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Abbreviations:

NMP (N-methyl-2-pyrrolidinone), DIPEA (N,N-Diisoppylethylamine), DMF (Dimethylformamide), HBTU
(2-(1H-benzotriazol-1-YL)-1,1,3,3-tetramethylurombexafluorophosphate), NBSCI (Nitrobenzenesulfonyl
chloride), NMM (N-methylmorpholine), Pyr (Pyridine)fEA (Triethylamine), TFA (Trifluoroacetic acid),
TFMSA (Trifluoromethanesulfonic acid), A© (Acetic anhydride), BoO (terbutyloxy anhydride), THF
(Tetrahydrofurane), TIS (Triisopropylsilane), g&, or DCM (Dichloromethane), EtOAc (Ethyl acetate)hex
(Cyclohexane), DEA (Diethylamine), MeOH (MethandbtOH (Ethanol), DMSO (Dimethylsulfoxide), ,D
(Deuterium oxide), CDGI(Deuterium Chloroform), Z (Benzyloxycarbonyl), Béterbutyloxycarbonyl).

Materials and equipment

Synthesis of N-protected PAA monomers

Solvents and reagents were obtained from commesoiakes and used without further purification. fétpcted
amino acids, were purchased from Novabiochem (VW8htenay-sous-Bois, France). Dimethylformamide
(peptide grade) used for coupling steps was puechtem IRIS Biotech GmbH.

Analytical thin-layer chromatography (TLC) was cacdd on Merck (VWR) precoated silica gel 60F254q3a
and compounds were visualized with ninhydrin testl/ar under ultraviolet light (254 nm). Column
chromatographies were carried out on silica gel riide SDS 60A, 63-200pm, VWR). N-protected PAA
monomers$-12) were synthezised as described below and analyseelverse-phase HPLC on a Thermo RP-18
column (3.2 x 250 mm, 5um, 300 A) usiagVaters apparatus (St Quentin en Yvelines, Franck)ding HPLC
Alliance 2695, 996 photodiode array detector. Dage monitored using a Waters Millenium softward. A
HPLC analysis were run at room temperat®elvent A and solvent B respectively, 0.1% TFA iater and
0.1% TFA in acetonitrile were used for HPLC studiesr monomers HPLC analysis, a gradient of A/B/Z80
to 0/100 for 30 min) was employed at a flow rateLafiL/min.*H, **C and HSQC NMR spectra of N-protected
PAA monomers were recorded with Brucker AC 288: (200 MHz,**C: 50 MHz) or AV 500(*H: 500 MHz,
13C: 125 MHz) spectrometers using deuterated DMS@DEI; purchased from eurisotop. Chemical shilit (
are reported in parts per million (ppmiH NMR splitting patterns are designated as sin(ggt doublet (d),
triplet (t), quartet (q). Splitting patterns thadudd not be interpreted or easily visualized weseorded as
multiplet (m) or broad resonance (br). The NMR s$peof some compounds displayed a doubling of $sgwa
broad signals) cause by the presence of an equitibmixture of two major isomers generated by thiessituted
amide bonds. Their chemical shifts are describedaiic when separated on spectra. ESI mass speera
recorded with a Bruker Esquire 3000 plegjuipped with an atmospheric pressure ionizatiamrcgo This
method used in positive mode and negative modesgiwepectively either (M+H)and/or (M+Na) signals and
(M-H)" signals.

Synthesis of PAA oligomers

All solvents and reagents for solid-phase synthesse of peptide grade and purchased from Iris egiot
GmbH. TFMSA, TIS and A© were obtained from Alpha aesar. PAA oligomér8) were prepared by a solid-
phase strategy as described below. They were sindtkin a 20-mL glass peptide vessel fitted with a
polyethylene filter disk. Solvents and soluble r@g were removed by filtration under Argon. Alhtyeses
and washes were done at 25°C.

PAA oligomers were analysed by reverse-phase HPItC tve same equipment and solvents as for N-
protected PAA monomers except that a gradient & @00/0 for 7 min then 100/0 to 50/50 for 23 mims
employed at a flow rate of 1 mL/min. PreparativeLldPwere performed on a Waters system (600E system
controller, 2487 dual wavelength absorbance deteuatith a Thermo RP-18 column (10 x 250 mmys, 300
A) at a flow rate of 3 mL/min, with the same solvemadient as for analytical separatiofid, °*C, COSY,
HSQC, and HMBC NMR spectra were recorded with acBen AV 500{H: 500 MHz, **C: 125 MHz)
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spectrometer using deuterategCDpurchased from eurisotop. In the cas@8f oligomers, the presence of a
mixture of several isomers cause signals multiiica giving complex'H and**C NMR spectra. Thus, the
reported data are those of the major conformers.

HRMS analysis was carried out on an LTQ Orbitraprity mass spectrometer with an electrospray
ionization probe (Thermo Scientific, San Jose, Gpj)direct infusion from a pump syringue, to conficarrect
molar mass and high purity of the compounds.

Synthesis
Synthesis of backbone 13b
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Scheme S1Synthesis of N-Boc allyl ester backbofeagents and conditioné) Boc,O, MeOH, EiN, (86%);
(ii) allyl bromide, CgCQO;, DMF, 3h, rt, (94%); (iii) TFA/TIS 10%,1h, rt, (90); (iv) NBSCIl, NMM, CH_Cl,,
(74%); (v) CsCOs, DMF, 20h, rt, (60%); (vi) PhSH, DIEA, DMF, ovegtit, rt, (66%)

tert-Butyl 2-bromoethylcarbamate (16)
(6]
3
><0)J\N/\/Bf
H 2

To a stirred solution of 2-aminoethylbromide (29976 mmol) in MeOH (100 mL) was added TEA (14 mL,
100.5 mmol) followed by Bg© (4.1 g, 19.52 mmol). The reaction was stirredeundflux for 1 h then at room
temperature for 14 h. The solvent was remowegacuoand the obtained residue was diluted in DCM and
washed successively with a 1M HCI solution (2 xn3l)), a saturated NaHGGolution (2 x 30 ml) and brine (2
x 30 ml). The organic layer was dried on MgS#hd concentrated under reduced pressure. The cesithie
was purified by column chromatography (silica, ZH/MeOH, 100:0 to 98:2, v:v) to afford compouté as a
yellow oil (1.87 g, 86%).

Rf (CH2C|2) =0.46

'H RMN (500MHz, CDC}) &= 5.01 (s, 1H, NH(Boc)), 3.51-3.43 (m, 4H, @P)+CH,(3)), 1.42 (s, 9H,
3xCHs(Boc))

13C RMN (125MHz, CDC}) &= 158.1 (1C, CO(Boc)), 79.8 (1C,\Boc)), 42.4 (1C, CK3), 32.8 (1C,
CH,(2)), 28.3 (3C, 3xCk{Boc))

MS (ESI+) caled for GHNBrO, [M+H]" : 224.0, found : 224.1 [M+H]

Allyl 2-(tert-butoxycarbonylamino)acetate (18)
ol
1 5
(@)

>< )I\ ~

YT
To a solution of BocGlyOH (3 g, 17.1 mmol) in DMEQ(mL) was added @80; (6.1 g, 18.8 mmol) followed
by allyl bromide (1.63 mL, 18.8 mmol). After sting for 3 h at room temperature, the mixture waserd on

celite and the solvent was evaporaitedacuo The residue was diluted in EtOAc and washed ssieely with
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a 10% NaHC@solution, water and brine. The organic layer wasddon MgSQ and evaporated under reduced
pressure to afford compouriB (4.6 g, 94%) as a colorless oll8 was subsequently used without further
purification.

Rt (EtOAc/cyhex 1:1, viv) .78

'H RMN (200MHz, CDC}) 6= 5.91 (tddJ = 5.77, 10.34, 17.13 Hz, 1H, CH(5)), 5.36 (m, 2H,,(B), 5.04 (s,
1H, NH(Boc)), 4.63 (tdJ = 1.27, 5.76 Hz, 2H, C}4)), 3.94 (d,J = 5.62 Hz, 2H, CH1)), 1.44 (s, 9H,
3xCH,(Boc)) ;

13C RMN (50MHz, CDC}) &= 170.19 (1CCO(OAIl)), 158.3 (1C,CO(Boc)), 131.7 (LCCH(5)), 118.9 (1C,
CH,(6)), 80.15 (1C, &(Boc)), 65.9 (1C, CK4)), 42.5 (1C, CK1)), 28.4 (3C, 3xCkK(BocC)) ;

MS (ESI+) caled for GoH1/NO, [M+Na]" : 238.1, found : 238.0 [M+N3]

TFA. 2- (aIIonxy) -2- oxoethanamlnlum a7

o
TFA +H3N/\n/ \/\

To a stirred solutlon of BocGIlyOAll (4.6 g, 21.3 mathin CH,Cl, (10 mL) cooled to 0°C, was added dropwise a
10% TFA/TIS solution (19 mL). The mixture was alledvto stir at room temperature for 1h, and the esal
were removed under reduced pressure. The residsigrileaated in diethyl ether, filtered, and driedvacuoto
afford compound.7 (4.4 g, 90%) as a white solid.

