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    The discovery of synergistic interactions between multiple types of PRRs has led to the 

development of new multi-agonist adjuvants via covalent conjugation. This has improved vaccine 

immunogenicity. Although unconjugated mixtures of multiple PRR agonists elicit synergistic 
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immune activity, this approach does not mimic the spatial component of PRR activation by a 

pathogen. Adjuvants mixtures of unconjugated agonists can diffuse through the immune system 

and may be cleared more readily.  

     Developing more potent and effective immunostimulants via covalent conjugation has led 

to applying these tools as adjuvants in vaccination models. The first example of this was CL429, 

a chimeric molecule containing the agonists Pam2C (2,3-dipalmitoyl-S-glyceryl cysteine) and 

murabutide (muramyl dipeptide (MDP) derivative), which stimulate TLR2 and NOD2, 

respectively.96  CL429 was used as an adjuvant in an HIV-1 subunit vaccine and increased HIV-1 

p- 24 antigen-specific IgG and IgA antibody titers compared to the individual agonists or a mixture 

of the unconjugated TLR2 and NOD2 agonists. $

    In addition to covalent localization of multi-agonist adjuvants, particulate vaccine delivery 

systems have been synthesized those mimic pathogens in size and spatial organization.  Particulate 

systems, including nanoparticles, nanodiscs, and liposomes that range in diameter from sub- to 

low-micron size, provide cargo delivery at sizes similar to a virus or bacteria.97,98 These delivery 

systems have shown enhanced antigen uptake by antigen-presenting cells (APCs), which can lead 

to increased antigen presentation and immune activation.82,99  Biodegradable PLGA [poly(lactic-

co-glycolic acid)] particles (!300nm in diameter) have been developed to encapsulate or adsorb 

dual or triple combinations of TLR agonists, imitating the size and composition of a pathogen.60,100  

These latter studies have shown that multi-TLR agonist adjuvant formulations induce distinct 

immune response in mice compared to the use of one agonist or antigen alone. These immune 

responses include the production of the highest avidity antibody titers against the target antigen 

and balanced TH1/TH2 responses via increased IgG1 and IgG2c levels.100 Although targeting the 

antigen and adjuvant to the same endosome increases antigen presentation, more robust humoral 
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responses were observed when the antigen and adjuvant were in separate nanoparticles, requiring 

more mechanistic investigation.60  Nanodiscs are another adjuvant delivery system which targets 

dual TLR pathways.98 Immunizations with this scaffold led to a reduction in plasma cholesterol 

levels and potent antitumor activity in two different model systems, presenting another efficacious 

platform that can easily combine synergistic adjuvants with a range of antigens. In addition, 

synergistic TLR agonist combinations have been conjugated to whole tumor cells and exhibited 

enhanced activation marker and cytokine responses upon incubation with immune cells.101 This 

study demonstrates that TLR synergy can also be helpful for cancer immunotherapy applications. $

   In an in vivo ovalbumin (OVA) immunization model, NOD2 and TLR9 agonist-loaded 

mesoporous silica particles exhibited synergistic increases in cytokine production and enhanced 

CD4+ and humoral TH1 responses compared to either NOD2 or TLR9 agonist-loaded particles.102  

Tukhvatulin and colleagues adsorbed TLR4 (MPLA) and NOD2 (MDP) agonists to alum 

particles.103 By activating TLR4 instead of TLR9, both TH1 and TH2 responses were enhanced as 

well as OVA-specific IgG antibodies across multiple subsets (IgG1, IgG2, and IgG3), 

demonstrating an increase in the breadth of the immune response. These results show that by 

activating multiple PRRs, one can tune the immune response. depending on the activated PRRs. $

    Particulate delivery vehicles traffic to specific locations in vivo and create a depot in tissues 

to provide slow drug release have significantly impacted vaccine efficacy. Lynn and colleagues 

synthesized a nanoparticulate adjuvant that exemplified targeted biodistribution.82 A TLR7/8 

agonist was conjugated to a polymer scaffold at different densities and with varying polymer$

attributes, such as linker length and composition. The particulate nature of the adjuvant led to 

limited systemic toxicity and higher localized immune activation in the lymph nodes which 
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promoted APC uptake and enhanced T cell responses. They have expanded the application of this 

approach to several proteins and adjuvants.104,105  Applying this technology to multiple PRR 

