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Modular sequential Palladium coupling gives easy &ess to the
SMoC class of cellular transporters

Anne-Sophie Rebstock, Cristina Visintin, Elisabk#a, Cristina Garcia Posada,
Sarah R. Kingsbury, Gareth H. Williams, Kai Stoeted David L. Selwood*

Chemistry: experimental methods

All starting materials were either commercially dafale or synthesised by methods
reported in the literature’H and *°C spectra were recorded on a Bruker AMX-300
spectrometer. Chemical shifts are reported as mative to TMS as internal standard.
Mass spectra were recorded on either a VG ZAB $Etspmeter (El, FAB) or a Gilson-

Finningan AQA LC-mass spectrometer using C-18 colhypersil BDS 100 x 4.6 mm,

5 um). Microanalysis was carried out by the AnabjtServices Section, Department of
Chemistry, University College London. Purificationas by reverse-phase HPLC
(Gilson) using preparative C-18 columns (HyperdlPP100 x 21 mm, 5um). Melting

points were determined on a Gallenkamp melting tpeparatus and are uncorrected. IR
spectra were recorded on a Perkin-Elmer Spectrumg@nes FT-IR spectrophotometer.

The microwave experiments were run on a Biotagé&tor 60 microwave.

Synthesis of 4G-SMoC1 p2
Synthesis of 2G-SMoCs, compourid; 20, 23, 26 pl3
Single phenyl unit bis-guanidine compou2f p33
Synthesis of 2G-SMoCs with liker metaposition to the phenyl rin@1 and33 p36
Synthesis of 3G-SMoCs with liker metaposition to the phenyl ring5 pa7



1,4-Dibromo-2,3-dimethoxy-benzene!?

Br
O\
O/
Br
n-BuLi 1.6M in hexane (75 ml, 120 mmol) was addedpavise at *C to a solution of

veratrole_1(3.3 g, 24 mmol) and TMEDA (22.5 ml, 150 mmol)anhydrous ether (250
ml) under nitrogen and stirred at room temperator® days. The reaction mixture was
cooled to —78C and B (7.5mL, 147 mmol) was added, after stirring fortter day at
room temperature. The reaction mixture was dilmath ether (150 mL) and washed
with water (150 mL), 1N HCI (150 n{2) and brine (150 mL), dried over }0, The
solvent was removed under vacuum and purified liigasgel flash chromatography using
cyclohexane/AcOEt as eluent (5/1) to afford 1,4raiibo-2,3-dimethoxy-benzerzas e
colourless oil (1.15 g, 16% yield).

'H-NMR (CDCl): 3.83 (s, 6H), 7.18 (s, 2H).

1, 2-Dimethoxy-3-bromo-6-iodobenzeng 3
Br

To a solution of veratrolgé (12.7 mL, 0.1 mol) in dry ether (200 mL) was addedder
nitrogen at °C, TMEDA (16.4 mL, 0.12 mol) followed by BuLi (1.6M hexane, 75
mL, 0.12 mol). The mixture was allowed to warm éom temperature and stirred for 1
h. After cooling to °C, TMSCI (15.3 mL, 0.12 mol) was added. The reactiuxture
was stirred at 0C for 30 minutes. After stirring overnight at roaemperature, the
reaction was cooled again t0°C and TMEDA (16.4 mL, 0.12 mol) and BuLi (1.6M in
hexane, 75 mL, 0.12 mol) were added. After stiriag2 h at room temperature, the
reaction mixture was cooled to - 40 and a solution of (CBrg@h (32 g, 0.1 mol) in dry
ether (50 mL) was added. After stirring for 1 hrahus??30C, the reaction mixture was

allowed to warm to 0C and water (100 mL) was added slowly. The orgéayer was



separated and washed with water (2 x 100 mL), doeet NaSO, and filtered. The
solvent was removed under vacuum and the crude uptogurified by flash
chromatography using DCM/ED (85/15) as eluent to afford the title compound.72g,
89% vyield) as a yellow oil.

'"H-NMR (CDCk): J 0.29 (s, 9H), 3.85 (s, 3H), 3.91 (s, 3H), 6.98J¢ 7.9 Hz, 1H),
7.27 (d,J= 8 Hz, 1H).

13C-NMR (CDCk): 5-0.63, 60.2, 60.4, 119.7, 127.9, 130.4, 149.4,8.58.

Theoretical Mass: (M + H) 288.01811. Measured Mégs+ H) 288.01863

To a solution of 1,2-dimethoxy-3-bromo-6-trimethigibenzene (5.8 g, 20 mmol) in
DCM (60 mL) was added dropwise at - 30 a solution of iodine chloride (3.6 g, 22
mmol) in DCM (20 mL) keeping the temperature belogd °C. After stirring for 2 h at -
50 °C, the reaction mixture was quenched with$i®; 1 M (100 mL). The layers were
separated and the aqueous layer was extracted DGM (100 mL). The combined
organic layers were dried over )£, filtered and concentrated under vacuum. The
residue was then crystallized from MeOH (30 mL)attord 3 (1.82 g, 26% vyield) as a
white solid.

'"H-NMR (CDCl): 63.86 (s, 6H), 7.02 (dl = 8.7 Hz, 1H), 7.35 (d] = 8.6 Hz, 1H).
13C-NMR (CDCk): 560.8, 60.8, 91.3, 118.4, 129.7, 134.4, 150.7, 154.1

Theoretical Mass: (M + H) 342.88306. Measured Mégs+ H) 342.88334

M.p. 30-32C

2-(Benzyloxycarbonylamino)ethyl methanesulfonate 4

o]
N O
S NHZ

To a solution of 2-(benzyloxycarbonylamino)etha¢®8 g, 0.128 mol) and B (70 mL,

0.51 mol) in DCM (250 mL) was added methanesulfactybride (25 mL, 0.32 mol)
dropwise at *C. The reaction mixture was allowed to warm to ro@mperature and
stirred overnight. The organic layer was washedh wiCl 1M (2 x 50 mL), sat. aq.
NaHCQ; (2 x 50 mL), brine (2 x 50 mL), and dried over M@Sand filtered. The solvent



was removed under vacuum to affar@35 g, 100% yield) as an orange solid which was
used in the next step without further purification.

'"H-NMR (CDCk): §2.92 (s, 3H), 3.54 () = 5 Hz, 2H), 4.39 (t) = 5 Hz, 2H), 5.08 (s,
2H), 5.84(bs, 1 H), 7.31(m, 5H).

13C-NMR (CDCk): 037.2, 40.3, 66.9, 68.6, 128.1, 128.6, 136.3, 156.5.

Theoretical Mass: (M + H) 274.07491. Measured M@gs+ H) 274.07510

Microanalysis: %C 47.86 (48.34), %H 5.66 (5.66), @R8 (5.12)

M.p. 44-46C

Dibenzyl 2,2 -(3-bromo-6-iodo-1,2-phenylene)bis(oxy)bis(ethane >
diyl)dicarbamate

Br
O~ "NHz

o~ NHZ

|
To a solution of 1, 2-dimethoxy-3-bromo-6-iodophke8y¥5.7 g, 16.5 mmol) in DCM (50
mL) was added a 1.0 M DCM solution of BRA6.5 mL, 16.5 mmol) dropwise at°C.
The reaction mixture was allowed to warm to roomgerature. After stirring overnight,
the reaction mixture was cooled t°0O and MeOH (2 mL) was added dropwise. After
stirring for 10 minutes at room temperature, thgaaic layer was washed with 1N HCI
(2 x 20 mL), water (20 mL) and brine (20 mL), dried owdgSQ,, filtered and
concentrated under vacuum. The resulting 3-brona6eatechol was then dissolved in
DMF (70 mL) and NgCOs (5.25 g, 49.5 mmol) and 2-(benzyloxycarbonylamatioyl
methanesulfonatel (13.5 g, 49.5 mmol) were added. After stirring 8°C under
nitrogen for 24 h, the reaction mixture was pouoatb water (200 mL) and extracted
with EtOAc (2 x 100 mL). The organic layer was wedtwith water (100 mL), dried
over NaSO, and filtered. The solvent was then removed undeuvm and the crude
compound was purified by flash chromatography usigglohexane/EtOAc (8/2) as
eluent to afford the produ®.5 g, 59% yield) as a white solid.
ESMS;m/z669, 671 (M+1), 686,688 (M+18)



'"H-NMR (CDCk): J 3.53 (g, = 5 Hz, 4H), 4.05 (m, 4H), 5.12 (s, 4H), 5.63 (bsl),
5.65 (bs, 1H), 7.03 (d = 8.5 Hz, 1H), 7.34 (m, 11H).

13C-.NMR (CDCk): d41.1, 41.2, 66.8, 72.8, 72.9, 91.4, 118.5, 12828.5, 130.2,
134.9, 136.6, 149.4, 152.8, 156.5.

Theoretical Mass: (M + Na) 690.99166. Measured M@dst Na) 690.98946
Microanalysis: %C 47.01 (46.66), %H 4.01 (3.92), %3 (4.19)

M.p. 79C

Dibenzyl 2,2'-(3-bromo-6-cyano-1,2-phenylene)bis(g¥bis(ethane-2,1-
diyl)dicarbamate 5
Br

CN
A mixture of dibenzyl 2,2'-(3-bromo-6-iodo-1,2-plyggne)bis(oxy)bis(ethane-2,1-
diyl)dicarbamate (1.34 g, 2 mmol), zinc cyanidel@g, 1 mmol), Pgiba (37 mg, 0.04
mmol), dppf (44 mg, 0.08 mmol), zinc acetate (75 S g mmol) and zinc (26 mg, 0.4
mmol) in dimethylacetamide (10 mL) was heated a0°C4for 10 minutes under
microwave irradiation. The reaction mixture wasutitl in EtOAc (25 mL) and water
(100 mL) was added. The layers were separatedhenadueous layer was extracted with
EtOAc (3 x 25 mL). The combined organic layers weeshed with water (50 mL) and
brine (50 mL), dried over MgSQfiltered and concentrated under vacuum. The vesid
was then purified by flash chromatography usinglayexane/EtOAc (7/3) as eluent to
afford5 (0.69 g, 61% yield) as a white solid.
ESMS;m/z568-570 (M+1), 585-587 (M+18).
'"H-NMR (CDCh): 3.54 (bs, 4H), 4.08 (bs, 2H), 4.25 (bs, 2H), 5.402H), 5.11 (s,
2H), 5.52 (bs, 2H), 7.21-7.38 (m, 12H).
3C-NMR (CDCk): d 41.1, 66.9, 73.0, 74.3, 107.4, 115.4, 124.5, 1282B.2, 128.5,
128.6, 128.8, 129.2, 136.4, 150.0, 155.0, 156.4.
Theoretical Mass: (M + Na) 590.09026. Measured M@dst Na) 590.09091
IR v max KBR/cm 3322 (br NH, NH), 2231 (CN), 1694 (C=0ON)



M.p. 91-92C

Dibenzyl 2,2'-(3-(4,4,5,5-tetramethyl-1,3,2-dioxalolan-2-yl)-1,2-
phenylene)bis(oxy)bis(ethane-2,1-diyl)dicarbamate 6

o. O

SO
o> NHZ

Pd(dppf)C} (1.5 g, 1.9 mmol), potassium acetate (5.4 g, 56 ofhmand
bispinacolatodiboran (10 g, 41 mmol) were weighitedh three necked round bottom
flask and DMSO (100 ml) was added. After stirrimg 2 minutes, the bromo derivative
13 (20 g, 37 mmol) was added. The reaction mixture heated to 8C for 72 h. After
cooling the mixture at room temperature, 1 L ofevand 0.5 L of toluene were added.
Toluene was separated and washed with brine, dviedMgSQ, filtered and evaporated
to dryness. The resulting oil was purified by silichromatography using DCM to
DCM/EtOAc (9/1) as eluent yielding (6.4g, 30%) as a white solid.
ESMS;m/z591(M+1)

'H-NMR (CDCh): 1.30 (s 12H), 3.54 (1] = 4.6 Hz, 4H), 4.04 (m, 2H), 4.14 (= 4.4
Hz, 2H), 5.11 (s, 4H), 5.12 (bs, 1H), 5.25 (bs, 16449 (bs, 1H), 6.98 (m, 2H), 7.33 (bs,
10H).

3C-NMR (CDCk): 24.6, 40.7, 41.5, 66.7, 66.8, 72.7, 83.9, 117.8,2,2128.0, 128.1,
128.4, 128.5, 129.2, 136.5, 136.7, 151.1, 153.6,519.56.6

Theoretical Mass: (M + Na) 613.26970. Measured M@dst Na) 613.26890
Microanalysis: %C 65.12 (65.09), %H 6.76 (6.66), %N4 (4.74)

M.p. 59C



Tetrabenzyl 2,2',2",2"-(4-cyanobiphenyl-2,2',3,3

tetrayltetrakis(oxy))tetrakis(ethane-2,1-diyl)tetracarbamate 7

ziN>C O
ZHN
\/\O

ZHN >0
ZHN -~ O

CN
A  degassed mixture of  dibenzyl 2,2'-(3-bromo-6-oyar2-phenylene)
bis(oxy)bis(ethane-2,1-diyl)dicarbamade(0.3 g, 0.5 mmol), dibenzyl 2,2'-(3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1,2-phenyldngjoxy)bis(ethane-2,1-
diyl)dicarbamate6 (0.35 g, 0.6 mmol), Pdglppf.CHCl, (20 mg, 0.025 mmol),
potassium phosphate (0.21 g, 1 mmol), toluene (L and water (0.1 mL) was heated at
100°C for 18 h. The reaction mixture was diluted in B)25 mL) and water (25 mL)
was added. The layers were separated and the ajlageun was extracted with EtOAc (3
X 25 mL). The combined organic layers were drieceromMgSQ, filtered and
concentrated under vacuum. The residue was theifieguby flash chromatography
using cyclohexane/EtOAc (1/1) as eluent to aff6£0.48 g, 100% yield) as a yellow oil.
ESMS;m/z952 (M+1), 969 (M+18)
'H-NMR (CDCk): 43.20 (m, 4H), 3.50 (m, 4H), 3.80 (m, 4H), 3.93 @h), 4.26 (m,
2H), 4.85 (bs, 1H), 4.98 (s, 2H), 5.01 (s, 2H),85(8, 4H), 5.31(bs, 1H), 5.56 (bs, 1H),
5.68 (bs, 1H), 6.86 (m, 2H), 7.05 (m, 3H), 7.30 20H).
3C-NMR (CDCk): J 40.6, 41.1, 66.8, 68.0, 70.9, 72.7, 73.9, 75.0,0,1P14.1, 116.0,
122.6, 124.5, 127.0, 128.0, 128.2, 128.5, 131.6,41336.5, 139.3, 145.8, 149.5, 151.6,
154.2, 156.2, 156.5.
Theoretical Mass: (M + Na) 974.35882. Measured M@dst Na) 974.360673
Microanalysis (GaHssNsO12.2H,0): %C 64.92 (64.63), %H 5.51 (5.81), %N 6.81(7.09)
IR v max KBR/cm 3418 (br NH), 3335 (br NH), 2230 (CN), 1713 (C=0)
Mp 72-74C