R¢ (EtOAc/MeOH, 1/1, viv) #0.39

'H RMN (200MHz, DO) 5= 6.05-5.86 (m, 1H, CH(5)), 5.41-5.27 (m, 2H, £8)), 4.72 (d,J = 5.78Hz, 2H,
CH,(4)), 3.93 (s, 2H, CK1)) ; **C RMN (50MHz, D,0) 5= 168.28 (1C, CO(OAIl)), 131.3 (1C, CH(5)), 119.72
(1C, CH(6)), 67.62 (1C, CK4)), 40.51 (1C, CK1));

MS (ESI+) calcd for GHgNO, (without TFA anion) [M+H] : 116.1, found : 116.7 [M+H]

Allyl 2-(2-nitrophenylsulfonamido)acetate (15)

5 2 5._NO,

2'@@4/0 1 O\/s\
1 O// H/\[(])/ ) \6

To a solution of TFA.HGIyOAll (4.4 g, 19.3 mmol) @H,Cl, (50 mL) was added NBSCI (4,3 g, 19.3 mmol).

The reaction was cooled to 0°C and N-methylmorpieol{5.3 mL, 48.2 mmol) was added. The mixture was

stirred for 2 h, then washed with a saturated Nakkd@ition, with water and with brine. The organigdawas

dried on MgSQ and after filtration and concentration under restlipressure, the residue was precipitated in

diethyl ether and the resulting solid was collectedshed with diethyl ether and dried under vacuargive

compoundL5 (4.3 g, 74%) as a colorless solid.

Rt (EtOAc/cyhex, 1/1, viv) .63

'H RMN (200MHz, CDC}) 3= 8.12-8.07 (m, 1H, CK{(4")), 7.97-7.90 (m, 1H, CK(1")), 7.76-7.72 (m, 2H,

2XCH,(2'+3"), 6.06 (t,J = 4.56Hz, 1H, NH(NBSs)), 5.77 (tdd, J = 5.88, 10.24,19Hz, 1H, CH(5)), 5.30-5.19

(m, 2H, CHy(6)), 4.49 (td, J = 1.21, 5.89Hz, 2H, &#H)), 4.05 (dJ = 5.80Hz, 2H, CHK1)) ; *C RMN (50MHz,

CDCly) 6= 168.38 (1C,CO(OAIl), 158.3 (1C,C(5)), 134.12 (T2, Cy(6"), 133.8 (1C,CH(27)), 133.0 (1C,

CH(3"), 131.1 (1CCHJ(5)), 130.7 (1CCH(1"), 125.8 (1C,CH(4"), 119.53 (1CCHJ,(6)), 66.49 (1C, CK4)),

45.05 (1C, CH1)) ;

MS (ESI+) caled for G;H1.N,06S [M+Na]" : 323.0, found : 323.3 [M+N3]

Allyl 2-(N- (2 (tert- butoxycarbonylamlno)ethyl) -2-nitrophenylsulfonamido)acetate (14)

1
N O
oA A,

(0] O0=S=00
O,N_5;. 6'
z 1
& >

>
To a stirred solution of NBSGIyOAll (1.34 g, 4.46mal) in DMF (10 mL) was added under inert atmospher
first C9C0O5(2.92 g, 8.92 mmol) and then dropwise a solutioB@aéNH(CH,),Br (2.0 g, 8.92 mmol) in DMF (5
mL). The mixture was allowed to stir at room tengtere for 20 h. Subsequent removal of solid viadiion on
celite and concentration under reduced pressucedaffi a crude product which was taken up in EtOAd a
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washed twice with water and brine. The organic Hayas dried on MgS©and the solvent was evaporated off.
The obtained oily residue was purified by colummnochatography (silica, EtOAc/cyhex 3:7 to 5:5, vt@)give
compoundL4 as a pale yellow oil (1.18 g, 60%).

Rt (EtOAc/Cyhex 1/1, viv) .52

'H RMN (200MHz, CDC}) 8= 8.07-8.03 (m, 1H, CK{4)), 7.72-7.58 (m, 3H, 3xCH{2'+3'+1")), 5.84 (tdd,J
= 5.84, 10.32, 17.15Hz, 1H, CH(5)), 5.34-5.20 (m, ZHH,(6)), 5.02 (m, 1H, NH(Boc)), 4.57 (id, = 1.21,
5.84Hz, 2H, CH(4)), 4.23 (s, 2H, CK1)), 3.49 (tJ = 5.71Hz, 2H, CHK2)), 3.33 (m, 2H, CK3)), 1.41 (s, 9H,
3XCHy(Boc)) : °*C RMN (50MHz, CDCE) 8= 168.76 (1C,COOAIl), 155.98 (1C,CO(Boc)), 147.90 (1C,
Cw(5)), 133.04 (1CCw(6"), 133.71 (1C, CH(2"), 131.78 (1C, CK(3"), 131.17 (1C, Ck}(1"), 131.00 (1C,
CH(5)), 124.18 (1C, CK4")), 119.14 (1C,CHy(6)), 79.58 (1CC\(Boc)), 66.15 (1CCH,(4)), 48.72,48.54
(1C,CHy(1)), 44.87 (LCCHx(2)), 38.40 (1CCH,(3)), 28.31(3C, 3xCk(Boc)) ;

MS (ESI+) calcd for GgHosN3OgS [M+ NaJ : 466.1, found: 465.9 [M+N3]

Synthesis of N-protected PAA monomers

Allyl 2-(2-(tert-butoxycarbonylamino)ethylamino)acetate (13b)

o N A A o 2
YT
To a solution of Boc(NBS)OAIl (1,07 g, 2,41 mmot) DMF (8 mL) was added DIEA (1.68 mL, 9.64 mmol)
and thiophenol (1.24 mL, 12.06 mmol). The reacti@s stirred overnight at room temperature, andsdteent
was removed under reduced pressure. The residugakes up in EtOAc and extracted with a 1M KHSO
solution (2 x 30 mL). The aqueous layer was basiéie0°C with a saturated h2O; solution until pH = 10 and
extracted with DCM (4 x 40 mL). The combined orgalaiyers were washed with brine, dried on Mg%@d
concentrated under reduced pressure. The oily uesidas purified by column chromatography (silica,
EtOAc/cyhex 4:6 to 7:3, v)mo afford compound3bas a yellow oil (0.37 g, 60%).
R¢ (EtOAC)=0.44
'H RMN (200MHz, CDC}) = 5.91 (tdd, J = 5.80, 10.31, 17.15Hz, 1H, CH(5)R7-5.21 (m, 2H, C}8)),
5.03 (br s, 1H, NH(Boc)), 4.62 (td, J = 1.28, 5.2012H, CH(4)), 3.42 (s, 2H, CK1)), 3.24-3.16 (m, 2H,
(CHx(3)), 2.76-2.70 (m, 2H, Cif2)), 1.65 (s, 1H, NH), 1.42 (s, 9H, 3xgBoc)) ;
3¢ RMN (50MHz, CDC}) 3= 172.3 (1C,COOAIl), 156.18 (1C,CO(Boc)), 131.9 (1CCH(5)), 118.8 (1C,
CH,(6)), 79.3 (1CC/(Boc)), 65.59 (1C, CK4)), 50.54 (1C, CK1)), 48.89 (1C, CH?2)), 40.31 (1C, CK3)),
28.53 (3C, 3€H3(Boc)) ;
MS (ESI+) caled for GoHpoN,O, [M+H] ™ 2 259.2, found : 259.1 [M+H]

o
H ° NHZ NHZ
BOC\H/\/N\/COZMe i BOC\N/\/chone " o Boc\N/\/N\/COOH
H H
13a 9-11' 9-11

Z = benzyloxycarbonyl

(9) R= CHa, PAA(Ala)
(10) R = CH,-Ph, PAA(Phe)
(11) R= (CH,),-NH-Z, PAA(LyS)

Scheme S2Synthesis of N-protected PAA monomdReagents and condition§) Z-NHCH(R)CGH/ HBTU/
DIPEA/ DMF, 2h, rt, (82%); (ii) LIOH/HO/THF, 0°C, 1h, (90%)
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Scheme S3Synthesis of N-protected PAA(Arg) monomBeagents and conditioné) Z-Arg(Z,)-OH/ HBTU/
DIPEA/ DMF, 2h, rt, (80%); (ii) Pd(PRJy/DEA/DMF, 30min, rt, (80%)

General procedure for the synthesis of N-protecteBAA methyl ester monomers (9'-12")

To a solution of the N-protected amino acid (5.1@at) in DMF (14 mL) was added DIPEA (17.2 mmol) and
HBTU (5.16 mmol). The reaction was cooled to 0°t@red for 3 min and subsequently, a solution atktmne
134" or 13b (4.3 mmol) in DMF (2 mL) was added. The mixture wstisred at room temperature for 2 h, and the
solvent was removed under reduced pressure. Tliueewas taken up in EtOAc (100 mL), washed withva
KHSQ, solution (3 x 30 mL), a saturated NaHE£€»lution(3 x 30 mL), HO (2 x 30 mL) and brine (50 mL).
The organic layer was dried on Mg$énd subsequent removal of solid via filtration aascentration under
reduced pressure afforded an oily residue which wasdfied by flash column chromatography (silica,
EtOAc/cyhex 1:1, v:v) to give the corresponding PA&anomer 9'-12’) as a pale yellow oil.

