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General experimental Section:

General comments. High-loading aminomethylated PS resin, all amino acids, and HBTU were
obtained from NovaBioChem, HOBt from Quantum Richelieu. Solid phase reactions were
performed in polypropylene syringes equipped with a polyethylene filter, placed on a shaker.
HPLC-MS analysis was performed on a Shimadzu 2010, using a Phenomenex Jupiter C5 column
(5u, 300A). Gradient: Linear 1 mL/min from 3 % to 95 % buffer B over 18 min. (buffer A: 0.025 %
TFA in HO; buffer B: 0.025 % TFA in 90 % ag. CH3CN). UV analysis was performed at a Perkin
Elmer Lambda 2 UV/VIS spectrometer. Solvents were HPLC grade and were used as received. *H
NMR and *C NMR spectra were recorded on a 300 MHz NMR (Varian or Bruker Avance)
instrument (300 MHz for *H NMR and 75 MHz for *C NMR) or on a 400 MHz NMR (Bruker)
instrument (400 MHz for '"H NMR and 100 MHz for *C NMR). Proton chemical shifts are reported
in ppm downfield from tetramethylsilane (TMS) and carbon chemical shifts in ppm downfield of
TMS using the resonance of the deuterated solvent as internal standard. Assignments of ‘*H NMR
signals were based on NOESY and COSY spectra. Melting points were measured on a Biichi B-140
apparatus and are uncorrected. Elemental analysis was performed by Mrs Birgitta Kegel. Fast-atom
bombardment (FAB) mass spectra were recorded on a Jeol JMSHX 110A Tandem Mass
Spectrometer in the positive ion mode using m-NBA as the matrix. HRMS were recorded on a
Micromass Q-TOF apparatus using electrospray ionisation (ESI) technique. All column
chromatography was performed on Merck Kiselgel 60 (0.015 — 0.040 mm) using the DCVC

technique.’



Synthesis:
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Scheme 1. Reagents and conditions: @) Ba(OH),x8H,0, KOH, NaOH, 260°C, 12 hours then b) Dimethylsulphate, acetone, K,COz, 48 hours, 60 %

(two steps) c) POCl3, DMF, -5 °C, 52 % d) BBr3, CH,Cl,, 60 % €) 5-bromovaleric acid ethyl ester, DMF, K,COs, 98 % f) NaOH, THF, 90 %.

1,3,6,8-Tetrahydr oxynaphthalene (1).? Chromotropic acid sodium salt (tech., 60%, 10.0 g, 17.5
mmol), KOH (36 g), NaOH (24 g) and Ba(OH),x8H,0 (36 g) was placed in a Ag container (200
mL) fitted with a magnetic stir bar. The reaction vessel was covered with aluminum foil and a
continuous stream of N, was flushed over the mixture during the entire course of the reaction. The
oil bath was heated to 250°C over night, and then allowed to cool to room temperature under N,.
After cooling to room temperature the solid was crushed with a mortar and added carefully to ice
(1000 mL) containing concentrated H,SO, (200 mL) and stirred vigorously for 1 hour. The agueous
slurry was extracted with EtOAc (4x400 mL). The combined organic extracts were dried (Na;SO,),
filtered and evaporated to dryness yielding a dark solid material, which was purified by dry column

vacuum chromatography (heptane to EtOAc with 10% increments, and then additional EtOAc until



all the compound was off the column). The resulting pale yellow solid was soluble in EtOAc but
not in CH,Cl, or CHCls. Yield: 1.89 g, 56 %. '"H NMR (DMSO) § 10.57 (br s, 2H), 9.31 (s, 2H),
6.28 (d, 2H), 6.07 (d, 2H); *C NMR (DMSO) § 156.4, 155.4, 138.8, 104.2, 99.6, 97.8; Anal. Calcd.

for C1gHgOs: C, 62.49; H, 4.20. Found: C, 62.35; H, 4.32.