2, 3, 2', 3-Tetra{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-
cyanobiphenyl 9
NBoc

O O\/\NJJ\NHBOC
H
NBoc

o]
BocHNJ\H/\/O O K/H\H/NHBOC
o NBoc
BocHN H\V/J CN
\RI/BOC
Benzyl 2,2',2",2"-(4-cyanobiphenyl-2,2',3,3régt)tetrakis(oxy)tetrakis(ethane-2,1-
diyhtetracarbamat@ (2 g, 2.1 mmol) was dissolved in DCM (100 mL) atir (30% in
acetic acid, 20 mL) was added dropwise. Afterisiyat room temperature for 1.5 h,
water (25 mL) was added to the mixture, the layesee separated and the aqueous layer
was washed with DCM (2 x 25 mL). The water was tftemoved under vacuum and the
crude tetra-amine was carefully dried under vactmmseveral hours.
The resulting solid was suspended in DCM (10 mlg BaN (2.9 mL, 21 mmol) and N,
N-di-bocN'-trifluoromethanesulfonyl-guaniding (3.3 g, 8.4 mmol) were added. The
mixture was stirred overnight at room temperatutigjted with DCM (40 mL) then
washed with 2M NaHS©O2M (25 mL) followed by sat. ag. NaHG@25 mL) and brine
(25 mL). The organic layer was dried over MgS@Iltered and concentrated under
vacuum. The residue was purified by flash chromaolgy using cyclohexane/EtOAc
(8/2) as eluent to afford the title compouh(lL.87 g, 65% yield) as a white solid.
ESMS;m/z1385 (M+1), 693 (M+2), 462 (M+3)
'H-NMR (CDCL): 51.47 (m, 72H), 3.47 (m, 2H), 3.54 (m, 2H), 3.90 8hl), 4.16 (tJ
=5 Hz, 2H), 4.38 (tJ = 5 Hz, 2H), 7.00 (m, 3H), 7.18 (d,= 8 Hz, 1H), 7.29 (d) =8
Hz, 1H), 8.45 (m, 2H), 8.79 (m, 2H), 11.40 (s, 1H),42 (s, 1H), 11.48 (bs, 2H).
13C-NMR (CDCk): J 26.8, 28.0, 28.0, 28.2, 39.9, 40.6, 40.8, 41.32,78.8, 78.9, 79.0,
79.2, 82.9, 82.9, 83.1, 107.1, 113.7, 115.7, 12324.0, 127.6, 127.7, 130.8, 138.4,
144.8, 149.6, 151.6, 152.8, 152.9, 153.0, 153.8,21956.0, 156.3, 163.3, 163.4.
Theoretical Mass: (M + Na) 1406.71832. Measuredsvi@d + Na) 1406.71565
IR V wax KBR/cm 3335 (br, NH), 2231 (CN), 1722 (C=0), 1641 (C=N)



Mp 101-103C

2, 3, 2', 3-Tetra{2-N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-
(aminomethyl)biphenyl
NBoc

O O\/\NJJ\NHBOC
H
NBoc

0
H
BocHN/M\N/A\V/O L\V/N\H/NHBOC
H o NBoc
H
BocHN\ﬂ/N\/J NH
NBoc
Tert-butyl (2,2',2",2"-(4-cyanobiphenyl-2,2',3t@trayl)tetrakis(oxy)tetrakis (ethane-2,1-
diyl))tetrakis(azanediyl)tetrakis((tert-butoxycartytamino)methan-1-yl-1-

2

ylidene)tetracarbamateylidene)tetracarban@®.47 g, 0.34 mmol) was dissolved in
THF (7 mL) and NHOH (1.4 mL) was added followed by Raney Nickel ()5 The
mixture was stirred vigorously under, ldtmosphere for 16 h. The catalyst was filtered
off and washed several times with MeOH. Diethyleaetine (1eq) was added and the
mixture stirred for 30 minutes then concentratedlanmnvacuum. The residue was
dissolved in EtOAc (10 mL) and washed with sat. [dgHCG (10 mL). The organic
layer was dried over MgSQfiltered and concentrated under vacuum. The vesidas
purified by flash chromatography using DCM/MeOH /[®7as eluent to afford (0.210g,
44% yield) as a white solid.

ESMS;m/z1388 (M+1), 695 (M+2), 464 (M+3)

'H-NMR (CDCk): 61.41 (m, 72H), 3.44 (m, 4H), 3.78 (m, 10H), 4.13 @H), 6.93 (m,
5H), 8.43 (bt, 1H), 8.49 (bt, 1H), 8.78 (m, 2H),.34 (m, 2H), 11.44 (bs, 1H), 11.48 (bs,
1H).

3C-NMR (CDCh): 0 28.1, 28.3, 40.0, 40.9, 41.2, 41.4, 41.7, 67.%,701.0, 71.4, 78.8,
78.9, 79.0, 79.1, 82.6, 82.8, 83.0, 112.8, 12323,8, 126.8, 131.4, 132.5, 136.9, 145.2,
149.2, 149.4, 151.7, 152.8, 152.9, 153.0, 156.6,2019.56.3, 163.4, 163.5.

IR V max KBR/ci 3335 (br NH, NH), 1722 (C=0), 1641 (C=N)

Mp 105-107C



N-{2, 3, 2', 3'-Tetra{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-
biphenyl-4-ylmethyl}-3-[2-pyridyl)dithio]propionami de
NBoc

O\/\NJ\NHBOC
H
NBoc

0
H
BOCHN)J\N/\/O O K/N\H/NHBOC
H

o NBoc
BocHN\ﬂ/H\/J H/M\V/A\S/S\H:Tjj
NBoc =

To a solution of 2, 3, 2', 3'-tetra{N| N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-
4-(aminomethyl)biphenyl (0.10 g, 0.072 mmol) arBrEtN (20 pL, 0.10 mmol) in
DCM (1.5 mL) was added N-succinimidyl-3-(2-pyriditido)propionatelO ( 22 mg, 1
eq) and the mixture was stirred in the dark forli4The solvent was removed under
vacuum and the crude oil was purified by prepaeafi.C (ethyl acetate/hexane 1/1) to
afford the title product (13 mg, 11% yield).
ESMS;m/z1587 (M+1), 794 (M+2), 530 (M+3)
'"H-NMR (CDCh): §1.43-1.51 (m, 72H), 2.70 @,= 7.2 Hz, 2H), 3.11 (1] = 7.2 Hz,
2H), 3.45-3.50 (m, 4H), 3.84-3.93 (m, 8H), 4.15%4(th, 4H), 4.46 (dJ = 5.6 Hz, 2H),
6.89-6.92 (m, 2H), 6.99-7.08 (m, 4H), 7.57-7.68 2id), 8.36 (m, 1H), 8.46 (br t, 1H),
8.55 (br t, 1H), 8.80 (br t, 2H), 11.35 (bs, 1H),41 (bs, 1H), 11.47 (bs, 1H), 11.53 (bs,
1H).
IR v max KBR/cm 3336 (NH), 1722 (C=0), 1641 (C=N)
Theoretical Mass: (M + H) 1585.76459. Measured M@ds+ H) 1585.05043

10



N-[2, 3, 2', 3'-Tetra(2-guanidino-ethyloxy)-biphenyt4-ylmethyl]-3-[2-

pyridyl)dithio]propionamide, trifluoroacetate salt 11

g
O W
H
N SO N\”/NHZ
H NH
H\j
H,N_ _N
2 NH
NH
0 SN
/\
—

N'-Bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-bighyl-4-yImethyl}-3-[2-
pyridyl)dithio]propionamide (15 mg, 0.0094 mmol) svdissolved in a mixture of TFA/
H,Ol/triisopropylsilane 95/2.5/2.5 (1 mL) and stirradroom temperature for 3 h. The
solvent was removed under vacuum to dites colourless oil (15 mg, 100%yield).
ESMS;m/z785(M+1), 395 (M+2)

"H-NMR (MeOH-d4):52.73 (t,J = 6.6 Hz, 2H), 3.10 () = 6.6 Hz, 2H), 3.23-3.30 (m,
4H), 3.62-3.67 (m, 4H), 3.88 (m, 2H), 3.96 (m, 24R2 (m, 4H), 4.47 (s, 2H), 6.87 (dd,
J=7.4,1.7 Hz, 1H), 7.02 (d,= 7.9 Hz, 1H), 7.08-7.24 (m, 4H), 7.76-7.80 (m,) 28138
(d,J=4.7 Hz, 1H), 8.70 (br t, 1H).

IR v max KBR/cm 3376 (br NH, NH), 1681 (C=0)

Theoretical Mass: 748.33734. Measured Mass: 7482336

1-Bromo-2,3-dimethoxy-benzene 14
Br

O—

o—
n-BuLi 1.6M in hexane (70 mL, 112 mmol) was addeopavise at C to a solution of
veratrole (10 g, 72.3 mmol) and TMEDA (10.9 mL,32xmol) in anhydrous ether (50
mL) under nitrogen and stirred at room temperafare2 h. The reaction mixture was
cooled to —78C and (CBrCj), (31.2 g, 112 mmol) was added, after stirring féurgher

11



10 min, the cooling bath was removed and the re@actessel allowed to warm to room
temperature. The reaction mixture was diluted witier (50 mL), washed with water (50
mL), 1IN HCI (2 x 50 mL), brine (50 mL) and dried @vNa&SO, The solvent was
removed under vacuum and the crude product wasfiguurby silica gel flash
chromatography using hexane/DCM as eluent (5/1aftord 1-bromo-2,3-dimethoxy-
benzend? as a colourless oil (12.1 g, 77% vyield).

'H-NMR (CDCh): 3.81 (s, 3H), 3.83 (s, 3H), 6.85 (t= 8.3 Hz, 1H), 6.61-6.93 (m, 1H),
6.96 (d,J = 8.3 Hz, 1H).

BC-NMR (CDCh): 60.3, 60.6, 109.6, 111.7, 117.4, 132.1, 149%4,3.

Dibenzyl 2,2'-(3-bromo-1,2-phenylene)bis(oxy)bis(rine-2,1-diyl)dicarbamate_13
Br
O Nz

o~ NHZ
The 1-bromo-2,3-dimethoxybenzedg (2.17 g, 10 mmol) was dissolved in DCM (60
ml) and treated with 1.0 M DCM solution of BB{15 mL, 15 mmol) at 0C and then
allowed to warm to room temperature. After stirrmgernight, the reaction mixture was
cooled to °C, 2 mL of MeOH was added, and the solvent was wechainder vacuum.
The residue was dissolved in 20 mL of EtOAc andhedswith 1N HCI (2 x 50 mL),
water, brine and dried over p80Os. The solvent was removed under vacuum. The crude
residue was then dissolved in DMF (40 mL) andG% (9.75 g, 30 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfonaté.8 g, 25 mmol) were added. After
stirring at 100°C under nitrogen for 2 h, a further amount 0$@3; (9.75 g, 30 mmol)
and 2-(benzyloxycarbonylamino)ethyl methanesulfedat6.8 g, 25 mmol) were added.
After stirring at 100°C for 2 h, the reaction mixture was poured ontoewé&00 mL) and
extracted with EtOAc (3 x 100 mL). The organic leye&vere combined, washed with
water (50 mL) and dried over pB0O,. The solvent was removed under vacuum and
purified by flash chromatography using cyclohex&t®Ac (8/2) as eluent to affort3
(2.45 g, 45% vyield) as a white solid.
ESMS;m/z543, 545 (M+1), 560, 562 (M+18)
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'H-NMR (CDCk): 3.54 (m, 4H), 4.06 (m, 4H), 5.09 (s, 4H), 5.62(4), 5.75(bs, 1H),
6.82 (d,J = 8 Hz, 1H), 6.91 (t) = 8 Hz, 1H), 7.13 (dd] = 8 Hz,J = 1.3 Hz, 1H), 7.32
(m, 10H).

BC-NMR (CDCh): 040.5, 41.3, 66.8, 68.2, 71.8, 112.9, 118.0, 12528.1, 128.2,
128.5, 136.4, 152.6, 156.5.

Theoretical Mass: (M + Na) 565.09501. Measured M@dst Na) 565.09508
Microanalysis: %C 57.58 (57.47), %H 5.10 (5.01), &6 (5.04)

M.p. 54C

Benzyl 2-(2-bromo-5-iodophenoxy)ethylcarbamate 15
Br
O NHz

|
To a solution of 2-bromo-5-iodoanisolel (12.5 g, 40 mmol) in DCM (200 mL) was
added a 1.0 M DCM solution of BB{40 mL) dropwise at OC. The reaction mixture
was then allowed to warm to room temperature. Aftaring overnight, the reaction
mixture was cooled to €C and MeOH (5 mL) was added dropwise. After stgriar 10
minutes at room temperature, the reaction mixtuae washed with 1N HCI (2 x 50 mL),
water (50 mL) and brine (50 mL). The organic layexs dried over MgS© filtered and
concentrated under vacuum. The residue was thesoldesl in DMF (100 mL) and
CsCOs (26 g, 80 mmol) and 2-(benzyloxycarbonylamino)étmgthanesulfonat8 (11
g, 40 mmol) were added. After stirring at°80under nitrogen for 4 h, the reaction
mixture was dissolved in EtOAc (100 mL). The orgdalyer was washed with brine (3 x
50 mL), dried over MgS®and filtered. The solvent was removed under vacaaththe
crude compound was purified by flash chromatograpising cyclohexane/EtOAc
(85/15) as eluent to affortb (11.5 g, 60% vyield) as a white solid.
ESMS;m/z476, 478 (M+1), 493, 495 (M+18)
'H-NMR (CDCh): J 3.64 (9,d = 5.2 Hz, 2H), 4.05 (t) = 4.7 Hz, 2H), 5.12 (s, 2H), 5.33
(bs, 1H), 7.15-7.24 (m, 3H), 7.35 (bs, 5H).
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13C-NMR (CDC}): J 40.4, 67.0, 68.7, 92.4, 112.4, 122.7, 128.2, 12828.6, 131.5,
134.6, 136.4, 155.4, 156.4.