agonists and immune synergy studies may provide targeted delivery, specific biodistribution, and 

mechanistic insight into immune activation. $

    In our previous work, we have shown that linking multi-TLR agonists alter immune 

responses. Covalently linked agonists induced higher immune activation compared to a mixture of 

unlinked agonists and are dependent on the conjugation method. A library of dimeric TLR agonists 

containing combinations of TLR2, TLR4, and TLR9 agonists was synthesized. The two agonists 

were separated by polyethylene glycol linkers – PEG6, PEG12, and PEG24 linkers.106,107 These single 

molecular entities aimed to mimic the spatial proximity of immunostimulatory components in 

natural pathogens with initial inspiration from the herpes simplex virus.108  Evaluation of the 

immunostimulatory activity of these compounds provided evidence that the immunogenicity was 

dependent on the linker length, the specific combination of conjugated TLR agonists, and the sizes 

of the agonists due to possible steric interactions, all critical considerations for adjuvant 

development. $

   Recently, we explored covalently linked TLR tri-agonist as an adjuvant because many 

pathogens contain agonists for three to five different PRRs. 45,101,109,110  The trimeric molecule is 

composed of TLR4, 7, and 9 agonists linked to a triazine core. The tri-agonist increased antibody 

breadth and depth against vaccinia virus antigens in a vaccinia model vaccination study and elicited 

a more balanced TH1/TH2 immune response than its unconjugated counterparts or the 

corresponding conjugated counterparts di-agonists. This balanced response may induce potentially 

protective cellular, and antibody immune responses compared to just a TH1 or TH2 response. Now 
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we have increased the library of TLR tri-agonists to five trimers. The immune response to these 

combinations was evaluated and documented by measuring immune-stimulatory genes, cytokine 

expression, sera cytokine levels, and weight loss after model vaccinations in vivo. The linked TLR 

tri-agonists and the unlinked agonist combination produced completely different immune 

responses. Despite these promising results, this was only five of over 300 potential hetero-trimeric 

TLR combinations. The synthetic systems discussed are modular, so PRR agonists can be 

exchanged to test different immune synergies. The specific combination of covalently linked 

agonists is crucial to obtaining the desired immune response because each agonist stimulates 

distinct immune signaling pathways and cytokine production. However, to date, no one has studied 

a combination of covalently conjugated three different PRR agonists.   
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GCI$!1)X$>C$2HCIA>B>E$.HNNLS$P03&)6'/(),&'.)-&%)S)-),$@MMI;$>;=$Y\[Z;$Wd_\_kWd_\aS$



$ <]$

$
W=XS! /Nc>C;$!S$3So$!@K;$3S$:So$4GCCG;$*So$0>NMHL;$/S$6So$*BHBMHU>EF;$*S$/So$:GBP;$5S$5So$*J?CHB;$4So$

-HNQCHA;$3So$3G>C;$/So$&GMGR>KG;$)So$3GL>CLMGL;$/So$9N@BC>M;$/So$6HGANKGC;$#So$2GU>HL;$2S$"So$
-HNQCHA;$6S$1So$5JAMFGAIB;$/S$4So$#LLHA8:GFC;$/S$6S$1>CMHI$!@NN81>MH$)HEH?B@A$!A>GQ@C>LBL$
*B>KJNGBH$ 2>LB>CEB;$ .@Kc>CGB>@C82H?HCIHCB$ 'CCGBH$ 'KKJCH$ )HL?@CLHLS$ ,!-) !#+/W) -&%W$
@M;O;$N$YdZ;$WW_dkWW\]S$

$
WW=S! 4@QHCLHC;$!S$"So$6GNJIGC;$*S$)So$:>N>GC;$4So$,LBHAQGGAI;$1S$1>UH$*BAH?B@E@EEJL$6CHJK@C>GH;$

"GHK@?F>NJL$'CDNJHCPGH;$GCI$&H>LLHA>G$4HC>CQ>B>I>L$/EB>UGBH$BFH$'CDNGKKGB@AO$)HL?@CLH$
BFA@JQF$!@NN8N>MH$)HEH?B@AL$<;$\;$GCI$X$>C$*?HE>HL8*?HE>D>E$6GBBHACLS$M)T#<Y3&)7%3($@MMI;$E;$
Y<Z;$<[dk<ddS$
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@<!7!3G*+5&+.4!A#+5'0&*!P.6&+.4!P'%&41%&!=*:14&,!#!Q.05%G!76B%.(.&:!3G*&20.,+.4!=661*&!

