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General Information:

All reactions involving air- or moisture-sensitiveagents or intermediates were carried out in flame
dried glassware under an argon atmosphere. Drestd\(THF, toluene, MeOH, DMF) were used as
commercially available. Analytical thin-layer chratography (TLC) was performed on Merck silica gel
aluminum plates with F-254 indicator. Compoundseneisualized by irradiation with UV light or
potassium permanganate staining. Column chromaibgravas performed using silica gel Merck 60
(particle size 0.040-0.063 mmH-NMR and**C-NMR were recorded on a Bruker DRX400 (400 MHz),
Bruker DRX500 (500 MHz) and INOVA500 (500 MHz) &a@BK using CDG, MeOD or (CR)2S0O as
solvents. All resonances are reported relative MST Spectra were calibrated relative to solvent’s
residual proton and carbon chemical shift: CD®B7(26 ppm forrH NMR and$=77.16 ppm for*C
NMR); (CD3)2S0:5=2.50 ppm fortH NMR and5=39.52 ppm fot*C NMR); MeOD ¢=3.31 ppm for

H NMR and$ = 49.00ppm fo*C NMR). Multiplicities are indicated as: bs (broadd singlet), s
(singlet), d (doublet), t (triplet), g (quartetyig (quintet), m (multiplet); and coupling constaid) are
given in Hertz (Hz). In the NMR spectra where rogaim mixtures are present, the proton signals that
split are given as fractions (e.g. 0.5H) so asasilg differentiate which signals split due to thexture

and which don’t. High resolution mass spectra weoerded on a LTQ Orbitrap mass spectrometer
coupled to an Acceka HPLC-System (HPLC column: HgpeGOLD, 50 mm x 1 mm, particle size 1.9
um, ionization method: electron spray ionizatiomegairative HPLC separations were carried out using
a reversed-phase C18 column (RP C18, flow 20.0 nmlL/solvent A: 0.1% TFA in water, solvent B:
0.1% TFA in Acetonitrile). All other chemicals asdlvents were purchased from Sigma-Aldrich, Fluka,
TCI, Acros Organics, ABCR and AlfaAesar. Unless enttise noted, all commercially available
compounds were used as received without furthefigatrons. Compounds with 2-substituted nicotinic
acid can give rise to very complicated spectra. [@bk of impurities/isomers was checked by the NMR

spectra of the starting material of the final reactthe free amine (compoud@). At that point, we can
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see that only one isomer is present and with vigly purity. However, the formation of the amide tdon
and 2-substitution of the nicotinic acid can gieito rotamers and atropoisomers, respectivelg. ddn

be seen in the NMR spectra of the final produectssdme cases, due to very complicated spectra, only
1H are given. This is nicely noticeable when weklabthe 78 ppm area of thi€ spectra, where 4 signals
can be seen for the same carbon (instead of tmeahdrsignal per carbon). Purity was checked byluEP
and in all cases over 95% before submitting thepmmds for biological activity measurement. Also,
when describing the 1H Spectra, data is given@mtlost clear way possible. Some signals are gisen a
fractions of protons and some apparent couplingstaons are given in cases were clearly the signal
splitting is due to rotamers/atropoisomers andhbemause of actual coupling between 1H nuclei (i.e.
values over 30 Hz). Furthermore, when easily datexchthe ratio of the rotamers mixture was given,
but for simplification the integrals of the NMR sp& was given 0.5H/0.5H (instead of e.g.

0.46H/0.54H).



SAR analysis of the indomorphan class

Supporting Table St Complete SAR of the Indomorphan compound class.
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Entry Compound Rl R2al R3lal R4lal IC50 (uM)b!
1 (%)-Glupin Me H CH2COzEt 2-(methylthio)pyridin-3-yl 0.055 +0.017
2 5b Ac H CH2COzEt 2-(methylthio)pyridin-3-yl 0.053 +0.023
3 5c H H CH2COzEt 2-(methylthio)pyridin-3-yl 0.13 +0.05
4 5d "Pr H CH2COzEt 2-(methylthio)pyridin-3-yl 0.087 +0.015
5 Se PEG* H CH2CO2Et 2-(methylthio)pyridin-3-yl 0.083 + 0.026
6 5z Allyl H CH2COzEt 2-(methylthio)pyridin-3-yl 0.12 +0.02
7 5f Me 5-OH CH2CO,Et 2-(methylthio)pyridin-3-yl 0.10 +0.06
8 59 Me 5-Cl CH2COzEt 2-(methylthio)pyridin-3-yl 14+0.2

9 5h Me 7-Cl CH2CO,Et 2-(methyithio)pyridin-3-yl 0.21 +0.09
10 5i Me 5-COzEt CH2COzEt 2-(methylthio)pyridin-3-yl >30

11 5aa Me 5-OMe CH2COzEt 2-(methylthio)pyridin-3-yl 4.22 +3.46
12 5ab Me 5-COmorpholine CH2COzEt 2-(methylthio)pyridin-3-yl >30

13 (-)-5ac Me 5-Br CH2COzEt 2-(methylthio)pyridin-3-yl 47+0.8
14 (+)-5ac Me 5-Br CH2COzEt 2-(methylthio)pyridin-3-yl >30

15 5j Me H H 2-(methylthio)pyridin-3-yl >30

16 5k Me H CH2CO2'Bu 2-(methylthio)pyridin-3-yl 0.19 +0.06
17 5l Me H CH2CO2"Pr 2-(methylthio)pyridin-3-yl 0.093 +0.035
18 5ml Me H CH2CONHMe 2-(methylthio)pyridin-3-yl 1.45+0.6
19 5n Me H CH2CO2H 2-(methylthio)pyridin-3-yl 10.0+4.0
20 50 Me H furan-2-ymethyl 2-(methylthio)pyridin-3-yl 6.7+24
21 5p Me H CO2Et 2-(methylthio)pyridin-3-yl 28+2

22 5q Me H (CH2)2CO2Et 2-(methylthio)pyridin-3-yl 8.4+3.6
23 5ad Me H CH2CO2Me 2-(methylthio)pyridin-3-yl 0.089 +0.032
24 Sae Me H CH2CO2Ph 2-(methylthio)pyridin-3-yl 0.22+0.08
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Entry Compound R R2al R3lal R4lal IC50 (uM)b]
25 5rld Me H CH2CO:Et N-morpholino 3.16++0.6
26 5sldl Me H CH2CO:Et 2-furyl 3.4+0.3
27 5t Me H CH>CO:Et pyridine-3-yl 23+0.8
28 5u Me H CH>CO:Et 2-fluoropyridin-3-yl 0.54+0.16
29 5v Me H CH>CO:Et 2-methoxypyridin-3-yl 0.23+0.05
30 5w Me H CH2COzEt 2-trifluoromethylpyridin-3-yl 0.12 +0.03
31 5x Me H CH2COzEt 2-(methylthio)-4- 67+1.6
(trifluoromethyl)pyridin-3-yl
32 5y Me H CH>CO:Et 2-(methylthio)-5- 14+4
(trifluoromethyl)pyridin-3-yl
33 5af Me H CH2COzEt 2-chloropyridin-3-yl 0.093 +0.041
34 5ag Me H CH2COzEt 2-(methylsulfonyl)pyridin-3-yl 1.7+£0.7
35 5ah Me H CH2COzEt 2-(phenylthio)pyridin-3-yl 0.14 +0.07
36 5ai Me H CH2COzEt 2-("propylthio)pyridin-3-yl 0.19+0.12
37 5aj Me H CH2COzEt 2-bromopyridin-3-yl 0.18 +0.06
38 5ak Me H CH>CO:Et 2-ethoxypyridin-3-yl 0.22+0.07
39 5al Me H CH2COzEt 2-morpholinopyridin-3-yl 14+0.2
40 5am Me H CH2COzEt 2-pivalamidopyridin-3-yl >30
41 5an Me H CH2COzEt pyridine-2-yl 24 +3
42 5a0 Me H CH2COzEt pyridine-4-yl 13+3
43 5ap Me H CH2COzEt pyrimidin-5-yl 14+5
44 5aq Me H CH2COzEt thiophen-2-yl 3.0+04
45 5ar Me H CH2COzEt 6-methyl-2-(methylthio)pyridin-3- 6.7+1.6
yl
46 5as Me H CH2COzEt 5-bromo-2-(methylthio)pyridin-3- 14+4
yl
47 Sat Me H CH2COzEt 2-(5-methylfuyl) 8.6+4.0
48 Sauld Me H CH2CONHMe 1-(thiophen-2-yl)methan-1-yl 16+1
49 Savld Me H CH2CONHMe pyrazin-2-yl >30
50 Saw!d Me H CH2CO:Et pyrazin-2-yl 20+0.4
51 Saxd Me H CH2CONH: pyrazin-2-yl >30
52 Sayld Me H CH2CONHMe N-morpholino >30
53 5azld Me H CH2CONHMe 3-(trifluoromethyl)anilinyl >30
54 5baldl Me H H (No carbonyl) 1- >30
benzoylpiperidin-4-yl
55 5bbld Me H H 3-(trifluoromethoxy)phenyl >30
56 5bcld Me H H (No carbonyl) pyridine-2-yl >30

10
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Entry Compound R R2al R3lal R4lal IC50 (uM)b]

57 5bdl pyridine H H 3-cyanophenyl >30
-2-yl

58 Speld pyridine H H cyclopentanamine >30
-2-yl

59 5bfldl pyridine H H aniline >30
-2-yl

60 Sbgld Me H CH2CONHMe (No carbonyl) tetrahydro-2H- >30

pyran-4-yl

61 5bhld Me H CH2CONHMe ethylamine >30

62 5pild pyridine H H 2-phenylethan-1-yl >30
-2-yl

63 5hjd pyridine H H phenylmethanamine >30
-2-yl

[a] The cells highlighted indicate where the magiifion was introduced compared to (£)-Glupin (entry

1). [b] ICso values determined for the inhibition of 2-DG uptakeHCT116 cells using the semi-

automated hight-throughput assay. Data are mearesvdmore than three independent experiments).

Data are mean values + s.d. [c] PEG*: (2,2-dimethglxo-3,9,12,15-tetraoxa-5-azaoctadecan-18-

yl)carbamic acid (see section: Synthesis of theotmokphan class of compounds, comgsk). [d]

Compound obtained commercially from EDELRIS.
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General Procedures:

General Procedure A: Fischer Indole Synthesis.

The corresponding ketone (1.0 equiv.) was dissalvedetic acid (0.15M), the corresponding hydrazin
hydrochloride (1.0 equiv.) was added and the smhutras stirred and refluxed for 1.5h. The reacivas
guenched with sodium bicarbonate (saturated aqusmusgon), the mixture was extracted with £CHp,
dried over MgSG@ filtered and the solvents were concentratedacuo. The crude product was purified
by flash chromatography (5 to 50% E.A./&Hp) to afford the corresponding indole as the pamg

diasteroisomer as an orange solid.

General Procedure B: IndoleN-alkylation (1).

The corresponding indole (1.0 equiv.), cesium caat® (3.0 equiv.) and a 2-bromoacetate compound
(3.0 equiv) were dissolved in DMF (0.17M) and alémnto stir at room temperature for 2h. The reaction
was then partitioned between € and BRINE/HO (1:1). The aqueous phase was extracted with
CHCl> (5X), dried over MgSQfiltered and thesolvents were concentratedvacuo. The crude product
was purified by column chromatography (1 to 5% EA>Cl») to afford the corresponding alkylated

indole product as an orange oil.

