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Abstract:PsfMiunr-medistdhaaoennufstionofinterredtdkyneswithresin-boundo-iodomdm““e dwivadves4
or 5a pmideddiversetrisubstitutedindoles6 in goodyields. The fecile reactionof trirnethylsilylalkynes
sffordedresin-boundprecursorsusefrdforobtainirrgother2-substitutedindolederivadves,suchas 12.
01997 ElsevierScienceLtd.

Thegenerationof chemicallibrariescontainingdiverse,smallorganicmoleculeshas attractedwidespread
attention.’ SignKlcantadvancesto this fieldcan be broughtaboutthroughthe developmentof generalresin-
basedmethodsfortheconstructionof biologicallyinterestingmoleculesvia combinatorialor parallelsynthesis.
Heterocyclessuchas 1,4-benzodiazepine,hydantoin,and thiazolidinehaveprovento be worthwhiletemplates
forchemicallibraries.lb In this vein, we recentlydevelopeda solid-phasemethodfor the assemblyof indole
andbenzofuranderivativesbasedonapalladimn-mediatedHeck-typecyclization.zSincethe indolenucleusis
pment in a wide varietyof biologicallyactivecompounds,and can serveas a templatefor orientingdiverse
substituentsin space,we haveadaptedanotherorganometallicmethodto the solid-phasesynthesisof multiply
substitutedindoles. This palladium-mediatedadditionof acetylenesto resin-boundo-iodoenilinesis powerful
carbon-carbonbond-formingstrategythat supplementsthegrowingcollectionof orgartometallicmctions, such
as Suzuki,Stille,andHeckcouplings,whichhavebeeneffectivelytransportedto a solid-phaseenvironment.3
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Reagentsandeonditions:(a)12,AwS04.18h,54%; (b)MesSiOK,EtzO,3d, 91%;(c)Frnoe-Cl,Na@3,
dioxane-H@,O°C,1 h; (d)@-NH2 (RinkarnkieAMresin),DCC,HOSt,DMF,2e h; (e)Piperidine,DMF;
(f)MsCOCIorMa2CHCOCl,pyridine,Cl+C~,2 h; (g)Saafcmtnotea inTable;(h)TFA,CH#&,l h.
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LaKIclddevelopeda usefulrouteto indolederivativesviapalladium-mediatedheteroannulationof internal
alkyneswitho-iodoanilines,whichhas been successfullyemployedby other researchers.s Given the ready
availabilityof variousinternalalkynes,we soughtto adaptthis elegantmethodto the solid-phasesynthesisof
diverse2,3-disubstitutex-lindoles. To test the chemishyon a solidsupport,we lint establisheda resin-bound
o-iodoanilineprecursor. Thus, methyl4-aminobenzoate(1) was treatedwith12/Ag2SO#to furnish mono-
iodinatedproduct2, hydrolysis(KOSiMe3T)of which gave acid 3. This was protectedwith 9-fluonmyl-
methoxycarbonylchloride(Fmoc-Cl)andloadedonto RinkamideAMresin (deprotectedwith20%piperidine
in DMF)by usingdicyclohexylcarbadmn““ ide (DCC)and l-hydmxybenzohiazole(HOBt). Depmtectionof the
Fmocgroupwithpiperidineaffoxdedresin-boundprecursor4, whichwas confirmedby resin cleavagewith
30%CF3~H (TFA)in CH2C12.Dkect couplingof3 to theresinwithoutFmocprotectionalso workedwell
un&r the sameconditions,andnodimerizationwasobserved.

Theresin-boundo-iodoaniline4 was testedforpalladium-mediatedreactionwith an alkyne. Treatment
of 4 withexcessof 4-octyne,a catalyticamountof palladium acetate(10 mol %), Ph3P (20 mol %), LiCl,
and K2C03in DMFat 80 ‘K!was followedby resincleavagewith 30% TFA in CH2C12.sAnalysisof the
cleavedproductby IH NMR, MS, and HPLC showedthatthe desired2,3-disubstitutedindolepdominated
(Table,entry 1), indicatingthatpalladium-mediatedheteroannulationof internalalkyneoccurredsmoothlyon
solid supportunder the reactionconditions. This methodwas then applied to a variety of commemially
availableinternalalkynesto affod indolederivativesin good to excellentyields (Table). With most of the
unsymmetricalalkynes, the pndominantproductwas the 2,3-disubstitutedindole havingthe more sterically
demandinggroup(e.g., t-Bu, M@i) at the 2-position. lhe high regioselectivitypresumablyderivesfrom
insertionof the intermediatewylpalladiumspecies [generatedfrom oxidativeadditionof the aryl iodide to
Pal(O)]into the alkynefrom the less hindmedsided The final productarises fmm indolering closurevia
displacementof Pdin themuhingvinylpalladiumintermediatewiththearylamine. Thealkyneis ableto carry
alkyl,aryl, silyl,halo,hydroxyl,methoxy,amino,andestergroups. Tetrabutylammoniumchloridewas mom
effectiveandmomqmducible thanLiClforthe annulationof silylalkynes. Withan electron-deficientalkyne
weobtaineda loweryieldof indole(entry6), and withalkynes7 and 9 we obtainedunusualproducts8 and
10. Anacetyleniccouplingproductsimilarto 8 was also obstxvedin solution-phasechemistry.s’$ Vinyl-
substitutedindole10waspresumablyformedviadehydrationof tertiaryalcoholin the normalheteroannulated
productundertheacidicAn-cleavageconditions (TFA/CH2C12).

