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ACN I I I I I I I I I I I I I I I= I I IAcetonitrile 

AcOH I I I I I I I I I I I I I I= I I IAcetic Iacid 

AIBN I I I I I I I I I I I I I I = I I IAzobisisobutyronitrile 

Boc I I I I I I I I I I I I I I II= I I Itert-Butoxycarbonyl 

(Boc) I2O I I I I I I I I      I= I I IDi-tert-butyl-dicarbonate I(Boc Ianhydride) 

DCM I I I I I I I I I I I I I II= I I IDichloromethane 

DIPEA I I I I I I I I I I I    I= I I IDiisoproylethyl Iamine 

DMF I I I I I I I I I I I I I  I= I I IDimethyl Iformamide 

DMSO I I I I I I I I I I   I I= I I IDimethyl Isulfoxide 

EDC.HCl I I I I I I I         =IN-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide Ihydrochloride 

EtOAc I I I I I I I I I I I   I= I I IEthyl IAcetate 

Et3N I I I I I I I I I I I I I I I= I I ITriethylamine 

Fmoc I I I I I I I I I I I I I I= I I I9-Fluorenylmethoxycarbonyl 

Fmoc-OSu I I I I           I= I I IN-(9-Fluorenylmethoxycarbonyloxy) Isuccinimide 

HClO4 I I I I I I I I I I I   I I= I I IPerchloric Iacid 
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1. IAbstract 

Chemoselective I1,3-dipolar Icycloaddition Ireaction Ibetween Ithe Initroalkane 

Ifunctionalized Ipeptides Iand Ialkenes Iis Ireported. IThe Ireactive Initrile Ioxide Ican Ibe 

Igenerated Iin Isitu Ithrough Idehydration Ireaction Iusing Iphenyl Iisocyanate. IThe Iin 

Isitu Igenerated Initrile Ioxide Iwas Itrapped Iwith Ialkenes Ito Igive Iisoxazolines Ion 

Ipeptides. IThe Initrile Ioxide-alkene I1,3-dipolar Icycloaddition Ireaction Iwas Ifound Ito 

Ibe Icompatible Iwith Isolution Ias Iwell Ias Isolid Iphase Ipeptide Isynthesis. IIn Ia Isharp 

Icontrast Ito Ithe Icopper Icatalyzed I1,3-dipolar Icycloaddition Iof Iazides, Ithe Initrile 

Ioxides Ican Iundergo Icycloaddition Iwith Iboth Ialkynes Iand Ialkenes. IMore 

Iimportantly, Ialkenes Iare Ieasy Ito Isynthesize Icompared Ito Ialkynes Iand Ialso Ia 

Ivariety Iof Ialkenes Iare Icommercially Iavailable. IThe Iselective Iand Imild Initro-alkene 

Icycloaddition Ireaction Ireported Iin Ithis Iproject Ican Ibe Iutilized Ito Ifunctionalize 

Ipeptides Iand Iother Ismall Imolecules. IThough Ithe Ireaction Iis Imild Iand Icompatible 

Ifor Ibroad Isubstrates, Ihowever Istill Ithere Iis Ia Ineed Ito Iimprove Ithe Iefficiency Iof 

Ithe Ireaction Iand Ialso Ifinding Ialternative Ito Iphenyl Iisocyanate Ito Iactivate Ithe Initro 

Igroup Iis Iimportant. I 
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2. IIntroduction 

Since Ipast Ifew Idecades, Ipeptides Iserve Ias Ian Iexcellent Itool Ifor Ibio-conjugation, 

Ileading Ito Ivarious Itypes Iof Iapplications Iin Idiagnostics,1 Itissue Iengineering,2 Iand 

Idrug Idelivery.3 ISince Ipeptides Iare Iconsisting Iof Ia Ivariety Iof Iamino Iacids Iarranged 

Iin Iseveral Idifferent Iways, Ithis Igives Iit Iunique Iproperties Iwhich Ican Ibe Iutilized Ito 

Idesign Ivarieties Iof Ibiomaterials, Iprobes Iand Idrug Imolecules, Ialso Iwe Ican Iexploit 

Ithe Ipeptide Iproperties Ilike Ibiodegradability Iand Ifunctional Idiversity. ISince Iin Irecent 

Iyears, Ibio-conjugation Ihas Ian Iexcellent Itool Ifor Ithe Isynthesis Iof Ia Ivariety Iof 

Idifferent Icompounds Ivia Ione Iof Ithe Imost Icelebrated Ireaction Inamed I“Click 

IChemistry”, Ibecause Ithese Ireactions Iare Iselective, Ifast, Iefficient, Iorthogonal Iand 

Icompatible Iat Iphysiological IpH. IThe Iterm Iclick Iwas Iintroduced Iby ISharpless Iin 

I2001.4 IIn Iaddition Ito Iclick Ireactions Ivarious Itypes Iother Iconjugation Ireactions Isuch 

Ias IThiol-ene,5 IOxime Iligation,6 IRh Icatalysed I1,3 Idipolar Icycloaddition Ireaction,7 

IDiels-Alder,8 Istrain Ipromoted Iazide-alkyne Icycloaddition9 Ihave Ibeen Ideveloped Iand 

Iintroduced Ito Ipeptides Ifor Ifacile Iconjugation. I1,3 IDipolar Icycloaddition Ireactions 

Iwere Iperformed Iby IHuisgen Iin Ipresence Iof Iheat Ivia Ia Iconcerted Imechanism, 

Iinvolving I3-atom I4 Ielectron Ibut Iit Igave I1,4 Iand I1,5 Idisubstituted1,2,3-triazole Iwith 

Ipoor Iregioselectivity Ialong Iwith Ithe Irequirement Iof Ihigh Itemperature10. IHowever, 

Ithe Icopper Icatalysed Iclick Ireaction Igive Iexclusive I1,4-disubstituted Itriazoles.4,5 

IFokin Iand Ico-workers Ishowed Iby Itaking IRuthenium Icomplex Ito Iget Iparticular I1,5 