General Procedure C: IndoleN-alkylation (2).

The corresponding alkyl bromoacetate (3.2 equia¥ wdded to a stirred suspension of the indole (1
equiv.) and C£ Oz (3.2 equiv.) in DMF (0.5 M) and the reaction mpdwvas stirred at rt. After 24 h, the
reaction mixture was diluted with EtOAc (20 mL) andshed sequentially with.® (20 mL), sat. brine

(2 x 20 mL) and sat. LiCl (2 x 10 mL). The orgatager was dried over MgSQfiltered and conan

vacuo to give a crude mixture.

12
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General Procedure D: Chz deprotection.

The corresponding Cbkl-protected compound (1.0 equiv.) was dissolvedtivamol (0.15M), Pd/C
(50mg/mmol) was suspended in the reaction andtthesphere was changed to hydrogen gas (latm).
After 5h the mixture was filtered through Celit@/\&nts were concentrated vacuo and the crude
product was purified by column chromatography (5%W/CHCI,) to afford theN-deprotected product

typically as a white solid.

General Procedure E: Amide formation.

The corresponding amine (1.0 equiv.), triethylamih® equiv.) and the corresponding aroyl chloride
(2.0 equiv.) were dissolved in GEI> (0.2M) and the reaction was allowed to stir ovginhiat room
temperature. The mixture was washed with waterBRINE, solvents were concentratedvacuo and
the crude product was purified by chromatographytgparative HPLC (10% to 50% ACN/E with

0.1% TFA), unless otherwise stated, to afford tttwmorphan class analogue.

General Procedure F: Cbz deprotection and amide fonation one-pot

Pd on activated carbon (10% w/w), was added tareedtsolution of the carbamate (1 equiv.) and
ammonium formate (5 equiv.) in EtOH (0.1 M) and thaction mixture was heated to reflux. After 2 h,
the reaction mixture was allowed to cool to rt, diftdred in vacuo through a celite pad, elutinghwi
CHCI: (4 x reaction volume) and the filtrate concenttatevacuo. The crude was rediluted in GEl>
(0.15 M) and EiN (1.6 equiv.) and the corresponding acyl chloritl& equiv.) were added and the

reaction mixture was stirred at rt. After 24 h teaction mixture was conm vacuo to give a crude. The

13
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crude product was purified by preparative HPLC (1@%%0% ACN/HO with 0.1% TFA), unless

otherwise stated

General Procedure G: Cbz deprotection with HBr

To a solution of the corresponding Chz-protecteshpound (1 equiv)l) in acetic acid (0.3 M), HBr in
acetic acid 33% solution (0.98 equiv.) was addatithe reaction was allowed to stir for 30 min. Then
water was added and the aqueous phase was extreithe@H.Cl> (5X). Evaporation of the solvents

under reduced pressure afforded the correspondsrgarhine salt as an orange sticky foamy solid.

General Procedure H: Carboxylic acid chlorination and amide formationin situ

To a solution of nicotinic acid (1.2 equiv.) (13rfy, 0.110 mmol) in toluene (0.067 M) thionyl chbbei
(1.2 equiv) freshly distilled and a drop of DMF wexdded. The solution was stirred at reflux fortthan
solvents were evaporated and the crude was redessol CHCI> (0.55M). The solution was canulated
to another solution of compouri®a (1.0 equiv), triethylamine (1.2 equiv.) in @H> (0.37 M). The
mixture was allowed to stir at room temperatureroigt. Then the organic phase was washed with

water and BRINE, concentratadvacuo to afford the crude product.

General Procedure I: TBTU-mediated amide bond formé&on
Compoundl?a (1.0 equiv.), TBTU (CAS: 125700-67-6) (1.6 equiand the corresponding carboxylic
acid (1.5 equiv.) and DIPEA (2.5 equiv.) were diged in DMF (0.06 M), and allowed to stir for 3

hours. The solvents were concentratedacuo to afford the crude product.

14
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General Procedure J: Synthesis of 2-Substituted natinic acid and amide bond formation
2-chloronicaotinic acid (1.0 equiv.) and sodium thigtoxide (2.5 equiv.) were suspended in dioxang (0.
M) and water (1.0 M) in a sealed tube. The reactias stir overnight at 120°. The reaction was then
acidify with citric acid (20% aqueous solution)dbl 3-4, extracted with ethyl acetate and concegdrat

in vacuo to afford the crude product.

15
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Synthesis of (£)-Glupin:

Compound (Scheme S1), was synthesised following the redgtecedure from Bonjoch et 3.

o]
o o
(e} ~ ~~
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OEt O NaBH, OW Cbz-Cl o
. ——— B ————— —_—
DCM, M.S. MeOH MeCN, K,CO4 W

0" o
4h, R.T. Q" o 12h, R.T. o” o 12h, R.T.
g \_/ 9 10 0 O 11
99% 99% 75%
o>_ Ox O HCI(10%)/THF
0
N O\—ph Y 3h, R.T.
@\/Q) PANHNH, N Mel. Ago QJ 86%
/ - “oom
PR N ”OMe AcolHérﬁflux OMe 72h R.T.
Br” “CO,Et H : 4%
Cs,CO3, DMF 3a 74% O 2a °
6h, R.T. o —N
88% O SMe \ 7/

\_Ph NH

N\ _Hp PdC \ ) z N\
N EtOH, “EwoH, sh N OMe DCM, NEt, N
86% \( 12h, R.T. o
S ’ 0 53% -
~ \\8 4a ~ {

e} (6]

OMe

5a

Supporting Scheme S1Synthetic pathway towards (+/-)-Glupin.

@]
/\O)J\N NG
Qj R
o O
-/

Benzyl (2,2-diethoxyethyl)(1,4-dioxaspiro[4.5]decaB-yl)carbamate (11):

To a room temperature solution of the crude amid¢10g, 36.58mmol) in MeCN (0,155M), K2CO3
(10.11g, 73.16mmol) and benzyl chloroformate (1#473.16mmol) were added. The mixture was
allowed to stir at room temperature for 12h. THemdolvent was evaporated and the oil was pargéition

between BRINE and Ci€l>. The agqueous phase was extracted 2 times with ZH2@l the organic
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phases were combined. Solvents were removed tadatie crude product that was further purified by
chromatography (2 to 30% E.A./GEl) to yield compound 4 as a colourless oil (11.1&$56).

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1§:1.12 (m, 6H), 1.59-1.78 (m, 8H), 1.88 (m, 2H),
3.25-3.73 (m, 7H), 3.92 (s, 4H), 4.53 (bs, 0.5HJ04(bs, 0.5H), 5.14 (s, 2H), 7.28-7.38 (m, 5H).
HRMS (ESI): calc. for [M+H]" C22H34NOe: 408.23806, found. 408.23844.

OYO\/Ph

N

/7
‘r

OH

O

(x)-Benzyl-4-hydroxy-6-o0xo-2-azabicyclo[3.3.1]nonag2-carboxylate (1):

Carbamaté1(11.18g, 27.43mmol) was dissolved in a mixtureldFT{180mL, 0.15M) and 10% aqueous
HCI (365mL, 0.075M) and stirred at room temperatiore3h. The mixture was extracted with &b
and the solvents removed. Crude prodii.98g, 88%) contains around 15% of #yie diasteroisomer
but is pure enough to continue the synth8gisandanti diasteroisomers coelute and cannot be separated
by chromatography.

'H NMR (CDCI3, 400MHz) (NMR Spectra shows a 1:1.5 mixtuferotamers plus a somgn
diasteroisomer, data given for the mayor diasterney) 1.91-2.24 (m, 4H), 2.40-2.61 (m, 2H), 2.79 (bs,
1H), 2.88 (tJ= 12.3, 1H), 3.01-3.04 (m, 1H), 3.92-4.02 (m, 1HR9(dd,J =13.3, 6.1 Hz, 0.6H), 4.37
(dd,J=13.5, 6.1 Hz, 0.4H), 4.52 (bs, 0.4H), 4.63(bs, 0,@HL5 (s, 2H), 7.35 (m, 5H).

13C NMR (CDCI3, 100MHz)3$ 27.7, 28.7, 29.5, 30.0, 36.9, 38.4, 38.5, 43.1,46.1, 46.3, 49.4, 49.6,
67.6, 67.9, 128.0, 128.1, 128.2, 128.3, 128.7,3,.336.6, 155.5, 212.5, 213.4

HRMS (ESI): calc. for [M+H]" C16H20N04:290.13868, found:290.13906
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(x)-Benzyl 4-methoxy-6-0x0-2-azabicyclo[3.3.1]Jnom&-2-carboxylate (2a):

Ketone5 (3.0g, 10.37 mmol) was dissolved in & (0.145M) and protected from light. Silver oxide
(12.01g, 51.84 mmol) and methyl iodide (3.23mL85Immol) were added and the reaction was allowed
to stir at room temperature for 48h. The reactias Viltered through Celite and solvents were evaieol.
The crude was purified by chromatography (8 to 3% /CH:Cl,) to obtain6 (isolated with 10% of the
syn diasteroisomer) (2.01g, 64%) as a colorless dll starting materiab (0.690g, 23% recovergyn
andanti diasteroisomers coelute and cannot be separateldrognatography.

'H NMR (CDCI3, 700MHz) (NMR Spectra shows a 1:1mixturegathmers plus theyn diasteroisomer
impurity, data given for the mayor diasteroisomér}.92-2.05 (m, 3H), 2.13-2.23 (m, 1H), 2.35-2.58
(m, 2H), 3.07-3.20 (m, 2H), 3.30-3.39 (m, 3H), 3(601H), 4.30 (ddJ)=13.6, 7.1 Hz, 0.5H), 4.39-4.42
(m,1H), 4.51 (bs, 0.5H), 5.13-5.18 (m, 2H), 7.3367(m, 5H).

13C NMR (CDCI3, 100MHz):529.8, 30.4, 30.5, 30.8, 39.0, 44.3, 44.4, 44,9 ,46(.3, 56.6, 56.7, 67.5,
67.6, 75.4, 75.6, 128.0, 128.1, 128.2 128,6 13638,5, 155.4, 155.5, 209.2, 209.3.

HRMS (ESI): calc. for [M+H]" C17H22NO4: 304.15433, found. 304.15450.

Q
>AO¥Ph

N

Y
N OMe
H
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(x)-Benzyl 5-methoxy-1,2,4,5,6,7-hexahydro-3H-2,6-ethanoazocino[5,4-b]indole-3-carboxylate
(3a):

Ketone 6 (2.0g, 6.59mmol) was dissolved in acetic acid @@L, 0.15M). Phenyl hydrazine
hydrochloride (0.953g, 6.59mmol) was added andstiiation was stirred and refluxed for 1.5h. The
reaction was quenched with sodium bicarbonate r@t&itl aqueous solution), the mixture was extracted
with CHCl>, solvents were evaporated and the crude was @airlfy chromatography (3 to 15%
E.A./CH:CI>) to yield compound(as the puranti diasteroisomer) (1.74g, 74%) as an orange solid.