8 10

Thefacilehetemannulationof trimethylsilylalkyneswith4 providedusefulresin-boundprecursorsto 2-
unsubstitutedand other2-substitutedindolederivativesviadesilylationor other silylfunctiontransformation.
Protonolysisof a 2-trimethylsilylindolecan be effectedwith A1C13KI-12C12$HC1/MeOH,fior TFA/water.g
Duringourmildxesincleavagewith30%TFAin CH2C12over 1h, the2-trimethylsilylsubstituentin the indole
productswasconcomitantlyremovedto give2-unsubstitutedindoles(Table,entries3,5,7-9, 12, 14). Thus,
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Table.Pal-MediatedSynthesiset Mole onSolidPhase(40r5+ 6)a

EntrY R R’ R2 Procedure Time(h) Yield(Y’)b PuriiYC-4)c

1 H Pr Pr A 22 91 62
2 H Me t-su A 15 87 64
3 H Me MegBid B 6 77e -

4 H Me Ph A 20 66 72
5 H Ph Me3Sid B 6 56e,f -

6 H C02Et Ph A 20 36” -

7 H HOCH2CH2 Me3Sid B 16 95 69

8 H CICH2CH2 Me3Sid B 16 66 76

9 H rwMeOC8H4CH2CH2 Me3SF’ B 16 90 92

10 H CN-CH2 CN-CH2 A 22 me -

11 Ac Pr Pr c 16 95 84

12 Ac Me Me@id B 7 93 94

13 Me2CHC@ Me t-su A 120 75 53h

14 Me2CHC0 Me Me$id B 120 100 53h

a ConditionsfortbePal-mediatedheremaenrdadonofalkyneawithmain4 or 5: afkyrre(10-15eqriv),LiCl(1 quiv,
procedureA)orBu4N+C1-(1equiv,pwedureB ad C), be (5 eqrriv,pumdureA:K2C03;pucedmeB:Na2C03;
pocedm C: KOAC),PPh3(0.2equiv),Pd(OAck(0.1equiv),DMF,80 ‘T. b Crudeyieldunleasnotedorfmwise
-on * toadinglevelofresin4). Afltmhrctssavesatisfactoryanatyticatdam.c Demdnedby~*
HPLC.d Me3SigroupintheproductwasIostdurirrgresincleavagewithTFA/CH2C12,soR2 = H in 6. e PurMed
bypqraradveTLC.~ Theregioieomer,2-phenyfirrdolederivadve,wasafseisolatedin 27% yield. L?Me2CHC0
groupwaslostinfheprodrrct,soR = Hin6. hAbmrt20%of unread o-iodoarrifidewasobservedbyHPLC.

conversionof the trirnethylsilylgtoupto bromoor iodo groupswas accomplishedon the solidphase withN-
bromo-(NBS)4orh’-iodosuccinimidef.NIS)in CH2C12(11--> 12). The resin-bound2-haloindolescouldbe
convemdtodiverse2-substitutedindolederivativesvia standardorganometalliccouplingmctions.

? Me 1)NBSor NIS j Me

@ G
~~”c 1 ; \ SiMe3~ ‘2N’ I D ~ X

crudeyield purity

a: X=Br Bwo 93%
(3)

l!’ b: X = I 9170 89%
11 12

To achievethe diversityat N-1 of the indole,the resin-boundo-iodoaniline4 was scylatedwith wetyl
chlorideor isobutylchlorideto givethesnilides5a and5b,respectively.Heteroannulationof alkyneswith5a
occurredsmoothlyto provideN-Acindolederivatives(Table,entries11and 12). However,witha more bulky
acylgroup,5b underwentreactionwithalkyrresmuchslowlyandgavelesscleanproducts(entries13 and 14).
About20%ofunreactcdo-iodoenilidewasobservedbyHPLCin bothentriesevenafter5 days at 80 “C. The
N-COCHMe2groupwasfoundto stayonlyin entty 14, whexeproductwas 2-unsubstitutedindolederivative
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afterTFAcleavage.Withtheproducthavinga substituentat 2-position,theMe2CHC0groupwas lost and the
free NH indolederivativewas obtainedinstead(entry 13). An attemptto prepareresin-boundN-benzyl-o-
iodoanilinevia mxiuctiveidkylationof 4 withbenzaldehydein the presenceof sodiumticetoxyborohydride
failed. If 4 wexeto be alkylatedwithbenzylbromideand base, N,N-dirdkylationwouldbe difficultto avoid
sinceanexcessof reagentsare normallyused for solid-phase!eactions. SuccessfulN-rdkylationon the solid
phasewas achievedafter indolering formation. Thus, heatmentof a resin-bound2,3-dipropylindole(Table,
entry 1)withbenzylbromideandNsHinDMFgave, afterTFAcleavage,theN-benzylindolein 8090isolated
yield.

In conclusion,we have&scribeda facilesolid-phasesynthesisof tisubstituted indolesvia palladium-
mediatedheteroanmdationof internalrdkynes. The heterotmnulationof trimethylsilylalkynesaffordsuseful
resin-boundpmxrsors to 2-unsubstitutedorother 2-substitutedindolederivatives.Giventhem.adyavailability
of internalalkynes,thismethodshouldbevaluableforthegenerationof indole-basedcombinatorialIibrsries.
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