H&,B'*,&!?.#!74+.?#+.'*!'(!P1%+.B%&!3.0*#%.*0!A#+59#G,!

!

@<;!3166#2G!

!FH$ EJAAHCB$ JCIHALBGCI>CQ$ @D$ F@V$ BFH$ >KKJCH$ LOLBHK$ ?A@EHLLHL$ E@K?NHb$ >CD@AKGB>@C$

IJA>CQ$ CGBJAGN$ >CDHEB>@CL$ >L$ OHB$ B@$ cH$ Hb?N@>BHI$ D@A$ BFH$ K@NHEJNGA$ IHL>QC$ @D$ ?@BHCB$ >KKJCH$

GEB>UGB@ALS$"HAH;$VH$GIIAHLL$ BF>L$ EFGNNHCQH$cO$ BFH$IHL>QC$GCI$ LOCBFHL>L$@D$ G$?GBF@QHC8K>KHB>E$

K@NHEJNH$ BFGB$ L>KJNBGCH@JLNO$ E@8LB>KJNGBHL$ EHNN8LJADGEH;$ HCI@L@KGN;$ GCI$ EOB@L@N>E$ >KKJCH$

AHEH?B@ALS$!FH$E@8GEB>UGB>@C$@D$!1)<;$&,2<;$GCI$&1)6_$AHLJNBHI$>C$LOCHAQ>LB>E$HCFGCEHKHCB$@D$

BFH$>CCGBH$>KKJCH$AHL?@CLH$GCI$BFH$I@VCLBAHGK$GIG?B>UH$>KKJCH$AHL?@CLHS$$

$

@<@!=*+2':14+.'*!

$ $ !FH$ >KKJCH$ LOLBHK$ FGL$ HU@NUHI$ B@$ >IHCB>DO$ E@K?NHb$ E@Kc>CGB>@CL$ @D$K>EA@c>GN$

?GBBHACL$ GCI$ Hb?N@>B$ BFH$ >CBHAIH?HCIHCE>HL$ @D$ UGA>@JL$ K>EA@c>GN$ L>QCGNL$ B@$ QHCHAGBH$ GC$

HDDHEB>UH$AHL?@CLH$IJA>CQ$>CDHEB>@CLS#$fF@NH8EHNN$UGEE>CH$IHA>UHI$DA@K$N>UH$?GBF@QHCL$EGC$

K>K>E$ LJEF$ AHL?@CLHL;$ BFHAHcO$ QHCHAGB>CQ$ A@cJLB$ N>DHN@CQ$ >KKJC>BOS!$%$ "@VHUHA;$ BFH$

QHCHAGB>@C$@D$G$A@cJLB$AHL?@CLH$FGL$AHKG>CHI$HNJL>UH$V>BF$LJcJC>B$UGEE>CHL$BFGB$E@CL>LB$@D$

?A@BH>C$GCB>QHCLS$/$KGR@A$A@GIcN@EM$>L$BFH$AGB>@CGN$IHL>QC$@D$HDD>EGE>@JL$>KKJC@LB>KJNGCBL;$

@A$GIRJUGCBL$HK?N@OHI$>C$BFHLH$UGEE>CHLS$-@A$>CLBGCEH;$BAGI>B>@CGNNO$HK?N@OHI$GNJK>CJK$

LGNB$GIRJUGCBL$?A>KGA>NO$>CIJEH$!8FHN?HA$EHNN$<$Y!F<Z$c>GLHI$AHL?@CLHL$GCI$DG>N$B@$QHCHAGBH$

A@cJLB$ GCB>QHC8L?HE>D>E$ EHNNJNGA$ AHL?@CLHLS"&-$ -JABFHAK@AH;$ GIRJUGCBL$ IHUHN@?HI$ cO$

BGAQHB>CQ$ ?GBF@QHC8LHCL>CQ$ ?GBFVGOL$ LJEF$ GL$ 461/$ GCI$ .?0;$ @CNO$ GEB>UGBH$ G$ L>CQNH$

>KKJCH$ L>QCGN>CQ$ ?GBFVGO;$ BFHAHcO$ ?@@ANO$ K>K>EM>CQ$ BFH$ KHEFGC>LKL$ @D$ ?GBF@QHC$

AHE@QC>B>@CS$ !FJL;$ BFH$ IHL>QC$ GCI$ IHUHN@?KHCB$ @D$ K@NHEJNHL$ BFGB$ >CBHQAGBH$ E@K?NHb$



$ <d$

KHEFGC>LKL$@D$?GBF@QHC$L>QCGN>CQ;$B@$QHCHAGBH$A@cJLB$>KKJCH$GEB>UGB>@C$AHKG>CL$c@BF$G$

EFGNNHCQH$GCI$CHEHLL>BOS$ $$$

$

@<C!H&,1%+,!#*:!R.,41,,.'*!