IH NMR (CDCI3, 400MHz):6 2.02-2.11 (m, 2H), 2.54 (d#=23.5, 11.7 Hz, 1H), 2.81 (8=18.0 Hz,
1H), 3.11 (ddd,J=16.8, 7.4, 5.8 Hz, 1H), 3.34 (m, 1H), 3.40 (s, 3855 (td,J=10.3, 5.7 Hz, 1H), 4.13
(dd, J=12.5, 5.1 Hz, 0.5H), 4.29 (dd=12.7, 5.3 Hz, 0.5H), 4.79 (d=28.4 Hz, 1H), 5.18 (dJ=19.3
Hz, 2H), 7.09 (tJ=7.4 Hz, 1H), 7.15 (tdJ=6.8, 1.2 Hz, 1H), 7.31-7.58 (m, 7H), 7.95 {&,12.6 Hz,
1H).

13C NMR (CDCI3, 100MHz)3$ 27.8, 28.2, 30.1, 30.5, 32.5, 32.9, 42.3, 42.4,4%.9, 67.3, 67.5, 77.7,
78.0,109.1,109.4, 111.0, 118.0, 118.1, 119.4,6,4P6.95, 127.00, 127.97, 128.03, 128.1, 12232.46
128.7,132.7, 132.8, 136.1, 136.9, 137.0, 155.7.

HRMS (ESI): calc. for [M+H]" C23H2sN203: 377.18597, found. 377.18728.

o
Yo
N  \—ph
b2
N OMe

(x)-Benzyl 7-(2-ethoxy-2-oxoethyl)-5-methoxy-1,2 8,6,7-hexahydro-3H-2,6-methanoazocinol5,4-
blindole-3-carboxylate (4a):

Compound?7 (1.5g, 3.98mmol), cesium carbonate (3.89g, 11.94hrand ethyl 2-bromoacetate

(2.32mL, 11.94mmol)were dissolved in DMF (23.4mL1 M) and allowed to stir at room temperature
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for 2h. The reaction was then partitioned betwekadd; and BRINE/HO (1:1). The aqueous phase was
extracted with CHLCI, (5X), solvents were removed and the crude wadiedrby chromatography (1to
5% E.A./CHCI) to yield an orange oil as prod&{1.62g, 88%).

'H NMR (CDCI3, 400MHz) (with small impurity of the ethftbromoacetate):1.24 (t,J=7.12 Hz, 3H),
1.97-2.07 (m, 2H), 2.57 (8=11.8 Hz, 0.5H),2.64 (}=11.6 Hz, 0.5H), 2.80 (d=16.8, 0.5H), 2.84 (d,
J=16.9 Hz, 0.5H), 3.16 (td=5.5, 16.1 Hz, 1H), 3.34 (d=9.2 Hz, 3H), 3.40 (s, 1H), 3.54-3.59 (m, 1H),
4.13-4.33 (m, 3H), 4.77-4.84 (m, 2H), 5.08-5.16(H), 5.17 (s, 1H), 5.21 (s, 1H), 7.10 (s, 1H), 7.18
7.21 (m, 2H), 7.31-7.48 (m, 6H).

13C NMR (CDCI3, 100MHz):514.3, 27.9, 28.2, 30.6, 30.9, 31.7, 31.8, 41.6{,445.0, 45.2, 56.8, 56.9,
61.2, 61.4, 67.3, 67.5, 68.3, 78.3, 78.7, 108.9.9,0009.8, 118.1, 118.2, 119.4, 121.6, 126.6, 71.26.
127.9, 128.0, 128.1, 128.2, 128.6, 128.7, 134.8,11336.9, 137.1, 137.2, 155.6, 169.5, 169.6,8.69.

HRMS (ESI): calc. for [M+H] C27H31N20s: 463.22275, found. 463.22269.

NH

@\/@
N OMe
o
)

(x)-Ethyl 2-(5-methoxy-1,2,3,4,5,6-hexahydro-7H-2;6hethanoazocino[5,4-b]indol-7-yl)acetate
(12a):

Compound (1.0g, 2.16mmol) was dissolved in Ethanol (14.46L5M), Pd/C (0.108mg, 50mg/mmol)
was suspended in the reaction and the atmospheyehemged to hydrogen gas (latm). After 5h the
reaction was filtered through Celite, solvents wevaporated and submitted to chromatography (5%
MeOH/CHCI) to yield compoun® as a white solid (0.610g, 86%).

IH NMR (CDCI3, 600MHz):5 1.25 (t,J=7.13 Hz, 3H), 2.00 (dddl=2.3, 3.8, 12.6 Hz, 1H), 2.16 (dt,

J=3.0, 12.6 Hz, 1H), 2.55 (8=11.1 Hz, 1H), 2.81 (d}=17.0 Hz, 1H), 3.06 (dd]=4.5, 11.6 Hz, 1H),
20
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3.19 (dd,J=6.0, 16.9 Hz, 1H), 3.30 (s, 3H), 3.39 (M, 1H), 3%36 (M, 2H), 3.60 (dt)=4.4, 10.4 Hz,
1H), 4.12-4.24 (m, 2H), 4.79 (d=18.0 Hz, 1H), 5.11 (d}=18.0 Hz, 1H), 7.1 (dddl=1.2, 6.6, 7.8 Hz,
1H), 7.18 (tdJ=1.2, 6.6 Hz, 1H), 7.20 (d=8.0 Hz, 1H), 7.49 (dJ=7.8 Hz, 1H).

13C NMR (CDCI3, 100MHz)3$ 14.2, 29.1, 32.1, 32.2, 42.2, 44.8, 45.6, 56.%,606.9, 77.2, 77.4, 78.9,
108.8, 110.4, 118.1, 119.2, 121.3, 126.5, 135.1,(1.369.5.

NOESY: To confirm theanti configuration between the methylene bridge andntle¢hoxy group a
NOESY experiment was done. NOE interactions arevahzelow (for simplicity only one enantiomer

has been drawn).

Hy 55/3.06

Supporting Figure ST Proton coupling detected by NOESY experiment.

HRMS (ESI): calc. for [M+H]" C19H2sN203: 329.18597, found. 329.18658.

N
Q$-2
N OMe
\/O\« TFA salt
0
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(¥)-Glupin-1: Ethyl 2-(5-methoxy-3-(2-(methylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5a):

Compound 9 (50.0 mg, 0.152 mmol), Triethylamine (0.0254mL, 18 mmol) and 2-
(methylthio)nicotinoyl chloride (28.5mg, 0.152mmalgre dissolved in C#Cl> (0.8mL, 0.2M) and the
reaction was allowed to stir overnight at room teragure. The reaction was washed with water and
BRINE, solvents were evaporated and the crude ptodias purified by chromatography (1.5%
MeOH/CHCI,) and by preparative HPLC (10% to 50% ACMNIMHwith 0.1% TFA) to yield compound
10(38.6mg, 53%) as the TFA salt.

IH NMR (CDCI3, 500MHz):5 1.22-1.27 (m, 3H), 1.94-2.33 (m, 2H), 2.60-2.66 4H),2.83-3.10 (m,
1.5H),3.18 (s, 1.5H), 3.30-3.36 (m, 1H), 3.42 (§H), 3.48 (s, 1H), 3.69-3.84 (m, 1H), 4.01 (bs-0).,5
4.10-4.26 (m, 2H), 4.79 (dd=18.0, 14.4 Hz, 1H), 4.89 (dd=4.9, 12.9 Hz, 0.5H), 5.03 (d=18.0 Hz,
0.5H), 5.15 (d,)=18.0 Hz, 0.5H), 5.44 (bs, 0.5H), 7.06-7.23 (m, 4H%4-7.52 (m, 2H), 7.73 (bs, 1H),
8.51 (d,J=3.8 Hz, 0.5H), 8.57 (dl=3.8 Hz, 0.5H).

13C NMR (CDCI3, 100MHz)3 13.3, 13.5, 14.3, 31.5, 31.9, 32.3, 43.3, 45.(1,,48.4, 57.1, 61.5, 78.1,
79.2, 109.0, 109.1, 118.2, 118.3, 119.4, 119.6,9.211?6.6, 133.8, 133.9, 134.1, 137.2, 137.3, 149.5
149.6, 167.4, 169.4, 169.5.

HRMS (ESI): calc. for [M+H]" C26Hz0N304S: 480.19515, found. 480.19559. Af

Optical rotation: (not as the TFA salt): (+)-Glupin-kp= + 10.7° £ 3.4; (-)-Glupin-1df]po= - 10.0° %

1.0
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Synthesis of the Indomorphan class of compounds

Rl

(x)-Benzyl 4-acetoxy-6-o0xo-2-azabicyclo[3.3.1]Jnonar2-carboxylate (2b):

Compoundl (2.0 g, 6.91 mmol) was dissolved in pyridine (40,175 M). To this solution a solution
of acetyl chloride (1.5 mL, 20.73 mmol) in @2 (40 mL, 0.175 M). was added dropwise at -10°, the
reaction was stirred at this temperature for 3 fioline reaction was then washed with a saturatetieo

of copper sulfate (8X) to remove the pyridine. Bobsents were coevaporated with toluene and theecru
was then purified by chromatography (5 to 20% ECALCIy) to yield produc®b (with ~15% of thesyn
diasteroisomer) (1.6g, 69%) as a light brown oil.

'H NMR (CDCI3, 400MHz) (NMR Spectra shows a 1:1 mixturegathmers, data given for the mayor

diasteroisomer)d 1.97-2.06 (m, 6H), 2.16-2.28 (m, 1H), 2.36-2.54 {H), 2.59-2.65 (m, 1H), 3.00 (s,
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1H), 3.23 (tJ=12.0 Hz, 1H), 4.27-4.36 (m, 1H), 4.45 (s, 0.44H554(s, 0.56H), 5.06-5.21 (m, 3H), 7.36
(m, 5H).

13C NMR (CDCI3, 100MHz)3$ 21.0, 29.6, 30.4, 30.5, 30.7, 37.0, 38.9, 43.8,484.2, 44.4, 47.1, 47 .2,
67.7,68.0, 128.1, 128.2, 128.4, 128.6, 128.7,3,.3k5.4, 169.9, 208.4, 208.6.

HRMS (ESI): calc. for [M+H]" C18H22NOs: 332.14925, found. 332.14977.

o>‘

@)

N “—Ph
N /

N OAc

H

(x)-Benzyl 5-acetoxy-1,2,4,5,6,7-hexahydro-3H-2,6athanoazocino[5,4-b]indole-3-carboxylate
(3b):

Compound3b (76% vyield, light orange foamy solid) was synthediZrom 2b following General
ProcedureA, the crude product can be further used to conttheesynthesis. For analytical purposes
some product was purified by chromatography (35% E.A./CHCI>) to yield an orange foamy solid.
'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1:5) 2.07-2.16 (m, 5H), 2.67-2.87 (m, 2H), 3.09-
3.17 (m, 1H), 3.38 (m, 1H), 4.08-4.21 (m, 1H), 4(Z80.4H), 4.86 (m, 0.6H), 5.05-5.12 (m, 1H), 5.14
5.21(m, 2H), 7.12 ()=7.4 Hz, 1H), 7.17-7.21 (m, 1H), 7.29-7.41 (m, 6F}9 (t,J=8.4 Hz, 1H), 7.86
(s, 1H).

HRMS (ESI): calc. for [M+H]" C24H25N204: 405.18088, found. 405.18110.
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(x)-Benzyl 5-acetoxy-7-(2-ethoxy-2-oxoethyl)-1,236,7-hexahydro-3H-2,6-methanoazocino[5,4-
blindole-3-carboxylate (4b):

Compound4b (85% yield, light orange oil) was synthesised fr8infollowing General Procedui®.