Theoretical Mass: (M + Na) 497.91777. Measured M@dst Na) 497.91638
Microanalysis: %C 40.41 (40.36), %H 3.24 (3.18), &R6 (2.94)

M.p. 70C

Benzyl 2-(2-bromo-5-cyanophenoxy)ethylcarbamate 16
Br
O NHz

CN
A mixture of benzyl 2-(2-bromo-5-iodophenoxy)etradbamatels (1.9 g, 4 mmol), zinc
cyanide (0.23 g, 2 mmol), Rtbag (73 mg, 0.08 mmol), dppf (88 mg, 0.16 mmol), zinc
acetate (0.14 g, 0.8 mmol) and zinc (52 mg, 0.8 mimodimethylacetamide (20 mL)
was heated at 14TC for 10 minutes under microwave irradiation. Tkeaation mixture
was diluted in EtOAc (25 mL) and water (100 mL) veakkled. The layers were separated
and the aqueous layer was extracted with EtOAc £5»>mL). The combined organic
layers were washed with water (50 mL) and brine 80, dried over MgSQ filtered
and concentrated under vacuum. The residue wasptinéied by flash chromatography
using cyclohexane/EtOAc (7/3) as eluent to affefl(1.13 g, 75% yield) as a white
solid.
ESMS;m/z375, 377 (M+1), 392, 394 (M+18)
'H-NMR (CDCh): d 3.69 (q,J = 5.2 Hz, 2H), 4.11 () = 4.7 Hz, 2H), 5.12 (s, 2H), 5.26
(bs, 1H), 7.08 (s, 1H), 7.15 (dd= 8.1 Hz,J = 1.7 Hz, 1H), 7.35 (bs, 5H), 7.64 (@=
8.1 Hz, 1H).
BC-NMR (CDCh): 0 40.3, 67.0, 68.7, 112.3, 115.8, 118.0, 118.4, 1228.2, 128.3,
128.6, 134.4, 136.3, 155.3, 156.4.
Microanalysis: %C 54.48 (54.42), %H 4.09 (4.03), %R5 (7.47)
Theoretical Mass: (M + Na) 397.01637. Measured M@dst+ Na) 397.01504
IR V max KBR/CM3322 (br NH, NH), 2231 (CN), 1694 (C=ON)
M.p. 86-87C
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Benzyl 2-(4-cyano-2'-hydroxybiphenyl-2-yloxy)ethylarbamate

E OH
o)
O ~">NHz

CN
A degassed mixture of benzyl 2-(2-bromo-5-cyanoplg)ethylcarbamaté6 (0.7 g, 1.8
mmol), 2-hydroxyphenylboronic acid (0.3 g, 2.2 mmé&dChdppf.CHCl, (73 mg, 0.09
mmol), potassium phosphate (0.83 g, 3.6 mmol) etedu(4 mL) and water (0.4 mL) was
heated at 100 for 18 h. The reaction mixture was diluted in BtX25 mL) and water
(25 mL) was added. The layers were separated anddgheous layer was extracted with
EtOAc (3 x 25 mL). The combined organic layers wened over MgSQ filtered and
concentrated under vacuum. The residue was purifiedlash chromatography using
cyclohexane/EtOAc (7/3) as eluent to afford thie ttompound (0.34 g, 49% yield) as
transparent oil.
ESMS;m/z389 (M+1), 406 (M+18)
"H-NMR (CDCk): & 3.47 (m, 2H), 4.05 (m, 2H), 5.06 (s, 2H), 5.30 (bd), 6.92-7.04
(m, 2H), 7.15 (m, 2H), 7.28-7.39 (m, 8H).
13C-NMR (CDCEk): J 40.3, 66.9, 68.4, 112.5, 115.8, 116.9, 118.5, 1212%.3, 125.8,
128.1, 128.3, 128.6, 130.1, 131.0, 132.8, 133.8,31353.2, 155.5, 156.5.
Theoretical Mass: (M + Na) 411.13207. Measured M@dst Na) 411.13099

Dibenzyl 2,2'-(4-cyanobiphenyl-2,2'-diyl)bis(oxy)bs(ethane-2,1-diyl)dicarbamate 17

O NHZ
O/\/

O
(T

CN
Benzyl 2-(4-cyano-2'-hydroxybiphenyl-2-yloxy)ethgtbamate (0.21 g, 0.54 mmol) was
dissolved in DMF (7 mL) and @SO; (0.46 g, 1.4 mmol) and 2-

(benzyloxycarbonylamino)ethyl methanesulfondt€0.21 g, 0.77 mmol) were added.

15



After stirring at 80C under nitrogen for 2 h, the reaction mixture vaissolved in
EtOAc (25 mL). The organic layer was washed witmér(3 x 20 mL) and dried over
MgSQ,. The solvent was removed under vacuum and theeccachpound was purified
by flash chromatography using cyclohexane/EtOAd3bpas eluent to afford (0.16g,
54% yield) as colourless oil.

ESMS;m/z566 (M+1), 583 (M+18)

'H-NMR (CDCH): J 3.33 (m, 4H), 3.90 (m, 4H), 4.80 (bs, 1H), 4.97, @), 6.88 (d,)

= 8.1 Hz, 1H), 7.04 (m, 2H), 7.14 (d#lz 7.5 Hz,J = 1.6 Hz, 1H), 7.30 (m, 13H).
BC-NMR (CDCh): 0 40.3, 66.9, 68.2, 68.3, 112.4, 113.3, 116.2, 11929,.8, 125.6,
128.3, 128.6, 128.7, 129.9, 130.8, 132.1, 134.6,41355.5, 156.0, 156.1.

Theoretical Mass: (M + H) 566.22910. Measured M@gs+ H) 566.22799

IR V wax KBR/C 3347 (br, NH), 2228 (CN), 1715 (C=0)

2, 2'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-cyanobiphenyl

H
O O/\/N NHBoc

A

O NBoc
BocHN H/\/ O

CN
Dibenzyl 2,2'-(4-cyanobiphenyl-2,2'-diyl)bis(oxy3pethane-2,1-diyl)dicarbamatel?
(0.12 g, 0.21 mmol) was dissolved in DCM (10 mLYa#Br (30% in acetic acid, 1.2
mL) was added dropwise. After stirring at room temgpure for 1.5 h, the solvent was
removed under vacuum and the crude diamine wasullgreried under vacuum for
several hours.
The resulting solid was suspended in DCM (5 mL) Bl (0.29 mL, 2.1 mmol) and N,
N-di-boc-N’-trifluoromethanesulfonyl-guanidirg (0.17 g, 0.42 mmol) were added. The
mixture was stirred over night at room temperatualifjted with DCM (20 mL) then
washed with 2M NaHS©2M (25 mL) followed by sat. ag. NaHG@25 mL) and brine
(25 mL). The organic layer was dried over MgS@Iltered and concentrated under

vacuum. The residue was then purified by flash mlatography using
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cyclohexane/EtOAc (8/2) as eluent to afford thie wompound (0.09 g, 54% vyield) as a
white solid.

'H-NMR (CDCh): J 1.49 (m, 36H), 3.71 (dl = 5 Hz, 4H), 4.05 (t) = 4.6 Hz, 4H), 6.96
(d,J = 8.3 Hz, 1H), 7.03 (t) = 7.1 Hz, 1H), 7.17 (d] = 1.2 Hz, 1H), 7.30-7.34 (m, 3H),
7.46 (d,J = 7.8 Hz, 1H), 8.46 (m, 2H), 11.46 (bs, 2H).

BC-NMR (CDCh): 0 28.1, 28.3, 39.9, 40.0, 66.7, 67.3, 79.4, 83.13,8811.8, 112.0,
115.5, 118.7, 120.8, 124.9, 125.3, 129.5, 131.8,949332.9, 153.0, 155.2, 155.8, 156.2,
163.4.

Theoretical Mass: (M + H) 782.40885. Measured M@gs+ H) 782.40963

Microanalysis (GgHs5N7010.2H,0): %C 56.90 (57.27), %H 7.12 (7.09), %N 11.58
(11.99)

IR V max KBR/cmi 3333 (br NH), 2228 (CN), 1721 (C=0), 1640 (C=N)18§C=N)

M.p. 82C

N-{2, 2'-Bis{2-[N, N’-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide

|O H
NBoG O/\/N NHBoc

hid
BOCHNJJ\H/\/O O NBoc
(0]
)J\A N=

2, 2'-Bis{2-[N, N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-ayabiphenyl (0.06
g, 0.077 mmol) was dissolved in THF (2 mL) and /H (0.2 mL) was added followed
by Raney Nickel (0.05 g). The mixture was stirréglovously under kLl atmosphere for
16 h. The catalyst was filtered off and washed dvdimes with MeOH.
Diethylenetriamine (leq) was added and the mixtstieeed for 30 minutes then
concentrated under vacuum. The residue was disbatv&tOAc (10 mL) and washed
with sat. ag. NaHC®(10 mL). The organic layer was dried over MgS@itered and
concentrated under vacuum. To a solution of theemamine and-Pr,EtN (26 ul, 0.15
mmol) in DCM (1.5 mL) was added N-succinimidyl-34§gridyldithio)propionatel0 (34
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mg, 0.11 mmol) and the mixture was stirred in tleekdfor 24 h. The solvent was
removed under vacuum and the crude oil was purifigdpreparative TLC (ethyl
acetate/hexane 1/1) to afford the title compour@dn(®, 26% yield).

'"H-NMR (CDCh): J 1.48 (m, 36H), 2.68 (1] = 5.0 Hz, 2H), 3.03 (t) = 5 Hz, 2H), 3.67
(m, 4H), 3.99 (m, 4H), 4.49 (d,= 5.2 Hz, 2H), 6.90-7.05 (m, 4H), 7.21-7.33 (m, 3H)
7.57 (m, 2H), 8.20 (d] = 4.7 Hz, 1H), 8.47 (m, 2), 11.46 (bs, 2H).

13C-NMR (CDCE): J 28.1,28.3, 29.7, 35.2, 35.8, 40.2, 53.4, 66.9, 79.39,883.1,
112.3, 112.7, 120.4, 121.0, 126.9, 128.5, 132.2,313136.9, 138.4, 149.6, 152.9, 155.6,
155.8, 156.2, 159.4, 163.5, 170.6.

Theoretical Mass: (M + Na) 1005.41899. Measuredsvi@éd + Na) 1005.41622

N-[2, 2'-Bis(2-guanidino-ethyloxy)-biphenyl-4-ylmettyl]-3-[2-
pyridyl)dithio]propionamide, formiate salt 18

D
N NH
X s
0] NH
HNT N7 O
H
O

N-{2, 2'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphyl-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide (15 mg, 0.015 mmol) was dissolved in
formic acid (1 mL) and stirred at room temperatoxernight. The mixture was then
heated at 5C for 1h. Water was added and the product was Iliept to givel8 as
colourless oil (13.6 mg, 100%).

'H-NMR (MeOH-d4): 5 2.76 (t,J = 6.6 Hz, 2H), 3.11 (t, 2H] = 6.3 Hz, 2H), 3.42 (m,
4H), 4.04 (m, 4H), 4.421 (s, 2H), 6.99-7.24 (m, 6AB5 (t,J = 6.9 Hz, 1H), 7.78-7.83
(m, 2H), 8.15 (m, 1H), 8.39 (d,= 4.6 Hz, 1H), 8.57 (bs, 2H).

Theoretical Mass: (M + H) 583.22734. Measured M@gs+ H) 583.22651
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Benzyl 2-(4-cyano-3'-hydroxybiphenyl-2-yloxy)ethylarbamate

O OH
o
(T

CN
A degassed mixture of benzyl 2-(2-bromo-5-cyanopkg)ethylcarbamat&6 (0.7 g, 1.8
mmol), 3-hydroxyphenylboronic acid (0.3 g, 2.2 mmé&dChdppf.CHCl, (73 mg, 0.09
mmol), potassium phosphate (0.83 g, 3.6 mmol) etodu(4 mL) and water (0.4 mL) was
heated at 100 for 18 h. The reaction mixture was diluted in BtX25 mL) and water
(25 mL) was added. The layers were separated anddheous layer was extracted with
EtOAc (3 x 25 mL). The combined organic layers werned over MgSQ filtered and
concentrated under vacuum. The residue was theifiepuby flash chromatography
using cyclohexane/EtOAc (7/3) as eluent to afftwel title compound (0.57 g, 81% vyield)
as transparent oil.
ESMS;m/z389 (M+1), 406 (M+18)
'"H-NMR (CDCk): ¢ 3.63 (m, 2H), 4.01 (m, 2H), 5.10 (bs, 3H), 5.19, (bd), 6.89 (m,
2H), 6.99 (dJ = 7.6 Hz, 1H), 7.09-7.40 (m, 8H), 7.48 (ts 7.8 Hz, 1H).
3C-NMR (CDCk): ¢ 40.4, 67.3, 67.9, 111.8, 115.6, 116.4, 117.0, 11821.0, 125.5,
128.2, 128.4, 128.6, 129.6, 131.3, 135.2, 136.0,41355.5, 155.9, 156.8.
Theoretical Mass: (M + H) 389.15012. Measured Mégs+ H) 389.15110

Dibenzyl 2,2'-(4-cyanobiphenyl-2,3'-diyl)bis(oxy)bs(ethane-2,1-diyl)dicarbamate 19

@)
T
)

CN
To benzyl 2-(4-cyano-3'-hydroxybiphenyl-2-yloxy)gktarbamate(0.49 g, 1.26 mmol)
dissolved in DMF (12 mL) was added C&; (0.82 g, 2.5 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfondt.38 g, 1.4 mmol). After stirring at

19



80 °C under nitrogen for 3 h, further &0; (0.41 g, 1.25 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfonai@®.2 g, 0.7 mmol) were added. After
stirring for an additional 2 h, the reaction mixdwas dissolved in EtOAc (25 mL). The
organic layer was washed with brine (3 x 20 mL) dridd over MgS@ The solvent was
removed under vacuum and the crude compound wéfseduioy flash chromatography
using cyclohexane/EtOAc (65/35) as eluent to affil titte compound.9 (0.44g, 62%
yield) as a colourless oil.

ESMS;m/z566 (M+1), 583 (M+18)

H-NMR (CDCh): d 3.51 (bs, 4H), 4.03 (bs, 4H), 5.07 (m, 5H), 5.38, (tH), 6.87 (dJ

= 7.6 Hz, 1H), 7.04 (m, 2H), 7.21 (s, 1H), 7.3287(f, 13H).

BC-NMR (CDCh): 0 40.4, 40.6, 67.0, 68.0, 112.1, 114.0, 115.9, 11822.0, 125.5,
128.2, 128.3, 128.6, 129.5, 131.5, 135.8, 136.8,41338.0, 155.5, 156.3, 156.5, 158.4.
Theoretical Mass: (M + H) 566.22910. Measured Mégs+ H) 566.22854

2, 3'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-cyanobiphenyl
NBoc

0
O v\NJ\NHBOC
H
NBoc

BOCHNJJ\H/\/O O

CN
Dibenzyl 2,2'-(4-cyanobiphenyl-2,3'-diyl)bis(oxy$ethane-2,1-diyl)dicarbamatel9
(0.362 g, 0.64 mmol) was dissolved in DCM (10 mhp&dBr (30% in acetic acid, 3.5
mL) was added dropwise. After stirring at room temgpure for 1.5 h, the solvent was
removed under vacuum and the crude diamine wasudlgreried under vacuum for
several hours.
The resulting solid was suspended in DCM (5 mL) Bl (0.88 mL, 6.4 mmol) and N,
N-di-boc-N’-trifluoromethanesulfonyl-guaniding@ (0.47 g, 1.2 mmol) were added. The
mixture was stirred overnight at room temperatutigjted with DCM (20 mL) then
washed with 2M NaHSE2M (25 mL), sat. ag. NaHCG25 mL) and brine (25 mL). The

organic layer was dried over Mg@Criltered and concentrated under vacuum. The
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residue was purified by flash chromatography usingohexane/EtOAc (8/2) as eluent
to afford the title compound (0.33 g, 66% yield)eashite solid.