Boc(Z-Ala)OMe (97)

%

N/\/\)\/

Synthesis 09’ was prepared following the general procedure desgrabove9’ (1.6 g,85%).

R (EtOAc/cyhex, 6:4, v:v) = 0.45

'H NMR (200MHz, DMSO«d) : & (two major isomers)7.57, 7.53 (d, J = 8.0Hz, 1H, NH(2)) ; 7.40-7.27 (m,
5H, CH,(2)) ; 6.85,6.73(t, J = 5.6Hz, 1H, NH(Boc)) ; 5.08-4.91 (m, 2H, £B)) ; 4.65-4.454.37-4.26(m, 1H,
CHoa) ; 4.28 4.14 (d, J = 17.0Hz, 1H, GH)) ; 4.22 3.89 (d, J = 17.0Hz, 1H, GH)) ; 3.66 3.61 (s, 3H,
OCH3) ; 3.51-2.95, (m, 4H, Gk2) et CH(3)) ; 1.36 (s, 9H, 3xCHBoc)) ; 1.19,1.13 (d, J = 6.8Hz, 3H,
CHs(Ala)) ; *C NMR (50MHz, DMSOdg) : & (two major isomers)= 173.23,72.79 (1C, N-CO); 170.18
169.71 (1C,COOMe); 155.61 ; 155.51 (1GGONH(Z+Boc)); 137.02,136.93 (1C, C\(2)); 128.33, 127.77,
127.70 (5C, 5€H(2)); 77.87,77.69 (1C, Cy(Boc)); 65.47 65.33 (1C,CH,(2)); 52.08 51.68 (1C, @Hsy);
49.31, 47.74, 47.4646.65 (2C, CH,(1)+CH,(2)) ; 46.31 45.97 (1C,CHa); 38.50 (1C, CH(3)); 28.15(3C,
3xCH3(Boc)); 17.71 17.59 (1CCH3(Al)) ;

MS (ESI+) (m/z) : calcd for GH3N;O; [M+Na]*: 460.2, found: 460.3 [M+NA&]

[a]p?® (C=1, MeOH) -17.6

HPLC Tg=13.9 min

! Unimann, E. ; Peyman, A. ; Breipohl, G. ; Will D.\\MAngew. Chem. Int. EA998 37, (20), 2796-
2823.
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Figure 1: HPLC trace at 210nm of the purifi€l monomer.
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Figure 2: '"H NMR of 9’ monomer.

Boc(Z-Phe)OMe (10"

o B
O)]\N a o
>< O H O
O/IKN
H

N
Eytadd

10’ was prepared following the general procedure dwsgrabovel0’ (1.95 g, 88%).

R (EtOAc/cyhex, 6:4, viv) = 0.54

'H NMR (500MHz, DMSOd) : & (two major isomers)Z.75 7.67 (d, J 8.8Hz J = 8.4Hz, NH(Z)) ; 7.36-7.19
(m, 10H, 5XCH(Z)+5xCH,{(Phe)) ; 6.916.72(t, J = 5.7Hz, NH(Boc)) ; 4.99-4.85 (m, 2H, €{)) ; 4.78-4.68,
4.43-4.35(m, 1H, CHy) ; 4.45, 4.13 (d, J = 18.6Hz, J = 17.1Hz, 1H,,@} ; 4.23, 3.97 (d, J = 18.6Hz, J =
17.1Hz, 1H, CH(1)) ; 3.67, 3.64 (s, 3H, OC}H ; 3.56-2.98 (m, 4H, CHi2)+CH,(3)) ; 2.95-2.73 (m, 2H, Cift) ;
1.37 (s, 9H, 3xCk(Boc)) ; *C NMR (125MHz, DMSOd) : & (two major isomers)= 173.2172.86(1C, N-
CO);171.05 170.51 (1CCOOMe) ; 156.65 (10C0O(Z)) ; 156.58156.46(1C,CO(Boc)) ;138.65 138.32 (1C,
Cw(Phe)) ; 137.85 (1CCw(2)) ; 130.32,130.12 129.15,128.96 128.89, 128.55, 128.32,28.2Q 127.28,
127.17 (10C, 5CH.(Z)+ 5xCH.{(Phe)) ; 78.79,78.60 (1C, C\y(Boc)) ; 66.15 66.10 (1C,CH2(2)) ; 53.11,
52.92 (1C,CHa) ; 53.03 52.60 (1C, @H,) ; 50.35 48.83 (1C,CHx(1)) ; 48.56,47.69(1C, CH,(2)) ; 39.30,
38.50(1C,CH,(3)) ; 38.02 37.86 (LCCH,B) ; 29.08 29.02 (3C, 3€H3(Boc)) ;

MS (ESI+) (m/z) :calcd for G;H3sN;O; [M+Na]™: 536.2, found: 536.2 [M+N43]

[a]p?® (C=1, MeOH) 9.7

HPLC Tr=17.8 min
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Figure 3: HPLC trace at 210nm of the purifi@é® monomer.
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Figure 4: '"H NMR of 10’ monomer.

11’ was prepared following the general procedure destrabovell’ (2,2 g, 80%).

R (EtOAc/cyhex, 6:4, viv) = 0.52

'H NMR (500MHz, DMSOd) : & (two major isomers)7.53 7.47 (d, J 8.0Hz J = 7.0Hz, 1H, NF) ; 7.41-

7.26 (m, 10H, 10xCK(2)) ; 7.23 (m, 1H, NH) ; 6.84,6.70(m, 1H, NH(Boc)) 5.04 5.01 (s, 2H, CK?Z2)) ; 4.99
(s, 2H, CH(2)) ; 4.49-4.38 (m, 1H, C#) ; 4.14 (d, J = 17.0Hz, 1H, GH)) ; 3.87 (d, J = 17.0Hz, 1H, GA)) ;

3.64 3.60 (s, 3H, OCH ; 3.49-3,28 (m, 2H, Ci2)) ; 3.40-2.89 (m, 4H, Ci8)+CH,¢) ; 1.61-1.45 (m, 2H,
CH,B) ; 1.45-1.24 (m, 4H, CH CH,0) ; 1.35 (s, 9H, 3xCk(Boc)) ; *C NMR (50MHz, DMSOd) : & (two

major isomers)= 172.78,72.39(1C, N-CO) ; 171.15 169.71 (1CCOOMe) ; 156.09, 155.94 (1&O(2)) ;

155.65 (1C,CO(Boc)) ; 137.27, 137.02,36.97(2C, C\v(2)) ; 128.35, 127.75127.70(10C, CH.(2)) ; 77.88,
77.73(1C, C(Boc)) ;65.5Q 65.40, 65.16 (LOTHx(Z)) ; 52.08 51.69 (1C, @Hy) ; 50.56 (1CCHa) ; 47.81,
47.55 (2C,CHx(1)+CHx(2)) ; 39.30, 38.50 (1QCHx(3)) ; 31.06 (1CCH,P) ; 29.20 (1CCHyy) ; 28.15 (3C,
3XCH3(Boc)) ; 22.54 (1CCH.d) ; CH,e was not located because it was under DMSO signals.

MS (ESI+) (m/z) : calcd for GH4N4O [M+Na]™: 651.3, found: 651.2 [M+N43]

[a]o?® (C=1, MeOH) -10.3

HPLC Tr=18.1 min

S7



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

1,0(}2
2 o,s&i

0,0&2 A—
000 200 400 600 800 10,00 12,00 1400 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00
Mnutes

Figure 5: HPLC trace at 210nm of the purifi@d’ monomer.
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Figure 6: '"H NMR of 11’ monomer.
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12’ was prepared following the general procedure desgrabovel?’ (2.84 g, 81%).

