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General Experimental

All commercial solvents and reagents were used without further purification unless stated
otherwise. All non-aqueous reactions were performed under an atmosphere of nitrogen and
using anhydrous solvents. Water-sensitive reactions were performed in oven-dried glassware,
cooled under nitrogen before use, or flame dried and cooled, under vacuum if stated. Solvents
were removed under reduced pressure using a Biichi rotary evaporator. Ether refers to diethyl
ether and petrol refers to petroleum spirit (b.p. 40-60 °C). Flash column chromatography was
carried out using silica (35-70 um particles) or alumina (neutral, Brockman activity 1), with
crude reaction mixtures loaded in the initial solvent system or its least polar constituent. Thin
layer chromatography was carried out on commercially available silica pre-coated aluminium
plates (Kieselgel 60 F254, Merck) or commercially available alumina pre-coated glass plates
(neutral, Brockman activity 1). Strong cation exchange columns were carried out using SCX,
5.0 g pre-packed cartridge, Supelco.

Proton and carbon NMR spectra were recorded on a Bruker Avance 500, Avance DPX300 or
DRX500 spectrophotometer with an internal deuterium lock. Carbon NMR spectra were
recorded with composite pulse decoupling using the waltz 16 pulse sequence. Chemical shifts
are quoted in parts per million downfield of tetramethylsilane, and coupling constants (J) are
given in Hz. NMR spectra were recorded at 300 K unless otherwise stated. Infra-red spectra
were recorded using a Perkin—Elmer Spectrum One FT-IR spectrophotometer. Melting points
were determined using a Griffin and George melting point apparatus and are uncorrected.
Nominal mass spectrometry was routinely performed on a Bruker HCT Ultra spectrometer
using electrospray (+) ionization. Nominal and accurate mass spectrometry using electrospray
ionisation was carried out by staff or the candidate in the School of Chemistry using a
Micromass LCT-KA111, Bruker MicroTOF or Bruker MaXis Impact TOF mass
spectrometer. Mass-directed HPLC purifications were run on an Agilent 1260 Infinity
Preparative HPLC system equipped with a Waters XBridge™ Prep C18 19 x 100 mm
column, 5 pm particle size, on an acetonitrile or methanol/water gradient (5-95% acetonitrile
or methanol over 8 minutes) and an Agilent 6120 Quadrupole system equipped with a
quadrupole MS detector, using electrospray ionisation (ESI).



Oligobenzamide Nomenclature

To simplify the numbering and NMR assignment of

oligobenzamides, we have devised a sequential nomenclature,
1 where each of the monomer building blocks is considered
separately. The monomers are numbered from 1 to 3 starting
from the N-terminal. Within each monomer, the numbering is
the same: the carbons from the aminobenzoic acid are numbered
using the standard system (the aromatic carbon bearing the
carboxylic acid is C1, the one bearing the amine is C4). Then,
the lateral chain is numbered: the carbon attached to the oxygen
is the Ca, and the numbering of the aliphatic part of the side
chain continues with CB, etc. In the case of aromatic side
3 chains, the aromatic carbons are numbered CArl, CAr2, etc.

The numbering of the protons is based on the carbon

numbering. To differentiate each individual carbon/proton, the
monomer number is added as a prefix to the carbon/proton number representative examples

are given above.



Synthesis

Prop-2’-en-1’-yl 3-hydroxy-4-nitrobenzoate, 3
NO,
OH

o0~ O

P

Para-toluene sulfonic acid (2 g, 11 mmol) was added to a solution of 3-hydroxy-4-
nitrobenzoic acid (10 g, 55 mmol) in allyl alcohol (30 ml) and the reaction heated to 80 °C
overnight then allowed to cool to r.t. The reaction mixture was diluted with ethyl acetate (50
ml) and washed with water (30 ml), saturated aqueous sodium bicarbonate (2 x 30 ml) and
brine (30 ml), dried over MgSO, and concentrated in vacuo to a yellow amorphous solid (8.9
g, 73%) Vma/cm! (solid state) 3316, 1722; 'H NMR (500 MHz, CDCl3) & 10.53 (s, 1H,
phenol OH), 8.20 (d, J = 8.8 Hz, 1H, 6-CH), 7.87 (s, 1H, 2-CH), 7.66 (d, J = 8.8 Hz, 1H, 5-
CH), 6.06 (ddd, J = 16.7, 11.2, 5.6 Hz, 1H, 2°C-H ), 5.46 (d, J = 17.2 Hz, 1H, 3’C-Hy.aps),
5.36 (d, J = 10.4 Hz, 1H, 3°C-H,;), 4.88 (d, J = 5.6 Hz, 2H, 1’-CH,); '3C NMR (125 MHz,
CDCl;) & 164.01, 154.67, 138.05, 135.83, 131.43, 125.29, 121.71, 120.65, 119.22, 66.55;
HRMS Found 222.0411 C,(H¢NOs [M-H]" requires 222.0407