Idisubstituted Itriazole Iproduct Iin Ihigh Iyield.7 ITo Iavoid Ithe Iuse Iof ICu(I) Iin Iorganic 

Ireactions, IBertozzi Idesigned Icopper Ifree Istrain Ipromoted Iazide-alkyne 

Icycloaddition Ireaction.9 IThe Ischematic Irepresentation Iof Idifferent Itypes Iazide-

alkyne I1,3-dipolar Icycloaddition Ireactions Iare Ishown Iin Ithe IFigure I1. 
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Figure I1: IClick Ireactions Iused Ifor Ibioconjugation 

 

The Ialkyl Initro Igroup Iis Ione Iof Ithe Imost Iversatile Ifunctional Igroup Iin Iorganic 

Ichemistry. I IIt Ican Ibe Itransformed Iinto Imany Idifferent Ifunctional Igroups Isuch Ias 

Ialdehydes, Iamines, Initriles Ioxides, Iacids Ietc.11 IIn Iaddition Ito Ithese 
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Itransformations, Ialkyl Initro Igroup Ican Ialso Ibe Iconverted Iinto Ireactive Initrile Ioxide 

Iwhich Ican Iused Ifor I1,3-dipolar Icycloaddition Ireaction.12,13 IIn Ithe Iprocess, Iwe Ican 

Ireplace Iazide Iby Initro Igroup Ifunctionality Iwhich Ican Ibe Ieasily Iconverted Iinto Initrile 

Ioxide Ithrough Idehydration. IThere Iseveral Iprotocols Ireported Ifor Ithe Isynthesis Iof 

Initrile Ioxide Ias Ishown Iin IFigure I2. IRecently, Iwe Ireported Ithe Isynthesis Inew 

Iamino Iacid Iconsisting Iof Initroalkane Ifunctionality Iand Iit’s Iutility Iin Ithe Iorthogonal 

I1,3-dipolar Icycloaddition Ireaction Ion Ipeptides.14 I IOur Igroup Ihad Ishowed Ithe 

Icompatibility Iof Ithe I1,3 Idipolar Icycloaddition Ireaction Ibetween Initroalkane Iand 

Ialkyne Iin Iboth Isolid Iand Isolution Iphase Ipeptide Isynthesis.14 IIn Ithis Iproject, Iwe 

Isought Ito Iinvestigate Iwhether I1,3 Idipolar Icycloaddition Ireaction Ibetween Ithe Inew 

Initroalkane Iamino Iacid Iin Ithe Ipeptide Isequence Iand Ithe Ialkenes Iare Ipossible Ior 

Inot. IHere Iwe Ireport Ifor Ithe Ifirst Itime Ithat Initroalkane Iappended Ipeptides Ican 

Iundergo I1,3-dipolar Icycloaddition Ireaction Iwith Ialkenes Iin Iboth Isolid Iand Isolution 

Iphase Imethods. IAs Iazide Icannot Ireact Iwith Ialkenes, Ithis Ireaction Ican Ialso Ibe 

Iused Ias Iorthogonal Ito Iazide-alkyne Iclick Ireaction. I 

 

Figure I2: IDifferent Iways Iof Ipreparation Iof Initrile-oxide. 
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3. IMethods 

3.1. IChemicals 

All Iamino Iacids Iand Ichemicals Iwere Ipurchased Ifrom Ithe Icommercial Isources. IThe 

Irink Iamide Iresin Iwas Ibought Ifrom INovabiochem. ISolvents Iwere Ibrought Ilocally 

Iand Idistilled Ibefore Iuse. IColumn Ichromatography Iwas Iperformed Ion Isilica Igel Ias 

Ia Istationary Iphase I(120-200 Imesh). 

 
3.2. IInstrumentation 
 
Peptides Iwere Ipurified Ion IC18 Icolumn Iin IRP-HPLC I(MeOH/H2O I50:50-95:5 Ias Ia 

Igradient Iwith Iflow Irate I2.0 ImL/min). I1H Iand I13C INMR Ispectra Iwere Irecorded Ion 

I400 IMHz, I100MHz Iin IBRUKER INMR Ispectrophotometer Irespectively Iusing Ithe 

ICDCl3 Isolvent Ihaving Itetramethylsilane I(TMS) Ias Iinternal Istandard. IChemical Ishifts 

I(δ) Iwere Ireported Iin Ippm. IMass Iof Ipure Ipeptides Iwas Iconfirmed Iby IHRMS Iand 

IMALDI-TOF/TOF. 

 

3.3. IGeneral IProcedures: 

3.3.1. ISynthesis Iof ICompound1: 

L-Pyroglutamic Iacid I(3.225 Ig, I25 Immol) Iwas Idissolved Iin I50 ImL Iof Itert-butyl 

Iacetate I I Iand Ireaction Imixture Iwas Icooled Iunder Iice-cold Icondition. ITo Ithis 

Ireaction Imixture I3 ImL Iof Iperchloric Iacid I(HClO4) Iwas Iadded Iin Idropwise Imanner 

Iwhich Iresults Iin Iclear Itransparent Isolution. IThe Ireaction Iwas Iallowed Ito Icontinue 

Ifor Iabout I26 Ihr Iand Icompletion Iof Ireaction Iwas Imonitored Iby Ithin Ilayer 

Ichromatography I(TLC). IAfter Ithe Icompletion Iof Ireaction, Iunreacted Iperchloric Iacid 

Iwas Ineutralized Iby I10% INa2CO3, Ireaction Imixture Iwas Iextracted Iby IDCM I(50 ImL 

Ix I3) Iand Ifollowed Iby Iwashing Iwith Ibrine I(30 ImL Ix I3) Iand Idried Iover Ianhydrous 

IMgSO4 Iand Iorganicsolvent Iwas Ievaporated Iunder Ireduced Ipressure Ito Iobtain 

Iwhite Icoloured Isolid Icompound I1. IYield: I4.16 Ig I(89.99%). 
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3.3.2. ISynthesis Iof ICompound I2: I 