1,3,6,8-Tetramethoxynaphthalene (2) (from 1).® Tetrahydroxy naphthalene (1) (1.51 g, 7.81
mmol) was dissolved in anhydrous acetone (100 mL). K,COs (10.78 g, 78.1 mmol, 10 eqv) and
dimethylsulfat (9.85 g, 7.4 mL, 78.1 mol, 10 eqv) was added. The reaction mixture was stirred at
reflux temperature for 48 hours. Water (150 mL) was added and the mixture was extracted with
CH,Cl; (3%x100 mL ), the combined organic extracts were dried (Na,SO,), filtered through paper and
evaporated to dryness in vacuo. The crude material was purified by dry column vacuum
chromatography (heptane to CH,Cl, with 10 % increments). Yield: 1.66 g, 85 %. See below for

analytical data.

1,3,6,8-Tetramethoxynaphthalene (2) (from chromotropic acid sodium salt).> Chromotropic
acid sodium salt (tech., 60%, 8.33 g, 14.6 mmol), KOH (18 g), NaOH (12 g) and Ba(OH),x8H,0
(18 g) was placed in a Ag container (200 mL) fitted with a magnetic stir bar. The reaction vessel
was covered with aluminum foil and a continuous stream of N, was flushed over the mixture during
the entire course of the reaction. The oil bath was heated to 250°C over night, and then allowed to
cool to room temperature under N,. After cooling to room temperature the solid was crushed with a
mortar and added carefully to ice (1000 mL) containing concentrated H,SO, (200 mL) and stirred
vigorously for 1 hours. The aqueous slurry was extracted with EtOAc (4x400 mL). The combined
organic extracts were dried (Na,SO,), filtered and evaporated to dryness yielding a dark solid

material. This was dissolved in anhydrous acetone and K,COj3 (20.2 g, 146 mmol, 10 eqv.) and



DMS (13.9 mL, 146 mmol, 10 eqv.) was added. The reaction mixture was heated to reflux for 48
hours, cooled to room temperature and hydrolyzed with water (100 mL). The crude material was
extracted with CH,Cl, (3x150 mL), the combined organic extracts were dried (Na;SO,), filtered
through paper and evaporated to dryness in vacuo. The crude was purified by dry column vacuum
chromatography (heptane to CH,Cl, with 5% increments) to yield awhite solid; Yield 2.18 g, 60 %.
Mp. 101-102 °C; 'H NMR (CDCls) & 6.62 (d, 2H), 6.36 (d, 2H), 3.92 (s, 6H), 3.88 (s, 3H); **C
NMR (CDCl3) § 158.6, 158.4, 139.0, 98.4, 96.5, 56.0, 55.1; MS (FAB™) nVz 248.06 (M *); HRMS
(FAB™): Anal. Calcd. for Ci4H1604: m/z 248.1049. Found: nVz 248.1056; Anal. Calcd. for Cy4H1604:

C, 67.73; H, 6.50. Found: C, 67.67; H, 6.56.

2,4,5,7-T etramethoxy-1-naphthaldehyde (3). 1,3,6,8-Tetramethoxynaphthalene (2) (2.39 g, 9.63
mmol) was dissolved in anhydrous DMF (350 mL) and the mixture was cooled to -5 °C. POCl3 (1.5
mL, 2.47 g, 16.1 mmol) was added drop wise during 5 minutes. The reaction mixture was stirred for
30 minutes at -5 °C and then water (300 mL) was added. The yellow mixture was extracted with
CH.Cl; (4x500 mL), dried (MgSQ,), filtered through paper and evaporated to dryness in vacuo.
Dry column vacuum chromatography (heptane to EtOAc with 10 % increments) yields the target
aldehyde as awhite solid. Yield: 1.38 g, 52 %. Mp. 163-164 °C; *H NMR (CDCl) § 10.67 (s, 1H),
8.72 (d, 1H), 6.44 (d, 1H), 6.37 (s, 1H), 4.05 (s, 3H), 4.03 (s, 3H), 3.95 (s, 3H), 3.91 (s, 3H); ©°C
NMR (CDCl5) 6 189.8, 167.0, 165.0, 162.1, 158.7, 137.4, 109.6, 107.7, 97.6, 96.6, 89.8, 56.1, 56.0,
55.9, 55.3; MS (GC-MYS) 276 m/z; Anal. Calcd. for Ci5H160s: C, 65.20; H, 5.85. Found: C, 65.18;

H, 5.91.