Prop-2’-en-1’-yl 3-(2”’-methylpropoxy)-4-nitrobenzoate, 4

NO,
O\)\

0" O

~

1-bromo-2-methylpropane (3.6 ml, 33.6 mmol) was added to a suspension of Prop-2’-en-1’-
yl 3-hydroxy-4-nitrobenzoate (5 g, 22.4 mmol) and potassium carbonate (15.4 g, 112 mmol)
in dimethylformamide (50 ml) and the reaction heated to 50 °C with stirring overnight. The
reaction mixture was then diluted with ethyl acetate (100 ml), washed copiously with water
and brine, dried over MgSO, and concentrated in vacuo to give the title compound as a red
oil (3.55 g, 60%). vna/cm! (solid state) 2961, 2875, 1718; 'H NMR (500 MHz, CDCl;) &
7.80 (d, /= 8.4 Hz, 1H, 5-CH), 7.73 (s, 1H, 2C-H), 7.67 (dd, J = 8.4, 1.3 Hz, 1H, 6-CH), 6.04
(ddd, J=16.3,11.0, 5.8 Hz, 1H, 2°-CH), 5.43 (dd, J=17.2, 1.2 Hz, 1H, 3’-CHjns), 5.33 (dd,
J=10.3, 0.8 Hz, 1H, 3°-CH,), 4.86 (d, /= 5.8 Hz, 2H, 1’-CH,), 3.93 (d, /= 6.4 Hz, 2H, 1°’-
CH,), 2.15 (spt, J = 6.6 Hz, 1H, 2°’-CH), 1.06 (d, J = 6.9 Hz, 6H, 3”’-CH; and 4’’CHj3); 13C
NMR (125 MHz, CDCl;) o 164.45, 152.05, 142.51, 134.75, 131.64, 125.15, 121.06, 118.98,



115.42, 75.95, 66.39, 28.19, 18.98; HRMS Found: 302.0998, C;;H7;NOs [M+Na]" requires
302.0998.

Prop-2’-en-1’-yl 4-amino-3-(2’’-methylpropoxy)benzoate, 5

NH,
o

(@] 0]
~

Tin (IT) chloride dihydrate (4 g, 17.9 mmol) was added to a solution of prop-2’-en-1’-yl 3-
(2°’-methylpropoxy)-4-nitrobenzoate (1 g, 3.58 mmol) in ethyl acetate (70 ml) and the
reaction heated to 50 °C overnight. The reaction was allowed to cool and poured into 1M
NaOH solution (50 ml). The organic layer was separated and washed with 1M NaOH (3 x 30
ml), dried over MgSO,4 and concentrated in vacuo to a pale yellow oil (880 mg, 98%).
Vma/em! (solid state) 3588, 2914, 1742, 1635; '"H NMR (500 MHz, CDCl;) 6 7.60 (dd, J =
8.2, 1.6 Hz, 1H, 6-CH), 7.48 (d, J= 1.4 Hz, 1H, 2C-H), 6.69 (d, J = 8.2 Hz, 1H, 5-CH), 6.07
(ddd, J=17.2,10.4, 1.4 Hz, 1H, 2°-CH), 5.42 (dd, J=17.2, 1.4 Hz, 1H, 3’-CHjpps), 5.29 (dd,
J=10.4, 1.4 Hz, 1H, 3°-CH,;), 4.81 (d, /= 5.6 Hz, 2H, 1’-CH,), 3.85 (d, /= 6.5 Hz, 2H, 1°’-
CH,), 2.25 - 1.98 (sept, 6.6 Hz, 1H, , 2’’-CH), 1.08 (d, J = 6.6 Hz, 6H, 3°’-CH; and 4’’CHj;);
13C NMR (125 MHz, CDCl3) & 166.54, 145.60, 141.36, 132.82, 123.99, 119.40, 117.70,
113.08, 112.15, 74.72, 65.07, 28.30, 19.34; HRMS Found: 250.1438, C;4H;oNO; [M+H]"
requires 250.1437

Prop-2’-en-1’-yl4-(2-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetamido)-3-(2°’-
methylpropoxy)benzoate, 6