R¢ (EtOAc/cyhex, 5:5, viv) = 0.47

'H NMR (500MHz, DMSO#ds) : & (two major isomers)= 9.18 (br s, 2H, NH=C-NHZ)62, 7.55 (d, J 8.0Hz
J =7.5Hz, 1H, NK(Z)) ; 7.44-7.22 (m, 15H, 15xCHZ)) ; 6.83,6.71(t, J = 5.5 Hz, J 5.5 Hz 1H, NH(Boc)) ;
5.91-5.80 (m, 1H, CH(5)) ; 5.28 (dd, J18.0Hz and 1.5Hz, 1H, Gb)) ; 5.22 (s, 2H, CK2)®) ; 5.17 (dd, J =
10.5Hz and 1.5Hz, 1H, GKB)) ; 5.05 (s, 2H, CKHZ)¥) : 4.99,4.98 (s, 2H, CH(2)%) : 4.57-4.43 (m, 3H,
CHa+CH,(4)) ; 4.29-3.76 (M, 4H, CHi1)+CH,) ; 3.47-2.92 (M, 4H, CH2)+CHy(3)) ; 1.75-1.45 (m, 4H, Ci8
CH.y) ; 1.35 1.33 (s, 9H, 3xCK{(Boc)) ;

13C NMR (125MHz, DMSOdg) : & (two major isomers) 172.41,71.98(1C, CO(Arg)) ; 169.305 168.77 (1C,
COOAIl); 162.87 (1C,CO(2)%; 159.68 (1C,CO(2)° ; 155.85,155.60(1C, CO(Boc)) ; 154.96 (1CCO(Z)%;
137.10,136.93(1C,Cy0) ; 135.25 (3CCw(2)) ; 132.24,132.09(1C, CH(5)) ; 128.47, 128.27,28.21 127.89,
127.79,127.73 127.65, 127.62127.58(15C, 15XCH(Z)) ; 118.01 117.72 (1C,CHy(6)); 77.82,77.65 (1C,
Cw(Boc)) ; 68.17 (1CCH4(2)®) ; 66.15 (L1C,CHx(2)®) ; 65.41 (1C,CHx(2)%) ; 64.73 (1C,CH,(4)) ; 50.41,
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50.27 (1C,CHa) ; 49.46 (1C,CHy(1)) ; 47.94,47.50 (1C, CHy(2)) ; 44.30 (1CCH,d) ; 38.60,37.63 (1C,
CH,(3)) ; 28.8928.76(1C, CH,B) : 28.16 28.08 (3CCH(BoC)) ; 24.8524.78(1C, CHy) :

MS (ESI+) (m/z) : calcd for GHs,NgO1; [M+Na]™: 839.4, found: 839.4 [M+N4]

[a]o® (C=1, MeOH) 5.2

HPLC Tg=21.6 min
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Figure 7: HPLC trace at 210nm of the purifid@ monomer.
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Figure 8: 'H NMR of 12’ monomer.

General procedure for the synthesis of PAA acid maymers (9-11)

To a solution of PAA methyl ester monomé&'-11’) (2.3 mmol) in THF (6 mL) cooled to 0°C was added
slowly an aqueous 1M lithium hydroxide solution§4mmol). After stirring for 1 h at 0°C, the mixtureas
neutralised (pH = 7) with a 1M KHSGolution and the solvent was concentrated undirced pressure. The
remaining aqueous layer was acidified with a 1M K} Solution until pH = 2, then extracted with EtOAT X

40 mL). The combined organic layers were washet WgO and brine, dried on MgS@nd the solvent was
evaporated under reduced pressure to afford withwotiier purification the corresponding PAA acid mooner
(9-11) as a white solid.

Boc(Z-Ala)OH (9)

(?J\

N/\/ \)J\OH
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9 was prepared following the general procedure desdrabove9 (0.88 g, 90%).

R (EtOAc/MeOH, 8:2, viv) = 0.41

H NMR (500MHz, DMSOd) : & (two major isomers) 12.74 (br s, 1HY.A7, 7.46 (d, J =7.9Hz J = 7.9Hz,
NH(2)) ; 7.39-7.28 (m, 5H, 5xCHZ2)) ; 6.81,6.69 (t, J = 5.3Hz, J £.3Hz 1H, NH(Boc)) ; 5.07-4.94 (m, 2H,
CHx(2)) ; 4.58-4.484.33-4.26(m, 1H, CH) ; 4.36 4.07 (d, J = 17.5Hz, 1H, GH)) ;4.04, 3.78 (d, J = 17.5Hz,
1H, CHy(1)) ; 3.47-2.95 (m, 4H, CHR)+CH,(3)) ; 1.36 (s, 9H, 3xCkBoc)) ; 1.20,1.14(d, J = 6.5Hz, 3H,
CHs(Ala)) ; °C NMR (125MHz, DMSO#) : 8 (two major isomers) 173.32,73.12(1C, CO(Ala)) ; 171.52
170.98 (1C,COOH) ; 155.94,155.90(1C, CO(2)) ; 155.82 (1CCO(Boc)) ; 137.34137.29 (1C, Cy(2));
128.66,128.09 128.03 (5C, 58H.(2)) ; 78.17,77.98(1C,C\,(Boc)) ;65.46 65.35 (1CCHx(2)); 49.61 47.67,
47.35,46.70(2C, CH,(1)+CH,(2)) ; 46.31, 46.02 (1C,CHa) ; 38.46,37.60(1C, CHx(3)) ; 28.22 28.16 (3C,
3XCHs;(Boc)) ;17.74 17.70 (1CCH3(Ala)) ;

MS (ESI-) (m/z): calcd for GoH,gN3O7 [M-H]: 422.2, found: 421.9 [M-H]

[a]p?® (C=1, MeOH) :-19.4

HPLC Tr=11.8 min

L L B e e e L B o e e e A B o e e e e e
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Figure 9: HPLC trace at 210nm of the purifi@€monomer.

Lk
o o
8 ®

(R
° ; 0w
¥ 3 86

Amz{
o1
Jeotd

L L O L B ) B B B
13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)

Figure 10: *H NMR of 9’ monomer.

Boc(Z-Phe)OH (10)

@oﬂ
O)J\ °
0

PN

N a
H

o
N
><O H/3\2/ \)J\OH

1

10was prepared following the general procedure desdrabovel0 (0.98 g, 85%).
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R (EtOAc/MeOH, 8:2, viv) = 0.4

'H NMR (500MHz, DMSO#d) : & (two major isomers) 12.77 (br s, 1H, OHJ.71, 7.63 (d, J = 8.3Hz, 1H,
NH(2)) ; 7.39-7.14, (m, 10H, 10xCHZ)) ; 6.90,6.72(t, J = 6.0Hz, 1H, NH(Boc)) ; 5.02-4.83 (m, 2H, £B)) ;
4.77-4.67,4.41-4.33(m, 1H, CH) ; 4.43 4.06, (d, J =18.0Hz J = 17.0Hz, 1H, CK1)) ; 4.06 3.87 (d, J =
18.0Hz J = 17.0Hz, 1H, CH1)) ; 3.52-2.98 (m, 4H, C}2)+CH,(3)) ; 2.94-2.85 (m, 1H, C}f§) ; 2.85-2.73 (m,
1H, CHP) ; 1.37 (s, 9H, 3xCKBoc)) ;**C NMR (125MHz, DMSO#) : 5 (two major isomers)72.19 172.12
(1C, CO(Phe)) ;171.34 170.60 (1CCOOH) ; 155.8Q 155.77 (1CCO(2)) ; 155.70,155.58(1C, CO(Boc));
137.99 137.52 (1CCy(Ph)) ; 136.98136.96(1C, C\,(2)) ; 129.44,129.24 128.28, 128.14, 128.06, 128.00,
127.66, 127.44, 127.35, 126.326.27(10C, 5CH(Z)+5xCH(Ph)); 77.90,77.69(1C, C\/(Boc)) ; 65.28 65.22
(1C, CHy(2)) ; 52.37 52.11 (1CCHa) ; 49.83 47.87 (LCCH,(1)) ; 47.59,46.87 (1C, CHx(2)) ; 38.42,37.67
(1C,CH,(3)) ; 37.10, 37.07 (1GZH,PB); 28.22 28.15 (3C, 3€H;(Boc)) ;

MS (ESI-) (m/z): calcd for GgH33N30O; [M-H]™: 498.2, found: 497.9 [M-H]

[a]o® (C=1, MeOH) 7.7

HPLC Tr= 15.7 min
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Figure 11: HPLC trace at 210nm of the purifié® monomer.
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Figure 12: *H NMR of 10 monomer
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Boc(Z-Lys(Z2))OH (11)

E I

OJI\N
o H
N

><o N

H

11 was prepared following the general procedure desdrabovell (1.15 g,81%).