@<C<;!R&,.0*!#*:!3G*+5&,.,!

'C$ @JA$ GBBHK?B$ B@$ Hb?N@AH$ ?GBF@QHC$ LHCL>CQ$ BFA@JQF$ K@NHEJNGA$ IHL>QC;$ VH$ ?AHU>@JLNO$

IHK@CLBAGBHI$BFH$IHUHN@?KHCB$@D$KJNB>8!@NN8N>MH$AHEH?B@A$Y!1)Z$GQ@C>LB$GIRJUGCBL$cO$E@UGNHCBNO$

N>CM>CQ$ BFAHH$!1)$GQ@C>LBLS)/#+$!FHLH$ LBJI>HL$ HK?N@OHI$ BFH$JLH$@D$ G$ BA>GP>CH$ LEGDD@NI$ B@$ >CLBGNN$

JC>iJH$E@Kc>CGB>@CL$@D$ BFAHH$!1)8GQ@C>LBL$JL>CQ$LHiJHCB>GN$@ABF@Q@CGN$E@CRJQGB>@C$EFHK>LBAOS$

!FH$!1)$BA>8GQ@C>LBL$LOCBFHL>PHI$>CENJIH$!1)<e[g\gd;$!1)<e[g\gX;$!1)We<g\gX;$!1)We<g\gd;$