Dichlorotriphenylphosphorane (5.8 g, 17.6 mmol) was added to a solution of Fmoc-glycine
(2 g, 7.06 mmol) and prop-2’-en-1’-yl 4-amino-3-(2°’-methylpropoxy)benzoate (880 mg,
3.53 mmol) in chloroform (50 ml) and the reaction heated to reflux overnight. The reaction
was allowed to cool to r.t. and concentrated in vacuo. The residue was purified by column
chromatography eluting with dichloromethane to give the title compound as a colourless
amorphous solid (1.3g, 71%). va/cm! (solid state) 3398, 2958, 2873, 1697; 'H NMR (500



MHz, CDCls) & 8.59 (s, 1H, Amide NH), 8.48 (d, /= 8.4 Hz, 1H, Ar-H), 7.80 (d, /= 6.3 Hz,
1H, Ar-H), 7.74 (d, J = 8.4 Hz, 1H, Ar-H), 7.62 (s, 1H, Ar-H), 7.56 (d, J = 1.2 Hz, 1H, Ar-
H), 7.43 (s, 1H, Ar-H), 7.33 (s, 1H, Ar-H), 6.08 (ddd, J = 17.2, 10.4, 5.6 Hz, 1H, 2’-CH),
5.44 (d, J=17.2 Hz, 1H, 3’-CHysps), 5.33 (d, J=10.4 Hz, 1H, 3’-CH,), 4.85 (d, J = 5.6 Hz,
2H, 1’-CH,), 4.48 (d, J = 7.0 Hz, 2H, gly-CH,), 4.26 (t, J = 6.9 Hz, 1H, Fmoc-CH), 4.10 (s,
1H br s, 1H, carbamate NH), 3.85 (d, J = 6.4 Hz, 2H, Fmoc-CH,), 2.12 (sept, J = 6.7 Hz, 1H,
2”’-CH), 1.04 (d, J = 6.7 Hz, 6H, 3”’-CH;3 and 4’’CH;); '*C NMR (125 MHz, CDCls) &
167.19, 165.92, 146.97, 143.62, 141.33, 132.32, 131.40, 127.84, 127.12, 125.49, 124.99,
123.21, 120.07, 118.67, 118.28, 111.66, 75.15, 67.58, 65.63, 47.08, 45.90, 28.20, 19.25;
HRMS found: 529.234309, C3,H3,N,04 [M+H]* Requires 529.233313.

4-(2-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetamido)-3-(2-
methylpropoxy)benzoic acid, 7

Palladium tetrakis(triphenylphosphine) (110 mg, 0.095 mmol, 5 mol%) was added to a
solution of Prop-2’-en-1’-yl4-(2-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetamido)-3-
(2°’-methylpropoxy)benzoate (1 g, 1.89 mmol) and sodium p-toluenesulfinate (505 mg, 2.83
mmol) in tetrahydrofuran (50 ml) and the reaction stirred at r.t. for 24 hours. The reaction
mixture was filtered through Celite and concentrated in vacuo. The residue was purified by
column chromatography eluting with 5-10% methanol in dichloromethane to give the fitle
compound as a yellow solid (741 mg, 80%). vpa/cm! (solid state) 3395, 3302, 2963, 1697;
'"H NMR (500 MHz, ds-DMSO) & 8.98 (s, 1H, Amide N-H) 8.24 (d, J = 8.0 Hz, 1H, Ar-H),
7.95 (br. s, 1H, carbamate-NH), 7.90 (d, J = 7.4 Hz, 2H, Ar-H), 7.72 (d, J = 7.4 Hz, 2H, Ar-
H), 7.57 (d, J= 7.4 Hz, 1H, Ar-H), 7.52 (s, 1H, Ar-H), 7.42 (t, J= 7.2 Hz, 2H, Ar-H), 7.33 (t,
J=17.3 Hz, 2H, Ar-H), 4.34 (d, J = 6.6 Hz, 2H, Fmoc-CH,), 4.25 (t, J = 6.6 Hz, 1H, Fmoc-
CH), 3.86 (d, J = 6.0 Hz, 2H, Gly-CH,), 3.83 (d, J = 6.6 Hz, 2H, 1”-CH,), 2.07 — 1.94 (m,
1H, 2”’-CH), 0.95 (d, J = 6.7 Hz, 6H, 3°’-CHj; and 4”’CH3);'3C NMR (125 MHz, d¢-DMSO)
0 168.27, 147.24, 143.68, 140.72, 130.81, 127.65, 127.05, 125.14, 122.29, 120.11, 118.80,
112.00, 74.62, 66.01, 46.57, 27.59, 18.94; HRMS found 489.2032 CysH,3sN,O¢ requires
[M+H]* 489.2020