'H-NMR (CDCh): J 1.48 (m, 36H), 3.79 (q) = 5.2 Hz, 2H), 3.84 (q) = 5 Hz, 2H),
4.09 (m, 4H), 6.94 (dd] = 8.1 Hz,J = 1.7 Hz, 1H), 6.99 (d] = 1.4 Hz, 1H), 7.18-7.22
(m, 2H), 7.34 (m, 2H), 7.40 (d,= 7.8 Hz, 1H), 8.63 (t) = 5.1Hz, 1H), 8.75 (bt, 1H),
11.45 (bs, 2H).

BC-NMR (CDCh): 0 28.0, 28.3, 39.8, 40.2, 66.5, 67.4, 79.4, 79.52,883.2, 112.0,
114.2, 115.5, 115.8, 118.7, 122.7, 125.3, 129.2,6,335.8, 137.8, 153.0, 155.5, 156.3,
156.4, 158.6, 163.4, 163.5.

Theoretical Mass: (M + H) 782.40885. Measured Mé@gs+ H) 782.40733

M.p. 89-9FC

IR v max KBR/cm 3333 (br NH), 2229 (CN), 1722 (C=0), 1641 (C=N)18GC=N)

N-{2, 3'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide
NBoc

O OV\NJJ\NHBOC
H
NBoc

oo (J
O
)‘K/\ 4<\lj>
S=S
N \_/

2, 3-Bis{2-|N, N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-agobiphenyl (0.50g,
0.7mmol) was dissolved in THF (14 mL) and M¥H (2.4 mL) was added followed by
Raney Nickel (0.50 g). The mixture was stirred vayesly under Hatmosphere for 16 h.
The catalyst was filtered off and washed severaksi with MeOH. Diethylenetriamine
(1eq) was added and the mixture stirred for 30 testhen concentrated under vacuum.
The residue was dissolved in EtOAc (10 mL) and wdshith sat. ag. NaHCG10 mL).
The organic layer was dried over Mg§@ltered and concentrated under vacuum. To a
solution of the crude (0.040 g, 0.050 mmol) aRLEtN (10 pL, 0.10 mmol) in DCM
(0.7 mL) was added N-succinimidyl-3-(2-pyridylditghpropionate10 (15 mg, 0.053
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mmol) and the mixture was stirred in the dark fdri2 The solvent was removed under
vacuum and the crude oil was purified by prepaeafiC (ethyl acetate/hexane 1/1) to
afford the title compound (8.5 mg, 16% vyield).

'H-NMR (CDCh): J 1.49 (m, 36H), 2.67 (1] = 5 Hz, 2H), 3.13 (t) = 5 Hz, 2H), 3.73

(m, 2H), 3.84 (m, 2H), 4.05 (m, 4H), 4.50 (d; 4.1 Hz, 2H), 6.98-6.94 (m, 4H), 7.21-
7.730 (m, 3H), 7.55 (m, 2H), 8.19 @@= 3.5 Hz, 1H), 8.62 () = 4 Hz, 1H), 8.76 (m,

1H), 11.46 (bs, 2H).

13C-NMR (CDCE): J 27.0, 28.0, 28.2, 28.5, 35.3, 35.8, 39.9, 40.%6,486.3, 66.7, 79.3,
79.4,83.1,112.0, 113.1, 115.6, 120.6, 120.7,1212.9, 128.8, 129.9, 131.1, 137.0,
139.0, 139.3, 149.51, 152.9, 155.47, 156.2, 1968,4, 159.1, 163.4, 163.5, 170.7,
171.9.

Theoretical Mass: (M + H) 983.43705. Measured M@gs+ H) 983.43839

IR V max KBR/CM3332 (NH), 1722 (C=0), 1641 (C=0).

N-[2, 3'-Bis(2-guanidino-ethyloxy)-biphenyl-4-ylmettyl]-3-[2-
pyridyl)dithio]propionamide, formate salt 20
NH

o)
® R
H
NH

HzN)J\H/\/O O
O

MS_S@

N-{2, 3-Bis{2-[N, N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphg-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide (11 mg0.011 mmol) was dissolved in

Iz

formic acid (1 mL) and stirred at room temperatoxernight. The mixture was then
heated at 5TC during 1h. Water was then added and the prodastlyophilised to give

20 as colourless oil (10 mg, 100%).

"H-NMR (MeOH-d4): 5 2.71 (t,J = 6.6 Hz, 2H), 3.11 (t, 2H] = 6.9 Hz, 2H), 3.50 (bt,

2H), 3.60 (bt, 2H), 4.12 (m, 4H), 4.41 (s, 2H),5@,J = 7.5 Hz, 1H), 6.99-7.12 (m,
4H), 7.18-7.34 (m, 3H), 7.73-7.83 (m, 2H), 8.37J¢, 3.9 Hz, 1H), 8.44 (bs, 2H).
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Theoretical Mass: (M + H) 583.22734. Measured M@gs+ H) 583.22816

Benzyl 2-(4-bromo-2'-hydroxybiphenyl-3-yloxy)ethyl@arbamate

O OH
O o~ NHZ

Br
A degassed mixture of benzyl 2-(2-bromo-5-iodophghethylcarbamatd5 (1.43 g, 3
mmol), 2-hydroxyphenylboronic acid (0.37 g, 2.7 mim&dChkdppf.CHCl, (0.12 g,
0.15 mmol), potassium phosphate (1.27 g, 6 mmaljiehe (6 mL) and water (0.6 mL)
was heated at 10Q for 18 h. The reaction mixture was diluted in BtO)(25 mL) and
water (25 mL) was added. The layers were sepaeatédhe aqueous layer was extracted
with EtOAc (3 x 25 mL). The combined organic layersre dried over MgSg) filtered
and concentrated under vacuum. The residue wasptinéied by flash chromatography
using cyclohexane/EtOAc (75/25) as eluent to affibrel titte compound (0.90 g, 75%
yield) as transparent oil.
ESMS;m/z442, 444 (M+1), 459, 461 (M+18)
'H-NMR (CDCh): ¢ 3.64 (m, 2H), 4.10 (m, 2H), 5.11 (s, 2H), 5.43 (bkl), 6.02 (s,
1H), 6.97-7.03 (m, 4H), 7.25 (m, 2H), 7.35 (bs, 5HB9 (d,J = 8 Hz, 1H).
BC-NMR (CDCh): 0 40.5, 67.0, 68.4, 111.6, 114.7, 116.2, 120.9, 12R2¥.2, 128.2,
128.2, 128.6, 129.4, 130.2, 133.6, 136.3, 138.2,613.55.0, 156.6
Theoretical Mass: (M + Na) 464.04733. Measured M@dst Na) 464.04803
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Dibenzyl 2,2'-(4-bromobiphenyl-3,2'-diyl)bis(oxy)bs(ethane-2,1-diyl)dicarbamate
21

O NHZ
O/\/

O NHZ
O/\/

Br
Benzyl 2-(4-bromo-2'-hydroxybiphenyl-3-yloxy)ethgibamate (0.8 g, 1.8 mmol) was
dissolved in DMF (10 mL) and &80; (1.17 g, 3.6 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfondt@.55 g, 2 mmol) were added. After
stirring at 80°C under nitrogen for 3.5 h, the reaction mixturesw#ssolved in EtOAc
(25 mL). The organic layer was washed with brine<(@ mL) and dried over MgSO
The solvent was removed under vacuum and the aoagound was purified by flash
chromatography using cyclohexane/EtOAc (7/3) aerdlto afford the title compourgil
(0.6 g, 54% vyield) as a colourless oll.
ESMS;m/z619, 621 (M+1), 636, 638 (M+18)
'H-NMR (CDCh): 4 3.50 (g,J = 5.1 Hz, 2H), 3.58 (m, 2H), 4.04 &= 4.8 Hz, 2H),
4.08 (m, 2H), 5.08 (m, 5H), 5.39 (bs, 1H), 6.97 @hl), 7.06 (m, 2H), 7.25-7.33 (m,
12H), 7.53 (d,) = 8.1 Hz, 1H).
BC-NMR (CDCh): 0 40.6, 66.9, 67.7, 68.5, 111.1, 113.2, 115.2, 12128.6, 128.1,
128.5, 128.6, 129.3, 130.0, 130.7, 132.8, 136.8,51339.2, 154.5, 155.2, 156.4, 156.5.
Theoretical Mass: (M + Na) 641.12631. Measured M@dst Na) 641.12487

Dibenzyl 2,2'-(4-cyanobiphenyl-3,2'-diyl)bis(oxy)bs(ethane-2,1-diyl)dicarbamate 22

O NHZ
O/\/

O NHZ
O/\/

CN
A mixture of dibenzyl 2,2'-(4-bromobiphenyl-3,2ygbis(oxy)bis(ethane-2,1-
diyl)dicarbamate21 (0.35 g, 0.56 mmol), zinc cyanide (0.1 g, 0.85 Mmeddba (26
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mg, 0.03 mmol), dppf (39 mg, 0.07 mmol), zinc ate{®1 mg, 0.28 mmol) and zinc (18
mg, 0.28 mmol) in dimethylacetamide (4 mL) was bdait 160°C for 10 minutes under
microwave irradiation. The reaction mixture wasuti in EtOAc (25 mL) and water
(100 mL) was added. The layers were separatedrenalcueous layer was extracted with
EtOAc (3 x 25 mL). The combined organic layers weeshed with water (50 mL) and
brine (50 mL), dried over MgSQfiltered and concentrated under vacuum. The wvesid
was purified by flash chromatography using cycl@re(EtOAc (65/35) as eluent to
afford 22 (0.24 g, 76% yield) as a colourless oil.

ESMS;m/z566 (M+1), 583 (M+18)

'H-NMR (CDCk): J 3.50 (g,J = 5.2 Hz, 2H), 3.58 (m, 2H), 4.06 &= 4.9 Hz, 2H),
4.14 (m, 2H), 5.07 (m, 5H), 5.30 (bs, 1H), 6.97J¢&; 8.2 Hz, 1H), 7.06-7.14 (m, 3H),
7.28-7.38 (m, 12H), 7.53 (d,= 7.9 Hz, 1H).

BC-NMR (CDCh): 0 40.3, 40.4, 66.9, 67.5, 68.1, 100.4, 113.0, 1131%K.4, 121.7,
122.5, 128.1, 128.2, 128.3, 128.5, 128.6, 129.0,113.30.7, 133.1, 136.3, 145.2, 155.2,
156.3, 156.4, 159.9.

Theoretical Mass: (M + H) 566.22910. Measured Mégs+ H) 566.22854

IR V vax KBR/C 3336 (br NH), 2224 (CN), 1712 (C=0)

3, 2'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-cyanobiphenyl

H
O O/\/N NHBoc

T

NBoc
H
BocHN NV\O O

e

NBoc CN
Dibenzyl 2,2'-(4-cyanobiphenyl-3,2'-diyl)bis(oxy3ethane-2,1-diyl)dicarbamate22
(0.21 g, 0.371 mmol) was dissolved in DCM (10 mbgeHBr (30% in acetic acid, 2
mL) was added dropwise. After stirring at room temgture for 1.5 h, the solvent was
removed under vacuum and the crude diamine wasullgreried under vacuum for
several hours.
The resulting solid was suspended in DCM (5 mL) Bl (0.51 mL, 3.7 mmol) and N,
N-di-boc-N’-trifluoromethanesulfonyl-guanidirg (0.29 g, 0.74 mmol) were added. The
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mixture was stirred overnight at room temperatutigjted with DCM (20 mL) then
washed with 2M NaHSE2M (25 mL) follow by sat. ag. NaHCG®25 mL) and brine (25
mL). The organic layer was dried over Mg @ltered and concentrated under vacuum.
The residue was then purified by flash chromatdgyapsing cyclohexane/EtOAc (8/2)
as eluent to afford the title compound (0.17 g, 588td) as a white solid.

'H-NMR (CDCk): J 1.48 (m, 36H), 3.78 (q] = 4.9Hz, 2H), 3.90 (¢ = 5.1Hz, 2H),
4.08(t,d = 4.8Hz, 2H), 4.23 (t) = 5Hz, 2H), 6.98 (dJ = 8.2Hz, 1H), 7.05 (m, 2H), 7.26-
7.37 (m, 4H), 8.60 () = 5.1Hz, 1H), 8.82 (1) = 5Hz, 1H), 11.45 (bs, 2H).

13C-NMR (CDCk): J 28.1, 28.3, 39.9, 66.8, 67.5, 79.3, 79.4, 83.33,8800.6, 112.3,
113.5, 116.3, 121.5, 123.2, 129.1, 130.0, 130.3,2344.9, 153.0, 153.1, 155.1, 156.3,
156.5, 159.9, 163.4.

Theoretical Mass: (M + H) 782.40885. Measured M@gs+ H) 782.40887

IR V max KBR/cmi 3333 (br NH), 2226 (CN), 1723 (C=0), 1643 (C=N)1%C=N)

M.p. 88-90C

N-{3, 2'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide

H
O O/\/N NHBoc

T

NBoc
BocHN H O
oC \/\O O

s N
NB -
oc HMS‘S @

To a solution of palladium on carbon 10% (25 mgn&y nickel (25 mg) and NBH
(20 pL) in dioxane (40 mL) and water (10 mL) was added®'3vis{2-[N, N-bis(tert-
butoxycarbonyl)guanidino]-ethyloxy}-5-cyanobipheny0.070 g, 0.09 mmol). The
mixture was then hydrogenated (6 bar) overnighte Thtalyst was filtered off and
washed several times with MeOH. Diethylenetrian(ibeq) was added and the mixture
was stirred for 30 minutes then concentrated uadeaum. The residue was dissolved in
EtOAc (10 mL) and washed with sat. ag. NaHG®DD mL). The organic layer was dried

over MgSQ, filtered and concentrated under vacuum. To atieolwf the crude and
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PrEtN (31 pL, 0.18 mmol) in DCM (2 mL) was added Neaimimidyl-3-(2-
pyridyldithio)propionatel0 (39 mg, 0.126 mmol) and the mixture was stirrethim dark
for 24 h. The solvent was removed under vacuum thedcrude oil was purified by
preparative TLC (ethyl acetate/hexane 1/1) to dffthre title compound (14 mg, 16%
yield).

'H-NMR (CDCk): J 1.48 (m, 36H), 2.64 (t, 2H), 3.09 @,= 6.9 Hz, 2H), 3.76 (¢J =
5.1 Hz, 2H), 3.84 (q) = 4.5 Hz, 2H), 4.05 () = 5.1 Hz, 2H), 4.13 () = 4.8 Hz, 2H),
4.51 (d,J= 6.0 Hz, 2H), 6.70 () = 5.1 Hz, 1H), 6.72-7.06 (m, 4H), 7.19 (5 6.3 Hz,
1H), 7.27-7.38 (m, 4H), 7.53 @,= 6.3 Hz, 1H), 7.62 (dJ = 8.1 Hz, 1H), 8.33 (d] = 3.9
Hz, 1H), 8.63 (bt, 1H), 8.78 (bt, 1H), 11.45 (bkl)[111.52 (bs, 1H).