2-Hydr oxy-4,5,7-trimethoxy-1-naphthaldehyde (4). Aldehyde (3) (1.07 g, 3.87 mmol) was

dissolved in anhydrous CH,Cl, (200 mL) and BBr; (7.75 mL, 1M, 7.75 mmol) was added during 5



minutes at room temperature under an N, atmosphere. The reaction mixture was heated to reflux for
4 hours and the cooled to room temperature. Water was added (200 mL) and the phases were
separated. The aqueous phase was extracted with additional CH,Cl, (2x100 ml), the combined
organic extracts were dried (NaSOy,), filtered through paper and evaporated to dryness in vacuo.
The crude material was purified by dry column vacuum chromatography (heptane to EtOAc with 5
% increments) to give the target compound as a white solid material. Yield: 610 mg, 60 %. Mp.
170-171 °C; *H NMR (CDCls)  13.74 (OH, br s, 1H), 10.49 (CHO, s, 1H), 7.19 (H8, d, 1H), 6.44
(H6, d, 1H), 6.27 (H3, s, 1H), 3.99 (OCH44, s, 3H), 3.92 (OCH5, s, 3H), 3.91 (OCH47, s, 3H); *C
NMR (CDCls) & 190.6, 168.3, 166.3, 160.9, 159.9, 138.6, 107.4, 106.3, 96.7, 95.2, 91.9, 56.2, 56.0,
55.2; MS (GC-MS) 262 mVz, Anal. Calcd. for C14H140s: C, 64.12; H, 5.38. Found: C, 63.96; H,

5.54.

Ethyl 5-(1-for myl-4,5,7-trimethoxynaphthalen-2-yloxy)pentanoate (5). Naphthol (4) (0.42 g, 1.6
mmol) was dissolved in anhydrous DMF (100 mL) and K,COj3 (0.44 g, 3.2 mmol) was added. Ethyl
5-bromovalerate (0.67 g, 3.2 mmol, 0.51 mL) was added and the reaction was stirred at 60 °C for 3
hours. Water (200 mL) was added and the mixture was extracted with CH,Cl, (3x150 mL), the
combined organic extracts were dried (MgSQO,), filtered through paper and evaporated to drynessin
vacuo (1 mmHg). The resulting material was purified by dry column vacuum chromatography
(heptane to EtOAC with 5 % increments) to give a white solid material. Yield: 0.62 g, 98 %. Mp.
103-105 °C; *H NMR (CDCl3) § 10.72 (s, 1H), 8.72 (d, 1H), 6.44 (d, 1H), 6.34 (s, 1H), 4.19 (t, 2H),
4.13 (g, 2H), 4.02 (s, 3H), 3.95 (s, 3H), 3.90 (s, 3H), 2.41 (t, 2H), 1.82-1.94 (m, 4H), 1.26 (t, 3H);
3C NMR (CDCl5) § 189.7, 173.1, 166.5, 165.0, 162.1, 158.7, 137.6, 109.7, 107.8, 97.6, 96.6, 90.6,

68.5, 60.3, 56.1, 55.9, 55.3, 33.7, 28.6, 21.5, 14.1; MS (FAB*) m/z 391.13 (M+H"); HRMS (FAB*):
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Anal. Cadcd. for Cy;H>707: m/z 391.1757. Found: m/z 391.7651; Ana. Calcd. for C,Hx07: C,

64.60; H, 6.71. Found: C, 64.34; H, 7.09.