IH NMR (CDCI3, 500MHz)3 1.25 (t,J=7.1 Hz, 3H), 2.03-2.15 (m, 5H), 2.68-2.89 (m, 2Bip9-3.25
(m, 1H), 3.34-3.42 (m, 1H), 4.10-4.25 (m, 3H), 4489 (m, 3H), 5.08-5.22 (m, 3H), 7.11-7.15 (m,
1H), 7.20-7.22 (m, 2H), 7.30-7.51 (m, 6H).

13C NMR (CDCI3, 100MHz):6 14.3, 21.2, 27.8, 28.2, 29.4, 29.8, 30.6, 30.60,381.1, 41.1, 44.8,
44.9,61.8,67.5,67.7, 71.4, 71.6, 109.0, 11018, 4, 118.6, 119.9, 122.1, 126.8, 127.8, 128.0,11.28
128.3, 132.9, 136.7, 137.3, 155.5, 168.8, 170.0

HRMS (ESI): calc. for [M+H]+ GsH31N206: 491.21766, found. 491.21961.

N
N
o~
O

(x)-Ethyl 2-(5-acetoxy-1,2,3,4,5,6-hexahydro-7H-2sethanoazocino[5,4-b]indol-7-yl)acetate
(12b):

Compoundl2b (72%, white solid) was synthesised frdimfollowing General Procedui®.
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IH NMR (CDCI3, 400MHz):5 1.26 (t,J=7.1 Hz, 3H), 2.01 (s, 3H), 2.06 (#14.0 Hz, 1H), 2.21 (d,
J=12.6 Hz, 1H), 2.67 (}=11.3 Hz, 1H), 2.80 (bs, 1H), 2.85 @17.1 Hz, 1H), 2.99 (dd=4.7, 12.0
Hz, 1H), 3.22 (ddJ=6.2, 17.2 Hz, 1H), 3.41 (s, 1H), 3.54 (s, 1H), 44126 (m, 2H), 4.87 (s, 2H), 5.08
(dt, J=4.5, 9.2 Hz, 1H), 7.13-7.17 (m, 1H), 7.20-7.26 2H), 7.54 (dJ=7.7 Hz, 1H).).

13C NMR (CDCI3, 100MHz):5 14.2, 21.1, 28.8, 31.1, 33.0, 42.1, 44.7, 45.25612.7, 108.8, 111.4,
118.4, 119.5, 121.7, 126.7, 134.1, 137.0, 168.8,0L7

HRMS (ESI): calc. for [M+H]" C20H25N204: 357.18088, found. 357.18259.

MeS
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(x)-Ethyl 2-(5-acetoxy-3-(2-(methylthio)nicotinoyl}1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5b):

Compoundbb (71%, white solid) was synthesised fra2b following General Procedute.

'H NMR (CDCI3, 400MHz)(rotameric mixture)d 1.25 (t,J=7.12 Hz, 3H), 1.94-2.00 (m, 2H), 2.08 (s,
1H), 2.11-2.19 (m, 1H), 2.27 (bs, 1H), 2.59-2.66 8i), 2.75-3.09 (m, 3H), 3.33-3.38 (m, 1H), 3.50
(dd,J=2.8, 15.0 Hz, 1H), 4.12-4.24 (m, 2H), 4.71-4.90 P), 5.01-5.24 (m, 1H), 5.47 (s, 1H), 7.07-
7.24 (m, 4H), 7.47-7.51 (m, 1H), 7.56 (&7.71 Hz, 1H), 8.38-8.54 (m, 1H).Fe

13C NMR (CDCI3, 100MHz) (rotameric mixturep 13.3, 13.4, 14.2, 21.0, 21.1, 27.1, 28.4, 30.38,30
30.9,31.4,42.8, 44.8,61.8, 71.0, 71.8, 109.6,1,0110.4, 118.4, 118.6, 119.4, 120.0, 120.0,3,22.
122.3, 126.5, 126.7, 130.7, 131.2, 132.8, 132.9,(1334.3, 137.2, 149.6, 156.0, 167.3, 167.4,7,68.

169.8, 169.8
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HRMS (ESI). calc. for [M+H]" C27H30N30sS: 508.19007, found. 508.19232.

MeS
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(x)-Ethyl 2-(5-hydroxy-3-(2-(methylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5c¢):

Compoundbb (0.39 g, 0.786 mmol) and LiOH (0.110 g, 4.61 mnvadye dissolved in a mixture of THF
(0.07M) / BO (0.16M). The reaction was allowed to stir for dmaur then neutralized with HCI 1M to
pH~3 and extracted with GBIl> (3x). Solvents were evaporated and the crude vezslded in EtOH
(0.1 M) and sulphuric acid was added (8 M). Reactias allowed to stir overnight and neutralizechwit
NaCQs. The mixture was then partitioned between watdr@irbCl, and the aqueous layer was extracted
by CHCI> (3x) and dried over MgSO After filtration and evaporation of the solventsder reduced
pressure, the crude product was purified by prepar&lPLC (10% to 50% ACN/KD with 0.1% TFA)
to yield compoundc (53%) as a light yellow solid.

'H NMR (CDCI3, 400MHz) (rotameric mixturey:1.28 (td,J=2.6, 7.1 Hz, 3H), 1.94-2.12 (m, 1H), 2.19-
2.35 (m, 1H), 2.58-2.65 (m, 3H), 3.02 (bs, 2H) 63336 (M, 1H), 3.44-3.47 (m, 1H), 4.00-4.11 (m)1H
4.21 (qdJ=3.5, 7.2 Hz, 2H), 4.68 (dd=5.3, 13.4 Hz, 0.4H), 4.84-5.07 (m, 4H), 5.44 (h6H), 7.06-
7.24 (m, 4H), 7.46 (bs, 1H), 7.54 (d#&7.8, 15.1 Hz, 1H), 8.50 (dd=1.5, 5.1 Hz, 0.6H), 8.57 (dd,

J=1.4, 4.9 Hz, 0.4H).
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13C NMR (CDCI3, 100MHz) (rotameric mixture)3.4, 13.5, 14.3, 28.4, 30.3, 31.5, 33.5, 33.64,442.9,
45.1, 49.1, 62.1, 62.3, 69.4, 70.1, 109.0, 10918.3, 118.6, 119.5, 120.1, 120.2, 122.3, 122.4,5126
126.8, 132.8, 133.3, 134.1, 134.5, 137.3, 137.9,41449.5, 156.1, 167.2, 167.3, 170.2, 170.6.

HRMS (ESI). calc. for [M+H]" C2sH2gN304S: 466.17950, found. 466.17937.

(x)-Benzyl 4-(allyloxy)-6-oxo0-2-azabicyclo[3.3.1]nmane-2-carboxylate (2d):

To a solution of compound (0.103 g, 0.356 mmol) and allyl ethylcarbonate6@40-1) (0.120 mL,
0.712 mmol) in THF (1.8 mL, 0.2M), a solution of(P&h)4 (0.021 mg, 0.018 mmol) in THF (1.8 mL;
0.01M) was added. The reaction was allowed taas®80° for 2.5 hours before filtering it throughliGe
and evaporating the solvents under reduced pres3ime crude product was purified by flash
chromatography (1 to 5% E.A./GEl,) to obtain compoungd (50.7 mg, 43%) as colorless oll.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1y:1.88-2.06 (m, 3H), 2.15-2.27°(m, 1H), 2.42-2.61
(m, 2H), 3.06 (bs, 1H), 3.15-3.23 (m, 1H), 3.76 @€11.5, 5.9 Hz, 1H), 3.94-4.03 (m, 1H), 4.14-4.21
(m, 1H), 4.34 (dddJ=20.9, 14.4, 7.5 Hz, 1H), 4.42(bs, 0.5H), 4.51 (bSH), 5.14-5.20 (m, 3H), 5.25
(d,J=17.3 Hz, 1H), 5.85 (dddi=22.7, 10.9, 5.8 Hz, 1H), 7.31-7.38 (m, 5H).

HRMS (ESI): calc. for [M+H]" C16H24NO4: 330.16998, found: 330.17035
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(x)-Benzyl 5-(allyloxy)-1,2,4,5,6,7-hexahydro-3H-8;methanoazocino[5,4-b]indole-3-carboxylate
(3d):

Compound3d (35 mg, 73%) was synthesized fr@u following General Procedur® and isolated with
a 10% impurity.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1):1.98-2.09 (m, 2H), 1.98-2.09 (m, 2H), 2.54 (dd,
J=12.0, 11.2, 0.5H), 2.60 (=8.0 Hz, 0.5H), 2.78 (dl=16.8 Hz, 0.5H), 2.83 (d=17.0 Hz, 0.5H), 3.07-
3.13 (m, 1H), 3.32-3.33 (m, 1H), 3.69 (ddi;15.5, 10.7, 4.8 Hz, 1H), 4.03-4.10 (m, 2H), 4.24,(d
J=12.6, 5.3 Hz, 0.5H), 4.74 (bs, 0.5H), 4.81 (bsH),%.12-5.20 (m, 3.5H), 5.27 (d&:17.3, 6.5 Hz,
1H), 5.90 (dddJ=22.6, 10.7, 5.5 Hz, 1H), 7.07-7.10 (m, 1H), 7.1487%(m, 2H), 7.30-7.36 (m, 3H), 7.41
(d, J=4.2 Hz, 2H), 7.45 (dd]=15.8, 7.8 Hz, 1H), 7.92 (bs, 0.5H), 7.96 (bs, 0,5H)

13C NMR (CDCI3, 100MHz)3 21.2, 21.6, 27.8, 28.2, 30.2, 30.6, 33.0, 33.,42.7, 67.3, 67.5, 67.0,
70.0,75.5,75.8, 109.2, 109.5, 111.0, 111.1, 1128.0, 118.1, 119.4, 121.6, 125.4, 127.0, 1228,0,
128.1, 128.1, 128.2, 128.4, 128.6, 128.7, 129.2,8,332.9, 135.0, 136.2, 136.9, 137.0, 138.0,7,55.
155.7

HRMS (ESI): calc. for [M+H]" C2sH27N20s: 403.20162, found: 403.20132
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(x)-Benzyl 5-(allyloxy)-7-(2-ethoxy-2-oxoethyl)-1,2,5,6,7-hexahydro-3H-2,6-methanoazocinol5,4-
blindole-3-carboxylate (4d):

Compoundd (0.150 mg, 85%) was synthesized fr8ohfollowing General Procedui®.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1y:1.24 (t,J=6.9 Hz, 3H), 1.97-2.07 (m, 2H), 2.59-
2.70 (m, 1H), 2.80 (t}=17.9 Hz, 1H), 3.12-3.20 (m, 1H), 3.40 3.0 Hz, 1H), 3.67-3.73 (m, 1H),
3.97-4.27 (m, 5H), 4.75-4.77 (m, 1H), 4.81-4.82 (iH), 5.13-5.30 (m, 5H), 5.81-5.90 (m, 1H), 7.08-
7.11 (m, 1H), 7.13-7.21 (m, 2H), 7.31-7.37 (m, 3A%1 (d,J=4.3 Hz, 2H), 7.46 (dd}=11.0, 8.0 Hz, 1
H).