Compound I1 (4 Ig, I21.62 Immol) Iwas Idissolved Iin I60 ImL Iof Iacetonitrile I(ACN) 

Ifollowed Iby Iaddition Iof IDMAPI(261 Img, I2.162 Immol). IThen Ireaction Imixture Iwas 

Icooled Iunder Iice-cold Icondition. IAfter Ithat I(Boc)2OI(7.44 ImL, I32.43 Immol) Iin I30 

ImL Iof Iacetonitrile Iwas Iadded. IThen Ithe Ireaction Iwas Iallowed Ito Icontinue Ifor I12 

Ihr. IThe Iprogress Iof Ireaction Iwas Imonitored Iby ITLC. IAfter Icompletion Iof Ireaction, 

Iacetonitrile Iwas Ievaporated Iand Ithe Iaqueous Ilayer Iwas Iextracted Iwith Iethyl 

Iacetate I(50 ImL Ix I3) Iand Ifollowed Iby Iwashing Iwith Ibrine I(30 ImL Ix I3) Iand Idried 

Iover Ianhydrous IMgSO4 Iand Ievaporated Iunder Ireduced Ipressure Ito Iobtain Iorange 

Icoloured Iviscous Iproduct. IYield: I I4.7 Ig I(76.31%). 

 

 

 

3.3.3. ISynthesis Iof ICompound I3: I 
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Compound I2 I(4.7 Ig, I16.5 Immol) Iwas Idissolved Iin I50 ImL Iof ITHF. ITo Ithis Isolution, 

I30 ImL Iof I1N ILiOH Iwas Iadded Iin Idropwise Imanner. IThe Iprogress Iof Ireaction Iwas 

Imonitored Iby ITLC. IAfter Icompletion Iof Ireaction, ITHF Isolvent Iwas Ievaporated 

Iunder Ireduced Ipressure Iand Ireaction Imixture Iwas Iacidified Iwith I10% IHCl Isolution 

Iand Ithen Ithe Iaqueous Ilayer Iwas Iextracted Iwith Iethyl Iacetate I(50 ImL Ix I3) Iand 

Ifollowed Iby Iwashing Iwith Ibrine I(50 ImL Ix I3) Iand Idried Iover Ianhydrous IMgSO4. 

IOrganic Isolvent Iwas Ievaporated Iunder Ireduced Ipressure Ion Irota Ievaporator Ito 

Iobtain Iorange Icoloured Iviscous Icompound I3. IYield: I4.3 Ig I(86%). 

 

 

3.3.4. ISynthesis Iof ICompound4: I 

Compound I3 I(4.3 Ig, I14.19 Immol) Iwas Idissolved Iin I50 ImL Idry ITHF Iunder Initrogen 

Iatmosphere Iand Ireaction Imixture Iwas Icooled Ito I-15ºC Iby Iusing Isalt-ice Imixture. 

ITo Ithe Ireaction Imixture, Itriethylamine I(2.36 ImL, I17 Immol) Iwas Iadded Ifollowed Iby 

Idrop Iwise Iaddition Iisobutyl Ichloroformate I(2 ImL, I14.19 Immol). IThen Ithe Ireaction 

Iwas Iallowed Ito Icontinue Ifor Iabout I40 Imin Iat I-15ºC. IAfter Ithat Ithe Iactive Iester 

Iwas Ireduced Ito Ialcohol Iusing INaBH4 I(2.6 Ig, I70.95 Immol). IProgress Iof Ireaction 

Iwas Imonitored Iby ITLC, Iafter Icompletion Iof Ireaction, ITHF Isolvent Iwas Ievaporated 

Iunder Ireduced Ipressure Iand Iexcess INaBH4 Iwas Iquenched Iby I10% IHCl Isolution 

Iand Ithen Ithe Iaqueous Ilayer Iwas Iextracted Iwith Iethyl Iacetate I(50 ImL Ix I3) Iand 

Ithen Ifollowed Iby Iwashing Iwith Iwith I10% IHCl Isolution I(50 ImL Ix3), I10% INa2CO3 

Isolution I(50 ImL Ix I3) Iand Ithen Ibrine Isolution I(50 ImL Ix I3) Iand Idried Iover 

Ianhydrous INa2SO4. IOrganic Isolvent Iwas Ievaporated Iand Iobtained Iproduct Iwas 
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Ipurified Iby Icolumn Ichromatography Iusing Iethyl Iacetate Iand Ipet Iether Ias Ieluent Ito 

Iobtain Ipure Icompound I4. IYield: I3.5 Ig I(85%). 

 

 

3.3.5. ISynthesis Iof ICompound I5: 

Compound I4 I(3.5 Ig, I12.1mmol) Iwas Idissolved Iin I50 ImL Idry ITHF Iunder Initrogen 

Iatmosphere Iand Icooled Iunder Iice-cold Icondition. IPPh3 I(4.75 Ig, I18.16 Immol), 

Iimidazole I(1.23 Ig, I18.17 Immol) Iand Iiodine I(4.6 Ig, I18.17 Immol) Iwere Iadded Ito 

Ithis Isolution Irespectively. IThen Ithe Ireaction Iwas Iallowed Ito Icontinue Ifor I40 Imin. 