R (EtOAc/MeOH, 8:2, v:v) = 0.48

'H NMR (500MHz, DMSOdg) : & (two major isomers) 12.77 (br s, 1H, OHY.44 7.43 (d, J 29.6Hz J =

8.3Hz, 1H, NH(Z)) ; 7.39-7.28 (m, 10H, 10xCiZ)) ; 7.21 (t, J = 5.5Hz, 1H, NXE)) ; 6.82,6.71(t, J =

5.5Hz, 1H, NH(Boc)) ; 5.70-4.95 (m, 4H, 2xgH)) ; 4.46-4.394.22-4.15 (m, 1H, CHx) ; 4.35 4.09 (d, J =
18.3Hz J = 17.4Hz 1H, CHy(1)) ; 4.03, 3.76 (d, J 48.3Hz J = 17.3Hz 1H, CHx(1)) ; 3.47-3.34 (m, 2H,
CH,(2)) ; 3.26-2.91 (M, 4H, CHB)+CH;g) ; 1.60-1.47 (m, 2H, C}B) ; 1.45-1.29 (m, 4H, Cky CH,d) ; 1.36 (s,
9H, 3xCH(Boc)) ;

13C NMR (125MHz, DMSOd) : & (two major isomers) 172.50,72.38(1C, CO(Lys)) ; 171.22 170.67 (1C,
COOH) ; 156.07 155.93 (2C, 280(Z)) ; 155.63,155.55(1C, CO(Boc)) ; 137.27 137.25 (1C.Cw(Z%) ;

137.02,136.98(1C, C\v(Z°)) ; 128.33,127.76 127.73, 127.67127.65(10C, 5CH.(Z")..5XCH.(Z%)) ; 77.84,
77.64(1C, C,y(Boc)) ; 65.47, 65.37 (2CCH4(2)) ; 65.13,65.10(1C, CH.£) ; 50.64 50.58 (1CCHa) ; 47.73,
47.42,46.68(2C, CH,(1)+CH(2)) ; 38.50,37.64(1C, CH,(3)) ; 31.09 (1CCH.B) ; 29.15 (1CCHyy) ; 28.22

28.15 (3C, 3€H;3(Boc)) ; 22.56 (1CCH,0) ; MS (ESI-) (m/z): calcd for GH4N4O [M-H]: 613.3, found:
613.0 [M-H]

[a]o® (C=1, MeOH) 9.7

HPLC Tg= 16.4 min
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Figure 13: HPLC trace at 210nm of the purifi@d monomer.

AU

S12



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

— L L e
° ao o > oapo N & NE
3 =8 8 B OBEIN 88 8o
T T T T I B [ A B T T T
13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0
pm (t1)

Figure 14: *H NMR of 11 monomer

Boc(Z-Arg(Z,))OH (12)

To a solution ofl2’ (1 g, 1.22 mmol) in degassed DMF (4 mL) was adbé&d (2.5 mL, 24.4 mmol), and
tetrakis(triphenylphosphine)palladium (140.3 mg.122 mmol) in the dark and under inert atmosphéte
reaction was stirred for 30 mat room temperature, and the solvent was removddrureduced pressure. The
residue was purified by flash silica column chroogaéphy (EtOAc to EtOAc/MeOH (9:1, v:v)) to affold® as
yellow powder (760 mg, 80%).

R (EtOAc/MeOH, 8:2, viv) = 0.51

'H NMR (500MHz, DMSOdg) : &= (two major isomers) 9.20 (br s, 2H, (Z)NH-C=NHJ.50-7.20 (m, 16H,
15CH,+NH"(2)) ; 6.99 6.95 (br s, 1H, NH(Boc)) ; 5.21 (s, 2H, &RA)“) ; 5.04 (s, 2H, CK2)®) ; 4.99 4.98 (s,
2H, CHy(2)%) ; 4.50-4.39 4.30-4.21 (m, 1H, C#f) ; 4.08-2.90 (m, 8H, CH1)+CH,0+ CH,(2)+CHy(3)) ; 1.76-
1.42 (m, 4H, CHB+CH,y) ; 1.33 (s, 9H, 3xCkBoc)) ;

13C NMR (125MHz, DMSO#k) : & (two major isomers)= 172.14 (1CO(Arg)) ; 171.91171.68(1C,COOH) ;
162.91 (1C,CO(2)) ; 159.79, 159.69 (1GCO(2)) ; 155.79,155.58 ( 1C, CO(Boc)) ; 154.96,154.86 (1C,
CO(2)) ; 137.1Q 136.97 (1CC\0Q) ; 135.43,135.30(3C, C(2)) ; 128.51, 128.31, 128.23, 128.16, 127.94,
127.85, 127.73, 127.65, 127.60 (15C, THk(Z)) ; 77.74 77.43 (1CCy(Boc)); 68.19 68.11 (LCCH,(2)) ;
66.16 (1CCHx(2)”) ; 65.43 (1CCH4(2)%) ; 51.94, 48.75 (1G3H4(1)) ; 50.56,50.39(1C, CHa) ; 47.47, 47.05
(1C,CHx(2)) ; 44.5744.40(1C,CH,9) ; 38.33 37.59 (1CCHx(3)) ; 29.05 28.75 (1CCH,B; 28.22,28.12(3C,
3xCHs(Boc)) ;24.91, 24.73 (1CCHy) ;

MS (ESI-) (m/z) : calcd for GgH4gNgO11 [M-H]: 775.3, found: 775.1 [M-H]

[a]o?® (C=1, MeOH) +1.0

HPLC Tr= 16.4 min
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Figure 15: HPLC trace of the purified2 monomer.
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Figure 16: 'H NMR of 12 monomer.

Synthesis of oligo-PAA

General method for solid-phase synthesis:

PAA oligomers were prepared following a standaditisshase strategy. PAA oligomers were synthesimedn
MBHA resin LL (100-200 mesh, 0.59-0.9 mmol/g, Noigdhem), which was downloaded to approximately half
of its maximal capacity for the first building blkacThe remaining sites were capped using the cappiixture
described below.

PAA oligomers were typically synthesized on 250 ehgesin using a standard Boc/Z protocol :

Boc cleavage: TFA/TIS (9:1, v:v), 2 x 15 min, DCM wash, NMP wash.

Coupling conditions: Couplings were performed for 1 h with a volume & InL of a preactivated (3 min)
mixture of PAA acid monomer (1.5 equiv), DIEA (7udg), and HBTU (1.4 equiv) in NMP. The couplingsnee
monitored by a Kaiser test and repeated twice.

Capping: Ac,O/Pyr/INMP 15:15:70 (v:v:v), 2 x 5 min, NMP wash, BiGvash.

Cleavage from the resin: Compounds were cleaved (and totally deprotectethguSFMSA/TFA/TIS (1:8:1,
v:viv) for 4 h. The resulting solution combined fwit mL of TFA (used to wash the resin) was addedotd
anhydrous diethyl ether (10 mL). Crude PAA oligormes isolated by centrifugation (3,000 fhirl0 min),
washed three times with diethyl ether (30 mL). Aftee last washing step, the solid was dried bylhyiization
on a Flexy-Dry FTS system, to give a pale yellowvger

Note : Due to cleavage conditions from solid support BfL.C purifications, compounds8 exhibit peaks in

the **C spectra from TFA (163.3 ppm (g, J = 140.5Hz),.IZ4%m (q, J = 1160Hz). These peaks are not listed
the spectra analysis below.
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FRKA (1)

1 was prepared following the general solid-phasegaare described above. Crudé5 mg) was obtained with
a purity of 88.7% as determined by HPLC, and pexdiifoy semi-preparative HPLC.

HPLC Tg = 20.5 min

0,801

0,601

AU

0,401

0,20

0,00 ~——
N U R R U U R R R U U U
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Figure 17: HPLC profile of1 at 210nm

'H NMR (500 MHz, BO): (two major isomersp= 7.50-7.30 (m, 5H, CH ; 4.76-4.00 (m, 12H, Céi Phe,
CHa Ala, CHa Lys, CHx Arg, 4 x CH(1)) ; 3.80-3.10 (m, 22H, 4 x GkR), 4 x CH(3), CHy(5), CH:0 Arg,
CH,B Phe) ; 3.09-2.98 (m, 2H, GELys) ; 2.56-2.48 (m, 2H, C}#)) ; 2.02-1.65, (m, 11H, CiAc), CH,3
Lys, CH3 Arg, CHyArg, CHyd Lys) ; 1.60-1.45, (m, 5H, CHAla, CHyyLys).

¥C NMR (125 MHz, BO): (two major isomersp= 177.19, 174.9174.8Q 172.17, 171.77, 170.9170.85,
170.74, 170.64, 170.60, 170.55, 170.44, 169.89,18,7.33.60, 129.97, 129.84, 129.64, 128%5,18 52.09,
51.20, 51.16, 50.92, 50.85, 50.71, 50.47, 50.4015049.89, 48.59, 48.54, 48.50, 48.34, 47.69,4746.15,
47.11, 40.75, 39.33, 37.95, 37.83, 37.76, 37.7568737.10, 36.96, 36.90, 36.84, 36.42, 363487 34.80,
30.31, 30.25, 27.96, 26.89, 23.923.82 22.33 22.21, 21.4221.29 16.25 16.20.