5-(1-Formyl-4,5,7-trimethoxynaphthalen-2-yloxy)pentanoic acid (6), NAL dehyde-4. Ester (530
mg, 1.35 mmol) was dissolved in THF (50 mL) and 2M NaOH (30 mL) was added. The mixture
was heated to reflux for 5 hours. The reaction was cooled to room temperature and 2M HCl was
added (until acidic, pH ~ 1-2). The reaction mixture was extracted with CH,Cl, (3x200 mL), dried
(MgS0O,), filtered through paper and concentrated in vacuo to yield the crude carboxylic acid as an
off-white solid. Trituation with cold ether (50 mL, O °C) produced the pure NALdehyde-4. Yield:
0.44 g, 90 %. Mp. 198-200 °C; 'H NMR (CDCl3) & 10.72 (s, 1H), 8.72 (d, 1H), 6.43 (d, 1H), 6.34
(s, 1H), 4.21 (t, 2H), 4.02 (s, 3H), 3.95 (s, 3.95), 3.90 (s, 3H), 2.48 (t, 2H), 1.82-1.99 (m, 4H); 'H
NMR (DMSO) & 12.04 (br s, 1H), 10.60 (s, 1H), 8.59 (d, 1H), 6.62 (s, 1H), 6.50 (d, 1H), 4.32 (t,
2H), 4.00 (s, 3H), 3.84 (s, 3H), 3.82 (s, 3H), 2.33 (t, 2H), 1.82-1.86 (m, 2H), 1.68-1.75 (m, 2H); *C
NMR (CDCl3) 6 189.7, 177.3, 166.5, 165.1, 162.1, 158.7, 137.4, 109.7, 107.8, 97.7, 96.7, 90.6,
68.5, 56.1, 55.9, 55.3, 33.1, 28.5, 21.3; MS (FAB") nvz 363.07 (M+H"); HRMS (FAB®): Anal.
Calcd. for CigH2307: mVz 363.1444. Found: m/z 363.1451; Anal. Calcd. for CigH2,07: C, 62.97; H,

6.12. Found: C, 62.89; H, 5.86.



Solid-phase anchoring of NAL dehyde-4:

NALdehyde-4 (6) (0.117 g, 0.324 mmol) and PyBOP (0.169 g, 0.324 mmol) were dissolved in
DMF (4 mL) and DIEA (0.112 mL, 0.648 mmol) was added and the mixture was gently shaken for
5 minutes at room tempreature. The clear solution was added to aminomethyl-polystyrene resin
(0.300 g, 0.108 mmol, loading 0.36 mmol/g) and the suspension was shaken for 16 hours at room
temperature. The resin was washed with DMF (10 times) and DCM (10 times). Residual free amino
groups on the resin were capped using 20 % acetic anhydride in DMF (5 mL) together with a
catalytic amount of DIEA followed by shaking for 2 hours at room temperature. Finally, the resin

was washed with DMF (10 times) and DCM (10 times), shrunk with methanol and air dried.



Solid-phase synthesis of Fmoc-Phe-Ala-OH:

NALdehyde-4 derivatised resin (0.150 g, 0.054 mmol, theoretical load 0.36 mmol/g) was swelled
in DMF (2 mL), followed by addition of H-Ala-OtBuxHCI (98 mg, 0.54 mmol) and NaBH3;CN (34
mg, 0.54 mmol). The mixture was shaken for 16 hours at room temperature. Hereafter, the resin
was washed with DMF (10 times) and DCM (10 times). The resin was swelled inaDCM-DMF 9:1
mixture (2 mL) and Fmoc-Phe-OH (0.209 g, 0.54 mmol) and DIPCDI (42 uL, 0.27 mmol) were
added and the mixture was shaken 16 hours at room temperature creating a viscous suspension. The
peptidyl-resin was washed with DMF (10 times) and CH,Cl, (10 times), shrunk with methanol and

ar dried.

S10



Deter mination of resin substitution by Fmoc-quantisation:*

Three portions of resin (approximately 5 mg, 2 umol theoretical amount of peptide) were suspended
in a 20% piperidine-DMF solution (25 mL). The mixtures were shaken for 30 minutes, and the
absorbance (290 nm) was measured using piperidineDMF (1:4) as blank scan reference. The

loading of the peptidyl-resin was measured to be 0.173 mmol/g.

