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Solid Support Synthesisof Tetrahydroquinolines
via the Grieco Three Component Condensation
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Summary: A three componentcondensationinvolvingaromaticamines,aldehydes,alkenesand TFA as a
catalyst affords the desired tetrahydroquinolinesin good yields. A variety of structuresfor the olefm and
aldehydeinputsin the librarywereinvestigated.01997Elsevier Science Ltd.

A subset of libraries generated by combinatorial chemistry methods is represented by multiple
componentcondensations(MCC). Unlike linear libraries, the number of structural analogs which can be
generatedis dependentonly on the numberof inputsin the MCCreactionandthe availabilityof eachof these
inputs. The library is synthesizedin a single chemicaltransformation,and is thus typically generatedin a
parallelfashion. In our continuingeffortsat identi&ng newreactiontemplatesto investigateby solidsupport
methods,lwe were intriguedby the possibilityof utilizingthe condensationshownin equation1 introducedby
Grieco.2 Attempts have been made to expand the scope of this chemistry as well as to apply polymer
supported Sc catalysts This paper describesthe first solid supportversion of the Grieco three component
condensation(3CC)to affordtetrahydroquinolines,an importantclassof biologicallyactivecompounds.q
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Thearomaticatnineinput1 servedas the anchoringsite,wherewe couldutilizethecarboxylateto tetherdirectly
to the resinor introducefhrtherdiversitysiteswithotherbifunctionrdinputs(i.e. aminoacids). The availability
of aldehydeswas not expectedto be a problem,but the numberof alkeneswhich might participate in the
cycloadditonwas not clear at the onsetof this study.s Furthermore,the use of stoichiometricTFA1wasnot a
viablereactioncondition,andwethusinvestigatedthe reactionprofileusingcatalyticacids.

Loading of p-nitrobenzoicacid onto Wang resin affordedthe correspondingaromatic amine after
reductionwith SnC12H20 in DMF(1 M solution).c Theyield in this transformationwas determinedto be 75
to 86%dependinguponqualig of the startingWangresin.Applicationof dioxanefor the resinwashwas found
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to be necessaryto removethe residualtraces of DMF.The three-componentcondensationof the aminewith
bcnzaldehydeand cyclopentadieneat room temperaturein acetonitrilewith catalytic TFA and subsequent
removalfrom resin afforded IAa in 76 0/0 yield. The reactionproceededfor 12hours and did not appearto
affordany otherby-products.l

o:1
‘lAa

To evaluatethe scopeof this MCCreaction,we synthesizeda libraryof 80membersconsistingof amine
input (l), five alkenes (A-E) and eight rddehydes(a-h). This librarywas synthesizedin parallel under the
followingreactionconditions:the polymerboundaniline1 (100mg of the resinper reactionvessela, standard
loading0.6-0.8mM/g) was treated with 500 VLof IM solutionof aldehydeand 500 pL of IM solutionof
alkene in MeCN, 50pL of IVOTFA in MeCNwas introduced,and the mixturewas agitatedby bubblingN2.

Afier 12hrs. the resultingresinwas filtered,washedwith DMF,MeOH,CHZCIZ,driedand treatedwith ls~.

TFA (2 mL per vessel) to cleavethe target tetrahydroquinolineproduct.The resultingsolutionwas collected,
concentratedunder reducedpressure(attention!efficient liquidN2 trap), and the residuewas trituratedwith
Et20 to affordthe desired solidproduct(90-95’Yo purityby HPLCand IH NMR analysis).7The yieldsof the
tetrahydroquinolinesvaried from 53 to 92% (basedupon0.8 rmn/gloading).The best yields (about80-90%)
were achievedwith the aldehydescontaining electron-withdrawinggroup(lAc, 890/o;IBc, 850/o;ICC, 910/o;

IDc, 87’%o;IEc, 84%; IAe, 88%; IBe, 89!XO;ICe, 93%; IDe, 86VO;IEe, 80%; IAf, 91%; IBf, 88%; ICf, 91%;

IDf, 83%; IEf, 81%). Similarreactionswithmoreelectron-richrddehydesaffordedloweryield of the product
(lAa, 76’7.; IBa, 64%; ICa, 61%; IDa, 66%; IEa, 53%; IAb, 70%; IBb, 67Yo;ICb, 73%; IDb, 64%; IEb,
6494; IAd, 57%; IBd, 54%; ICd, 58’Yo;IDd, S9’%O;IEd, 60VO;IAg, 59~o; IBg, 53~o;leg, 660A;IDg, 57~o;

IEg, 53’%.;IAh, 56’Yo;IBh, 53~o;ICh, 71~o; IDh, 67?4.;IEh, 52~0).Thesinglemajorimpuritydetectedin the
reactionmixtures(LC MS)was the correspondingSchiffbase, the postulatedintermediatein the Orieco3CC.
Acetaldehydeand valeraldehydedid not affordthe desiredtetrahydroquinolines.)A numberof catalystswere
foundto be efficientin the describedsynthesis,namelycarnphorsulphonicacid,BF3Et20, FeC13,3dTiCb, the

yield of the target compoundshoweverwas somewhatinferiorto that using 1%TFA. Acetonitrilewas found
to be the best solventforthe reaction.1Applicationof DMF,MeOH,dioxaneor CH2C12as a reactionmedialed
to loweryieldsof tetrahydroquinolines.Cyclopentadienewas foundto be the mostefficientolefininputforthe
Orieco3CCreaction,whereasthe lowestyieldsof productswereobservedwith2,4-dimethylstyrene,probably
due to its polymerization.Thus, considerablepolymerformationwas detectedby IH NMR analysisof the
crudereactionmixtureresultingtlom the reactionof 1, a, andE in solution. Attemptsto improvethe yieldsby



6165

changingthe reaction conditions(temperature,reaction time, concentrationof TFA) were only marginally
successful.

Scheme 2.
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In conclusion,a solid-supportversionof the 3CCreactionto generatetetrahydroquinolinesbased on Grieco’s
protocolhas beendeveloped.A combinatorialapproachto this chemistryallowedfast andefficiententryintoa
diversearrayof the target compounds.A numberof electron-richalkenesweredevelopedas new olefininputs
for the tetrahydroquinolinelibrary.
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