HRMS m/zcalcd for GsHgoN1g010 (M+H)™; 1033.63831 , found: 1033.63745

C\Xcaliburidata\i11207T0 1 12¢11/2007 5:51:56 PM
111207701 #201 RT: 6.34 AV: 1 NL: 1.78E7
T: FTMS + ¢ ESI Full ms [400.00-1500.00]
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Figure 18: HRMS mass spectrum af
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Figure 19 'H NMR 500MHz of1

RFAK (2)

2 was prepared following the general solid-phasegdare described above. Cru2l€98.3 mg) was obtained
with a purity of 90.6% as determined by HPLC, andffed by semi-preparative HPLC.

HPLC Tz = 19.7 min
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Figure 20: HPLC profile of2 at 210nm

'H NMR (500 MHz, DO): (two major isomersy= 7.50-7.30 (m, 5H, CH) ; 4.72-4.00 (m, 12H, CtPhe, CH
Ala, CH, Lys, CH, Arg, 4 x CH(1)) ; 3.80-3.14, (m, 22H, 4 x Gf2), 4 x CH(3), CHy(5), CH:?J Arg,
CH,3 Phe) ; 3.10-3.00 (m, 2H, GEiLys) ; 2.60-2.49 (m, 2H, C}#)) ; 2.05-1.82, (m, 7H, CifAc), CH,B Lys,
CH,p3 Arg) ; 1.82-1.62 (m, 4H, Chy Arg, CHOLys) ; 1.62-1.45 (m, 5H, CHAla, CHyy Lys).

¥C NMR (125 MHz, BO): (two major isomersd= 177.19, 175.04, 172.25, 172.16, 171.78, 170.98,607
170.49, 170.29, 169.76, 157.20, 133.66, 1301X9.7Q 129.61, 128.67, 52.34, 51.24, 50.65, 50.12, 49.87
48.57, 48.53, 48.35, 47.61, 47.249).81, 40.76, 39.33, 37.93, 37.79, 37.58, 36.98, 3636143, 36.16, 34.86,
34.78 30.18,29.97 28.08, 26.82, 23.81, 22.25] .37, 21.28,16.34 16.26.

HRMS m/zcalcd for GsHgoN1gO10 (M+H)*; 1033.63831, found: 1033.64050

S16



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

CiXcalibur\datall 11207702 12/11/2007 6:17:00 PM
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Py 517.3237:

Relative Abundance

1033,6405(
o 54050
25
20
15
44378009
10
7 546.31543

5 47329144 667.43866 1083.12622

E 70,3480 7584760

N R OO e | | 9058474 gen 0100 | 114783538 1214505015 132134363 1481.85181

T T T T T LM i e s oo T

400 500 800 700 800 900 1000 1100 1200 1300 1400 1500

mz

Figure 21: HRMS mass spectrum @f
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Figure 22: '"H NMR 500MHz of2

KARF (3)

3 was prepared following the general solid-phaseguiare described above. Crugi¢101.5 mg) was obtained
with a purity of 92% as determined by HPLC, andiffjrd by semi-preparative HPLC.

HPLC Tg = 19.7 min
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Figure 23: HPLC profile of3at 210nm

'H NMR (500 MHz, BO): (two major isomers)= 7.60-7.27 (m, 5H, CK) ; 4.74-3.90 (m, 12H, CHPhe, CH
Ala, CH, Lys, CH, Arg, 4 x CHy(1)) ; 3.85-3.20 (m, 22H, 4 x Gk2), 4 x CH(3), CHy(5), CH:d Arg, CH,3
Phe) ; 3.16-3.05 (m, 2H, GEiLys) ; 2.65-2.55 (m, 2H, Cj4)) ; 2.10-1.89, (m, 7H, CifAc), CH,3 Lys, CH3
Arg) ; 1.88-1.68 (m, 4H, Ch Arg, CHy® Lys) ; 1.66-1.50, (m, 5H, C}Ala, CHyy Lys).

¥%C NMR (125 MHz, DO): (two major isomersy= 177.19, 175.10174.68; 170.98, 170.93, 170.61, 170.50,
169.72, 157.15, 133.78 , 129.93, 129.89, 129.68,6R2 52.4452.25 51.12, 50.92, 50.85, 50.70, 50.34, 50.22,
50.05, 49.78, 48.46, 48.36, 47.48).84 40.80, 39.36, 38.02, 37.64, 37.55, 37.02, 36386740, 36.20, 34.88,
34.77 30.54,28.04 28.00, 26.80, 23.7@3.58 22.28, 21.70, 16.34.

HRMS m/zcalcd for GsHgoN1g010 (M+H)™; 1033.63831, found: 1033.63825
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Figure 24: HRMS mass spectrum &f

S18



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

UIT ALV

A T I Ly SRS S ]
gen o N ro Nos o
oo N ©°
~o ENEEN]

T

L
o
8

LI L L B L I RO B B IR
8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50

ppm (t1)
Figure 25: '"H NMR 500MHz of3

TE6T

T
w
NN @ o =
BNW O N ©

[TTT T[T TTTTT
2.50 2.00 1.5

T
N
o
=
T

3. 1.00 0.50 0.00

I
i
o
T
0

\
0

AKFR (4)

4 was prepared following the general solid-phasecgulare described above. Cruél¢105 mg) was obtained
with a purity of 89% as determined by HPLC, andiffjed by semi-preparative HPLC.

HPLC Tg=19.6 min
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Figure 26: HPLC profile of4 at 210nm

'H NMR (500 MHz, BO): (two major isomersy= 7.50-7.30 (m, 5H, CH) ; 4.79-3.60 (m, 12H, CHPhe, CH
Ala, CH, Lys, CH, Arg, 4 x CH(1)) ; 3.80-3.10 (m, 22H, 4 x Ck2), 4 x CH(3), CHx(5), CHx Arg, CH,3
Phe) ; 3.10-2.96 (m, 2H, GHLys) ; 2.57-2.46 (m, 2H, Cj4)) ; 2.04-1. 83 (m, 7H, CilAc), CH, Lys, CHf3
Arg) ; 1.82-1.62 (m, 4H, Chy Arg, CH,® Lys) ; 1.60-1.44 (m, 5H, CHAla, CHyyLys).

3C NMR (125 MHz, BO): (two major isomersp= 177.17,177.12 175.01, 171.72, 170.95, 170.90, 170.79,
170.72, 170.67, 170.62, 170.54, 170.44, 170.34,2471.69.70, 157.19,33.68 133.63, 130.00, 129.88, 129.66,
128.71, 52.41, 51.13, 51.06, 50.99, 50.52, 50.032( 49.88, 49.74, 48.61, 48.46, 48.37, 47.34]%.(89.33,
38.00, 37.91, 37.62, 37.54, 36.96, 36.90, 36.84/5336.43 36.17, 34.8634.79 30.37, 27.7627.59 26.85,
26.79 23.63 23.58, 22.27, 21.59, 16.365.21

HRMS m/zcalcd for GsHgoN1gO10 (M+H)*; 1033.63831, found: 1033.64075
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CiXcalibundata\111207T04 12/11/2007 7:07:08 PM
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Figure 27: HRMS mass spectrum df
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Figure 28 "H NMR 500MHz of4

5 was prepared following the general solid-phasegulare described above. Crusl¢125 mg) was obtained

with a purity of 86% as determined by HPLC, andiffjed by semi-preparative HPLC.

HPLC Tr = 17.5 min
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Figure 29: HPLC profile of5at 210nm

'H NMR (500 MHz, BO): (two major isomersp 4.62-4.434.39-4.31(m, 4H, 4 x CHi Lys) ; 4.31-4.00 (m,
8H, 4 x CH(1)) ; 3.80-3.30 (m, 18H, 4 x GKR), 4 x CH(3), CHy(5)) ; 3.10-2.98 (m, 8H, Cjd Lys) ; 2.58-2.48
(m, 2H, CH(4)) ; 2.06-1.82 (m, 11H, CffAc), 4 x CHP Lys) 1.80-1.66, (m, 8H, 4 x G Lys) ; 1.62-1.40, (m,
8H, 4 x CHy Lys).