IProgress Iof Ireaction Iwas Imonitored Iby ITLC, Iafter Icompletion Iof Ireaction, ITHF 

Isolvent Iwas Ievaporated Iunder Ireduced Ipressure Iand Ithen Ithe Iaqueous Ilayer Iwas 

Iextracted Iwith Iethyl Iacetate I(50 ImL Ix I3) Iand Ifollowed Iby Iwashing Iwith I10% 

INa2S2O3 Isolution I(50 ImL Ix I3), Ibrine Isolution I(50 ImL Ix I3) Iand Idried Iover 

Ianhydrous INa2SO4. IThen Ithe Iorganic Isolvent Iwas Ievaporated Iunder Ireduced 

Ipressure Iand Ipurified Ithough Isilica Igel Icolumn Ichromatography Iusing Iethyl Iacetate 

Iand Ipet Iether Ias Ieluent Ito Iobtain Ipure Icompound I5. IYield: I3.0 Ig I(61.48%). 
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3.3.6. ISynthesis Iof ICompound I6: 

Compound I5 I(3 Ig, I7.44 Immol) Iwas Idissolved Iin I10 ImL Iof IDMF Iunder Initrogen 

Iatmosphere Iand Icooled Iunder Iice-cold Icondition. ITo Ithis Isolution, Isodium Initrite 

I(1.28 Ig, I18.16 Immol) Iwas Iadded. IAfter Ithat Ithe Ireaction Iwas Iallowed Ito Icontinue 

Ifor I3 Ihr. IProgress Iof Ireaction Imonitored Iby ITLC, Iafter Icompletion Iof Ireaction, 

I10% INa2S2O3 Isolution I(50 ImL) Iwas Iadded Ito Ireaction Imixture Iand Ithen Ithe 

Iaqueous Ilayer Iwas Iextracted Iwith Iethyl Iacetate I(50 ImL Ix I3) Iand Ithen Ifollowed 

Iby Iwashing Iwith I10% INa2S2O3 Isolution I(50 ImL Ix I3), Ibrine Isolution I(50 ImL Ix I3) 

Iand Idried Iover Ianhydrous INa2SO4. IThe Iorganic Isolvent Iwas Ievaporated Iunder 

Ireduced Ipressure Iand Ipurified Ivia Isilica Igel Icolumn Ichromatography Iusing Iethyl 

Iacetate Iand Ipet Iether Ias Ieluent Ito Iobtain Ipure Icompound I7. IYield: I I1.0 Ig 

I(42.26%). 

 

3.3.7. ISynthesis Iof ICompound I7: I 

Compound I6 I(100 Img, I0.31 Immol) Iwas Idissolved Iin I3 ImL Iof Idry ITHF Iunder 

Initrogen Iatmosphere Iunder Iice-cold Icondition. ITo Ithis Isolution, Ipropargyl Iglucose 

Ipentaacetate I(610 Img, I1.57 Immol) Iwas Iadded. IAfter Ithat, Iphenylisocynate I(170 

IL, I1.55 Immol) Iand Itriethylamine I(215 IL, I1.55 Immol) Iwas Iadded Iin Idropwise 

Imanner Ito Ireaction Imixture Iat I0ºC. IThe Iprogress Iof Ithe Ireaction Iwas Imonitored 

Iby ITLC. IAfter Icompletion Iof Ithe Ireaction, Ithe ITHF Iwas Ievaporated Iand Ithe Icrude 

Icompound Iwas Ipurified Iusing Iethyl Iacetate Iand Ipet Iether Isystem Ithrough Isilica 

Igel Icolumn Ichromatography Ito Iobtain Imixture Iof Icompound I7 Iand I8. 
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3.3.8. ISynthesis Iof Initroalkane Itethered Itetra Ipeptide IP1: 

The Ipeptide IP1 Iwas Isynthesised Iby Isolution Iphase Icondensation Istrategy. IN-Boc 

Iprotected Ileucine Iwas Idissolve Iin IDMF Iunder Initrogen Iatmosphere Iunder Iice-cold 

Icondition. ITo Ithis Isolution, Icoupling Ireagents IEDC.HCl Iand IHOBt Iwere Iadded Iand 

Ifollowed Iby Ithe Iaddition Iof IDIPEA Iand Istirred Ifor Iabout I15 Imin. IAfter Ithat Imethyl 

Iester Iof IL-valine Iwas Iadded. IProgress Iof Ireaction Iwas Imonitored Iby ITLC. IAfter 

Ithe Icompletion Iof Ireaction, I10% IHCl Iand Ibrine Iwas Iadded Iand Ithe Iorganic 

Icompound Iwas Iextracted Iwith IEtOAc I(30 ImL Ix I3), Ithen Ifollowed Iby Iwashing Iwith 

Iwith I10% IHCl Isolution I(50 ImL Ix I3),10% INa2CO3 Isolution I(50 ImL Ix I3) Iand Ithen 

Ibrine Isolution I(50 ImL Ix I3) Iand Idried Iover Ianhydrous INa2SO4. IThe Iorganic Isolvent 

Iwas Ievaporated Iunder Ireduced Ipressure Ito Iobtain Icompound I9. 

Compound I9 Iwas Isubjected Ito Ia Isolution Iof Itrifluoroacetic Iacid Iand 

Idichloromethane Irespectively I(1:1). IProgress Iof Ireaction Iwas Ichecked Iby ITLC Iand 

Iafter Icompletion Iof Ireaction, Isolvent Iwas Ievaporated Iseveral Itimes Iwith IDCM Ito 

Iremove Iexcess ITFA Ito Iobtain Icompound I10. 

 

Then IN-Boc Iprotected Ialanine Iwas Idissolve Iin IDMF Iunder IN2 Iatmosphere Iat I0 

IºC. ITo Ithis Isolution, Icoupling Ireagents IEDC.HCl Iand IHOBt Iwere Iadded Iand 

Ifollowed Iby Ithe Iaddition Iof IDIPEA Iand Istirred Ifor Iabout I15 Imin. IAfter Ithat 
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Icompound I10 Iwas Iadded. IProgress Iof Ireaction Iwas Imonitored Iby ITLC. IAfter Ithe 

Icompletion Iof Ireaction, I10% IHCl Iand Ibrine Iwas Iadded Iand Ithe Iorganic Icompound 

Iwas Iextracted Iwith IEtOAc I(30 ImL Ix I3), Ithen Ifollowed Iby Iwashing Iwith I10% IHCl 

Isolution I(50 ImL Ix I3), I10% INa2CO3 Isolution I(50 ImL Ix I3) Iand Ithen Ibrine Isolution 

I(50 ImL Ix I3) Iand Idried Iover Ianhydrous INa2SO4. IThe Icombined Iorganic Ilayer Iwas 

Ievaporated Iunder Ireduced Ipressure Ito Iobtain Icompound I11. 