13C NMR (CDCI3, 100MHz)3 14.3, 30.7, 31.0, 32.0, 32.0, 42.0, 42.1, 45.11,4%.2, 61.4, 67.3, 67.5,
70.2,70.4, 76.3, 76.6, 108.9, 109.6, 109.9, 11114,5, 118.2, 118.3, 119.5, 121.7, 126.7, 12&8,0,
128.1,128.1, 128.2, 128.6, 128.7, 134.1, 134.1,61384.6, 136.9, 137.2, 155.6, 169.5, 169.6

HRMS (ESI): calc. for [M+H]" C20H33N20s: 489.23840, found: 489.23778

30



WILEY-VCH

(2)-Ethyl 2-(5-propoxy-1,2,3,4,5,6-hexahydro-7H-2 8nethanoazocino[5,4-b]indol-7-yl)acetate
(12d):

Compoundl2d (0.041 g, 93%) was synthesized frdiohfollowing General Procedui®.

IH NMR (CDCI3, 400MHz):$ 0.87 (t,J=7.4 Hz, 3H), 1.26 ()=7.1 Hz, 3H), 1.54 (dgl=14.1, 7.0 Hz,
3H), 1.97-2.18 (m, 2H), 2.53 (d=13.6 Hz, 1H), 2.74 (§=11.5 Hz, 1H), 3.22-3.48 (m, 6H), 4.04-4.07
(m, 1H), 4.13-4.25 (m, 2H), 4.78 (#:18.0 Hz, 1H), 5.14 (d}=18.0 Hz, 1H), 7.08-7.24 (m, 3H), 7.46-
7.51 (m, 1H).

13C NMR (CDCI3, 100MHz)$ 10.7, 14.3, 23.2, 25.4, 28.9, 31.3, 40.4, 44.%,481.6, 71.7, 74.8, 108.4,
109.0, 118.5, 119.9, 122.2, 126.2, 133.7, 137.9,3L6

HRMS (ESI): calc. for [M+H]" C21H28N20s: 357.21727, found: 357.21660
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(x)-Ethyl 2-(3-(2-(methylthio)nicotinoyl)-5-propoxy-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5d):

Compoundbd (0.022 g, 39%) was synthesized fra2d following General Proceduite.

'H NMR (CDCI3, 700MHz) (rotameric mixture 1:1y0.8 (tJ=7.4 Hz, 1H), 0.91 (t)=7.4 Hz, 2H), 1.25
(q, J=7.1 Hz, 4H), 1.41-1.46 (m, 1H), 1.51-1.60 (m, 2HP4-2.33 (m, 2H), 2.56-2.66 (m, 3H), 3.05-
3.34 (m, 2H), 3.46 (s, 1.5H), 3.48 (s, 1H), 3.5, (& 15.5, 7.0 Hz, 0.5H), 3.76 (bs, 0.5H), 3.99 (s, Q,5H

4.13-4.24 (m, 2H), 4.78 (dd=23.4, 18.0 Hz, 1H), 4.86 (dd=12.9, 4.9 Hz, 0.5H), 5.16 (d=18.0 Hz,
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0.5H), 5.27 (d,J)=18.1 Hz, 0.5H), 5.42 (s, 0.5H), 7.05-7.23 (m, 4H}1-7.52 (m, 2H), 8.48 (d=4.8
Hz, 0.5H), 8.54 (dJ=4.8 Hz, 0.5H).

13C NMR (CDCI3, 100MHz)$ 10.7, 10.8, 13.3, 13.4, 14.3, 23.1, 23.4, 28.8, 30.7, 32.4, 32.6, 42.9,
45.0, 45.0, 51.0, 61.5, 71.8, 71.3, 108.9, 10909,7, 118.1, 118.2, 118.4, 119.3, 119.5, 119.6,8,21
121.8, 126.5, 126.7, 133.7, 134.2, 134.5, 137.2,213149.2, 149.3, 161.3, 161.4, 166.8, 166.9,5.609.
169.6

HRMS (ESI): calc. for [M+H] C2gH33N304S:508.21918, found: 508.22645

(x)-Ethyl 2-(5-(((2,2-dimethyl-4-0x0-3,9,12,15-tetioxa-5-azaoctadecan-18-yl)carbamoyl)oxy)-3-
(2-(methylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H,6-methanoazocino[5,4-b]indol-7-yl)acetate

(racemic mixture) (5e):

Compoundsc (30mg, 0.064mmol), 4-nitrophenyl carbonochloridégg2mg, 0.258mmol) (CAS: 7693-
46-1), DMAP (24mg, 0.192mmol) and triethylaminer{il§ 0.128 mmol) were suspended in DCE (4mL,
0.016M). The mixture was heated to 60° overnighfte(al5/20min everything solubilizes). Then tert-
butyl (3-(2-(2-(3-aminopropoxy)ethoxy)ethoxy)projpdrbamate (410mg, 1.28mmol) and the reaction
was allowed to stir for 5 more hours. Solvents vexa@porated, the crude product was dissolved inlWeC
(ImL) and subjected for preparative HPLC purifioati(10% to 50% ACN/H20 with 0.1% TFA). After
evaporation of the solvents compoubel(31.2mg, 60%) is obtained as a white solid.
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'H NMR (CDCI3, 400MHz) (rotameric mixturey:1.23 (td,J=2.4, 7.1 Hz, 3H), 1.40-1.43 (m, 9H), 1.61-
1.83 (M, 4H), 1.95-2.26 (m, 2H), 2.54 (bs, 1.8H§22(s, 1.2H), 2.70-2.76 (m, 1H), 2.96-3.59 (m, POH
4.02 (bs, 0.4H), 4.10-4.22 (m, 2H), 4.66-5.14 (M),%6.31 (bs, 0.6H), 5.46 (bs, 1H), 7.01-7.23 (id),4
7.42-7.48 (m, 1.4H), 7.54 (d=7.5 Hz, 0.6H), 8.44 (dd=1.6, 4.9 Hz, 0.6H), 8.51 (dd=1.5, 4.9 Hz,
0.4H).).

13C NMR (CDCI3, 100MHz) (rotameric mixture): 13.1, 13.2,.3427.1, 28.7, 29.5, 29.7, 30.2, 31.1,
31.3, 31.4, 38.6, 39.2, 39.4, 39.5, 42.4, 44.97481.7, 69.5, 69.6, 70.23, 70.31, 70.28, 70.4%2Z,0
70.56, 70.61, 71.0, 71.4, 109.0, 110.3, 118.3,6,1819.1, 119.2, 119.9, 122.1, 126.6, 126.8, 130.8,
133.4, 133.5, 133.8, 137.3, 149.7, 155.2, 155.8,11956.2, 167.1, 167.3, 169.1, 169.2.

HRMS (ESI): calc. for [M+H]+ C41H58N5010S: 812.38989uifaml. 812.39275

e
N
O\{
I o HBr salt

(2)-Ethyl 2-(5-(allyloxy)-1,2,3,4,5,6-hexahydro-7H2,6-methanoazocinol[5,4-blindol-7-yl)acetate
(122):

Compound12z (0.05 g, 79%) was synthesized frofd following General Procedur&. The crude
product was purified by chromatography (5 to 10%MéCH.C;2).

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1):1.25 (t,J=7.1 Hz, 3H), 2.14 (dJ=12.5 Hz, 1H),
2.61 (d,J=13.8 Hz, 1H), 2.76-2.84 (m, 1H), 3.34 (2.7 Hz, 2H), 3.43 (dJ=10.6 Hz, 1H), 3.50 (d,
J=2.2 Hz, 1H), 4.06 (dJ=5.5 Hz, 2H), 4.12-4.24 (m, 4H), 4.79 (18.0 Hz, 1H), 5.07 (d]=18.0 Hz,
1H), 5.21 (dJ=10.4 Hz, 1H), 5.25 (ddl=17.2, 1.2 Hz, 1H), 5.83 (ddd=22.7, 10.9, 5.7 Hz, 1H), 7.13-

7.16 (m, 1H), 7.21-7.25 (m, 2H), 7.51 (7.8 Hz, 1H), 9.47 (bs, 2H).
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13C NMR (CDCI3, 100MHz):$ 14.3, 25.0, 28.5, 31.1, 40.2, 45.0, 46.8, 61.71,743.8, 108.1, 109.1,
118.4, 118.6, 120.0, 122.4, 126.0, 133.2, 133.7,31369.2

HRMS (ESI): calc. for [M+H] Ca1H27N20s: 355.20162, found: 355.20058

MeS
N \ 7/
Q82
N %

e

(x)-Ethyl 2-(5-(allyloxy)-3-(2-(methylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5z):

Compoundbz (0.039 g, 61%) was synthesized fra2e following General Procedute.

'H NMR (CDCI3, 500MHz) (rotameric mixture 1:1§:1.24 (q,J=6.9 Hz, 3H), 1.94-2.33 (m, 2.5H),
2.59-2.65 (m, 4H), 2.79-3.07 (m, 1.5H), 3.30-3.85 (H), 3.45-3.47 (m, 1.5H), 3.82 (bs, 1.5H), 4.00
(bs, 0.5H), 4.06 (ddl=12.6, 5.6 Hz, 0.5H), 5.02-5.11 (m, 1.5H), 5.19-§1291.5H), 5.42 (s, 0.5H), 5.71
(qd,J=11.1, 5.7 Hz, 0.5H), 5.89 (ddd22.5, 10.7, 5.5 Hz, 0.5H), 7.04 (d& 7.1, 5.2 Hz, 0.5H), 7.09-
7.14 (m, 1.5H), 7.18-7.23 (m, 2H), 8.47 (dd4.8, 1.3 Hz, 0.5H), 8.53 (dd=4.8 Hz, 0.5H).

13C NMR (CDCI3, 100MHz)3 13.1, 13.3, 14.3, 28.4, 31.7, 32.3, 32.5, 42.8),4%5.0, 49.0, 51.0, 61.5,
61.5, 70.4, 70.5, 76.2, 109.0, 109.0, 117.4, 11118,2, 118.4, 119.2, 119.6, 119.6, 121.8, 12128,4,
126.6, 133.6, 134.0, 134.2, 134.4, 134.5, 137.1,201349.4, 149.4, 166.9, 167.0, 169.4, 169.5

HRMS (ESI): calc. for [M+H]" C2gH32N304S: 506.21080, found: 506.21021
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Supporting Scheme S2Synthesis of the ® indole-substituted indomorphan analogues. The non-
alkylated, hydroxyl indole was found to be unstabtes most of the steps were telescoped and the

crude mixtures were used directly for subsequemthgyic steps, involving minimal purification.
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tert-butyl 1-(4-hydroxyphenyl)hydrazine-1-carboxylate (13):

By the method of Johnson M.G., et%lICul (38 mg, 0.1 mol%) was added to a stirred smuof 4-
iodophenol (440 mg, 2 mmol, 1 equiv.), tert-butg@rlzazate (318 mg, 2.4 mmo, 1.2 equiv.), 1,10-
phenantroline (36 mg, 0.2 mol%), and cesium cart@ (87 mg, 3 mmol, 1.5 equiv.) in DMF (4 mL,
0.5 M) and the reaction mixture was heated at 8GA\f@r 22 h the reaction mixture was allowed tolco
to rt and quenched by the addition of H20 (20 nilbe crude was dilute with EtOAc (40 mL) and layers
separated. The organic layer was washed sequgntiéi H20 (40 mL), sat. brine (2 x 20 mL) and sat.
LiCl (2 x 10 mL), dried over MgSO4, filtered andnm in vacuo to give a crude mixture. Purificatipn
flash chromatography eluting with 20-50% EtOAc ieti@l afforded the produci3 as a yellow
amorphous solid (350 mg, 80% yield) with spectrgscdata matching those reported in literature.