Preparation of Peptide-Oligobenzamide Hybrid, 2

Prepared following an adapted literature method.! Fmoc-monomer acid chlorides were
prepared as previously described and loaded onto a CEM liberty peptide synthesiser. Gly-
loaded Wang resin was swelled in NMP for 30 minutes prior to loading onto the synthesiser.
The previously described methods were used to synthesise the oligobenzamide portion of the
molecule, ending with the Fmoc-Gly-monomer. The peptide portion was then extended using

standard Fmoc peptide synthesis.

Ac-QLTSYSEVNAPIQSRNLLQG--[0-Bu(3-HABA)]-[O-Bu(3-HABA)]-[ O-Pr(3-
HABA)]-G-NH,, 138

LC-MS m/z (ES) 1468.2 [M+2H]>* HRMS Found: 1467.7340, Ci33H,0:N330u requires
[M+2H]2* 1467.7393

140

JmAU

100]
75]
50]

25]

D
000 050 100 150 200 250 300 350  4.00 491




Preparation of Peptide-PEG Hybrids
Fmoc-Amino-PEG8/12/24-COOH

Amino-PEGg/5/24-COOH (100 mg) was dissolved in 1:1 water/dioxane (6 ml) and sodium
carbonate (3 eq.) was added followed by Fmoc-Cl (1.2 eq) and the reaction stirred overnight.

The reaction mixture was then acidified with conc. HCI and extracted with ethyl acetate (3 x

5 ml). The combined organic layers were dried over MgSO, and concentrated in vacuo. The

product was checked by LC-MS and used without further purification.

Fmoc-Amino-PEGg-COOH

Intensﬁ.: gmb-747_111051_1-B,6_01_11509.D: UV Chromatogram, 190-650 nm
x10°]
27
15 JJL
0.5 1.0 1.5 2.0 2.5 Time [min]

LC-MS m/z (ES) 664.5 [M+H]*

Fmoc-Amino-PEG{,-COOH

Intenss.' gmb-774_115055_1-F,1_01_14614.D: UV Chromatogram, 190-650 nm
X107
4_
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0.5 1.0 1.5 20 25 Time [min]

LC-MS m/z (ES) 840.7 [M+H]*

Fmoc-Amino-PEG,,-COOH

intens, | gmb-775_115056_1-F,2_01_14615.D: UV Chromatogram, 190-650 nm
X109 |
4_
2_
o_

0.5 10 15 20 25 Time [min]

LC-MS m/z (ES) 1391.1 [M+Na]*




Peptide-PEG Conjugates

The C-terminal portion of the peptide was synthesised using standard Fmoc-SPPS as above
on 0.3 mmol scale and checked by cleaving a small amount and performing LC-MS analysis.

The resin was then split into 3 equal portions.

To each portion was added the Fmoc-Amino-PEG-COOH monomer (PEGg — 2 eq., PEG; —
1.6 eq. and PEGy4 — 1.1 eq.), HCTU (5 eq.) and DIPEA (5 eq.) in DMF (2 ml). The reaction
mixture was agitated for 16 hours and drained. The resin was washed 5 x 2 minutes with
DMF and the remainder of the peptide synthesised using standard Fmoc-SPPS.

FITC-Ahx-QLTSYDCEVAN-PEGs-EELLRALDQVN
LC-MS m/z (ES) 1150.7 [M+3H]**, 872 [M+4H]* HRMS Found: 1724.2922

C152H231N33O5482 requires [M+2H]2+ 1724.2922

45.0

mAU

30.0

20.0

10.0+

I

50 min
-5. — T T T T T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 399

FITC-Ahx-QLTSYDCEVAN-PEG;-EELLRALDQVN

LC-MS m/z (ES) 1813.1 [M+2H]*, 1209 [M+3H]3* HRMS Found: 1813.3517
C160H247N33O5882 requires [1\/[‘1'2H]2Jr 1813.3411
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FITC-Ahx-QLTSYDCEVAN-PEG,,-EELLRALDQVN
LC-MS m/z (ES) 1385.5 [M+3H]**, 1039.5 [M+4H]* HRMS Found: 2077.4836

C184H295N33O7082 requires [M+2H]2+ 2077.4984
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Alternative PEG Linking Strategies

Initially, a one pot conjugation procedure was developed to allow the modular assembly of
peptidic regions with linkers of various lengths thus negating the requirement to perform the
peptide synthesis in triplicate. A route combining copper catalysed azide alkyne
cycloaddition and thiol-ene reactions was envisioned. This was trialled with a model system
as shown below. This reaction sequence progressed successfully in one pot as followed by
LC-MS. By treating the commercially available NHS-PEG-Maleimide compound with a
short azido-alkylamine followed by a thiol, the click handle and the first component can be
introduced regioselectively. Finally, addition of an alkyne along with a copper catalyst
affords the PEG linked compound.

