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Azido Acids in a Novel Methodof Solid-PhasePeptideSynthesis.
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Abstract: Azido acids were producedfrom et-branchedacids by a-brominationwith NBS
followedby 8ub8titutionwithsodiumazideandthe productswereusedin a novelmethodof
solid-phasesynthesis. The azido acids were transformedinto the highly activated acid
chloridesandused synthesisof extremelyhinderedpeptidescontainingup to foursuccessive
diphenylglycineor Aib residues.By reactionof the geneticallyencodedamino acids with
TfNqand then SGCIZtheyweretransformedinto a-azido acid chloridesused in solid-phase
peptidesynthesiswithoutracemization.@1997ElsevierScienceLtd.

The discoveryof urethaneprotectionfor et-aminoacids using the Cbz groupled to the first essentially
racemizationfreecouplingreactionsin peptidesynthesis.]The carbonylgroupof the urethaneprovedto have
a sufficientlylow nucleophiliccharacter to prevent oxazolinoneformationby reaction with the ciibonyl
carbon of the activatedcarboxylgroup.The urethaneprotectionwas further developedinto the acid labile
Boc-and base labile Fmoc group2’3and these groupsallowedthe fast and quantitativedeprotectionof the a-
amino functionon solid-phaseprovidingthe ease of automation.The oxazolinoneformationcould also be
suppressedwith theN-Dtsprotectinggroupofferingmorecompleteprotectionof the nitrogen.4However,the
N-Dts group is susceptible to nucleophilicattack and even weakly reducing conditions.Two classes of
difficultiesremainin peptideassembly,synthesisof aggregatingpeptidesand of peptidesinvolvingsterically
demandingacylationreactions.Aggregatingpeptidesmay now be synthesizedby strategicuse of backbone
protection or by introductionof pseudo-prolines.6The difficultiesin stericallyhinderedcouplingsare more
serious because the problems are inherent to the use of urethane protected amino acids which can form
oxazolinonesduringdemandingcouplingreactionsat the carboxylgroup,activatedto form a peptidebond.’
This problemis particularlyseriousduringcouplingof et@-dialkylor diaryl@ycines.Furthermore,sterically
hinderedamino nucleophilesmay often show similar or less reactivitythan the moisturepresentso strictly
anhydrousconditionsare required. Introductionof the smallfluorideion as leavinggroupusingFmocamino
acidfluoridesas couplingreagentsfacilitatedthe synthesisof peptidescontainingseveralAib-Aibbonds.8

In the present work a novel concept of a small size et-aminoprotectinggroup using azido acids was
developed.The potentialof azidesas aminogroupprecursorsby reductionin solutionhas been demonstrated
frequentlyin many fields of organic synthesis during the last 20 years?”15however,maw of tie most
convenientmethods for quantitativereduction of azides Weheterogeneousand not useful for solid-phase
reactions.Recently,we describedthe use of DTT and otherthiols for the efficientreductionof szido groups
on carbohydratesboundto a solidphase.]3’16Use of this quantitativereductionon e+azidoacidshas therefore
allowed us to develop a novel method which uses the ct-azidoacids as versatile reagentsfor solid phase
peptidesynthesis,particularlyof peptidessubjectto stericsllydemandingcouplingreactions.Furthermore,the
completeamineprotectionofferedbythe azideallowedhighactivationof the carboxylgroupas acidchlorides
in additionto conventionalactivationwith in situ reagentsor as fluoridesor activeesters..
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2-Azidoisobutyricacid 1 (Azib)wassynthesizedbybrominationofisobutyricacidwithNBSin refluxing
CCL for 3 days followedby substitutionwith NSNSin DMF (Figure 1). The productwas obtainedin 56%
yield by silica gel chromatography.Similarly reaction sequence using diphenyl acetic acid and HPW
purificationafforded25% yield of 2-azido-2,2-diphenylacetic acid 2 (Azdpa)together with impuritiesof
diphenylketeneand a small amountof 2-hydroxy-2,2-diphenylaceticacid.Theproductswereanalyzedby IR,
HPLC,elementalanalysis,MS andNMR-spectroscopy.
The hindereda-szido acids were convertedinto the acid chloridesusing an excess of thionyl chloride in
CHZCIZat 50°C. The reactionwasmonitoredbyHPLCafterquenchingof the reactionwithpiperidine.It was
foundthat Azib 1 and Azdpa2 was convertedcompletelyto the acid chlorides3 and 4 in <1 h and &!.5h,
respectively.Theseconditionswere then used for successiveconversionto acid chlorideimmediatelybefore
use. They could also be activated as acid fluoridesusing DAST as previouslydescribed]’or by in situ
activationwithTBTUand NEM.However,the reactivitiesobtainedwiththesemethodswere inferiorto those
of the acidchlorides.