GCI$!1)\gdgXS)$*$#GEF$BA>8GQ@C>LB$E@Kc>CGB>@C$HN>E>BHI$JC>iJH$EOB@M>CH$AHL?@CLHL$GCI$QHCHAGBHI$

BG>N@AHI$ >KKJCH$ AHL?@CLH$ VFHC$ G??N>HI$ >C$ UGEE>CHLS*$#+$ "@VHUHA;$ AHEHCB$ LBJI>HL$ @D$ UGA>@JL$

>KKJCH$ L>QCGN>CQ$ ?GBFVGOL$ IJA>CQ$ >CDHEB>@CL$ FGUH$ IHK@CLBAGBHI$ BFH$ EA>B>EGN$ >K?@ABGCEH$ @D$

EA@LLBGNM$ cHBVHHC$ I>DDHAHCB$ ENGLLHL$ @D$ ?GBF@QHC$ LHCL>CQ$ ?GBFVGOL$ >CU@NU>CQ$ UGA>@JL$ EHNNJNGA$

E@K?GABKHCBLS##&#'$-@A$>CLBGCEH;$G$LBJIO$cO$4HNNKGC$GCI$E@V@AMHAL$IHK@CLBAGBHI$BFGB$cGEBHA>GN$

LHCL>CQ$cO$EHNN8LJADGEH$!1)$AHEH?B@AL$>C$>CCGBH$>KKJCH$EHNNL$NHGIL$B@$BFH$@UHAHb?AHLL>@C$@D$HCI@8

NOL@L@KGN$?H?B>IH$BAGCL?@ABHAL;$GCI$BFH$QHCHAGB>@C$@D$HCI@L@KGN$KHKcAGCH$BJcJNHLS$!F>L$LHAUHL$

B@$ ?A>KH$ EHNNL$ D@A$ GCO$ LJcLHiJHCB$ IHBHEB>@C$ @D$ cGEBHA>GN$ &,2<$ N>QGCIL$ GB$ BFH$ HCI@L@KGN$

KHKcAGCHS#($-JABFHAK@AH;$LBJI>HL$@C$&1)6_$>CDNGKKGL@KH$GEB>UGB>@C$8$VF>EF$?NGOL$G$EA>B>EGN$

A@NH$>C$?GBF@QHC$ENHGAGCEH$8$FGL$IHK@CLBAGBHI$BFGB$G$!1)$IH?HCIHCB$?A>K>CQ$L>QCGN$>L$CHEHLLGAO$

D@A$ A@cJLB$ &1)6_$ GEB>UGB>@CS$ !F>L$ >CI>EGBHL$ BFH$ >CBHAIH?HCIHCE>HL$ @D$ BFHLH$ BV@$ L>QCGN>CQ$

AHL?@CLHLS#-&!#$

"@VHUHA;$ LJEF$KHEFGC>LB>E$ D>CI>CQL$ GAH$ OHB$ B@$ cH$ Hb?N@>BHI$ >C$ BFH$IHL>QC$@D$K@NHEJNGA$

LOLBHKL$BFGB$>CIJEH$E@8@?HAGB>U>BO$GCI$LOCHAQ>LK$cHBVHHC$KJNB>?NH$?GBF@QHC8LHCL>CQ$?GBFVGOL$B@$



$ <a$

QHCHAGBH$ A@cJLB$ >KKJCH$ AHL?@CLHLS$ "HCEH;$ BFH$ EA>B>EGN$ iJHLB>@C$ >L7$ EGC$ VHNN8MC@VC$ ?G>AV>LH$

LOCHAQ>LB>E$>KKJCH$GEB>UGB>@C$cH$HDDHEB>UHNO$E@Kc>CHI$>C$G$LOCBFHB>E$LOLBHK$B@$QHCHAGBH$F>QFHA8

@AIHA$>CBHAGEB>@CL$L>K>NGA$B@$K>EA@c>GN$LHCL>CQv$!@$JCIHALBGCI$BFH$IOCGK>EL$@D$LJEF$EHNNJNGA$$

$

/.012&! @<;S$ *OCBFHL>L$ @D$ !/!80fff0g6GK<.*:\g426$ BA>8GQ@C>LB$ Y\ZS$ Y/Z$ *OCBFHL>L$

*EFHKH$Y5Z7$*EFHKGB>E$?AHLHCBGB>@C$@D$BFH$N>CMHI$BA>8GQ@C>LBS$Y.Z7$4/12'$BAGEH$@D$BFH$N>CMHI$BA>8

GQ@C>LBS$

L>QCGN>CQ$?A@EHLLHL$GB$G$K@NHEJNGA$NHUHN;$FHAH$VH$AH?@AB$G$CHV$ENGLL$@D$>KKJC@K@IJNGB@AL$BFGB$

HN>E>BL$GEB>UGB>@C$@D$BFAHH$I>LB>CEB$ENGLLHL$@D$?GBF@QHC8LHCL>CQ$?GBFVGOL$>CU@NU>CQ$I>LB>CEB$EHNNJNGA$

E@K?GABKHCBL$N>MH$G$?GBF@QHCS$
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Ocore (1)

MDP-PEG4-NH2 (a)

(ii) Pam2CSK4GC-SH (b)
rt, 1h

DMF, TEA
50 oC, 3h

(i) anhydrous DMSO, 
110 oC, 6h

Cu(II), THPTA, sodium ascorbate

GWWWG-Peg6-TAT-hex-N3 (c), DMF

rt, 1h

O O
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Pam2CSK4: TLR2/6 agonist

Muramyl dipeptide:
NOD2 agonist

Trimeric core

TAT-GWWWG peptide: cell penetrating 
peptide/ NLRP3 activator

A

B CC

m/z
5440                         5490                        5540                     
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/.012&!@<@S$'C$U>BA@$EOB@M>CH$Hb?AHLL>@C$DA@K$542.LS$Y/Z;$Y5Z7$.HNNL$VHAH$>CEJcGBHI$V>BF$N>CMHI$