13C-NMR (CDCk): J 28.0, 28.3, 34.6, 35.8, 39.0, 40.1, 40.2, 66.5),679.3, 79.4, 83.2,
83.4, 112.5, 112.8, 119.9, 120.7, 121.5, 122.8,212828.8, 129.9, 130.6, 130.9, 136.2,
149.6, 153.0, 153.3, 155.3, 156.0, 156.3, 163.6,3L7

Theoretical Mass: (M + H) 983.43705. Measured M@gs+ H) 983.43757

N-[3, 2'-Bis(2-guanidino-ethyloxy)-biphenyl-4-ylmettyl]-3-[2-
pyridyl)dithio]propionamide, formate salt 23

H
O O/\/N\n/

NH
¢ [
H2N\”/N\/\O o
N=—
NH N)J\/\S—S@
H

N-{3, 2'-Bis{2-[N, N*-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphg-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide (14 mg, 0.014 mmol) was dissolved in

NH,

formic acid (1 mL) and stirred at room temperatoxernight. The mixture was then
heated at 5TC during 1h. Water was then added and the prodastlyophilised to give
23 as a colourless oil (11.4 mg, 93%).

'H-NMR (MeOH-d)): J 2.72 (t,J = 6.1 Hz, 2H), 2.97 (t, 2Hl = 6.0 Hz, 2H), 3.49 (bs,
2H), 3.64 (bs, 2H), 4.08 (bs, 2H), 4.17 (bs, 2H}54(s, 2H), 7.05-7.09 (m, 3H), 7.20t,
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= 5.7 Hz, 1H), 7.28-7.35 (m, 3H), 7.70-7.92 (m, 28187 (d,J = 4.5 Hz, 1H), 8.40 (bs,
2H).
Theoretical Mass: (M + H) 583.22734. Measured M@gs+ H) 583.22816

Benzyl 2-(4-bromo-3'-hydroxybiphenyl-3-yloxy)ethyl@arbamate

o
O o~ NHZ

Br
A degassed mixture of benzyl 2-(2-bromo-5-iodophghethylcarbamatd5 (1.43 g, 3
mmol), 2-hydroxyphenylboronic acid (0.37 g, 2.7 mim&dChdppf.CHCI, (0.12 g,
0.15 mmol), potassium phosphate (1.27 g, 6 mmaljiehe (6 mL) and water (0.6 mL)
was heated at 10G for 18 h. The reaction mixture was diluted in BtQ)(25 mL) and
water (25 mL) was added. The layers were sepaeatédhe aqueous layer was extracted
with EtOAc (3 x 25 mL). The combined organic layersre dried over MgSg) filtered
and concentrated under vacuum. The residue wasptinéied by flash chromatography
using cyclohexane/EtOAc (75/25) as eluent to aff®x84 g, 45% vyield) as a transparent
oil.
ESMS;m/z442, 444 (M+1), 459, 461 (M+18)
'"H-NMR (CDCL): J 3.65 (q,J = 5 Hz, 2H), 4.08 (t) = 4.8 Hz, 2H), 5.14 (s, 2H), 5.43
(bs, 1H), 6.77 (s, 1H), 6.88 (ddi= 8.1 Hz,J= 1.7Hz, 1H), 6.98-7.06 (m, 4H), 7.24-7.36
(m, 6H), 7.52 (dJ = 8 Hz, 1H).
3C-NMR (CDCE): ¢ 40.6, 67.2, 68.3, 111.5, 112.4, 114.1, 114.9, 11921.2, 128.2,
128.3, 128.6, 130.1, 133.4, 136.1, 141.6, 141.8,91956.6, 156.9.
Theoretical Mass: (M + Na) 464.04733. Measured M@dst Na) 464.04628

28



Dibenzyl 2,2'-(4-bromobiphenyl-3,3'-diyl)bis(oxy)bs(ethane-2,1-diyl)dicarbamate
24

(@)
SR
O NHZ

O/\/

Br
Benzyl 2-(4-bromo-3'-hydroxybiphenyl-3-yloxy)ethgitbamate (0.46 g, 1.8 mmol) was
dissolved in DMF (10 mL) and &80; (1.17 g, 3.6 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfon&té®.55 g, 2 mmol) were added. After
stirring at 80°C under nitrogen for 3.5 h, the reaction mixturesw&ssolved in EtOAc
(25 mL). The organic layer was washed with brine<(@0 mL) and dried over MgSO
The solvent was removed under vacuum and the aoagound was purified by flash
chromatography using cyclohexane/EtOAc (7/3) asrelto afford the title compourihf
(0.33 g, 52 % yield) as a colourless oil.
ESMS;m/z619, 621 (M+1), 636, 638 (M+18)
'"H-NMR (CDCk): 4 3.65 (m, 4H), 4.10 () = 4.5 Hz, 2H), 4.16 (t) = 4.4 Hz, 2H), 5.12
(s, 4H), 5.32 (bs, 1H), 5.40 (bs, 1H), 6.88J¢; 6.8 Hz, 1H), 7.05 (m, 3H), 7.14 (@~
7.7 Hz, 1H), 7.35 (bs, 11H), 7.57 @5 8.6 Hz, 1H).
¥C-NMR (CDCE): J 40.6, 66.9, 67.0, 68.5, 111.7, 112.5, 113.5, 11824,2, 128.2,
128.6, 130.1, 133.5, 136.4, 141.7, 141.8, 155.6,519.58.9.
Theoretical Mass: (M + Na) 641.12631. Measured M@dst Na) 641.12715
Microanalysis: %C 62.08 (62.04), %H 5.13 (5.04), %R9 (4.52)
IR v max KBR/cm 3339 (br, NH), 2226 (CN), 1723 (C=0), 1641 (C=Nj2Q (C=N)

Dibenzyl 2,2'-(4-cyanobiphenyl-3,3'-diyl)bis(oxy)bs(ethane-2,1-diyl)dicarbamate 25

@)
O NHZ
O/\/

CN
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A mixture of dibenzyl 2,2'-(4-bromobiphenyl-3,3yfgbis(oxy)bis(ethane-2,1-
diyl)dicarbamate24 (0.26 g, 0.42 mmol), zinc cyanide (74 mg, 0.63 Mnpfed.dba (19
mg, 0.02 mmol), dppf (29 mg, 0.05 mmol), zinc aE=({89 mg, 0.21 mmol) and zinc (14
mg, 0.21 mmol) in dimethylacetamide (3 mL) was bdadt 160C for 10 minutes under
microwave irradiation. The reaction mixture wasutit in EtOAc (25 mL) and water
(100 mL) was added. The layers were separatedrenalueous layer was extracted with
EtOAc (3 x 25 mL). The combined organic layers weeshed with water (50 mL) and
brine (50 mL), dried over MgSQfiltered and concentrated under vacuum. The wvesid
was then purified by flash chromatography usindatyexane/EtOAc (65/35) as eluent to
afford 25 (0.2 g, 84% vyield) as a colourless oll.

ESMS;m/z566 (M+1), 583 (M+18)

'H-NMR (CDCh): J 3.61-3.71 (m, 4H), 4.10 (§,= 4.6 Hz, 2H), 4.22 () = 4.7 Hz, 2H),
5.11 (s, 4H), 5.27 (bs, 1H), 5.37 (bs, 1H), 6.93)& 8.1 Hz, 1H), 7.07-7.22 (m, 4H),
7.29-7.40 (m, 11H), 7.59 (d,= 8 Hz, 1H).

13C-NMR (CDCE): ¢ 40.3, 40.4, 66.9, 67.1, 68.2, 100.9, 111.1, 11314.5, 120.2,
128.1, 128.2, 128.2, 128.5, 128.6, 130.3, 134.6,31340.9, 147.4, 156.5, 159.0, 160.4.
Theoretical Mass: (M + H) 566.22910. Measured Mégs+ H) 566.22964

IR V max KBR/C 3339 (br, NH), 2225 (CN), 1713 (C=0)

3, 3'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-4-cyanobiphenyl
NBoc

o)
O \/\HJ\NHBOC

BocHN\n/Hv\o O

NBoc CN
Dibenzyl 2,2'-(4-cyanobiphenyl-3,3'-diyl)bis(oxy$ethane-2,1-diyl)dicarbamate25
(0.15 g, 0.26 mmol) was dissolved in DCM (10 mL@d#Br (30% in acetic acid, 1.5
mL) was added dropwise. After stirring at room temgpure for 1.5 h, the solvent was
removed under vacuum and the crude diamine wasudlgreried under vacuum for

several hours.
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The resulting solid was suspended in DCM (5 mL) Bl (0.36 mL, 2.6 mmol) and N,
N-di-boc-N'-trifluoromethanesulfonyl-guanidir@(0.21 g, 0.53 mmol) were added. The
mixture was stirred overnight at room temperatutigjted with DCM (20 mL) then
washed with 2M NaHS©O2M (25 mL) followed by sat.aq. NaHG®25 mL) and brine
(25 mL). The organic layer was dried over MgS@Iltered and concentrated under
vacuum. The residue was then purified by flash mcfatography using
cyclohexane/EtOAc (8/2) as eluent to afford thie tompound (0.18 g, 86% vyield) as a
white solid.

'H-NMR (CDCk): J 1.50 (m, 36H), 3.86 (q] = 5.1 Hz, 2H), 3.93 (q) = 5.2 Hz, 2H),
4.15 (t,J = 5 Hz, 2H), 4.29 () = 5.1 Hz, 2H), 6.99 (dd] = 8.1 Hz,J =2 Hz, 1H), 7.10-
7.16 (m, 3H), 7.21 (d) = 8 Hz, 1H), 7.38 (tJ) = 8 Hz, 1H), 7.60 (dJ = 8 Hz, 1H), 8.62
(bt, 1H), 8.82 (bt, 1H), 11.45 (bs, 2H).

13C-NMR (CDC): ¢ 27.8, 28.1, 28.3, 39.9, 40.2, 66.6, 67.6, 79.42,883.3, 101.2,
111.3, 114.1, 114.7, 116.0, 120.2, 120.3, 130.2,113141.0, 147.4, 153.0, 153.1, 156.4,
156.5, 159.1, 160.4, 163.5.

Theoretical Mass: (M + H) 782.40885. Measured M@gs+ H) 782.40656

IR v max KBR/cm 3332 (br, NH), 2226 (CN), 1723 (C=0), 1641 (C=Nj2Q (C=N)

M.p. 82-84C

N-{3, 3'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide
NBoc

o)
O \/\HJ\NHBOC

g
BOCHN\H/N\/\O o N
NBoc Ms—s@

To a solution of palladium on carbon 10% (25 mgn&y nickel (25 mg) and NBH
(20 pL) in dioxane (40 mL) and water (10 mL) was adde®B'3Bis{2-[N, N'-bis(tert-

Iz
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butoxycarbonyl)guanidino]-ethyloxy}-5-cyanobipheny0.070 g, 0.09 mmol). The
mixture was then hydrogenated (6 bar) overnight Gatalyst was then filtered off and
washed several times with MeOH. Diethylenetrian(ibeq) was added and the mixture
was stirred for 30 minutes then concentrated uadenum. The residue was dissolved in
EtOAc (10 mL) and washed with sat. aq. NaHQO mL). The organic layer was dried
over MgSQ, filtered and concentrated under vacuum. To atieolwf the crude and
PrEtN (31 pL, 0.18 mmol) in DCM (2 mL) was added Neamimidyl-3-(2-
pyridyldithio)propionatel0 (39 mg, 0.126 mmol) and the mixture was stirrethim dark
for 24 h. The solvent was removed under vacuum thedcrude oil was purified by
preparative TLC (ethyl acetate/hexane 1/1) to dffthre title compound (8 mg, 11%
yield).

'H-NMR (CDCh): d 1.50 (m, 36H), 2.64 (t, 2H), 3.08 (t= 6.9 Hz, 2H), 3.89 (m , 4H),
4.17 (m, 4H), 4.50 (dJ = 5.7 Hz, 2H), 6.81 (bt, 1H), 6.92 (dd= 7.8 Hz,J = 2.4 Hz,
1H), 7.02-7.15 (m, 5H), 7.32 @,= 4.5 Hz, 1H), 7.42 (d] = 8.1 Hz, 1H), 7.53-7.63 (m,
2H), 8.34 (dJ = 3.6 Hz, 1H), 8.78 (m, 2H), 8.78 (bt, 1H), 11.48,(1H), 11.54 (bs, 1H).
13C-NMR (CDCk): J 28.0, 28.3, 34.4, 35.3, 38.5, 39.9, 40.1, 66.37,61.3, 79.5, 83.1,
83.4, 111.5, 112.9, 120.1, 120.4, 125.7, 129.2,113186.0, 140.9, 141.3, 148.0, 153.7,
156.9, 159.6, 163.5, 170.5

Theoretical Mass: (M + H) 983.43705. Measured Mé@gs+ H) 983.43928

N-[3, 3'-Bis(2-guanidino-ethyloxy)-biphenyl-4-ylmettyl]-3-[2-
pyridyl)dithio]propionamide, formate salt 26
NH

O OV\HJJ\NHZ

H2N\”/H\/\o O o N
NH )J\/\s—s@

N-{3, 3'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guadtino]-ethyloxy}-biphenyl-4-
ylmethyl}-3-[2-pyridyl)dithio]propionamide(8 mg, 0.0081 mmol) was dissolved in

Iz
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formic acid (1 mL) and stirred at room temperatoxernight. The mixture was then
heated at 51C for 1h. Water was added and the product was drderd to give26 as
colourless oil (7.1 mg, 100%).

'H-NMR (MeOH-dy): J 2.69 (t,J = 6.8 Hz, 2H), 3.09 (t, 2H] = 6.5 Hz, 2H), 3.60-3.68
(m, 4H), 4.18(tJ = 4.9 Hz, 2H), 4.24 (t) = 4.8 Hz, 2H), 4.46 (s, 2H), 6.95 (@= 7.5
Hz, 1H), 7.18-7.24 (m, 4H), 7.31-7.39 (m, 2H), Z7ZI8 (m, 2H), 8.36 (d] = 4.6 Hz,
1H), 8.43 (bs, 2H).