3¢ NMR (125 MHz, BO): (two major isomersp 177.18, 175.08, 171.13, 170.89, 170.75, 170.60,45]
170.33, 169.75, 51.20, 51.12, 51.08, 50.94, 578, 50.45, 50.27, 49.92, 48.57, 48.48, 48.44231847.29,
47.12, 47.02, 46.92, 38.04, 37.99, 37.91, 37.868737.62, 36.8636.42 36.16, 34.8634.77 30.48, 30.45,
30.38, 30.29, 30.14, 30.11, 30.06, 29.98, 26.85[2@2.32 22.26, 21.74, 21.61, 21.54, 21.50, 21.39, 21.34,
21.29, 21.21.

HRMS m/zcalcd for GsHgoN1gO10 (M+H)™; 1043.71656, found: 1043.71750

Ci\Xealiburidatal1 11207707

111207707 #104-152 RT: 8.26-467 AV: 12 NL: 1.18E7
T: FTMS + ¢ ESI Full ms [400.00-1500,00]
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Figure 30: HRMS mass spectrum &f
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Figure 31: "H NMR 500MHz of5
RRRR (6)

6 was prepared following the general solid-phasegulare described above. Crugl¢130 mg) was obtained
with a purity of 60% as determined by HPLC, andifird by semi-preparative HPLC.
HPLC TR = 19.0 min

1,60

1,40

1,20

1,00

0,80

0,60

0,40]

0,207

0,00] A

0,00 2,00 4,00 600 800 10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,0C
Minutes

AU

Figure 32: HPLC profile of6 at 210nm

'H NMR (500 MHz, BO): (two major isomersp 4.66-4.484.43-4.36(m, 4H, 4 x CHi Arg) ; 4.35-4.00 (m,
8H, 4 x CH(1)) ; 3.78-3.32 (m, 18H, 4 x Gk2), 4 x CH(3), CHx(5)) ; 3.32-3.20 (m, 8H, C}3 Arg) ; 2.56-2.48
(m, 2H, CH(4)) ; 2.06-1.82 (m, 11H, CifAc), 4 x CH Arg) ; 1.81-1.62 (m, 8H, 4 x CH Arg).

3¢ NMR (125 MHz, BO): (two major isomersp 177.18, 175.07, 170.90, 170.84, 170.72, 170.50,48]
170.43, 170.37, 169.67, 157.19, 51.11, 50.96, 50690184, 50.71, 50.43, 50.28, 49.89, 49.73, 484854,
48.47, 48.42, 47.26, 46.99, 40.748).71 38.02, 37.70, 36.84, 36.836.42 36.16, 34.8534.78 28.01, 27.94,
27.89, 27.83, 27.72, 27.63, 27.58, 23.88, 23.7(6323.59, 23.492.28 22.24.

HRMS m/zcalcd for GsHgoN,¢O10 (M+H)*; 1155.74115, found: 1155.73865
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111207708 #106 RT:3.30 AV: 1 NL: 1897E6
T: FTMS + ¢ ESI Full ms [400.00-1500.00]
578.37390

100

Relative Abundance
o
8

3 41857708

431.22635
557.08503

471.20675
5

EPW 1| RY IO

L l 76833820 253991 591 50817 954 77332
S RRLIS AT B s rhrrrer T

69236688

65335870

62736261

711.33997

1043.72107 1155.73865

12680.73303

v o " e ;
800 700 800 800 1000 1100 1200
miz

Figure 33: HRMS mass spectrum 6f
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AAAA (7)

7 was prepared following the general solid-phasegutare described above. Crudi¢114 mg) was obtained
with a purity of 89% as determined by HPLC, andifird by semi-preparative HPLC.

HPLC Tr=17.1 min
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Figure 35: HPLC profile of 7 at 210nm

H NMR (500 MHz, BO): (two major isomersy= 4.64-4.42 4.37-4.32(m, 4H, 4 x CHi Ala) ; 4.32-4.00 (m,
8H, 4 x CH(1)) ; 3.78-3.28 (m, 18H, 4 x Gk2), 4 x CH(3), CHy(5)) ; 2.56-2.48 (m, 2H, C}¥)) ; 2.02,1.98

(s, 3H, CH(Ac)) ; 1.61-1.53,1.50-1.44(m, 12H, 4 x CHAla).

¥C NMR (125 MHz, BO): (two major isomersp= 177.21, 175.03, 172.13, 171.78, 171.70, 171.08,907
170.67, 170.45, 169.91, 50.80, 50.53, 50.37, 5@Q01,6, 49.7849.69 48.47, 47.73, 47.63, 47.44 ,47.36, 47.11,
46.94, 46.87, 38.20, 37.92, 37.86, 37.82, 37.6%®B737.54, 37.43, 37.13, 36.96, 36.38,42 36.16, 34.89,
34.82 22.27,16.34 16.29,16.25 16.19.

HRMS m/zcalcd for GaHgN14010 (M+H)*; 815.48516, found: 815.48492
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Figure 36: HRMS mass spectrum af
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Figure 37: 'H NMR 500MHz of7

FFFF (8)
8 was prepared following the general solid-phasegutare described above. Crul€110 mg) was obtained

with a purity of 82% as determined by HPLC, andifird by semi-preparative HPLC.
HPLC Tg = 25.2 min
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Figure 38: HPLC profile of8 at 210nm

'H NMR (500 MHz, BO): (two major isomersy= 7.50-7.20 (m, 20H, 4 x 5GH ; 4.76-4.604.58-4.47(m, 4H,
4 x CHyx Phe) ; 4.24-3.79 (m, 8H, 4 x GH)) ; 3.67-3.00 (m, 26H, 4 x Gk2), 4 x CH(3), 4 x CHB Phe,
CH(5)) ; 2.55-2.46 (m, 2H, C}#)) ; 1.97,1.96(s, 3H, CH(Ac)).

¥C NMR (125 MHz, BO): (two major isomersp= 177.14,177.05,174.86,174.67 170.85, 170.72, 170.65,
170.58, 170.49, 170.30, 170.26, 170.22, 170.18,1%701.69.93, 169.89, 169.67, 169.62, 133.65, 133.88.95,
129.83, 129.67, 129.64, 128.66, 52.59, 52.52, 5524, 52.15, 52.10, 50.91, 50.61, 50.40, 5058607,
49.89, 49.86, 49.74, 48.35, 48.24, 48.12, 47.864U747.28, 47.20, 37.84, 37.75, 37.64, 37.55,B735.45,
37.08, 37.05, 36.90, 36.8%6.38 36.17, 34.8534.74 22.3Q 22.18.

HRMS m/zcalcd for G;H7gN14O010 (M+H)"; 1119.61036, found: 1119.60901
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Figure 39: HRMS mass spectrum &f
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Figure 40 'H NMR 500MHz of8
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FRK (1)

1' was prepared following the general solid-phaseguiare described above. Crutle(66 mg) was obtained
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with a purity of 75% as determined by HPLC, andifird by semi-preparative HPLC.
HPLC Tg=21.2 min
HRMS : m/z calcd for GgHg:N150g [M+H] " = 862,5375 ; found [M+H]= 862,53748
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Figure 41: HPLC profile of1" at 210nm
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FAK (2))

2’ was prepared following the general solid-phaseguiare described above. Cru#le(80 mg) was obtained
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Figure 42: HRMS mass spectrum af
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with a purity of 80% as determined by HPLC, andifjed by semi-preparative HPLC.
HPLC Tg = 20.9 min
HRMS : m/z calcd for GsHgoN120g [M+H]" = 777,4735 ; found [M+H]= 777,47284.
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Figure 43: HPLC profile of2’ at 210nm
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Figure 44: HRMS mass spectrum @&f

RRR (6%

8’ was prepared following the general solid-phaseguiare described above. Crugle(39 mg) was obtained
with a purity of 58% as determined by HPLC, andiffjed by semi-preparative HPLC.

HPLC Tg = 18.9 min

HRMS : m/z calcd for GsH-oN»Og [M+H] " = 899,5764 ; found [M+H]= 899,57635
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Binding studies

Unless otherwise stated, all reagents and solweats of analytical grade and from Sigma (St LoUisS.A.).
HEPES [4-(2-hydroxyethyl)-1-piperazineethanesulfoncid] and all inorganic salts for buffers wergghased
from Calbiochem (molecular biology grade). RNA (fig 47) and DNA oligonucleotides were purchasedfro
IBA GmbH and used without further purification. Aixture of pre- and mature yeast tRNAs (containingrd30
different species) was purchased from Sigma (typ@AX Stocks of tRNAmix can be quantified in itative
form (without base hydrolysis) using an extinctamefficient of 9640 cm M™ per basez.

G G

U G

C A
C-G G G
G-C U G
A-U C A
G-C -

U .

C -
U .

0O0OFPOPOPrPOO
R CoCoCo®

c’ 3 [+ H

TAR ab

Figure 47: RNA structures

Buffers

All buffers were filtered through 0.22-um Millipofdters (GP ExpressPLUS membrane). A small aligis®-—
100 ml) was first filtered and then discarded toiehany contaminants that might be leached fronfittex. The
solutions to be used in the fluorescence experisneete prepared by diluting the concentrated stock4illi-Q
water and filtered again as described above.