6))$BA>8GQ@C>LB;$G$W7W7W$YK@NGA$AGB>@Z$K>bBJAH$@D$JCN>CMHI$6))$GQ@C>LBL;$UGA>@JL$N>CMHI$I>8GQ@C>LB$

E@Kc>CGB>@CL$GCI$L>CQNH$GQ@C>LBL$YW==$C4$HGEFZ$GB$_d1.$D@A$[$FS$!&-8G$Y/Z$GCI$'18[$Y5Z$KHGLJAHI$

cO$ .5/S$ Y.Z7$ 'C$ U>BA@$ !&-8G$ Hb?AHLL>@C$ DA@K$ 542.L$ GL$ KHGLJAHI$ cO$ #1'*/S$ .HNNL$ VHAH$

>CEJcGBHI$V>BF$462g!/!0fff0$Y<]$Ä4Z$@A$ G$W7W$ YK@NGA$ AGB>@Z$K>bBJAH$@D$ BFH$GCGN@Q@JL$

JCN>CMHI$GQ@C>LBL$D@A$<\$F$GB$_d$Å.S$$Y2Z7$/CGNOL>L$@D$&1)6_$GEB>U>BO$Y'18Wc$LHEAHB>@CZ$cO$#1'*/S$

.HNNL$VHAH$?AH>CEJcGBHI$V>BF$&1)6_$>CF>c>B@A$4..8X]=$YW=$K4Z$D@A$W$F$GCI$BFHC$LB>KJNGBHI$

V>BF$N>CMHI$6))$BA>8GQ@C>LB$YW=$K4Z$GB$_d1.$D@A$<\$FS$'CF>c>B>@C$@D$&1)6_$U>G$4..8X]=$AHLJNBL$

>C$N@LL$@D$'18Wc$GEB>U>BOS$Y#Z;$Y-Z7$/CGNOL>L$@D$!&-8G$GCI$'18[$V>BF$f!;$!1)<8e8;$&,2<$8e8$GCI$

&1)6_8e8$EHNNL$BAHGBHI$V>BF$N>CMHI$6))$BA>8GQ@C>LB$@A$JCN>CMHI$GQ@C>LBL$YW==$C4ZS$*GK?NHL$VHAH$

AJC$>C$BA>?N>EGBH;$VFHAH$Ç$?$É$=S=];$ÇÇÇ$?$É$=S==W;$ÇÇÇÇ?$É$=S===WS$*BGB>LB>EGN$GCGNOL>L$?HAD@AKHI$

JL>CQ$/&,(/$V>BF$!JAMHOjL$KJNB>?NH$E@K?GA>L@C$BHLBS$

$

!FH$ IHL>QC$ @D$ @JA$ ?GBF@QHC8K>KHB>E$ >KKJC@K@IJNGB@A$ >CE@A?@AGBHI$ G$ LJADGEH8GEB>UH$

!1)<;$ GC$ HCI@L@KGN8KHKcAGCH$ GEB>UH$&,2<$ GCI$ EOB@L@N>E$&1)6_$ >CDNGKKGL@KH$ GEB>UGB>CQ$
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ED F



$ _=$

N>QGCILS$ $fH$ BFHAHcO$ GLLHKcNHI$6GK!.*:"!!$ Y!1)<e[$ GQ@C>LB;$ LOCBFHB>E$ GCGN@QJH$@D$ cGEBHA>GN$

N>?@?A@BH>CZ;$ 4JAGKON$ I>?H?B>IH!%$ Y426;$ &,2<$ GQ@C>LB7$ BFH$ K>C>KGN$ >KKJC@K@IJNGB@AO$

LBAJEBJAH$ @D$ cGEBHA>GN$ EHNN$ VGNN$?H?B>I@QNOEGCZ;$ GCI$ !/!80fff0$ ?H?B>IH!". YEHNN8?HCHBAGB>CQ$

?H?B>IH;$&1)6_$GEB>UGB@AZ$@C$G$BA>KHA>E$LEGDD@NI$Y/.012&!@<;ZS$$

!FH$K@B>UGB>@C$cHF>CI$BF>L$IHL>QC$VGL$B@$>CIJEH$EA@LLBGNM$cHBVHHC$HGEF$E@K?@CHCB$GCI$

HCFGCEH$&,2<$GCI$&1)6_$>CDNGKKGL@KH$GEB>UGB>@C$D@NN@V>CQ$>C>B>GN$EHNNJNGA$?A>K>CQ$cO$EHNN8

LJADGEH$ !1)<$ LB>KJNGB>@CS#($!"/II>B>@CGNNO;$ VH$ FO?@BFHL>PHI$ BFGB$ 426$ VFHC$ EFHK>EGNNO$

E@CRJQGBHI$B@$!/!80fff0$V@JNI$AHLJNB$>C$HCFGCEHI$&,2<$GEB>UGB>@C$GCI$BF>L$?A@UHI$B@$cH$

BAJH$ Y->QJAH! @<@)ZS$fH$E@CRHEBJAH$ BFGB$ BF>L$ HCFGCEHKHCB$ >C$ AHL?@CLH$ >L$ BFH$ AHLJNB$ @D$ >CEAHGLHI$

EOB@L@N>E$IHN>UHAO$@D$426$KHI>GBHI$cO$!/!80fff0S!'&!-.