Theoretical Mass: (M + H) 583.22734. Measured M@gs+ H) 583.22796

Dibenzyl 2,2'-(3-cyano-1,2-phenylene)bis(oxy)bis(etne-2,1-diyl)dicarbamate

@[O\/\NHZ
o~ NHZ

CN
A mixture of dibenzyl 2,2'-(3-bromo-1,2-phenylenisjbxy)bis(ethane-2,1-
diyl)dicarbamatel3 (1.10 g, 2 mmol), zinc cyanide (0.35 g, 3 mmol,dba (92 mg,
0.1 mmol), dppf (0.14 g, 0.25 mmol), zinc acet&dd@ g, 1 mmol) and zinc (65 mg, 1
mmol) in dimethylacetamide (10 mL) was heated ad 16 for 10 minutes under
microwave irradiation. The reaction mixture wasutitd in EtOAc (25 mL) and water
(100 mL) was added. The layers were separatedhenadueous layer was extracted with
EtOAc (3 x 25 mL). The combined organic layers weeshed with water (50 mL) and
brine (50 mL), dried over MgSQfiltered and concentrated under vacuum. The wvesid
was then purified by flash chromatography usinglayexane/EtOAc (1/1) as eluent to
afford the title compound (0.70 g, 72% yield) agtate solid.
ESMS;m/z490 (M+1), 507 (M+18)
'H-NMR (CDCk): J 3.54 (m, 4H), 4.05 (m, 2H), 4.21 (m, 2H), 5.092kl), 5.65 (bs,
1H), 5.74 (s, 1H), 7.09-7.13 (m, 3H), 7.30 (bs, 5H)
3C-NMR (CDCk): J 40.5, 41.2, 66.8, 68.2, 107.8, 116.2, 118.0, 12425.0, 128.1,
128.5, 136.4, 150.3, 151.7, 156.6.
Theoretical Mass: (M + Na) 512.17975. Measured M@dst Na) 512.18046
Microanalysis: %C 65.86 (66.25), %H 5.56 (5.56), @M7 (8.58)
IR v max KBR/cm 3334 (br NH), 2232 (CN), 1702 (C=0)
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M.p. 78C

1,2-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-3-cyanophenyl 27
NBoc
BocHN H/\/ °

]
BocHN NH CN

il

NBoc
Dibenzyl 2,2'-(3-cyano-1,2-phenylene)bis(oxy)bikéete-2,1-diyl)dicarbamate (0.44 g,
0.9 mmol) was dissolved in DCM (20 mL) and HBr (30@oacetic acid, 4 mL) was
added dropwise. After stirring at room temperaforel.5 h, water (10 mL) was added to
the mixture, the layers were separated and thecaguayer was washed with DCM (2 x
10 mL). The water was then removed under vacuuntl@adrude diamine was carefully
dried under vacuum for several hours.
The resulting solid was suspended in DCM (2.5 miig iaPr,EtN (0.65 mL, 4.5 mmol)
and N, N-di-boc-N'-trifluoromethanesulfonyl-guamdi8 (0.7 g, 1.8 mmol) were added.
The mixture was stirred overnight at room tempeggtdiluted with DCM (20 mL) then
washed with 2M NaHS©2M (20 mL) followed by sat. ag. NaHG@20 mL) and brine
(20 mL). The organic layer was dried over MgS@Iltered and concentrated under
vacuum. The residue was then purified by flash mlatography using
cyclohexane/EtOAc (92/18) as eluent to affagid0.29 g, 45% yield) as a white solid.
ESMS;m/z706 (M+1), 354 (M+2)
'"H-NMR (CDCk): & 1.49 (m, 36H), 3.86 (m, 4H), 4.16 &= 5 Hz, 2H), 4.32 (1) = 5
Hz, 2H), 7.07 (tJ = 8 Hz, 1H), 7.14 (dd) = 8 Hz,J = 2 Hz, 1H), 7.18 (dd] = 8 Hz,J =
2Hz, 1H), 8.75 (m, 2H), 11.42 (bs, 2H).
13C-NMR (CDCE): & 28.0, 28.1, 28.3, 39.7, 41.2, 67.4, 72.6, 79.24,782.9, 83.4,
108.0, 115.9, 118.2, 124.8, 125.0, 150.2, 151.3,118.56.4, 163.3, 163.4.
Cs3Hs3N70;1- HO: %C 54.93 (54.76), %H 7.48 (7.38), %N 12.88 (5R.5
Theoretical Mass: (M + Na) 728.35949. Measured M@dst Na) 728.35986
IR v max KBR/cm 3332 (br, NH), 2234 (CN), 1723 (C=0), 1642 (C=Nj2Q (C=N)
M.p. 99-102C
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1,2-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-3-
(aminomethyl)phenyl

NBoc
BocHN H/\/ ©

(@]
BocHN NH

g NH,

NBoc
1,2-Bis{2-[N, N=-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-3-ayaphenyl 27 (0.07
g. 0.1 mmol) was dissolved in THF (7 mL) and XHH (1.4 mL) was added followed by
Raney Nickel (0.07 g) . The mixture was stirredovausly under K atmosphere for 16
h. The catalyst was filtered off and washed sewuéaras with MeOH. Diethylenetriamine
(1eq) was added and the mixture stirred for 30 testhen concentrated under vacuum.
The residue was dissolved in EtOAc (10 mL) and wdshith sat. ag. NaHC10 mL).
The organic layer was dried over Mg§&@iltered and concentrated under vacuum. The
residue was then purified by flash chromatograpgiggiDCM/MeOH (97/3) as eluent to
afford the product (0.020 g, 28% vyield).
ESMS;m/z710 (M+1), 355 (M+2)
'"H-NMR (CDCL): J 1.48 (m, 36H), 3.82 (m, 6H), 4.10 (m, 4H), 6.95 @hl), 8.45 (m,
1H), 8.52 (m, 1H).
IR v max KBR/cm'3337 (br NH, NH), 1722 (C=0), 1641 (C=0ON)

N-(2,3-bis([N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy)benzyl)-3-(pyridin-2-

yldisulfanyl)propanamide

o)
BocHN™ "N~
) 0
BocHN_ _NH N=
T w0
NBoc H

To a solution of 1,2-bis{2Nl, N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-3-
(aminomethyl)pheny(0.020 g, 0.028 mmol) andPrEtN (10 uL, 0.05 mmol) in DCM
(0.6 mL) was added N-succinimidyl-3-(2-pyridyldithpropionatel0 (12.8 mg, 1.4 eq)
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and the mixture was stirred in the dark for 24 he Bolvent was removed under vacuum
and the crude oil was purified by preparative TIEBJAc/cyclohexane 1/1) to afford the
titte compound (5.2mg, 20% yield).

IR v max KBR/cm'3338 (br NH, NH), 1723 (C=0), 1641 (C=0ON)

'"H-NMR (CDCk): & 1.48 (m, 36H), 2.61 (t) = 7 Hz, 2H), 3.06 (tJ = 7 Hz, 2H), 3.86
(m, 4H), 4.12 (tJ = 5 Hz, 2H), 4.21 (t) = 5 Hz, 2H), 7.02 (m, 5H), 7.59 (m, 2H), 8.34
(m, 1H), 8.76 (m, 2H), 11.49 (bs, 1H), 11.52 (k3).1

N-(2,3-bis(2-guanidinoethoxy)benzyl)-3-(pyridin-2-yllisulfanyl)propanamide 28

NH
HZN)J\H/\/O
(0N |
H-N NH -
N HMS‘S@
NH

N-(2,3-bis([N, N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy)benegH(pyridin-2-
yldisulfanyl)propanamidg5.2 mg, 0.006 mmol) was dissolved in a mixtureTéiA/
H,Ol/triisopropylsilane 95/2.5/2.5 (1 mL) and stirradroom temperature for 3 h. The
solvent was removed under vacuum to @8eas colourless oil (5 mg, 100% vyield).
'"H-NMR (MeOH-d4):J 2.66 (t,J = 6.7 Hz, 2H), 3.07 (t) = 6.7 Hz, 2H), 3.56 (m, 2H),
3.63 (m, 2H), 4.17 (m, 4H), 4.42 (s, 2H), 6.99 @Hl), 7.19 (m, 1H), 7.74 (m, 2H), 8.35
(bd,J=4.1 Hz, 1H).

Theoretical Mass: (M + H) 507.19604. Measured Mé@gs+ H) 507.19498

IR v max KBR/cm'3369 (br NH, NH), 1671 (C=ON)

N-(2-(4-cyanophenoxy)ethyl)-2-phenylacetamide
Br

0
ZHNT >

CN
3-Bromo-4-hydroxybenzonitril@9 (7.25 g, 36.6 mmol) was dissolved in DMF (20 mL)

and NaCO0;s (3.7 g, 73.2 mmol) and 2-(benzyloxycarbonylamitioyemethanesulfonate
4 (12 g, 42 mmol) were added. After stirring at 8D under nitrogen for 15 h, the

reaction mixture was dissolved in EtOAc (25 mL).eTérganic layer was washed with
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brine (3 x 20 mL), dried over MgSQand filtered. The solvent was removed under
vacuum and the crude compound was purified by flasihomatography using
cyclohexane/EtOAc (8/2) as eluent to afford thie ttompound (9.4 g, 68% yield) as a
white solid.

'H-NMR (CDCL): J 3.70 (q,J = 5.3 Hz, 2H), 4.13 (m, 2H), 5.11 (s, 2H), 5.28,(ibH),
6.90 (d,J = 8.5 Hz, 1H), 7.35 (m, 5H), 7.56 (@= 8.5 Hz, 1H), 7.81 (d] = 1.9 Hz, 1H).
BC-NMR (CDCh): 0 40.2, 67.0, 68.5, 105.7, 112.7, 113.0, 117.6, 12B28.3, 128.6,
133.2, 136.3, 136.8, 156.4, 158.4.

Theoretical Mass: (M + Na) 397.01637. Measured M@dst Na) 397.01539.
Microanalysis: %C 54.10 (54.42), %H 4.23 (4.03), %9 (7.47)

IR V max KBR/cm3351(br NH, NH), 2227 (CN), 11704 (C=ON)

M.p. 65-68C

Benzyl 2-(5-cyano-2'-hydroxybiphenyl-2-yloxy)ethylarbamate

‘ OH
o)
ZHN™ > O
CN

A degassed mixture M-(2-(4-cyanophenoxy)ethyl)-2-phenylacetamide (1.9 gimol),
2-hydroxyphenyl boronic acid (0.83 g, 6 mmol), PAE®» (10 mg, 0.05 mmol) , 2-
dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (40 gn 0.1 mmol), potassium
phosphate (2.1 g, 10 mmol), toluene (10 mL) ancewgt mL) was heated at 1D for 1

h. The reaction mixture was diluted in EtOAc (50 )nalnd water (50 mL) was added.
The layers were separated and the aqueous layeextrasted with EtOAc (3 x 25 mL).
The combined organic layers were dried over MgSiered and concentrated under
vacuum. The residue was then purified by flash mlatography using
cyclohexane/EtOAc (7/3) as eluent to afford thie wompound (1.07 g, 55% vyield) as a
colourless oil.

'H-NMR (CDCL): J 3.48 (m, 2H), 4.13 (m, 2H), 5.06 (bs, 2H), 5.32, (hd), 6.34 (bs,
1H), 6.91-7.02 (m, 3H), 7.13 (d= 7Hz, 1H), 7.27-7.33 (m, 6H), 7.58 (M, 2H).
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3C-NMR (CDCE): ¢ 40.2, 66.9, 68.0, 105.2, 112.8, 116.7, 118.8, 12128.7, 128.1,
128.3, 128.6, 128.9, 130.0, 131.2, 133.6, 135.8,31353.1, 156.5, 158.7.
Theoretical Mass: (M + H) 389.15012. Measured M@gs+ H) 389.15078

Dibenzyl 2,2'-(5-cyanobiphenyl-2,2'-diylbis(oxy))bs(ethane-2,1-diyl)tetracarbamate

30
O o~ NHZ
ZHN >0 O
CN

Benzyl 2-(5-cyano-2'-hydroxybiphenyl-2-yloxy)ethgtbamate (1.06 g, 2.7 mmol) was
dissolved in DMF (7 mL) and @80O; (1.8 g, 54 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfondtg0.75 g, 2.7 mmol) were added.
After stirring at 80°C under nitrogen overnight, further ££€; (0.9 g, 2.7 mmol) and 2-
(benzyloxycarbonylamino)ethyl methanesulfon&i®.4 g, 1.5 mmol) were added. After
stirring for a further 4 h, the reaction mixture sndissolved in EtOAc (25 mL). The
organic layer was washed with brine (3 x 20 mL) dridd over MgS@ The solvent was
removed under vacuum and the crude compound wéfseduioy flash chromatography
using cyclohexane/EtOAc (1/1) as eluent to affé@q1.23 g, 80% yield) as a colourless
oil.

'"H-NMR (CDCl): ¢ 3.32 (m, 2H), 3.80 (tJ = 8.9 Hz, 2H), 4.00 (m, 2H), 4.39 (t= 8.7
Hz, 2H), 5.04 (s, 2H), 5.22 (s, 2H), 5.30 (bs, 15154 (bs, 1H), 6.86 (m, 2H), 7.02 Jt=
7.3 Hz, 1H), 7.13 (dd] = 8.9 Hz,J = 1.7 Hz, 1H), 7.34 (m, 11H), 7.46 @= 2 Hz, 1H),
7.53 (ddJ = 8.5 Hz, 1.8 Hz, 1H).

13C-NMR (CDCE): J 40.1, 40.3, 66.8, 68.0, 68.3, 104.7, 112.8, 11818.9, 121.9,
126.4, 128.1, 128.3, 128.5, 128.6, 129.7, 129.8,0.333.5, 134.9, 135.4, 136.4, 155.6,
156.2, 159.2, 163.6.

Theoretical Mass: (M + Na) 588.21104. Measured M@dst Na) 588.21104

IR v max KBR/cm 3342 (br, NH), 2224 (CN), 1721 (C=0)
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2, 2'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-cyanobiphenyl

H
NBocC O O/\/N NHBoc

A
BOCHN)J\H/\/O O NBoc

CN
Dibenzyl 2,2'-(5-cyanobiphenyl-2,2'-diylbis(oxy)$fethane-2,1-diyl)tetracarbam&@
(0.9 g, 1.6 mmol) was dissolved in DCM (50 mL) a&ti8r (30% in acetic acid, 8 mL)
was added dropwise. After stirring at room tempearafor 1.5 h, water (25 mL) was
added to the mixture, the layers were separatedrenadqueous layer was washed with
DCM (2 x 25 mL). The water was then removed und&uum and the crude diamine
was carefully dried under vacuum for several hours.
The residue was suspended in DCM (7 mL) antlEt.2 mL, 8 mmol) and N, N-di-boc-
N’-trifluoromethanesulfonyl-guaniding (1.3 g, 3.2 mmol) were added. The mixture was
stirred overnight at room temperature, diluted ilddM (20 mL) then washed with 2M
NaHSQ 2M (25 mL) follow by sat. aq. NaHG25 mL) and brine (25 mL). The
organic layer was dried over Mgg@iltered and concentrated under vacuum. The
residue was purified by flash chromatography usyajohexane/EtOAc (8/2) as eluent
to afford the title compound (0.28 g, 22% yield)ashite solid.
ESMS;m/z782(M+1), 391(M+2)
'H-NMR (CDCk): 1.48 (m, 36H), 3.69 (m, 4H), 4.05 &= 5.2 Hz, 2H), 4.13 () =
5.2 Hz, 2H), 6.95-7.06 (m, 3H), 7.22 (db=7.5, 1.7 Hz, 1H), 7.32 (td,= 7.2, 1.7 Hz,
1H), 7.55 (dJ = 2 Hz, 1H), 7.59 (dd] = 8.5, 2.1 Hz, 1H), 8.40 (m, 2H), 11.42 (bs, 2H).
BC-NMR (CDCh): 628.1, 28.3, 39.8, 40.1, 66.7, 66.9, 79.3, 79.41,8804.1, 112.2,
112.4, 119.2, 121.0, 125.6, 129.1, 129.4, 131.3,23.35.2, 152.9, 155.6, 156.3, 159.2,
163.4.
Theoretical Mass: (M + Na) 804.39079. Measured M@dst Na) 804.39290
IR V max KBR/cmi 3333 (br, NH), 2226 (CN), 1722 (C=0), 1642 (C=Nj1@ (C=N)
M.p. 82C
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2, 2'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-
(aminomethyl)biphenyl

D
JNJ\BOC O/\/N\”/NHBOC
(0]
BocHN H/\/ NBoc
NH,

2, 2'-Bis{2-[N, N’-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-ayabiphenyl (0.10

g, 0.12 mmol) was dissolved in THF (7 mL) and /0 (1.4 mL) was added followed
by Raney Nickel (0.1 g). The mixture was stirregorously under KHatmosphere for 16
h. The catalyst was filtered off and washed sewearas with MeOH. Diethylenetriamine
(1eq) was added and the mixture stirred for 30 testhen concentrated under vacuum.
The residue was dissolved in EtOAc (10 mL) and wdshith sat. ag. NaHCG10 mL).
The organic layer was dried over Mg§&@iltered and concentrated under vacuum. The
residue was then purified by flash chromatograpgiggiDCM/MeOH (97/3) as eluent to
afford the product (45 mg, 48% vyield).