S11



Fmoc-Tyr (OtBu)Gly-Gly-Phe-L eu-OtBu:

The NAL-4 derivatised resin (0.160g, 0.058 mmol, theoretical |oading) were swelled in dry DMF (2
mL) and H-Leu-OtBuxHCI (0.130 g, 0.580 mmol) and NaBHsCN (0.036 g, 0.58 mmol) were
added. The mixture was shaken for 16 hours, washed with DMF (8x10 ml), CH,Cl, (4x10 mL), this
reaction was repeated twice. Fmoc-Phe-OH (0.160 g, 0.58 mmol) was dissolved in DMF-CHCI,
(2:9) (8 mL) and DIPCDI (45 uL, 0.29 mmol) was slowly added under continuous shaking. The
slurry was then added to the derivatised resin (0.058 mmol) and shaken for 16 hours (this reaction
was repeated twice). The resin was washed with DMF (8x10 ml), CH.Cl, (4x10 mL). Performing
Fmoc quantisation test on the derivatised resin gave aloading of 0.35 mmol/g.* The Fmoc protected
resin was treated with piperidine-DMF (1:4) (5 mL) for 5+30 minutes and then washed with DMF
(5%10 mL), CH.Cl, (2x10 ml). Subsequent derivatisation of the peptidyl resin was performed using
standard SPPS protocol, coupling reactions were carried out as follows: Fmoc-AA-OH (4 equiv.)
was dissolved in DMF and pre-activated for 5 minutes with HBTU (3.8 equiv.), HOBt (4 equiv.)
and DIPEA (7.8 equiv.) and transferred to a filter syringe with the derivatised resin (1 equiv. based
on loading measurement).

A part of the derivatised resin (0.070 g, 0.025 mmol) was subjected to very mild acidolytic
treatment (0.5% TFA/1%TIS/DCM for 2 hours) which released 4 mg (20%) of the pure protected

Leu-Enkephalin. HPLC (tr: 25.9 min (one major peak); MS (ESI*): 914 (MNa).
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HPLC of the crude cleavage mixture ﬂ

:

5 3
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1000(% [M+Na]*
500(% 438 647?4 914
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Cs1Hg3N5Oq

H 9 H 9 9 Exact Mass: 889,46
O_N N N Mol. Wt.: 890,07
hig H/\[f N o C. 68,82; H. 7,13; N. 7,87; O. 16,18
o) o) o)
S

Fmoc-Tyr(OtBu)Gly-Gly-Phe-Leu-OtBu
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Cleavage studies of Fmoc-Phe-Ala-OH:

Portions of peptidyl-resin (approximately 5 mg) were placed in filter syringes and subjected to
acidolytic cleavage for the time stated in Table 1 by 0.5 mL of a premixed cleavage mixture as
stated in Table 1. After collection of the supernatant from the resin and removal of the solvents in
vacuo the residual material were dissolved in a 1:1 acetonitrile-H,O mixture (0.5 mL) and analysed
by HPLC-MS at 220 nm. The cleavage yields were determined from the HPLC areas of released
Fmoc-Phe-Leu-OH in comparison with a Fmoc-Phe-OH standard curve having an initial
concentration of 0.25 mg/mL Fmoc-Phe-OH in acetonitrile-H,O (1:1). The results are shown in

Table 1 in the main manuscript.
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NMR Spectra.

Compound 1: 1H NMR

mp~§-7
C7061

Pulse Sequence: s2pul

Solvent: DMSO
Yemp. 25.0 G s 298.1 K
Mercury-30eBB  “mercury®

PULSE SEGUENCE

Relax. delay -f.006 sec

Pulse 45,0 gegraes

Acy. time 1.998 sec

Width 4800.8 Hz

48 repetitions

OBSERVE H1, 300.0785573 WMz
DATA PROCESSING

FT size 32768

Tota] time 56 min, 13 sec
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mp-5-49-ch2c12 sojle tav rf
C7035

Pulse Sequence: s2pul
Solvent: GDCI3

Temp. 25.0 C / Z9B.1 K
Merclry-30088  “mercury"
PULSE SEQUENGE.