Compound I11 Iwas Ihydrolyzed Iusing I1N INaOH Iin IMeOH. IProgress Iof Ithe Ireaction 

Iis Ichecked Iby ITLC Iand Iafter Icompletion Iof Ithe Ireaction Ithe Isolvent IMeOH Iwas 

Ievaporated Iunder Ireduced Ipressure. IThen Imixture Iwas Ineutralized Iwith10% IHCl 

Iand Iextracted Iwith IEtOAc I(30 ImL Ix I3), Ithen Ifollowed Iby Iwashing Iwith Ibrine 

Isolution I(50 Iml Ix I3) Iand Idried Iover Ianhydrous IMgSO4 Iand Iconcentrated Iunder 

Ireduced Ipressure Ito Iobtain Icompound I12. 

Compound I12 Iwas Idissolve Iin IDMF Iunder IN2 Iatmosphere Iat I0 IºC. ITo Ithis 

Isolution, Icoupling Ireagents IEDC.HCl Iand IHOBt Iwere Iadded Iand Ifollowed Iby Ithe 

Iaddition Iof IDIPEA Iand Istirred Ifor Iabout I15 Imin. IAfter Ithat Icompound I12 Iwas 

Iadded. IProgress Iof Ireaction Iwas Imonitored Iby ITLC. IAfter Ithe Icompletion Iof 

Ireaction, I10% IHCl Iand Ibrine Iwas Iadded Iand Ithe Iorganic Icompound Iwas Iextracted 

Iwith IEtOAc I(30 ImL Ix I3), Ithen Ifollowed Iby Iwashing Iwith I10% IHCl Isolution I(50 

ImL Ix I3) Ifollowed Iby I10% INa2CO3 Isolution I(50 ImL Ix I3) Iand Ithen Ibrine Isolution 

I(50 ImL Ix I3) Iand Idried Iover Ianhydrous IMgSO4. IThe Iorganic Isolvent Iwas 

Ievaporated Iunder Ireduced Ipressure Ito Iobtain Itetrapeptide IP1. 
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Scheme I1: ISynthetic Ischeme Iof Initro-alkane Itetrapeptide IP1 

 

 

3.3.9. I1,3 IDipolar Icycloaddition Ireaction Ion Initroalkane Itethered Itetrapeptide 

IP1: 

Tetra Ipeptide I(100mg, I0.178mmol) Iwas Idissolve Iin I5 ImL Iof Idry ITHF Iat I0ºC Iunder 

Initrogen Iatmosphere. ITo Ithis Isolution, Istyrene I(5 Ieq.), Iphenylisocynate I(5 Ieq.) Iand 

Itrimethylamine I(5eq.) Iwere Iadded Irespectively. IThe Iprogress Iof Ithe Ireaction Iwas 

Imonitored Iby ITLC. IAfter Icompletion Iof Ireaction, Isolvent ITHF Iwas Ievaporated Iand 

Iby-product Iurea Iwas Ifiltered Iout Iusing Ifilter Ipaper Iand Ievaporated Iunder Ireduced 

Ipressure. IThe Icrude Icompound Iwas Ipurified Iby IReverse IPhase IHigh IPressure 

ILiquid IChromatography I(HPLC) Iusing IC18 Icolumn Iand IMeOH/H2O Ias Ia Isolvent 

Isystem Ito Iobtain Ipure Ipeptide IP2. ISame Iprotocol Ihas Ibeen Iutilized Ifor Ithe 

Isynthesis Iof Ithe Iother Ipeptides I(P3-P6) 
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.3.3.10. ISynthesis Iof Initro Ialkane Itethered Ihepta Ipeptide Ion Isolid Iphase: 

Synthesis Iof IFmoc-Nitro-OH: 

Compound I6 I(1 Ig, I3.14 Immol I) Iwas Idissolved Iin I10 ImL Iof IDCM. ITo Ithis Isolution, 

I10 ImL Iof ITFA Iand I1 ImL Iof Iwater Iwere Iadded. IAfter Ithat Ithe Ireaction Imixture 

Iwas Istirred Ifor Iovernight. IThe Iprogress Iof Ireaction Iwas Imonitored Iby ITLC. IAfter 

Icompletion Iof Ireaction, Ireaction Imixture Iwas Iseveral Itimes Ievaporated Iwith IDCM 

Ito Iget Igummy Icompound I13. IThen Icompound I13 Iwas Idissolved Iin I15 ImL Iof ITHF 

Iand I25% INa2CO3 I(15 ImL) Isolution Iunder Iice-cold Icondition Iand Istirred Ifor Ianother 

I10 Imin. IAfter Ithat, IFmoc-OSu I(953 Img, I2.82 Immol) Idissolve Iin I10 ImL Iof ITHF 

Iwas Iadded Iand Ireaction Iwas Iallowed Ito Istirred Ifor I12 Ihr. IAfter Icompletion Iof 

Ireaction, Isolvent ITHF Iwas Ievaporated Iand Iaqueous Isolution Iwas Iacidified Iwith 

I10% IHCl Iand Iextracted Iwith IEtOAc I(30 ImL Ix I3), Ithen Ifollowed Iby Iwashing Iwith 

Ibrine Isolution I(50 ImL Ix I3) Iand Idried Iover Ianhydrous IMgSO4 Iand Ievaporated 

Iunder Ireduced Ipressure Ito Igive Igummy Icompound I14, Iwhich Iis Ipurified Iby 

Icolumn Ichromatography Iusing Iethyl Iacetate Iand Ipet Iether Ias Ieluent Ito Iobtain 

Ipure Icompound Ito Iget Ibrown Icoloured Isolid Icompound Iwhich Ican Ibe Ifurther 

Iutilized Ito Iuse Iin Isolid Iphase Ipeptide Isynthesis. 