ESMS;m/z786(M+1), 394(M+2)

'H-NMR (CDCL): 1.47 (m, 36H), 3.63 (m, 4H), 3.81 (s, 2H), 4.02 @#Hl), 6.90-6.99
(m, 3H), 7.22 (m, 4H), , 8.40 (m, 2H), 11.42 (bd)2

BC-NMR (CDCh): 628.1, 28.3, 40.2, 40.3, 67.1, 79.1, 79.2, 82.89,8212.9, 113.0,
121.0, 127.0, 127.8, 128.0, 128.5, 130.6, 131.8,71352.8, 154.7, 155.7, 156.2, 163.4.
IR V max KBR/Cm 3338 (NH, NH), 1723 (C=0), 1641(C=N), 1614 (C=N)

N-{2, 2'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-5-
ylmethyl}-3-[2-pyridyl)dithio]propionamide

|O H
N_ _NHBoc
NBoc o0 >

b
BocHNJ\N/\/O ! NBoc ~
H Sy

Nm/\/S\S

)
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To a solution of 2, 2'-Bis{2-[N, N’-bis(tert-butoxgrbonyl)guanidino]-ethyloxy}-5-
(aminomethyl)bipheny(0.042 g, 0.053 mmol) anePrEIN (10 pL, 0.10 mmol) in DCM
(0.7 mL) was added N-succinimidyl-3-(2-pyridyldithpropionate1l0 (15 mg, 0.053
mmol) and the mixture was stirred in the dark fdri2 The solvent was removed under
vacuum and the crude oil was purified by prepaeali.C (ethyl acetate/hexane 1/1) to
afford the title compound (8.5 mg, 16% vyield).

'"H-NMR (CDCk): §1.48 (m, 36H), 2.61 (t) = 6.8 Hz, 2H), 3.09 (tJ = 6.7 Hz, 2H),
3.65 (m, 4H), 4.02 (m, 4H), 4.42 (d= 5.4 Hz, 2H), 6.89-7.03 (m, 6H), 7.23-7.30 (m,
3H), 7.58 (m, 2H), 8.23 (m, 2H), 8.23 (di= 3.8, 1.5Hz, 1H), 8.36 (bt, 1H), 8.47 (bt,
1H), 11.66 (bs, 2H).

Theoretical Mass: (M + H) 983.43705. Measured Mégs+ H) 983.43763

IR v max KBR/cm 3332 (NH), 1722 (C=0), 1641 (C=0).

N-[2, 3'-Bis(2-guanidino-ethyloxy)-biphenyl-5-ylmettyl]-3-[2-

pyridyl)dithio]propionamide, trifluoroacetate salt 31

o'
po ey
g 0
e
S N
O

N-{2, 3-Bis{2-[N, N’-bis(tert-butoxycarbonyl)guadino]-ethyloxy}-biphenyl-5-
ylmethyl}-3-[2-pyridyl)dithio]propionamide (8.5 mg).0086 mmol) was dissolved in a
mixture of TFA/ HOltriisopropylsilane 95/2.5/2.5 (1 mL) and stirreat room
temperature for 3 h. The solvent was removed umdenum to give31 as a colourless
oil (8 mg, 100%).

'H-NMR (MeOH-d4): § 2.71 (t,J = 6.7Hz, 2H), 3.07 (t, 2H] = 6.7Hz, 2H), 3.41 (m,
4H), 4.05 (m, 4H), 4.35 (s, 2H), 7.07 (m, 4H), 7(28 4H), 7.27 (m, 2H), 7.35 (m, 2H),
7.75 (m, 2H), 8.37 (m, 1H).

Theoretical Mass: (M + H) 583.22734. Measured M@gs+ H) 583.22566

IR V max KBR/cm3336 (NH), 1642 (C=0)
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Benzyl 2-(5-cyano-3'-hydroxybiphenyl-2-yloxy)ethylarbamate
Cr
ZHN >0 O
CN

A degassed mixture oN-(2-(4-cyanophenoxy)ethyl)-2-phenylacetamide (3,7 98
mmol), 3-hydroxyphenyl boronic acid (1.6 g, 11.6 admPd(OAc)} (22 mg, 0.1 mmol)
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (8thg, 0.2 mmol) potassium
phosphate (4.2 g, 20 mmol), toluene (20 mL) ancewvg mL) was heated at 1D for 1

h. The reaction mixture was diluted in EtOAc (50 )nand water (50 mL) was added.
The layers were separated and the aqueous layeextrasted with EtOAc (3 x 25 mL).
The combined organic layers were dried over MgSiered and concentrated under
vacuum. The residue was then purified by flash mlatography using
cyclohexane/EtOAc (7/3) as eluent to afford thke titompound (2.2 g, 59% vyield) as a
colourless solid.

ESMS;m/z389 (M+1)

'H-NMR (CDCk): J 3.40 (m, 2H), 3.60 (m, 2H), 5.08 (s, 2H), 5.23 @hi), 6.89 (m,
4H), 6.95 (2, 1H), 7.18 (m, 56H), 7.53 (m, 1H).

Microanalysis: GsHzoN204- HO: %C 67.81 (67.97), %H 5.41 (5.46), %N 6.85 (6.89)
IR V wax KBR/CM3347(br NH, NH), 2225(CN), 1714 (C=ON)

Mp >200°C

N-{2-[5'-Cyano-2'-(2-phenylacetylamino-ethoxy)-biphayl-3-yloxy]-ethyl}-2-phenyl-

acetamide_32

() e
0
ZHNT > O
CN

Benzyl 2-(5-cyano-3'-hydroxybiphenyl-2-yloxy)ethgtbamate(0.62 g, 1.6 mmol) was
dissolved in DMF (8 mL) and @80O; (1.04 g, 3.2 mmol) and 2-
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(benzyloxycarbonylamino)ethyl methanesulfondtg0.44 g, 1.6 mmol) were added.
After stirring at 80°C under nitrogen for 3.5 h, the reaction mixtureswidgssolved in
EtOAc (25 mL). The organic layer was washed wittmér(3 x 20 mL) and dried over
MgSQ,. The solvent was removed under vacuum and theeccachpound was purified
by flash chromatography using cyclohexane/EtOA&)(&a6 eluent to affor82 (0.86 g,
95% vyield).

'H-NMR (CDCk): J 3.70 (9,d = 5.3 Hz, 2H), 4.13 (m, 2H), 5.11 (s, 2H), 5.28, (bH),
6.90 (d,J = 8.5 Hz, 1H), 7.35 (m, 5H), 7.56 (@= 8.5 Hz, 1H), 7.81 (d] = 1.9 Hz, 1H).
BC-NMR (CDCh): 0 40.2, 67.0, 68.5, 105.7, 112.7, 113.0, 117.6, 12B28.3, 128.6,
133.2, 136.3, 136.8, 156.4, 158.4.

IR V max KBR/cm3335(br NH, NH), 2225(CN), 1714 (C=ON)

2, 3'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-cyanobiphenyl
NBoc

O O\/\NJ\NHBOC
H
)N]\Boc
0
oo YN

N-{2-[5'-Cyano-2'-(2-phenylacetylamino-ethoxy)-biptye 3-yloxy]-ethyl}-2-phenyl-
acetamide32 (1.7 g, 3 mmol) was dissolved in DCM (25 mL) anBrH30% in acetic

acid, 4.0 mL) was added dropwise. After stirringadm temperature for 1.5 h, water (25

CN

mL) was added to the mixture, the layers were s#pdrand the aqueous layer was
washed with DCM (2 x 25 mL). The water was then geed under vacuum and the
crude diamine was carefully dried under vacuunséeral hours.

The resulting solid was suspended in DCM (20 mld aRrEtN (3mL, 39 mmol) and
N, N-di-boc-N'-trifluoromethanesulfonyl-guanidirg(3.7 g, 9 mmol) were added. The
mixture was stirred overnight at room temperatutigjted with DCM (40 mL) then
washed with 2M NaHS©O2M (25 mL) followed by sat. ag. NaHG@25 mL) and brine
(25 mL). The organic layer was dried over MgS@Iltered and concentrated under

vacuum. The residue was then purified by flash mclatography using

43



cyclohexane/EtOAc (8/2) as eluent to afford the tompound (1.102 g, 47% yield) as a
white solid.

ESMS;m/z782(M+1), 391(M+2)

'"H-NMR (CDCh): & 1.48 (m, 36H), 3.80 (m, 2H), 3.83 (m, 2H), 4.12 @H), 6.81-6.98
(m, 2H), 7.09 (dJ = 9.2 Hz, 1H), 7.16 (d] = 7.8 Hz, 1H), 7.34 (t) = 7.9 Hz, 1H), 7.60
(m, 2H), 8.60 (t,) = 5.3 Hz, 1H), 8.76 (1) = 4.9 Hz, 1H), 11.54 (bs, 2H).

13C-NMR (CDCk): ¢ 28.0, 28.3, 39.6, 40.2, 66.5, 67.0, 79.3, 79.42,883.3, 104.6,
112.7, 113.9, 115.9, 119.0, 122.7, 129.2, 131.9,23.34.5, 137.5, 153.0, 156.4, 158.6,
158.7, 163.4, 163.5.

Microanalysis: GoHssN7O10: %C 60.30 (59.91), %H 7.20 (7.09), %N 12.45 (13.54

IR v max KBR/cmi 3333 (br, NH), 2226 (CN), 1722 (C=0), 1642 (C=Nj12 (C=N)

Mp 120-122C

2, 3'-Bis{2-|N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-
(aminomethyl)biphenyl

O o\/\NJ\NHBoc
H
NBoc

BocHNJ\H/\/O
NH,

2, 3'-Bis{2-[N, N-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-ayabiphenyl (0.54

g, 0.7 mmol) was dissolved in THF (14 mL) and JOH (2.4 mL) was added followed
by Raney Nikel (0.5 g). The mixture was stirredorigusly under K atmosphere for 16

h. The catalyst was filtered off and washed sewuérads with MeOH. Diethylenetriamine
(1eq) was added and the mixture stirred for 30 testhen concentrated under vacuum.
The residue was dissolved in EtOAc (10 mL) and wdshith sat. ag. NaHCGJ10 mL).
The organic layer was dried over Mg§@iltered and concentrated under vacuum. The
residue was then purified by flash chromatograpiggiDCM/MeOH (97/3) as eluent to
afford the product (0.213 g, 39% vyield).

ESMS;m/z787 (M+1), 394 (M+2)
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'H-NMR (CDCk): d 1.47 (m, 36H), 3.59 (m, 2H), 3.78 (m, 4H), 4.03)(t 4.9 Hz, 2H),
4.10 (t,d = 4.9 Hz, 2H), 6.86 (dd] = 8, 2Hz, 1H), 6.93 (d] = 8.3 Hz, 1H), 7.20-7.30 (m,
4H), 8.63 (tJ = 5.2 Hz, 1H), 8.74 (1) = 5.1 Hz, 1H), 11.54 (bs, 2H).

BC-NMR (CDCh): 0 28.1, 28.3, 40.1, 40.3, 45.9, 66.3, 67.1, 79.30,883.1, 112.9,
113.2, 115.6, 123.0, 127.3, 128.9, 129.9, 130.8,2339.7, 152.9, 153.0, 154.2, 156.3,
156.3, 158.4, 163.5, 163.5.

Microanalysis: GgHsgN;O10- HO: %C 58.60 (58.27), %H 7.4 (7.65), %N 12.20 (1).91
IR v max KBR/cmi 3338 (br NH, NH), 1722 (C=ON), 1641 (C=0)

Mp 124-125C

N-{2, 3'-Bis{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-5-
ylmethyl}-3-[2-pyridyl)dithio]propionamide
NBoc

O\/\NJ\NHBOC
H
NBoc
0
s e )
N S. N
YOS
0

To a solution of 2, 3'-Bis{2-[N, N’-bis(tert-butoxgrbonyl)guanidino]-ethyloxy}-5-
(aminomethyl)bipheny(0.10 g, 0.12 mmol) andPr,EtN (40 pL, 1eq) in DCM (1.5 mL)
was added N-succinimidyl-3-(2-pyridyldithio)propiate 9 (44 mg, 0.12 mmol) and the
mixture was stirred in the dark for 24 h. The sotwyas removed under vacuum and the
crude oil was purified by preparative TLC (ethyktate/hexane 1/1) to afford the title
compound (25 mg, 21% yield).

ESMS;m/z983(M+1), 492(M+2)

'H-NMR (CDCh): J 1.49 (m, 36H), 2.62 (t) = 6.5 Hz, 2H), 2.72 (t) = 6.5 Hz, 2H),
3.76 (m, 2H), 3.83 (m, 2H), 4.08 (m, 4H), 4.45 J& 5.4 Hz, 2H), 6.95 (m, 4H), 7.21
(m, 4H), 7.55 (m, 2H), 8.10 (d,= 4.8 Hz, 1H), 8.46 (t) = 4.7 Hz, 1H), 8.74 (bs, 1H),
11.47 (bs, 2H).
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3C-NMR (MeOH-d4): 28.0, 28.3, 34.5, 35.3, 39.5, 398.3, 66.3, 67.0, 79.3, 81.3,
83.1, 110.5, 111.2, 113.3, 120.5, 120.9, 122.8,11288.9, 130.9, 131.0, 1369, 149.5,
151.2, 153.0, 156.3, 158.8, 159.1, 163.5, 170.5.

IR V max KBR/CM3332 (NH), 1722 (C=0), 1641 (C=0)

N-[2, 3'-Bis(2-guanidino-ethyloxy)-biphenyl-5-ylmettyl]-3-[2-
pyridyl)dithio]propionamide, trifluoroacetate salt 33
NH

O O
H
NH

HZNJ\H/\/O O ! /@
N SN
s7ON
T

N-{2, 3-Bis{2-[N, N’-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphg-5-
ylmethyl}-3-[2-pyridyl)dithio]propionamide (25 mg0.025 mmol) was dissolved in a
mixture of TFA/HO/triisopropylsilane 95/2.5/2.5 (1 mL) and stir@oroom temperature
for 3 h. The solvent was removed under vacuum ve 8B as colourless oil (20 mg,
80%).