IH NMR (CDCI3, 500MHz):5 1.46 (s, 9H), 4.91 (s, br, 2H), 6.70 (&:9.2 Hz, 2H), 7.16 (d)=9.2 Hz,
2H).

LCMS (m/z): 247.1 (M + Na)

MeS
0 —N
\ N\ //
HO
N /
NK OMe
CO.Et
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(x)-Ethyl 2-(-10-hydroxy-5-methoxy-3-(2-(methylthignicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5f):

By the method of Johnson etIpTSA (6 equiv.) was added to a stirred solutiothefketone (1 equiv.)
and 4-hydroxyphenly (tert-butyl)hydrazite (1.5 equin EtOH (0.08 M) and the reaction mixture was
heated to reflux. After 2.5 h, the reaction mixtwas allowed to cool to rt, neutralized with saj. a
NaHCO3 solution and extracted with &> (4 x 10 mL). The combined organic layers weredioeer
MgSO4, filtered and conc. in vacuo. The crude vileexéd through a silica pad eluting with 1:1 Péto
EtOAc (50 mL) and conc. in vacuo to give a crudee Trude was rediluted in Toluene (1 M) and Et3N
(3 equiv.) and TBDMS chloride as a 1.5 M solutianteluene (3 equiv.) was added and the resulting
mixture was stirred at rt. After 24 h, the reactioixture was conc. in vacuo and filtered througiliaa
pad eluting with 9:1 CECl>—EtOAc (50 mL) and conc. in vacuo to give a crudecl was directly
submitted to General proceduteusing ethyl bromoacetate. Filtration through &aipad eluting with
7:3 Petrol—EtOAc (50 mL) and conc. in vacuo affmda crude product which required no further
purification as judged by spectroscopic data 1H N{@RCI3, 500MHz):6 0.20 (s, 6H), 0.80 (s, 9H),
1.04 (app. tJ=7.3 Hz, 3H), 1.41 (s, br, 1H), 1.77-1.86 (m, 2HR422.60 (m, 2H), 2.84-2.97 (m, 2H),
3.13-3.19 (m, 2H), 3.30-3.40 (m, 1H), 3.89-4.18 @H), 4.45-4.66 (m, 2H), 4.79-4.93 (m, 1H), 4.95-
5.05 (m, 2H), 6.53 (d]=8.5 Hz, 1H), 6.64-6.69 (m, 1H), 6.82 (& 9 Hz, 1H), 7.10-7.25 (m, 5H), and
used directly as in General Procedurd-iltration through a silica pad eluting with ICH2CI2—EtOAc
(50 mL) and conc. in vacuo afforded a crude proddich required no further purification as juddaed
spectroscopic data 1H NMR (CDCI3, 500MH&)0.20 (s, 12H), 0.84 (s, 18H), 1.14-1.19 (m, 6H§51
2.02 (m, 4H), 2.25-2.47 (m, 8H), 2.60-2.82 (m, 3&97 (s, 3H), 3.01-3.09 (m, 1H), 3.14 (s, 2H),23.2
(s, 6H), 3.46 (s, br, 1H), 3.78 (s, br, 1H), 3.934(m, 4H), 4.47-4.57 (m, 2H), 4.65-4.96 (m, 36{K0-
6.58 (M, 2H), 6.63-6.74 (m, 2H), 6.78-6.94 (m, 4H)L6-7.34 (m, 2H), 8.25 (dd=4.9 and 2.2 Hz, 1H),

8.32 (dd,J=4.9 and 2.1 Hz, 1H), and used directly for the rsgxithetic step. The crude was diluted in
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THF (0.07M) and TBAF as a 1 M solution in THF (2Quiv.) was added and the reaction mixture was
stirred at rt. After 2 h, sat. aq. NH4CI soluti¢hX reaction volume) was added and the aqueous laye
was extracted with EtOAc (4 x reaction volume). Thenbined organic layers were dried over MgS0O4,
filtered and conc. in vacuo to give a crude. Pcatfion by flash chromatography eluting with 20% EtO

in CH.CI, afforded the desired compoubtlin 18% yield over 6 steps.

IH NMR (CDCI3, 500MHz):$ 1.23-1.28 (m, 6H), 1.95 (d=10.2 Hz, 1H), 2.11 (dJ=10.2 Hz, 1H),
2.55-2.70 (m, 4H), 2.77 (s, 6H), 3.03 (m, 1H), 33126 (m, 4H), 3.32 (ddl= 4.8 and 12.7 Hz, 1H), 3.42
(s, 6H), 3.43-3.46 (m, 2H), 3.65-3.72 (m, 1H),B398 (M, 1H), 3.93-3.98 (M, 1H), 4.12-4.26 (m)4H
4.75 (app. t)= 17.7 Hz, 2H), 4.90 (ddl=4.8 and 12.9 Hz, 1H), 4.98 (#17.7 Hz, 1H), 5.10 (d=18

Hz, 1H), 5.41 (m, 1H), 6.74-6.80 (m, 2H), 6.87Jd16 Hz, 2H), 7.03-7.08 (m, 2H), 7.10-7.16 (m, 1H),
7.20 (dd J=7.0 Hz, 1H), 7.58 (app. d=7.0 Hz, 1H), 8.54 (d}=5.2 Hz, 1H), 8.59 (d}=5.2 Hz, 1H).

13C NMR (CDCI3, 100MHz)3$ 14.2, 22.7, 31.4, 43.0, 44.8, 49.1, 56.8, 61.8,3,0111.2, 119.5, 126.8,
127.0, 132.4, 134.5, 134.8, 148.1, 148.4 149.8,914%6.1, 166.4 169.4, 169.5.

HRMS (ESI): calc. for [M+Na] CzeH29N3OsSNa: 518.1720; Found: 518.1724.

MeS
O —N
\ N\ /
MeO
N /
NK OMe
CO,Et

(x)-Ethyl 2-((2R,5R,6S)-5,10-dimethoxy-3-(2-(methytio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-

2,6-methanoazocino[5,4-blindol-7-yl)acetate (5aa):
Potassium hydroxide (45 mg, 0.8 mmol, 4 equiv.) a@dded to a stirred solution of the phenol (100 mg,
0.2 mmol, 1 equiv.) in DMSO (1.5 mL, 1.33 M) ane tfeaction mixture was stirred at rt. After 30 min,

iodomethane (0.8 mmol, 4 equiv.) was added anddbelting mixture was stirred at rt. After 4 h the
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reaction mixture was diluted with EtOAc (15 mL)darvashed with sat. ag. NH4CI solution (2 x 5 mL).
The organic layer was dried over MgSO4, filtered aonc. in vacuo to give a crude. Purification by
preparative HPLC eluting with 10-100% MeCN in HZ¥orded the desired compound in 65% yield.
IH NMR (CDCI3, 500MHz)3 1.22-1.33 (m, 6H), 1.90-2.02 (m, 4H), 2.12Jd11.2 Hz, 1H), 2.16-2.24
(m, 4H), 2.57-2.69 (m, 4H), 2.71 (s, 5H), 2.98-3(40 2H), 3.15-3.25 (m, 2H), 3.30 (dit 5.9 and 17.2
Hz, 1H), 3.34 (ddJ= 4.4 and 12.8 Hz, 1H), 3.43 (s, 2H), 3.44-3.482ht), 3.66-3.73 (m, 1H), 3.87 (s,
2H), 3.89 (s, 2H), 4.01 (s, 1H), 4.11-4.26 (m, 4HY5 (d,J= 18.4 Hz, 1H), 4.78 (dl= 18.4, 1H), 4.92
(dd,J=4.7 and 13.1 Hz, 1H), 5.00 @ 17.9 Hz, 1H), 5.12 (d}=17.9 Hz, 1H), 5.41-5.47 (m, 1H), 6.87
(d, J=8.7 Hz, 2H), 6.89-6.94 (m, 1H), 6.96-7.02 (m, 1AQ7-7.15 (m, 2H), 7.15-7.20 (m, 1H), 7.41-
7.50 (m, 1H), 7.51-7.58 (m, 2H), 8.52 (&4.5 Hz, 1H), 8.57 (d}=4.5 Hz, 1H).
13C NMR (CDCI3, 100MHz)3$ 14.2, 22.7, 31.4, 42.7, 44.9, 49.0, 56.0, 56.83,6109.6, 111.4, 119.2,
126.4, 126.8, 132.2, 133.8, 134.3, 134.7, 148.9,215 166.5, 169.2, 169.4.
HRMS (ESI): calc. for [M+HT C27H32N305S: 510.2057; Found: 510.2062.
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(x)-Benzyl 10-chloro-5-methoxy-1,2,4,5,6,7-hexahydf3H-2,6-methanoazocino[5,4-b]indole-3-
carboxylate (39):
Compound3g (0.104 g, 73%) was synthesized frdta following General Procedurd, using 4-
chlorophenylhydrazine hydrochloride (CAS: 1073-30-7
'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1§:2.00-2.08 (m, 2H), 2.50 (df=23.6, 11.8 Hz,
1H), 2.76 (tJ=17.6 Hz, 1H), 3.05 (dt}=16.6, 5.1 Hz, 1H), 3.31-3.33 (m, 1H), 3.40Jd8.2 Hz, 3H),

3.54 (dd,J=9.2, 4.3 Hz, 1H), 4.14 (dd=12.8, 5.2 Hz, 0.5H), 4.30 (dd=12.7, 5.2 Hz, 0.5H), 4.75 (bs,
39
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0.5H), 4.83 (bs, 0.5H), 5.19 (@=18.9 Hz, 2H), 7.08 (d)}=8.6, 1.8 Hz, 1H), 7.18 (dI=8.6 Hz, 1H),
7.35-7.42 (m, 6H), 8.09 (d=10.9 Hz, 1H).