!FH$LOCBFHL>L$@D$@JA$BA>8GQ@C>LB$K@NHEJNH$Y\Z$HK?N@OHI$LHiJHCB>GN$E@CRJQGB>@C$EFHK>LBAO$

JLHI$?AHU>@JLNO$>C$BFH$LOCBFHL>L$@D$!1)$BA>8GQ@C>LBLS)$*$!FH$LOCBFHL>L$LBGABHI$V>BF$IHUHN@?KHCB$@D$

G$BA>GP>CH$E@AH$YWZ$V>BF$BFAHH$@ABF@Q@CGN$E@CRJQGB>@C$FGCINHL$E@CL>LB>CQ$@D$GC$&"*$HLBHA;$GC$GNMOCH;$

GCI$G$?A@BHEBHI$KGNH>K>IH$Y/??HCI>b$/;$345&6&!3;ZS)$*$!)$-@NN@V>CQ$BF>L;$GK>CH8DJCEB>@CGN>PHI$

426$ YG;$/??HCI>b$/$345&6&!3@Z!*$VGL$ E@CRJQGBHI$ B@$ E@AH! YWZ!JL>CQ$&"*$EFHK>LBAO$ B@$Q>UH$

E@AHg426!Y<ZS!!FH!E@AHg426!VGL$BFHC$FHGBHI$B@$WW=1.$D@A$[$F$B@$AHUHGN$GEB>UH$KGNH>K>IH$U>G$

DJAGC$IH?A@BHEB>@C;$D@NN@V>CQ$VF>EF$EOLBH>CH8K@I>D>HI$6GK!.*:"!YcZ!VGL$E@CRJQGBHI$U>G$BF>@N8

KGNH>K>IH$AHGEB>@C$Q>UH$6GK!.*:"gE@AHg426!Y_ZS$!F>L$VGL$D@NN@VHI$cO$E@CRJQGB>@C$@D$GP>IH8

DJCEB>@CGN>PHI$ !/!80fff0$ ?H?B>IH$ YEZ! B@$ 6GK!.*:"gE@AHg426$ Y_Z! U>G$ .JY'Z$ EGBGNOPHI$
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N OH
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NO2

N Cl
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NO2
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NHBoc

N Cl

NO2 HN

NHBoc

N Cl

NH2

H2N

NHBoc

N

NHBoc

N

N

O O

NH2

O
H
N

O N

NH2

N

N

NH2

N

NHBoc

N Cl

N

HNO3

RT to 75 oC
30 min, 90%

PhPOCl2
135 oC, 3h

70%
DCM, TEA
45 oC, 2h

72%

aq. sodium hydrosulfite

RT, 30 min, 75%

Trimethylorthovalerate
pyr. HCl

120 oC, xylene
24h, 82%

140 oC, 22h

TFA/DCM(70:30)

RT, 24h, 60%

65%

2BXY
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NH2O
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N

NH2

2BXY 2BXY_C6_NH2

N NH2

N N

NH
N3O

2BXY_C6_N3

azidohexanoic acid

HATU, DIPEA, DMF
rt, 1h

TCEP, H2O, DMF

50 oC, 2 h

90 %
87%
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FmocHN

Rink amide resin

1. SPPS: i)Piperidine
                ii)wash

                iii)Fmoc-amino acid, 
                 oxyma, DIC, microwave
                iv)wash

E-G-E-G-E-G-E-G-EH2N

COOH COOH COOH

COOHCOOH

TFA, rt, 3h
E-G-E-G-E-G-E-G-EH2N

COOH COOH COOH

COOH

O

NH2

H
N

O

O OH

N
H O

H
N
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O OH

N
HO

O

N
O

H
N

O

O OH

N
H O

H
N

O

O OH

N
H O

H
N

O

O OH

NH2

DBCO-NHS ester, DMF
    rt, 2h
80 %

COOH

DBCO_Glu5
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Rink amide resin

1. SPPS: i)Piperidine
                ii)wash

                iii)Fmoc-amino acid, 
                 oxyma, DIC, microwave
                iv)wash

Dopa-Dopa-Dopa-Dopa-DopaH2N

1. azidohexnoic acid
oxyma, DIC, 90 oC, 5 min

2. TFA, rt, 3h
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