 

 

3.3.11 ISynthesis Iof Initroalkane Ipeptide IS1 Ion Isolid Isupport: 

Synthesis Iof Ipeptide Iwas Idone Iby Isolid Iphase Ipeptide Isynthesis Iprotocol Ion Irink 

Iamide Iresin I(0.2 Immol Iscale) Iusing IFmoc-chemistry. ICoupling Ireactions Iwere 

Iperformed Iin INMP Isolvent Iand IHBTU/HOBt Ias Ia Icoupling Ireagents Iand IDIPEA 
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Ias Ia Ibase. IAll IFmoc Ideprotections Iwere Iperformed Iin I20 I% Ipiperidine Iin IDMF. 

IAfter Iperforming Iall Icouplings, IN-terminous Iof Ihepta Ipeptide Iwas Ideprotected 

Iusing I20 I% Ipiperidine Iin IDMF Iand Iwas Icoupled Ito Iisovaleric Iacid Iby Iusing 

IHBTU/HOBt Ias Ia Icoupling Ireagent Iand IDIPEA Ias Ia Ibase Ito Iget IpeptideS1. I

 

Scheme I2: ISolid Iphase Ipeptide Isynthesis Iprotocol Iof Ipeptide IS1. 
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4. IResults Iand IDiscussion: 

4.1. ISynthesis Iof Initroalkane Iamino Iacid: 

Synthesis Iof Initroalkane Iamino Iacid Iwas Idone Ivia Iprotection Iof Iamine Iand 

Icarboxylic Iacid Igroup Iof Ipyroglutamic Iacid Iwith Itert-butoxycarbonyl Iand Itert-butyl 

Iester Irespectively Iand Ithen IN-Boc Iprotected Ipyroglutamic Iester Iwas Isubjected Ito 

Iester Ihydrolysis Iin ITHF Iusing Ilithium Ihydroxide Iwhich Iled Ito Iopening Iof Ifive 

Imembered Iring Iintroducing Icarboxylic Igroup Iin Iside Ichain. IThen Icarboxylic Iacid 

Iwas Iconverted Ito Iactive Iester Iusing Iisobutyl Ichloroformate Iand Ithen Ireduced Ito 

Ialcohol Iusing Isodium Iborohydride. IThe Ialcohol Iwas Iconverted Ito Iiodo Iusing 

Imodified Iapple Ireaction Iprotocol. IFinally, Ithe Iiodo Icompound Iwas Iconverted Ito 

Initro Ialkane Iusing Isodium Initrite Ivia ISN2 Imechanism Iand Ipurified Ivia Isilica Igel 

Icolumn Ichromatography. 

 

Scheme I3: ISynthetic Ischeme Iof Initro Ialkane Imonomer. 
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Formation Iof Initro Iamino Iacid Iwas Idone Iby I1 IH INMR, I13 IC INMR Iand IMALDI-

TOF Ishown Iin Isupplementary Idata. 

4.2. ICycloaddition Ireaction Ion INitro Imonomer: 

Nitroalkane Iamino Iacid Iwas Isubjected Ito Icycloaddition Iwith Ialkene Ihaving Isugar 

Imoiety Iusing Iphenylisocynate, Itriethylamine Ias Ia Ireagent Iin Iice Icold Icondition 

Iunder IN2 Iatmosphere.Triethylamine Iact Ias Ia Ibase Iwhich Iabstracts Ithe Iacidic 

Iproton Ipresent Inext Ito Initro Igroup Ilead Ito Iformation Iof Iurea Iand Icorresponding 

Iisoxazoline Iproduct Iand Ipurified Ivia Isilica Igel Icolumn Ichromatography. IThe 

Icorresponding Icycloaddition Iproduct Ihad Itwo Iisomers Iwhich Iwere Idifferentiated Iby 

I1H Iand I13C INMR Itechniques. 
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Scheme I4: IMechanism Iof Initrile Ioxide Iformation Ifrom Initroalkane. 
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4.3. ICycloaddition Ireaction Ion Itetra Ipeptide IBoc-Ala-Leu-Val-Nitro-OMe Ion 

Isolution Iphase: 

Synthesis Iof Itetrapeptide Iwas Idone Iby I1+2+1 Imethodology Iin Isolution Iphase Iusing 

IEDC.HCl Iand IHOBt Ias Ia Icoupling Ireagent Iand IDIPEA Ias Ia Ibase. IConformation 

Iof Itetra Ipeptide Iwas Icharacterized Iby INMR Iand IMALDI-TOF Itechniques. I 

 

Then Ithis Itetrapeptide Iwas Isubjected Ito Icycloaddition Iwith Idifferent Itypes Iof 

Ialkenes I(disubstituted Iand Imono Isubstituted) Iusing Iphenylisocynate, Itriethylamine 

Ias Ia Ireagent Iin Iice Icondition Iunder IN2 Iatmosphere. ISide Iproduct IUrea Iwas 

Ieliminated Ivia Isilica Igel Icolumn Ichromatography Ito Iremove Iurea Iand Icrude Iwas 

Ifurther Ipurified Ivia Ireverse Iphase IHigh IPressure ILiquid IChromatography Ito Iget 

Iisoxazoline Iproduct. IThe Icorresponding Icycloaddition Iproduct Iwas Icharacterized Iby 

I1H INMR Iand IMALDI-TOF/TOF Itechniques. 