3,4,10 or 11

NEM,CI+ZGZ,20 W

D“ (2 M), DIPEA (1 M), WF, 50 W
f4A RI

N#cctk a Wmr-AbAb4b-N&Lpr-W-Tw+#H *

1: RI, R& -CH3; Rs=OH 8: RI= -CH2C6H5; Rz=H; Rs= OH 6: H-Dpg-Dpg.Lys-Ser-Smr-TY-Lys-NHz

2: RI, R2= -C6H5; R3= OH 0: Rl= -CH(CH3)2; R2=H; R3= OH 7: H-DmDp@Dp@pg-Lys-Ser-Ser-Tyr-Lys-NH *
3: RI, R2= -CH3: Rs=CI 10: R,= .CH2C&l~; R2d-1:R3_Cl 12:H-Val-Phe-QWNH*
4: Rt, R2= -(X+5: Rs= Cl 11: Rl= -cH(cH3)2; R2=H; R- Cl 13: H-Val-Phs-LwSer-Sw-Tyr-Lys-NH2

First a PEGA resin was derivatizedwith 4-[Fmoc-nino-(2,4-dimetioxmhenyl)metiyll-phenoxyacetic
acid (Rinklinker) by activationwith TBTUand NEM. A pentapeptidespacerfacilitatingMS-analysis,Lys-
Ser-Ser-Tyr-Lys-NH-was assembled using Fmoc-amino acid-OPfp esters with Dhbt-OH catalysis and
piperidinefor Fmoc cleavage.Then the very stericallydemandingpeptides5 and 6 were synthesized.The
quantitativecouplingof the acid chloridesrequiredthe additionof base to neutralizeformedHC1.In the
presenceof NEMcouplingof the first Azib-Cl3 was completein 30 min at 20° C. The reductionof the first
cwzido groupwasperformedwith2 M DIT and 1 M DIPEAin DMFat 50°C andwas followedby MALDI-
TOF-MSof the productcleavedoff froma singleresinbead.Undertheseconditionsthe reductionwas rapidly
progressingandwas foundto be quantitativewithin30 min.Thesecondcouplingof 3 wasquantitativewithin
40 min andthe secondreductioncompletein 30 min. The third couplingwas considerablymore difficultand
required2 h m go to completion.The reducedrate reflect the fact of sterical interactionof the first Azib
residueand the third couplingAzib residuein the extendedpeptidechain.The rate of the third reductionof
tide withD1’Twasmuchdecreasedand6 h was requiredforcompletionof the reaction.For the last coupling
of 3 a couplingtime3 h was requiredto completethe reactionandthe last azidewasagainreducedin 6 h. The
couplingbetweenFrnoc-Thr(tBu)-OPfpandAib on the resinboundpeptidewascompleteafter 10h. Theyield
of 5 was 75% crude, and 71% after HPLCpurification.The productwas analyzedby HPLC,MALDI-TOF-
MS and proton NMR (Figure2). The Azib was also activatedwith DAST to give the azido acid fluoride
whichcoupledwiththe peptideresin,albeitat muchless rate, andthe reactionwascompletein 6-8h.