O (@)
Q H \
N\O/\k{/\oﬂ'\/N\n/\/N
O 8 (0] O

EtsN (3 eq.)
Ni/\T//\NHz l DMSO

PN P PN

Mercaptoundecanoid acid (1eq. )l

oo A W?

Alkyne (1 eq.)
CuyS0Oy4 (10 mol%) l
Na Ascorbate (20 mol%)

/

This one pot procedure was then progressed onto using a peptide containing and C-terminal
propargyl glycine and another with an N-terminal thiol as shown below and monitored by
LC-MS. The final click reaction progressed with small molecule alkynes but not the alkynyl

peptide. The peptide appeared to be unstable to the reaction conditions.
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O 8/12/24 O O

0
0 H
Ns/\/\NJ\P/\Oﬂ'\/N
H 812124 0

HS/\/Helix 3 Peptide

@)
(@] H S/\/
H 8/12/24 o) o)

R-Alkyne
CuSOy
Na Ascorbate

@)
O H /\/
S
R\(/\’,\‘/\/\N[J\/\)O/\/N
=N H 8/12/24 o) o)

A shorter alkynyl peptide was prepared and used to optimise the click reaction as shown in

Helix 3 Peptide

Helix 3 Peptide

the table below. Using these optimised conditions, the full length peptide could cleanly
undergo click reactions. However, when the complete one pot procedure was attempted using

the optimised conditions, no product was observed.



b

Fmoc™ ©
Conditions Outcome
1 eq. Cu, I eq. Ascorbate, DMSO No Reaction
1.1 eq. Cu, 1 eq. Ascorbate, DMSO Conversion to product and degradation

1.1 eq. Cu, 10 eq. Ascorbate, DMSO Conversion to product and degradation
1 eq. Cu, 1 eq. TBTA, 10 eq. Ascorbate, | Conversion to product and degradation

DMSO
1.1 eq. Cu, 10 eq. TCEP, DMSO No Reaction
1 eq. Cu, 10 eq. Ascorbate, 1:1 Conversion to product
THF/Water
1 eq. Cu, 10 eq. Ascorbate, 10 eq. Conversion to product and stable o/n

TBTA, 1:1 THF/Water

o S

\ 1.1 eq. Cu, 10 eq. Ascorbate, 10 eq. TBTA, 1:1 THF/Water

R B

However, when the complete one pot procedure was attempted using the optimised
conditions, no product was observed. At this stage it was decided to prepare the PEG-Peptide

conjugates via linear peptide synthesis incorporating the PEG chain as with any other
monomer.



Binding Assays

Binding assays and protein expression were carried out as previously reported.? 3

The helix 2-3 peptide and the helix 2-extended peptide were purchased from Proteogenix,
France and the sequences shown below.

Helix 2-3: Ac-QLTSYDCEVNAPIQGSRNLLQGEELLRALDQVN-NH,
Helix 2-extended: Ac-QLTSYDCEVNAPIQGSRNLLQ-NH,

The competition assay data for the Helix 2-extended peptide is shown below.

13-
1.2
1] } i h }
1.0 3
z E ] filig
0.8
0.7
0.6]
0.5]
0.4
0.3
0.2
0.1
o AR s e e B el sl e S
10? 10° 10* 10° 10°
Inhibitor Concentration / nM

Fraction Bound




Spectra

Prop-2’-en-1’-yl 3-hydroxy-4-nitrobenzoate, 3
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Prop-2’-en-1’-yl 3-(2’’-methylpropoxy)-4-nitrobenzoate, 4
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Prop-2’-en-1’-yl 4-amino-3-(2’’-methylpropoxy)benzoate, 5
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Prop-2’-en-1’-yl4-(2-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetamido)-3-(2°’-
methylpropoxy)benzoate, 6

|
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4-(2-{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetamido)-3-(2-
methylpropoxy)benzoic acid, 7

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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