We Itried Ithe Icycloaddition Ireaction Iseveral Idifferent Itypes Iof Ialkenes, Ifor Iexample 

Iin Icase Iof Icyclohexene, Ithe Iyield Iof Ithe Ireaction Iwas Ialmost Inegligible. ISince Ithe 

Ireactivity Iof Ialkene Iare Ilow Icompare Ito Ialkyne Iso Ithe Iyield Iof Ithese Ireactions Iare 

Ilow. IAs Iwe Iknow Ithat Iattaching Ielectron Iwithdrawing Igroup Inear Ito Ialkene 

Iimproves Ithe Ireactivity Iof Ielectrophile Iand Iimproves Ithe Iyield Iof Ireaction. ISo Iwe 

Ihad Itaken Ithe Idisubstituted Iand Iterminal Ialkenes Ihaving Ielectron Iwithdrawing 

Isubstituents Ilike Icarbonyl, Ipyridine Iand Iperformed Ithe Ireaction Iwhich Iresults Iin 

Iyield Iin Irange Iof I20% Ito I30%. IThen Iwe Itried Ithe I1,3 Idipolar Icycloaddition 

Ireaction Iwith I4 Idifferent Ivinyl Ialkenes I(styrene, Ivinyl Ipyridine, Iethyl Ivinyl Iketone 

Iand Iethyl Ivinyl Iether) Iand Ione Itrans Idisubstituted Ialkene I(fumerate), Iin Iall Icases 

Ireaction Iwent Iwith Iyield Iaround I25% I- I30%. IThere Iis Ia Inecessity Ito Iimprove Ithe 
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Ireaction Icondition Ifor Initrile Ioxide-alkene Icycloaddition Ireaction Iin Isolution Iphase. 

IBy Ithe Iabove Iprotocol Ipeptides I(P1 I– IP6) Iwere Isynthesized IScheme I5 Iand 

Icharacterized Iby I1H INMR Iand IMALDI-TOF Ishown Ibelow. 

 

Scheme I5: ICycloaddition Ireaction Iof Ipeptide IP 1 Iwith Idifferent Ialkene Isubstrates 

Ion Isolution Iphase. 
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1H INMR Ispectra Iof Ipeptides IP2-P6 
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4.4. ICycloaddition Ireaction Iof Ihepta Ipeptide IS1 Ion Isolid Isupport: 

Synthesis Iof Ihepta Ipeptide Iwas Idone Iin Isolid Iphase Ipeptide Isynthesizer Iusing Irink 

Iamide Iresin. ICouplings Iwere Iperformed Iusing IHBTU/HOBt Ias Icoupling Ireagents Iin 

INMP Isolvent. I20% Ipiperidine Iin IDMF Iwas Iused Ito Ideprotect IFmoc Igroup Iand 

Iwashing Iwere Idone Iin IDCM Iand IDMF Isolvents. 

Resin Ibound Ipeptide IS1was Isuspended Iin Idry ITHF Iat I0 IºC Iunder IN2 Iatmosphere. 

ITo Ithis Isuspension Isolution Istyrene I(5eq), Iphenylisocynate I(5eq) Iand Itriethylamine 

Iwere Iadded. IAfter Icompletion Iof Ireaction Iurea Iwas Iremoved Iby Iwashing Iwith 

IMeOH Iin Isintered Ifunnel Iand Iresin Iwas Icollected Iand Iresin Icleavage Iwas 

Iperformed Iunder Icocktail Imixture Iconsisting Iof I95 I% ITFA, I2.5 I% IH2O Iand I2.5 I% 

Itriisopropylsilane Iand Icycloaddition Iproduct IS2 Iwas Ipurified Ion IC18 Icolumn Iin IRP-

HPLC Iand Icharacterized Iby IMALDI-TOF/TOF. 

Peptides IS3 Iand IS4 Iwere Isynthesized Iby Iusing Isimilar Iprotocol Iusing Iand Ipurified 

Iusing Ifumerate Iand Iethyl Ivinyl Iketone Ias Ialkene. IIn Icontrast Ito Isolution Iphase 
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Isignificant Iimprovement Iin Ithe Iyields Iwere Iobserved Iin I1,3-dipolar Icycloaddition Ion 

Isolid Isupport. 

 

 

Scheme I6: ICycloaddition Ireaction Iof Ipeptide IS1 Iwith Idifferent Ialkenes Ion Isolid 

Isupport. 
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5. IConclusion 

 

We Ihad Idemonstrated I1,3-dipolar Icycloaddition Ireactions Ibetween Ialkenes Iand Iin 

Isitu Igenerated Initrile Ioxide Ifrom Initro-alkane Iamino Iacid Iand Ipeptides. IWe 

Isuccessfully Ishowed Ithat Iincorporating Ithis Initro-alkane Iamino Iacid Iin Ipeptide 

Isequence Iand Ithen Iperforming Icycloaddition Ireaction Ileads Ito Icyclized Iisoxazoline 

Iproduct Iin Iboth Isolution Iand Isolid Isupport. IWe Ishowed Ithat Iterminal Ialkene I(vinyl) 

Ican Ieasily Iundergo Icycloaddition Ireactions Iwith Initroalkanes Itethered Ipeptides 

Icompared Ito Ithe Idisubstituted Ialkenes. ISince Ialkenes Iare Inot Ias Ireactive Ias 

Ialkynes Iso Iyields Iof Ithe Icycloaddition Ireactions Iwere Ifound Ito Ibe Iless Iand Ithere 

Iis Ia Inecessity Ito Iimprove Ireaction Iconditions Ito Iimprove Ithe Iyields. INevertheless, 

Iit Iis Iimportant Ito Inote Ithat I1,3-dipolar Icycloaddition Ireaction Ibetween Iazide Iand 

Ialkene Iis Inot Ifeasible Iand Iit Iis Ipossible Iin Initrile Ioxide Icase. IIn Icomparison, Ibetter 

Iyields Iwere Iobtained Ion Isolid Isupport Ireactions Ithan Isolution Imethod. IThe Imain 

Iproblem Iin Isolution Imethod Iis Ithe Iseparation Iof Iurea Ibyproduct. IWe Iare Imaking 

Iefforts Ito Iimprove Ithe Iyields Iof Ithis Iimportant Initrile Ioxide-alkene Icycloaddition Iand 

Iits Iorthogonality Iwith Iother I1,3-dipolar Icycloaddition Ireactions. IOverall, Ithere Iis Ia 

Igreat Iscope Ifor Ithis Initroalkane Imediated Initrile Ioxide I–alkene Icycloaddition 

Ireactions Ifor Ipeptide Iconjugations. 