All standard fluorescence measurements were peeimbuffer A (20 mM HEPES (pH 7.4 at 25 °C), 2Bim
NaCl, 140 mM KCl and 3 mM MgGJ.

For competitive experiments in the presence dHaNA, a 15-mer sequence (5-CGTTTT TATTTTTGC-3")
and its complement, annealed beforehand, were atiduliffer A to obtain a 100-fold nucleotide excess
regarding TAR RNA (900 nM duplex; 5 nM RNA).

For competitive experiments in the presence tRIMA, a mixture of pre- and mature ye#RNAs (containing
over 30 different species from baker's ye&stcaerevisiagSigma, type X-SA)) was added to buffer A to obtai
100-fold nucleotide excess regarding TAR RNA. Steclutions otRNA were prepared in water and quantified
using an extinction coefficient of 9640 ¢V per base

CD experiments were performed in buffer B (20 mMassium phosphate buffer (pH 7.4 at 25 °C), 10 mM
NaCl and 1 mM MgG).

Circular dichroism spectra

CD measurements were performed with a Jasco J-B&€repolarimeter equipped with a Jasco PTC 423S
Peltier temperature controller. Samples were pegbar buffer B. Spectra were obtained at 3 uM RNAAA

(for individual spectra) or a molar ratio of 1:11@ RNA:PAA for the complexes in a 1-mm path-leng#il.
RNA samples were heat-denatured and allowed tddref® described above prior measurement. Spectra we
recorded at 20°C from 360 to 200 nm at 1 nm interwath an integration time of 4 sec and a 50 nm/speed.
CD scans were repeated five times, then averaggda@mected by the subtraction of buffer backgroondhe
spectra of the appropriate ligand alone (figure 49)

2 Luedtke, N. W., Liu, Q., and Tor, YBiochemistry200342, 11391-11403.
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Fluorescence binding assay.

Ligand solutions were prepared as serial dilutionduffer A at a concentration two times higherrihthe
desired final concentration to allow for the suhsayg dilution during the addition of the RNA sobuti The
appropriate ligand solution (50uL) was then adaed tvell of a non-treated black 96-well plate (N@37105),
in triplicate. Refolding of the RNA was performeding a thermocycler (ThermoStat Plus Eppendorf) as
follows: the RNA, diluted in 1mL of buffer A, wagd$t denatured by heating to 90°C for 2 min; thenled to 4
°C for 10 min followed by incubation at 20°C for biin. After refolding, the RNA was diluted to a \arg
concentration of 10 nM through addition of the aggrate amount of buffer A. The tube was mixed &fqiL

of the RNA solution was added to each well contajrligand. This subsequent dilution lowered thalflRNA
concentration to 5 nM. The fluorescence was medsomea GeniosPro (Tecan) with an excitation fitte485 +
10 nm and an emission filter of 535 + 15 nm. Eachmipwas measured 10 times with a 500 us integratine
and averaged. Binding was allowed to proceed ogbtrit 5°C to achieve equilibrium (figure 50-54).

To study the temperature dependence, the plates weubated after overnight equilibrium at differen
temperature ranging from 5°C to 35°C (figure 55).

The salt dependence was studied in 20 mM HEPES/(Btt 25 °C), 20 mM NacCl, 3 mM MggWith the KCI
concentration varied between 70 and 250 nM (figaie

It has been shown that modest aggregations ofddbdlV-1 TAR fragments, occurring particularly agi
concentrations, can potentially affect the fluossse of the RNA. Thus, we first measured the flsceace
intensity of increasing concentrations (from 0.0%0 nM) of 5'-A488 labeled TAR at 519 nin,the absence of
tetra-PAA, in buffer A. A linear relationship wabserved (figure 48), which was not affected upoditazh of
higher concentrations of unlabeled TAR fragmentdestrating that aggregative effects of 5'-A488elat
TAR fragment were minimal in these buffer condigon
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Figure 48: Fluorescence intensity of TAR RNA

Neomycin was taken as a control as its bindingA& has already been studied using several methisd&y
value (17+ 1uM) is in good agreement with previously reponatiies.

To check that the fluorescence quenching was nes@t of nonspecific interactions between tetraARéd the
fluorophore, titrations of a 5 nM solution of a Al8exyl ester derivative with-8 ranging from 0.01 to 1500
UM were carried out. No significant changes offtberescence intensity was observed (less than 1@sfa not
shown), thus confirming that the observed fluoreseedecreases very likely reflect the bindingle to the
labeled TAR fragment rather than nonspecific irtBoas with the fluorophore.

Moreover competitive binding experiments usinguhéabeled TAR RNA fragmenshowed that tetra-PAA-8
bind equally to both unlabeled and A488-labeled Rik&gments, confirming that the effect of the flescent
probe on binding is negligible.

% Tassew, N.; Thompson, MBiophysical Chemistry2003 241-252
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Data analysis

Binding data were analyzed using the non-lineastisguares numerical solver-based binding dataaglob
analysis program BIOEQS, in which the calculateadliig surface is obtained using a numerical coimsch
optimization chemical equilibrium solVerUnless otherwise stated, binding profiles werd wedeled using a
simple model assuming the one to one stoichiomA®y. values were converted tq Kalues as K= (¢ 7RD,

For thermodynamic analysi&G° values were plotted versus T for the three-patanfif. Nonlinear regression
in Prism 4 (GraphPad Software) was used to fifehlewing equation to the data:

AG°r = AH°, + ACp (T - Tr) — TAS®y, - TACr In (T/Tr)

where Tr is a constant reference temperature (irstualy Tr = 293.15 K), and the three fit paraneteeAHy,,
the change in enthalpy upon binding at NS, the change in entropy upon binding at Tr; a@}, the change
in heat capacity. Starting values for the threapeters did not affect the final valuasC, was assumed to be
independent of temperature; inclusion &@/AT term in the analysis did not improve the qualityttee fits and
gave larger standard errors for the returned paeme

AH°t andAS°; were calculated by using:

AH°r = AH°1 + ACp (T - Tr)

and

ASOT = ASoTr + ACP In (T/Tr)

Salt dependence of Kd was analyzed by the followiggatiofi(figure 56):

log(Kq) = 10g(Kne) - Zy log [KCI]

where K is the dissociation constant at the standard stateM KCI, Z is the number of ions displaced from
the nucleic acid (essentially the number of intdenolar ion pairs) ands is the fractional probability of a
counterion being thermodynamically associated witbh phosphate of the RNA number of cationg, ahdZy
were treated as fitting parameters.

A higher initial fluorescence value is observedtia presence afsDNA andtRNA which is consistent with the
modification of the polarity of the solvent andraadl fluorescence of thERNA mixture.

* (a) Royer, C. AAnal. Biochem 1993 210, 91 ; (b) Royer, C. A. ; Beechem, J.N#ethods Enzymol992
210, 481-505.

® (a) Boniface JJ, Reich Z, Lyons DS, Davis Mioc Natl Acad Sci U S A999 96, 11446 ; (b) Yoo SH,
Lewis MS.Biochemistryl995 34, 632

® Record,M.T. Jr; Anderson,C.F. and Lohman, TQ4 Rev. Biophys1978 11, 103-178.
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Figure 49.CD profiles of PAA1-8
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Figure 50.Binding curves of PAAL-7 without competitor

The profiles were obtained in 20 mM HEPES (pH 720,mM NaCl, 140 mM KClI
and 3 mM MgCJ at 25 °C in the presence of 5 nM of labeled TARARN
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Figure 51.Binding curves of PAA 1-7 in the presenceddDNA

The profiles were obtained in 20 mM HEPES (pH 729)mM NacCl, 140 mM KCI and 3 mM
MgCl, at 25 °C in the presence of 5 nM of labeled TARARNND 900 nM of duplex DNA.
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Figure 52.Binding curves of PAA 1-6 in the presenceRNA

The profiles were obtained in 20 mM HEPES (pH 720),mM NacCl, 140 mM KCl and 3 mM
MgCl, at 25 °C in the presence of 5 nM of labeled TARARRM tRNA.
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Figure 53.Binding curves of PAA 1-7 with TAR ab
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The profiles were obtained in 20 mM HEPES (pH 720)mM NacCl, 140 mM KCl and 3 mM
MgCl, at 25 °C in the presence of 5 nM of labeled TARARN.
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Figure 54.Binding curves of tri-PAA

The profiles were obtained in 20 mM HEPES (pH 720),mM NacCl, 140 mM KCl and 3 mM
MgCl, at 25 °C in the presence of 5 nM of labeled RNA.
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Figure 55. Temperature effect for PAA 1-8
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Figure 56. Salt effect for PAA 1-8
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