13C NMR (CDCI3, 100MHz)3$ 27.6, 28.0, 30.0, 30.3, 42.3, 42.3, 45.2, 56.94,697.6, 77.4, 77.5, 77.9,
108.9, 109.2, 111.9, 112.0, 117.5, 117.6, 121.6,01228.0, 128.0, 128.1, 128.2, 128.6, 128.7,3134.
134.4,134.4, 136.8, 136.8, 155.6

HRMS (ESI). calc. for [M+H]" C23H24N20sCl: 411.14700, found: 411.14757. Calc. for [M+H]

Co3H24N203%"Cl: 413.14405, found: 413.14456

0
>\'O\_
cl N Ph
A /
N OMe

O

(x)-Benzyl 10-chloro-7-(2-ethoxy-2-oxoethyl)-5-metbxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-blindole-3-carboxylate (49):

Compound4g (0.253 g, 88%) was synthesized fr@mfollowing General Procedui®. Compoundig
was isolated with a small impurity of the ethyl &moacetate, as an orange oil.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:191.24 (t,J=7.1 Hz, 3H), 1.95-2.07 (m, 2H), 2.56
(dt, J=25.3, 11.8 Hz, 1H), 2.76 (#=16.6 Hz, 1H), 3.10 (dddi=15.5, 8.6, 5.9 Hz, 1H), 3.35 (&4.7
Hz, 3H), 3.38 (sept}=4.5 Hz, 1H), 4.11-4.22 (m, 2,5H), 4.33 (d&,12.6, 5.0 Hz, 0.5H), 4.74-4.79 (m,
1.5H), 4.84 (bs, 0.5H), 5.09 (d#:21.1, 18.3 Hz, 1H), 5.19 (d=14.6 Hz, 2H), 7.09-7.14 (m, 2H), 7.31-

7.42 (m, 6H).
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13C NMR (CDCI3, 100MHz)35 14.3, 27.78, 28.0, 30.4, 30.7, 31.8, 31.9, 4116/,445.0, 45.1, 56.8, 57.0,
61.4, 67.3, 67.5, 68.3, 77.4, 78.2, 78.6, 109.39.4,0010.0, 117.7, 117.8, 121.7, 125.2, 127.6,7.27.
127.9, 128.0, 128.1, 128.2, 128.6, 128.7, 135.5,6,.336.8, 155.5, 169.0, 169.1

HRMS (ESI). calc. for [M+H]" Cz7H30N20sCl: 497.18378, found: 497.18455 Calc. for [M+H]

Co7H30N205%"Cl: 499.18083, found: 499.18182

(x)-7-(2-ethoxy-2-oxoethyl)-10-chloro-5-methoxy-3,4,5,6,7-hexahydro-1H-2,6-

methanoazocino[5,4-blindol-3-ium bromide (racemic rixture) (129):

Compound12g (39.0 mg, 50%) was synthesized fraig following General Procedur@. The crude
product was purified by chromatography (5 to 10%MECHxCI>).

IH NMR (CDCI3, 400MHz): §1.25 (t,J=7.1 Hz, 3H), 2.10 (d}=12.3 Hz, 1H), 2.54 (d]=13.8 Hz, 1H),
2.70 (dd,J=20.6, 11.1 Hz, 1H), 3.23 (s, 2H), 3.36 (s, 3H)333447 (m, 2H), 3.99-4.02 (m, 2H), 4.12-
4.24 (m, 3H), 4.75 (d)=18.0 Hz, 1H), 7.11 (d}=8.7 Hz, 1H), 7.16 (dd}=8.7, 1.8 Hz, 1H), 7.45 (d,
J=1.5 Hz, 1H), 9.46 (bs, 2H).

13C NMR (CDCI3, 100MHz): § 14.3, 24.8, 28.3, 30.9, 40.0, 45.1, 46.7, 57.58,615.7, 61.8, 75.7,
107.8, 110.3, 118.0, 122.6, 125.8, 127.1, 134.3,8,3.68.8

HRMS (ESI). calc. for [M+H]" Ci9H24N2OsCl: 363.14700, found: 363.14740; calc. for [M+H]

C19H24N2053'Cl: 365.14405, found: 365.14441
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(2)-Ethyl 2-(10-chloro-5-methoxy-3-(2-(methylthio)ncotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (59):

Compoundl2g (39.0 mg, 0.107 mmol), 2-(methylthio)nicotinoyllafide (20.1 mg, 0.107 mmol) and
triethylamine (0.0328 mL, 0.236 mmol) were dissdlve CHCl> (1.2 mL, 0.09M). The reaction was
allowed to stir overnight at room temperature, skévents were then evaporated and the crude was
purified by preparative HPLC (no TFA was addedyitee compoundbg (16.1 mg, 29%).

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1.3):1.24 (q,J=7.1 Hz, 3H), 1.93 (dJ=11.6 Hz,
0.5H), 2.07-2.32 (m, 1.5H), 2.58 (bs, 2H), 2.642(d), 2.88-3.02 (m, 1.5H), 3.12-3.19 (m, 1.5H),13.3
(ddd, J=23.4, 15.1, 5.3 Hz, 1H), 3.41 (s, 1.5H), 3.44Jd3.4 Hz, 1H), 3.68-3.80 (m, 1H), 4.00 (bs,
0.5H), 4.10-4.25 (m, 2H), 4.75 (di: 18.0, 13.6 Hz, 1H), 4.91 (di;12.8, 4.9 Hz, 0.5H), 5.00 (&:18.0
Hz, 0.5H), 5.11 (dJ=18.1 Hz, 0.5H), 5.43 (bs, 0.5H), 7.04 (d&7.5, 5.0 Hz, 0.5H), 7.09-7.16 (m,
2.5H), 7.41 (bs, 1H), 7.47 (bs, 1H), 8.47Jdd.9, 1.7 Hz, 0.5H), 8.54 (dd=4.9, 1.7 Hz, 0.5H).

13C NMR (CDCI3, 100MHz)3$ 13.2, 13.3, 14.3, 28.3, 30.2, 31.5, 32.1, 32.48,445.2, 45.2, 46.2, 49.0,
57.1, 57.1, 61.6, 61.6, 78.0, 79.1, 109.6, 1101011, 117.8, 118.0, 119.3, 122.0, 125.4, 127.5,7127
133.5, 135.7, 135.7, 135.8, 149.7, 167.3, 167.9,014.69.2

HRMS (ESI): calc. for [M+H]" C26H29N3O4CIS: 514.15618, found: 514.15692; calc. for [M+H]

Co6H20N304%'CIS: 516.15323, found: 516.15420
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(x)-Benzyl 8-chloro-5-methoxy-1,2,4,5,6,7-hexahydf8H-2,6-methanoazocino[5,4-blindole-3-
carboxylate (3h):

Compound3h (0.220 g, 48%) was synthesized fr@a following General Procedur&, using 4-n-2-
Chlorophenylhydrazine hydrochloride (CAS: 410529)5-

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1):2.04 (d,J=12.1 Hz, 2H), 2.60 (quinl=11.4 Hz,
1H), 2.86 (tJ=17.9 Hz, 1H), 3.12 (dt]=16.4, 4.8 Hz, 1H), 3.38-3.44 (m, 4H), 3.57 (bs, 142 (dd,
J=12.0, 4.7 Hz, 0.5H), 4.39 (dd:12.5, 4,9 Hz, 0.5H), 4.81 (bs, 0.5H), 4.90 (bsH),%.26 (d,J=18.1
Hz, 2H), 7.06 (tJ=7.7 Hz, 1H), 7.19 (dJ=7.5 Hz, 1H), 7.30-7.47 (m, 6H), 8.38 (bs, 0.5H%B(bs,
0.5H).

13C NMR (CDCI3, 100MHz)3 27.7, 28.1, 29.9, 30.3, 32.4, 32.7, 42.0, 42.10,4%.7, 56.8, 67.2, 67.4,
77.3,77.7,110.0,110.3, 116.2, 116.3, 116.5,6,11€0.0, 120.8, 127.8, 127.9, 128.0, 128.1,1228 .4,
128.5, 128.6, 133.2, 133.5, 133.6, 136.7, 136.8,315

HRMS (ESI). calc. for [M+H]" C23H24N203Cl: 411.14700, found: 411.14752. Calc. for [M+H]

C23H24N2053'Cl: 413.14405, found: 413.14436
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(x)-Benzyl 8-chloro-7-(2-ethoxy-2-oxoethyl)-5-methxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-blindole-3-carboxylate (racemimixure) (4h):

Compound4h (0.155 g, 72%) was synthesized fr@mfollowing General Proceduf®@. Compoundth
was isolated with a small impurity of the ethyl &moacetate, as an orange oil.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1§:1.25 (t,J=7.1 Hz, 3H), 1.93-2.06 (m, 2H), 2.56-
2.68 (m, 1H), 2.79 (t)=17.2 Hz, 1H), 3.08-3.16 (m, 1H), 3.36 (&7.7 Hz, 4H), 3.57 (m, 1H), 4.13-
4.22 (m, 2.5H), 4.35 (ddl=12.6, 5.0 Hz, 0.5H), 4.79 (bs, 0.5H), 4.86 (bsH),%.21 (d,J=14.5 Hz,
2H), 5.33 (ddJ=18.4, 9.3 Hz, 1H), 5.48 (bs, 1H), 6.99%,7.7 Hz, 1H), 7.12 (ddJ=7.6, 0.6 Hz, 1H),
7.32-7.43 (m, 6H).

13C NMR (CDCI3, 100MHz)3 14.2, 27.6, 27.9, 30.5, 30.8, 31.4, 31.5, 41.4,414.9, 46.6, 56.7, 56.8,
60.9, 6.1, 67.2,67.4,68.1, 78.1, 78.5, 110.0,3,1M16.3, 116.7, 116.8, 120.0, 123.3, 127.8, 1228.0,
128.1, 128.5, 128.5, 129.6, 129.6, 132.1, 135.6,71336.7, 155.4, 169.6, 169.8, 169.9

HRMS (ESI). calc. for [M+H]" C27H30N2OsCl: 497.18378, found: 497.18457; calc. for [M+H]

C27H30N20s%'Cl: 499.18083, found: 499.18175
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(x)-8-chloro-7-(2-ethoxy-2-oxoethyl)-5-methoxy-2,3,5,6,7-hexahydro-1H-2,6-
methanoazocino[5,4-blindol-3-ium bromide (12h):

Compound12h (0.150 g, 65%) was synthesized fraihn following General Procedur&. The crude
product was purified by chromatography (5 to 10%WMéCHxCl>).

IH NMR (MeOD, 400MHz):5 1.23 (t,J=7.1 Hz, 3H), 2.11 (ddd}=14.1, 3.9, 2.1 Hz, 1H), 2.36 (dt,
J=14.2, 2.8 Hz, 1H), 2.61 (#=11.7 Hz, 1H), 3.02 (dI=18.0 Hz, 1H), 3.26 (dl=6.2 Hz, 1H), 3.37-3.42
(m, 4H), 3.62-3.63 (m, 1H), 3.90 (dk11.2, 4.3 Hz, 1H), 4.09-4.10 (m, 1H), 4.14-4.21 @H), 5.31
(bs, 2H), 7.02 (t)=7.7 Hz, 1H), 7.12 (dd]=7.7, 0.8 Hz, 1H), 7.41 (dd=7.8, 0.8 Hz, 1H).

13C NMR (MeOD, 100MHz):5 14.5, 25.4, 29.4, 31.3, 41.0, 47.8, 48.0, 57.%,627.1, 109.8, 117.5,
118.0, 121.5, 124.8, 130.6, 133.9, 136.7, 171.5

HRMS (ESI). calc. for [M+H]" Ci9H24N2OsCl: 363.14700, found: 363.14784; calc. for [M+H]

C19H24N2053'Cl: 365.14405, found: 365.14485
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(x)-Ethyl 2-(8-chloro-5-methoxy-3-(2-(methylthio)ncotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5h):

Compound5h (0.110 mg, 43%) was synthesized fr@a following General Procedurg, and was
purified y flash chromatography (5 to 50% E.A./CELI

'H NMR (CDCI3, 600MHz) (rotameric mixture 1:1.5):1.14-1.20 (m, 3H), 1.23 (bs, 1H), 1.80 (bs,
0.5H), 1.92 (dJ=12.9 Hz, 0.5H), 2.06 (d=12.6 Hz, 0.5H), 2.12 (bs, 0.5H), 2.31-2.42 (m, 1256 (s,
2H), 2.66 (bs, 0.5H), 2.77-2.80 (m, 1H), 2.89-2(89 0.5H), 3.12 (s, 1H), 3.16-3.19 (m, 1H), 3.36 (M
2H), 3.62 (dJ=15.6 Hz, 2H), 3.86 (s, 0.5H), 4.08-4.18 (m, 2HEHM(dd,J=12.7, 4.9 Hz, 0.5H), 5.19-
5.33 (m, 2H), 7.01 (dfl=11.3, 7.7 Hz, 1H), 7.11 (dd=7.5, 2.5 Hz, 1H), 7.20 (bs, 0.4H), 7.26 (dd7.4,
4.9 Hz, 0.6H), 7.37 (d}=7.7 Hz, 0.6H), 7.45 (d}=7.7 Hz, 0.4H), 7.64 (bs, 0.4H), 7.76 (&6.7 Hz,
0.6H), 8.50 (ddJ=4.9, 1.7 Hz, 0.4H), 8.55 (dd=4.9, 1.7 Hz, 0.6H).

