct6, a smallamountof t-butylether7 (6/7=2/1)was obtained.So pyridirtiump-toluenesulfonate
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which has lower aciditywas used to tiord the deprotectionproduct 6 in 72% yield. To convert the

secondaryhydroxygroupof6 intoamine,we hadto protectthe primaryhydroxygroupselectively.Although

Chaudhary]8reportedthe preparationof TBDMSetherswith kineticpreferencefor primaryover secondary

rdcoholswhen4-dimethylaminopyridine(DMAP)was used as a grouptransferagent,we foundthat in our

casethe ratioof silylationof primaryhydroxygroupto secondarywasonly1,5 : 1. So the morehinderedtert-

butyldiphenylsilylchloride(TBDPSC1)wasusedto givethe desiredproduct8 in 89%yieldand no secondary

hydroxyprotectionproductwas detected. Next, mesylationof 8 produced9, whichwas transformedto 10

by the followingsequenceof reactions:(i) conversionof methylsulfonylgroup into azide throughan &2

reaction;(ii) one-pot transformationof azide-groupto the N-t-Boc derivative;(iii) removalof the TBDPS

etherwith 1M Bu.JN’F-/HOAcin THF. Compound10’9was foundas finecrystals. Thus,recrystallizationof

10 wasundertakento get opticallypureproduct(thiswasconfirmedbytransforming10 to L-CCG-I).Finally,

Jonesoxidationof 10 followedby deprotectionwithdryHC1inCHZCIZafTordedL-CCG-Ias its hydrochloride

salt. Treatmentof this saltwith propyleneoxideprovidedthe desiredL-CCG-Im(880/0from 10),whichwas

identicalin allrespectswiththe reporteddata.
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In conclusion,we have developeda facile synthesisof L-CCG-Iby using Sharpless’sasymmetric

dihydroxylationreaction and stereochemicallycontrolledcyclopropanationas key steps. The synthesisof

designedanaloguesbasedon this syntheticprotocolandtheirbiologicalevaluationare currentlyunderwayand

willbe reportedelsewherein duecourse.
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