ESMS;m/z582(M+1), 292(M+2)

"H-NMR (MeOH-d4):9 2.65 (t,J = 6.7 Hz, 2H), 3.07 (t, 2H] = 6.7 Hz, 2H), 3.50 (m,
2H), 3.60 (m, 2H), 4.10 (m, 4H), 4.35 (s, 2H), 6(@1J = 7.4 Hz, 1H), 7.10 (m, 7H),
7.74 (m, 2H), 8.35 (d] = 4.7 Hz, 1H).

BC-NMR (MeOH-d4):026.9, 29.7, 40.4, 67.2, 67.7, 104.6, 112.8, 11514.8, 119.0,
121.0,128.1, 128.3, 128.6, 129.6, 131.4, 133.1, 134.9,91337.1, 156.0, 156.8, 158.7.
IR V max KBR/cM3376 (NH), 1681(C=ON)
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Tribenzyl 2,2',2"-(5-cyanobiphenyl-2,2',3'-triyltr is(oxy))tris(ethane-2,1-
diyl)tetracarbamate 34

O
Soe-
NHZ
O/\/

O
0
CN

A degassed mixture df-(2-(4-cyanophenoxy)ethyl)-2-phenylacetamii® (1.0 g, 2.67
mmol) 2,2'-(3-(4,4,5,5-tetramethyl-1,3,2-dioxabaroi2-yl)-1,2-phenylene)bis(oxy)bis
(ethane-2,1-diyl)dicarbamaté (2.07 g, 3.47 mmol), Pd&lppf.CHCI, (100 mg, 4
mol%), potassium phosphate (1.13 g, 5.34 mmolyetod (2 mL) and water (0.133 mL)
was heated at 10G for 18 h. The reaction mixture was diluted in BtO)(25 mL) and
water (25 mL) was added. The layers were sepaeatédhe aqueous layer was extracted
with EtOAc (3 x 25 mL). The combined organic layamsre dried over MgSO4, filtered
and concentrated under vacuum. The residue wasptinéied by flash chromatography
using cyclohexane/EtOAc (75/35) as eluent to af@®#dl1.9 g, 93% yield).

H-NMR (CDCk): d 3.15 (m, 2H), 3.38 (m, 2H), 3.46 (m, 2H), 3.60 @h), 3.68 (m,
2H), 4.12 (m, 4H), 5.00 (bs, 2H), 5.03 (bs, 2H)75(Bs, 2H), 5.25 (bs, 1H), 5.32 (bs,
1H), 5.97 (bs, 1H), 6.61-6.93 (m, 6H), 7.07-7.61 /BH).

IR V wax KBR/Ccm 3335(br, NH), 2225(CN), 1714 (C=0)

2, 2', 3-Tris{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-

cyanobiphenyl
NBoc
(\NJ\NHBOC
o H
O H NHB
X oAy e
BocHN H/\/O O NBoc
CN
Tribenzyl 2,2',2"-(5-cyanobiphenyl-2,2',3'-triyfifoxy))tris(ethane-2,1-diyl)

tetracarbamat84 (1.6 g, 2.11 mmol) was dissolved in DCM (10 mLya#Br (30% in

acetic acid, 10mL) was added dropwise. After stgrat room temperature for 2 h, water
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(25 mL) was added to the mixture, the layers wepagted and the aqueous layer was
washed with DCM (2 x 25 mL). The water was then geed under vacuum and the
crude diamine was carefully dried under vacuunséxeral hours.

ESMS;m/z357 (M+1)

H-NMR (MeOH-dy): J 3.05 ((t,J = 5.1 Hz, 2H), 3.30 (m, 2H), 3.52 (t= 4.7 Hz, 2H),
3.98 (t,J= 5.3 Hz, 2H), 3.68 (m, 2H), 4.12 (m, 4H), 5.00, (&), 5.03 (bs, 2H) 5.07 (bs,
2H), 5.25 (bs, 1H), 5.32 (bs, 1H), 5.97 ¢, 6.99, @ 6.9, 2.3Hz, 1H), 7.17-7.26 (m,
2H), (d,J = 8.6 Hz, 1H), 7.65 (s, 1H), 7.80 (dii= 8.6, 2.1 Hz, 1H).

The resulting solid was suspended in DCM (10 mlg iaRrEtN (1.6 mL) and N, N-di-
boc-N’-trifluoromethanesulfonyl-guanidirg(2.47 g, 3eq) were added. The mixture was
stirred overnight at room temperature, diluted vildM (40 mL) then washed with 2M
NaHSQ (25 mL) followed by sat. ag. NaHG@25 mL) and brine (25 mL). The organic
layer was dried over MgSQfiltered and concentrated under vacuum. The vesidas
then purified by flash chromatography using cycharme/EtOAc (80/20) as eluent to
afford the title compound (1.3 g, 57% vyield) aslatessolid.

ESMS;m/z1084(M+1), 542(M+2)

'H-NMR (CDCk): 01.43-1.53 (m, 54H), 3.43 (m, 2H), 3.73 (m, 2H),8(&, 2H), 3.91
(m, 2H), 4.07-4.18 (m, 5H), 6.88 (m, 1H), 6.97 (thi), 7.06 (m, 2H), 7.56 (bs, 1H), 8.41
(bt, 1H), 8.44 (bt, 1H), 8.80 (bt,1H), 11.42 (bbl)111.47 (bs, 1H), 11.10 (bs, 1H).
13C-NMR (CDCk): J 27.8, 28.0, 28.1, 28.3, 38.9, 39.7, 40.6, 66.9),723.5, 79.3, 82.8,
83.1, 85.9, 104.9, 112.7, 114.7, 124.5, 124.1,7121/30.8, 135.9 , 145.8, 149.0, 151.4,
153.0, 156.2, 156.3, 159.5, 163.4.

IR V max KBR/Cmi 3326 (br NH, NH), 2226 (CN), 1724 (C=0), 1619 (C=0)

Mp 74-75C
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2, 2', 3-Tris{2-[N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-
(aminomethyl)biphenyl

N NHBoc
NBoc o >
(@] NBoc
BocHN N/\/

2,2’,3'-Tris{2-[N,N=-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-ayabiphenyl

(0.100 g, 0.092 mmol) was dissolved in THF (1.2 rmbyi NHOH (0.30 mL) was added
followed by Raney Nickel (0.010 g). The mixture wstsred vigorously under H
atmosphere for 16 h. The catalyst was filteredaoff washed several times with MeOH.
Diethylenetriamine (leq) was added and the mixtstieeed for 30 minutes then
concentrated under vacuum. The residue was dissalv&tOAc (10 mL) and washed
with sat. ag. NaHC®(10 mL). The organic layer was dried over MgS@itered and
concentrated under vacuum. The residue was theifiepuby flash chromatography
using MeOH/DCM (5/95) as eluent to afford the tttempound (70 mg, 69% vyield).
H-NMR (CDCL): d1.47 (m, 54H), 3.38 (m, 2H), 3.70 (m, 2H), 3.79 @hi), 3.89 (m,
2H), 3.70 (m, 2H), 4.01 (m, 2H), 6.70-6.95 (m, 4AN5 (M, 2H), 8.34 (bt, 1H), 8.42 (bt,
1H), 8.80 (m, 1H), 11.43 (m, 2H), 11.46 (bs, 1H).

BC-NMR (CDCh): d 28.1, 28.9, 30.34, 38.72, 40.1, 41.5, 41.4, 45086,566.7, 67.2,
68.1, 71.0, 72.4, 78.8, 79.2, 82.6, 82.8, 83.0,81223.8, 124.4, 127.1, 127.2, 128.5,
131.0, 131.4, 132.5, 136.0, 145.2, 151.6, 152.8,91954.3, 156.0, 156.3, 156.3, 163.4.
IR V wax KBR/C 3335 (br NH, NH), 1722 (C=0), 1641 (C=ON)
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N-{2, 2',3'-Tris{2-[ N, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphenyl-5-
ylmethyl}-3-[2-pyridyl)dithio]propionamide
NBoc

NHBoc

N NHBoc
NBoc o >
o) NB
BocHN N/\/ oc |
\S
N

To a solution of 2,2',3'-Tris{2|>{!, N'-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-5-
(aminomethyl)biphenyl (50 mg, 0.045 mmol) aAdr,EtN (10 pL, 0.10 mmol) in DCM
(0.7 mL) was added N-succinimidyl-3-(2-pyridylditghpropionate10 (13 mg, 0.045
mmol) and the mixture was stirred in the dark fdri2 The solvent was removed under
vacuum and the crude oil was purified by prepaeafi.C (ethyl acetate/hexane 35/75)
to afford the title compound (35 mg, 60 % yield).

ESMS;m/z1285 (M+1), 643 (M+2), 429 (M+3).

'"H-NMR (CDCh): 61.43-1.53 (m, 54H), 2.64 (f, = 7.1 Hz, 2H), 3.10 (&) = 6.8 Hz,
2H), 3.40 (m, 2H), 3.71 (m, 2H), 3.83 (m, 2H), 3(®1, 2H), 4.03 (m, 2H), 4.15 (m, 2H),
4.38 (d,J = 5.6 Hz, 2H), 6.84-7.06 (m, 7H), 7.23 (m, 1H),T7(6, 2H), 8.31 (dd) = 4.1,
1Hz, 1H), 8.39 (bt, 1H), 8.52 (bt, 1H), 8.80 (bt)1H1.40 (bs, 1H), 11.45 (bs, 1H), 11.05
(bs, 1H).

13C-NMR (CDCk): 621.0, 25.5, 28.0, 28.1, 28.3, 34.7, 35.6, 40.08,443.0, 60.3, 66.7,
67.1, 70.6, 79.1, 79.2, 82.9, 83.0, 112.1, 11219,9, 120.7, 123.8, 124.3, 127.0, 128.8,
130.5, 131.4, 132.7, 136.9, 145.4, 1495, 151.6,81553.0, 154.8, 156.1, 156.2, 156.3,
159.7, 163.3, 163.5, 170.5.
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N-[2, 2', 3'-Tris(2-guanidino-ethyloxy)-biphenyl-5-yymethyl]-3-[2-
pyridyl)dithio]propionamide, trifluroacetate salt 35
NH

ﬁNJ\NH2
5 H

D'
NH o/\/N\[(

HZN)J\H/\/O O y NH Pz |
s
S N
0]

N-{2, 3'-Bis{2-[N, N’-bis(tert-butoxycarbonyl)guanidino]-ethyloxy}-biphg-5-
yimethyl}-3-[2-pyridyl)dithio]propionamide (6 mg) as dissolved in a mixture of TFA/

NH,

H,Oltriisopropylsilane 95/2.5/2.5 (1 mL) and stirradroom temperature for 3 h. The
solvent was removed under vacuum to @®es colourless oil (4 mg, 60%).
ESMS;m/z343 (M+2)

'"H-NMR (MeOH-d,): J 2.68 (t,J = 6.8Hz, 2H), 3.07 (t) = 6.7 Hz, 2H), 3.20 (m, 2H),
3.42 (m, 2H), 3.65 (m, 2H), 3.90 (m, 2H), 4.08 @hl), 4.17 (m, 2H), 4.37 (bs, 2H), 6.86
(m, 1H), 7.05-7.29 (m, 6H), 7.73 (m, 2H), 8.37 (th).

3Cc-NMR (CDCh): 0 35.4, 35.8, 42.3, 43.0, 43.6, 68.3, 68.8 67.17,729.1, 114.1,
114.5, 121.2, 122.4, 125.0, 125.6, 128.9, 129.0,91332.7, 134.6, 139.1, 146.5, 150.4,
152.7, 156.1, 159.3, 161.0, 173.6.

Theoretical Mass: (M + H) 684.28572. Measured M@gs+ H) 684.28417

IR V max KBR/CM3412 (br NH, NH), 1677 (C=ON)
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Biology: experimental methods

Protein expression and coupling to xG-SMoC and AlexFluor 488

Geminin and 15k were expressed and purified asrittestt® We conjugated geminin
with Alexa Fluor 488 using the Molecular Probest®iro Labelling kit, according to the
manufacturer’'s protocol (Invitrogen). Coupling reaes of proteins with the different
SMoCs have been described in Okuyama et al. 2@ 73)r The efficiency of coupling
was assessed by spectrophotometric quantificafigayradyl at 343 nm and monitoring
release of sulfhydryl groups using Ellman’s Reag@pierce, Rockford, IL, USA)
according to Pierce protocol 22582.

Cell Culture
Human U20S and WI-38 human diploid fibroblasts (HDWwere cultured in DMEM
supplemented with 10% FCS, 100 U/mL penicillin &t mg/mL streptomycin.

Subcellular localization studies

For detection of different xG-SMoC-geminin-Alexabtd88 uptake into live cells,
exponentially growing cells (WI-38 HDF and U20S)reeultured on glass coverslips.
Cells were washed in PBS, and incubated with fragldium containing 1@M xG-
SMoC-Geminin-AlexaFluor488. Coverslips were washgténsively in PBS, placed in a
plate containing medium without Red Phenol (Gibeal observed by live confocal
fluorescence microscopy (MP-UV, Leica Microsyste@mbH, Wetzlar, Germany) using
40x and 63x water immersion objectives. In orderotmtain similar fluorescence
intensities, WI-38, and U20S cells required incidratvith the protein conjugate for 1

and 5 hours respectively.

Fluorescence detection by FACS analysis

To evaluate and compare the ability of different &84 to carry biomolecules into
different human cells and provide a measure ofdtfigiency of cell penetration we
treated xG-SMoC-geminin-AlexaFluor488 moleculeswitl-38 and U20S.
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Cells were seeded in 6-well plates and incubateith WD pM xG-SMoC-geminin-
AlexaFluor488 for 3 h (WI-38) or 5 h (U205S).

Cells were then washed extensively with PBS, tnjpsd, resuspended in medium,
washed again in cold PBS and immediately analygdeldw Cytometry (FACSCalibur).
A total of 10,000 cells per sample were countede fiean fluorescence intensity of
AF488-15k-SMoCs treated cell populations was comgbawith untreated control cells
and cells incubated with AF488 or AF488-15k only.

Cell proliferation assay

To assess whether 15k geminin retains its abititynhibit DNA replication in cycling
cells when coupled with xG-SMq@Q@O uM of xG-SMoC-15k was added to WI-38 and
U20S and replenished every 24 h, for a total 72atient. Seventy-one hours after the
initial treatment, cells were pulse-labelled foh With 10uM BrdU, then fixed with 4%
paraformaldehyde, and treated as describedConfocal fluorescence microscopy was

performed on a Leica TCS DMRE confocal microscope.
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Fgure S

Fig. S1 Live microscopy Visualisation of delivery of SMoC anal@gucoupled to
geminin labelled with Alexa Fluor 488 in WI-38 HDF. Final catrations of

geminin 10uM. Analogues are as in Fig. 2 in the manuscript.
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