 

 

 

 

 

 

 



33 
 

 

 

6. IReferences 

 

1. (a) IShokeen, IM.; IPressly, IE. ID.; IHagooly, IA.; IZheleznyak, IA.; IRamos, IN.; 

IFiamengo, IA. IL.; IWelch, IM. IJ.; IHawker, IC. IJ.; IAnderson, IC. IJ. IACS INano. 

I2011, I5, I738. I(b)Sachin, IK.; IJadhav, IV. IH.; IKim, IE.-M.; IKim, IH. IL.; ILee, IS. 

IB.;Jeong, IH.-J.; ILim, IS. IT.; ISohn, IM.-H.; IKim, ID. IW. IBioconjugateChem. I2012, 

I23, I1680. I(c)Wanglerl, IC.; IMaschauer, IS.; IPrante, IO.; ISchafer, 

IM.;Schirrmacher, IR.; IBartenstein, IP.; IEisenhut, IM.; IWangler, IB.ChemBioChem. 

I2010, I11, I2168 

2. (a) IDeForest, IC. IA.; IPolizzotti, IB. ID.; IAnseth, IK. IS. INat. IMater.2009, I8, I659. 

I(b) IZheng, IJ.; ILiu, IK.; IReneker, ID. IH.; IBecker, IM. IL. IJ. IAm. IChem. ISoc.2012, 

I134, I17274. I(c) ILin, IF.; IYu, IJ.; ITang, IW.; IZheng, IJ.; IXie, IS.; IBecker, IM. IL. 

IMacromolecules I2013, I46, I9515. 

3. (a) IKamphuis, IM. IM. IJ.; IJohnston, IA. IP. IR.; ISuch, IG. IK.; IDam, IH. IH.; IEvans, 

IR. IA.; IScott, IA. IM.; INice, IE. IC.; IHeath, IJ. IK.; ICaruso, IF. I IJ. IAm. IChem. 

ISoc.2010, I132, I15881. I(b) Ivon IMaltzahn, IG.; IRen, IY.; IPark, IJ.-H.; IMin, ID.-H.; 

IKotamraju, IV. IR.; IJayakumar, IJ.; IFogal, IV.; ISailor, IM. IJ.; IRuoslahti, IE.; IBhatia, 

IS. IN. IBioconjugate IChem. I2008, I19, I1570. I(c) IKrishnamurthy, IV. IR.; IWilson, 

IJ. IT.; ICui, IW.; ISong, IX.; ILasanajak, IY.; ICummings, IR. ID.; IChaikof, IE. IL. 

ILangmuir, I2010, I26, I7675. 

4. Kolb, IH. IC.; IFinn, IM. IG.; ISharpless, IK. IB. IAngew. IChem. I2001, I40, I2004. 

5. Hoyle, IC. IE.; IBowman, IC. IN. IAngew. IChem., IInt. IEd. I2010, I49, I1540. 

6. (a) ISaxon, IE.; IBertozzi, IC. IR. IScience, I2000, I287, I2007. I(b) ILin, IF. IL.; IHoyt, 

IH. IM.; Ivan IHalbeek, IH.; IBergman, IR. IG.; IBertozzi, IC. IR. IJ. IAm. IChem. ISoc. 

I2005, I127, I2686. 

7. Gramlich, IP. IM. IE.; IWirges, IC. IT.; IManetto, IA.; ICarell, IT. IAngew. IChem. IInt. 

IEd.2008, I47, I8350. 

8. Blackman, IM. IL.; IRoyzen, IM.; IFox, IJ. IM. IJ. IAm. IChem. ISoc.2008, I130, I13518. 



34 
 

9. (a) IAgard, IN. IJ.; IPrescher, IJ. IA.; IBertozzi, IC. IR. IJ. IAm. IChem. ISoc. I2004, 

I126, I15046. I(b) IBaskin, IJ. IM.; IPrescher, IJ. IA.; ILaughlin, IS. IT.; IAgard, IN. IJ.; 

IChang, IP. IV; I 

10. Miller, II. IA.; ILo, IA.; ICodelli, IJ. IA.; IBertozzi, IC. IR. IProc. INatl. IAcad. ISci.2007, 

I104, I16793. I(c) IAgard, IN. IJ.; IBaskin, IJ. IM.; IPrescher, IJ. IA.; ILo, IA.; IBertozzi, 

IC. IR. I IACS IChem. IBiol., I2006, I1, I644. 

11. R. IHuisgen, IAngew. IChem.1963, I75, I604. 

12. Mukaiyama, IT; IHoshino, IT.J. IAm. IChem. ISoc. I1960, I82, I5339. 

13. Liu IK. IC., IShelton IB. IR., IHowe IR. IK I; IJ. IOrg. IChem. I1980, I45, I3916 I– I3918. 

14. Reja, IR. IM.; ISunny, IS.; IGopi, IH. IN. IOrg. ILett.2017, I19, I3572. 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

 

7. ISupplementary IData 

 

1H INMR Iand I13Cof ISpectra Iof ICompound I6 I 
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MALDI/TOF ISpectra Iof I ICompond I6 Iand IPeptides IP1-P6 Iand IS2-S4 
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Peptide IP2 

[M+K
+
]

cald. I
= I684.88 

[M+K
+
]

obsd
. I= I684.247 
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Peptide IP3 
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]

cald. I
= I724.86 
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. I= I724.32 
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Peptide IP4 
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]

cald. I
= I685.87 
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. I= I685.27 
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Peptide IP5 
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cald. I

= I652.84 
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+
]
obsd

. I= I652.33 
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Peptide IP6 
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cald. I

= I664.85 

[M+K
+
]
obsd

. I= I664.42 
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Peptide IS2 
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= I954.22 
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. I= I953.53 
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Peptide IS3 
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cald. I

= I994.20 
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+
]
obsd

. I= I993.57 
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Peptide IS4 

[M+K
+
]
cald. I

= I934.19 

[M+K
+
]
obsd

. I= I935.61 