The couplingof Azpda-Cl4 was significantlymore difficult than that of Azib-Cl, indicatingthe large
stericalhindranceimposedby the two geminalphenylgroups.The first couplingbetweenAzdpa-Cland Lys
on the resinboundpeptidewascompleteafter5 h, as followedby MALDI-TOF-MS.The reductionalso was
markedlyaffectedbythe increasedstericalcrowdingof the two phenylgroups.TheDTTreagentprobablywas
too largeand additionof a small amountof ~-mercaptoethsnolto the D’IWDIPEAreactionmixtureenhanced
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the rateof reductionwhichwascompletewithin24 h at 50° C. Thecouplingof the secondAzdparesiduewas
completein 24 h and the azide was quantitativelyreducedwith D’fT/DIPEA/ME/DMF24 h at 50° C. The
yieldof 6 wias60%aftercleavageandpurificationby HPLC.Couplingof the thirdandfourthAzdparesidues
was achievedin 36 h, while subsequentreductionsrauired 40 h at 50° C. Prolongedreaction times were
necessaryandevenacetylationwithaceticanhydridereq-tired5-10h forcompletion.
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Figure 2. ‘H-NMRspectrum (A) and it4ALDI-TOF-iUS(B, ~, Na+ and ~ ions) of 5, ~nthesized by aziab acid
chhride couplings ofAib residues, andHPLCofthe crudepeptide (C).

The geneticallyencodedfreeaminoacids8 and9 couldin highyieldbe convertedinto the azidoacids 10
and 11, with maintenanceof the chiralityof the rx-carbon,by reactionwith TfNq.*o]2’18The chiral stability
and integritywas confirmedby measurementof opticalrotationover a 3 dayperiodin solution,and by high
field NMRspectroscopyafter peptidecouplingof 10 and 11 reductionon the solid phaseand cleavagefrom
the resin.Theneutralconditionsof the diazotransferreactionallowedtheconversionof e. g. Phe-OtButo the
tide in 90Y0 yield (crude)withoutcleavageof the tBu group.The methodis currentlybeing investigatedfor
otheracidlabilesidechainprotectinggroupsfrequentlyusedin Fmocbasedsynthesis.

In orderto studythe use of the azido acid chloridesin standardpeptidesynthesis,the chiral azidoacid
analogsof PheandValwereemployedin thesynthesisof 12and 13onthePEGAmin usinga Rinklinker(see
above).The azidoacid analogsof Phe and Val were activatedas acidchloridesfor 2 h with SOCIZat rt. The
moredifficultacylationreactionof Val to Phe to yieldpeptide13 wasmonitoredby MS, and wascompletein
<10min.ThereductionofPhewasquantitativein 2 h at20“C whereasthereductionof azideto giveN-terminal
Val was slowerand required1 h at 50“C.Thus the reductionwithD’lT appearedto be sensitiveto the steric
hindranceimposedbythe residueto whichthetide is attached.

An analyticalHPLCof thecrudeproductof the shortpeptide12is shownin Figure3. WhenD-Val-L-Phe-
Gly-NFIzwassynthesizedwithTBTUactivationandusedas a referencecompound,no racemizationof crude12

19 ~tilcation by Hp~ afford~ 12 in 79% yield. The IH-NMRcould be observedby HPLC or IH-NMR.
spectrumof the longerpeptide.13,afterpuriilcationby HPLC(77%yield,Figure3) was identicalto the IH-
NMR spectrumof 13, synthesizedusing TBTU activationfor couplingof Fmoc-Pheand Fmoc-Val.We
currentlystudywhetherthe more susceptibleamino acids such as His and Cys are chirallystable under the
conditionsemployed.

In conclusion,azidesfor protectionof aminogroupsin solidphasesynthesisoffersan improvedbalance
of steric requirements between the acylation reaction and the N-deprotectionin the synthesis cycle.
Furthermore,the completeprotectionobservedwith the azidofunctionallowshigh activationof the carboxyl
groupsas acidchlorides.The generalpotentialof thismethodforautomatedSPPSwill be investigated.
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Figure 3. IHNMR spectrum ofpurijied 13 (A) and HPLC of crude 12 (B) ajler cleavagefiom the resin both
synthesized on solid phase by two successive aziak acid chloride couplings and intermediate DIT reduction of
the azide. No inalcationofracemization was observed
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Hazard: TfNscan detonatewhenhandledin the purifiedformandshouldalwaysbe preparedandused
in situ as a solution.
Whenperformingthe reductionat a moreelevatedtemperature(55-60“C, lh), about5%of racemization
wasobservedfortheshortpeptide12.
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