Relax. delay 1.000 sec

Total time 56 min, 13 sec

1H NMR

Compound 2
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1H NMR

Compound 3

mp-6-50
c8459

mc_mmwmn:nsnn“mNuc_ \\
Solvent: COC13 ./

Temp. 25.0 € s 298.1 K

Mercury-30088 “"mercury" .

PULSE SEQUENCE

Relax. delay 1.000 sec l/

Pulse 45.0 degrees \

Acgqg. time 1.998 sec

wWidth 4800.8 Hz o / o

22 repetitions

OBSERVE W1, 300.0771388 MHZ / \

DATA PROCESSING

FT size 32768 0

Total time 56 min, 13 sec rQ

10.688
7.258
6.435
6.363

8.751

8.723
L .443

4.038
4 414

3.905

1.613

T L s S T

1 ppm
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13C NMR

Compound 3

mp-6-50
C9465

96.562

n:_mowmazm:nnumwez_
Temp. 25.0 C ; 298.1 K

Fite: CARBON

Mercury-360BB  “mercury® ;///xu

PULSE SEQUENCE.

Pulse 41.0 degrees ﬁ

Acq. time 1.815 sec

1107 repetitions -~

OBSERVE 13, 25.4544648 MHz -

e 97577

Solvent: CDC13

Relax. delay 1.000 sec

Width 18867.9 Hz

DECOUPLE MHU 360.0786735 MHz

Power 40 HB

cont inuousTy on N
WALTZ-16 giodulated

DATA PROCESSING ~
Ling broadening 2.0 Hz ﬁ“

FT size 131072
Total time |17 hr, 17 min, 22 sec

162.088

- 166.976

165.049

158.669
137.374
108.615

107 .74%

\ g__,: ,,__s____?,; 0 AL i

h i " A '

180 ! 17 ! 60 150 140 30 28 110 100

B89.816

AT Yo

mm ppm
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Compound 4: 1H NMR
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13C NMR

Compound 4
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Compound 5: 1H NMR

1.233

f
} Pulse Sequence: s2pul
| Solvent: CDC13
| Temp. 25.0 C / 298.
| Mercury-300BB “mercury"
| PULSE SEQUENCE -
Relax. delay 1.000 sec ~o
Pulse 45.0 degrees
Acq. time 1.938 sec ]
widin 4800.8 Hz
53 repetitions < N > LA oo ~
OBSERVE _ H1, 300.0771388 MHz hy " ddseS o
DATA PROCESSING 6 A0z :
FT size 32768 \,,/ Y oo s
Total time 56 min, 13 sec U / L
S
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13C NMR

Compound 5
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1H NMR

Compound 6

mp-7-nald?
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Pulse Sequence: s2pul /e &

Solvent: CDC13 )
Temp. 25.0 C / 298.1 K ~
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v:rwnwmucmznm \ 01
Relax. delay 1.000 sec ~ ®
Pulss 45.0 degrees

Acg. time 1.998 sec /

width 4800.3 Hz 0

o

.478

72 repetitions ...
OBSERVE H1, 300.0771388 MHz o
DATA PROCESSING -
FT size 32768
Total time 56 min, 13 sec
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13C NMR

Compound 6

L B e B R A AR RSN

INDEX FREQUENCY PPH HEIGHT
1 14340.972 130.061 24.9
2 7393.510 97.98p 28.0
3 7318.655 96.894 29.8
a 6862.324 190.847 31.2
3 °858.683 77.645 215.8
] 5828.725 77.227 223.9
7 5795.056 ?76.802 221.2
8 5191.605 63.804 29.6
9 4256.486 S&.411 35.4
18 4246.121 56.274 32.6
11 4200.349 55.667 32.4
12z 2523.291 33.441 26.6
13 2172.822 26.8
14 1631.358 26.94 —
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