13C NMR (CDCI3, 100MHz)3 12.4, 12.6, 14.1, 14.1, 27.3, 29.6, 30.3, 30.61,401.7, 46.3, 48.2, 56.6,
60.8, 77.3, 109.4, 109.7, 115.4, 117.1, 117.2,9,1919.6, 120.1, 120.1, 122.8, 129.2, 129.4, 130.9,
131.3, 131.6, 133.9, 136.5, 149.4, 149.5, 154.8,6,3.65.9, 169.2, 169.3

HRMS (ESI): calc. for [M+H]" CoeH20N304CIS: 514.15618, found: 514.15706; calc. for [M+H]

Ca6H20N3043'CIS: 516.15323, found: 516.15425

(x)-3-((benzyloxy)carbonyl)-5-methoxy-2,3,4,5,6,7dxahydro-1H-2,6-methanoazocino[5,4-
blindole-10-carboxylic acid (3i):
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To a solution of compounza (0.250 g, 0.824 mmol) in acetic acid (5.5 mL, OMp4-hydrazinobenzoic
acid (0.125 g, 0.824 mmol) (619-67-0) was addee rEaction was allowed to stir under reflux for,2 h
water and CHCIl> were then added and the aqueous phase was rdpeatgdcted with CH2CI2 for
several times. Solvents were evaporated and thaeqowoduct was purified by chromatography (1 to
100% E.A./CHCI,) to yield compoundi (0.240 g, 69%) as a very pasty solid. The puripedduct
showed high purity when checked by HPLC but the NSfectra obtained was very complicated. The

product was used further as obtained after chrognapdy.
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(2)-3-benzyl 10-ethyl-7-(2-ethoxy-2-oxoethyl)-5-mbbxy-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-blindole-3,10-dicarboxylate (3

To a solution of compoungi (0.093 g, 0.221 mmol) in ethanol (2.2 mL, 0.1 M)lfuric acid (16 pL,
0.014 M) was added. The reaction was allowed toasttoom temperature for 3 h before quenching it
with sodium bicarbonate (saturated aqueous solufidre aqueous phase was then extracted witCGH
and the solvents were evaporated. Crude product puadied by chromatography (1 to 100%
E.A./CH:CI,) to yield compoun@®i” (65 mg, 65%). Compound was further used in théh&gis without

characterization.
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(x)-3-benzyl 10-ethyl 7-(2-ethoxy-2-oxoethyl)-5-mbbxy-1,2,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-blindole-3,10-dicarboxylate (4i)

Compound4i (26 mg, 41%) was synthesized fr@in following General Procedui®.

'H NMR (CDCI3, 500MHz) (rotameric mixture 1:13:1.29 (t,J=7.2 Hz, 3H), 1.41 (t)=7.1 Hz, 3H),
1.96-2.07 (m, 2H), 2.54 (td=30.3, 11.8 Hz, 1H), 2.85 (#=17.4 Hz, 1H), 3.13-3.20 (m, 1H), 3.34 (d,
J=6.9 Hz, 3H), 3.38 (s, 1H), 3.53-3.59 (m, 1H), 44119 (m, 2H), 4.26-4.34 (m, 1H), 4.35-4.43 (m, 2H),
4.77 (bs, 0.5H), 4.79 (s, 0.5H), 4.83 (s, 0.5H344bs, 0.5H), 5.07-5.19 (m, 3H), 7.19Jd8.7 Hz, 1H),
7.30-7.42 (m, 5H), 7.90 (d=8.6 Hz, 1H), 8.22 (dJ=6.2 Hz, 1H).

13C NMR (CDCI3, 100MHz)3 14.3, 14.3, 14.6, 27.8, 28.1, 30.4, 30.8, 31.8,311.6, 41.7, 45.0, 45.1,
56.9, 57.0, 60.6, 61.2, 61.6, 67.4, 67.6, 68.31,783.5, 108.6, 110.1, 111.4, 121.0, 121.1, 121128,2,
126.3, 126.3, 128.0, 128.1, 128.1, 128.3, 128.8,7.235.5, 135.6, 136.8, 139.8, 155.5, 155.6,9,67.
169.0, 169.1, 169.8

HRMS (ESI): calc. for [M+H]" CsoHasN207: 535.24388, found: 535.24388

MeS
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Ethyl 7-(2-ethoxy-2-oxoethyl)-5-methoxy-3-(2-(methighio)nicotinoyl)-2,3,4,5,6,7-hexahydro-1H-

2,6-methanoazocino[5,4-blindole-10-carboxylate (5i)

Compoundbi (0.011 g, 42%) was obtained frofhfollowing General Procedurdés andE, without the
need to purify the crude product after the Cbz deution.

'H NMR (CDCI3, 500 MHz) (rotameric mixture 1:1):1.24 (dt,J=8.9, 7.1 Hz, 3H), 1.42 (dd=13.2,
7.0 Hz, 3H), 1.95 (bs, 0.5H), 2.07-2.34 (m, 1H5622.79 (m, 4H), 2.87-3.11 (m, 1H), 3.18 (s, 1H}13
3.37 (m, 1H), 3.42 (s, 1.5 H), 3.46 (3.2 Hz, 1H), 3.70 (bs, 0.5H), 3.92-4.02 (m, 2.5H),1-4.24 (m,
2H), 4.40 (quinJ=6.9 Hz, 2H), 4.82 (J=17.9 Hz, 1H), 4.91 (ddi=12.9, 4.9 Hz, 0.5H), 5.04 (d=18.0
Hz, 0.5H), 5.15 (dJ=18.1 Hz, 0.5H), 5.45 (bs, 0.5H), 7.07 (d¢,7.3, 5.1 Hz, 0.5H), 7.15 (bs, 0.5H),
7.20 (dd,J=8.6, 6.0 Hz, 1H), 7.43-7.50 (m, 1H), 7.91 (ddB.6, 1.5 Hz, 1H), 8.21 (bs, 0.5H), 8.27 (bs,
0.5H), 8.49 (ddJ=4.9, 1.7 Hz, 0.5H), 8.56 (dd=5.0, 1.7 Hz, 0.5H).

13C NMR (CDCI3, 100MHz)3 13.2, 13.4, 14.3, 14.6, 28.4, 30.1, 31.4, 32.(8,39.3, 42.9, 45.1, 45.2,
49.0,57.1, 60.8,60.8,61.7,61.7, 77.9, 78.9,8013. 9.4, 121.0, 121.2, 121.9, 121.9, 123.4, 1226.2,
133.8, 135.4, 135.7, 139.8, 149.7, 167.4, 167.8,01468.1, 169.1

HRMS (ESI). calc. for [M+H]" CooH34N306S: 552.21628, found: 552.21580; Calc. for [M+Na]

C2oH33N30eNaS: 574.19823, found: 574.19767

(x)-Ethyl 2-(5,10-dimethoxy-3-(2-(methylthio)nicotnoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5aa):
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IH NMR (CDCI3, 500MHz)3 1.22-1.33 (m, 5H), 1.96 (m, 2H), 2.12 &,11.2 Hz, 1H), 2.16-2.24 (m,
1H), 2.57-2.69 (m, 3H), 2.71 (s, 3H), 2.98-3.10 @Hl), 3.15-3.25 (m, 2H), 3.30 (dd=17.2, 5.9 Hz,
1H), 3.34 (ddJ=12.8, 4.4 Hz, 1H), 3.43 (s, 2H), 3.44-3.48 (m, 213)66-3.73 (M, 1H), 3.87 (s, 2H),
3.89 (s, 2H), 4.01 (s, 1H), 4.11-4.26 (m, 4H), 4@5)=18.4 Hz, 1H), 4.78 (dJ=18.4, 1H), 4.92 (dd,
J=4.7 and 13.1 Hz, 1H), 5.00 (@17.9 Hz, 1H), 5.12 (d}=17.9 Hz, 1H), 5.41-5.47 (m, 1H), 6.87 (d,
J=8.7 Hz, 2H), 6.89-6.94 (m, 1H), 6.96-7.02 (m, 1”P7-7.15 (m, 2H), 7.15-7.20 (m, 1H), 7.41-7.50
(m, 1H), 7.51-7.58 (m, 1H), 8.52 (@4.5 Hz, 1H), 8.57 (d}=4.5 Hz, 1H).

13C NMR (CDCI3, 100MHz):$ 14.2, 22.7, 31.4, 42.7, 44.9, 49.0, 56.0, 56.83,6109.6, 111.4, 119.2,
126.4, 126.8, 132.2, 133.8, 134.3, 134.7, 148.9,25 166.5, 169.2, 169.4.

HRMS (ESI) (ESI): calc. for [M+H] Co7H32N30sS: 510.2057; Found: 510.2062.
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(2)-Benzyl 5-methoxy-10-(morpholine-4-carbonyl)-1,2,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-blindole-3-carboxylate (3ab”):

Compound3i (0.091 g, 0.216 mmol), TBTU (0.111 g, 0.346 mm@&AS number: 125700-67-6) and
DIPEA (60.3 pL, 0.346 mmol) were dissolved in DMEG mL, 0.06 M) and allowed to stir at room
temperature for 5 min before adding morpholine{38., 0.216 mmol). The reaction was allowed to stir
further for 1 h and the reaction was partitioneghMeen CHCI, and BRINE/water (1:1), the organic phase
was washed several time with this mixture and tlgamic solvents were removed. The crude product

was purified by chromatography (1 to 3% MeOHACH) to obtain compoundab (87 mg, 82%) with a
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minor impurity (most probably thgyn diasteroisomer). For analytical purposes somaeptoduct was
further purified by preparative HPLC.

'H NMR (CDCI3, 600MHz) (rotameric mixture 1:1j:1.99-2.09 (m, 2H), 2.44 (dd=12.2, 11.0 Hz,
0.5H), 2.49-2.52 (m, 0.5H), 2.79 (d#29.3, 16.8 Hz, 1H), 3.08 (dd=17.0, 5.2 Hz, 1H), 3.34 (bs,
0.5H), 3.36 (bs, 0.5H), 3.40 (s, 1H), 3.41 (s, 13$3-3.58 (m, 1H), 3.72-3.91 (m, 9H), 4.13 (&d12.6,
5.3 Hz, 0.5H), 4.28 (ddl=12.6, 5.3 Hz, 0.5H), 4.75 (bs, 0.5H), 4.82 (bsH),5%.15 (s, 1H), 5.19 (d,
J=3.1 Hz, 1H), 7.18-7.19 (m, 1H), 7.29-7.41 (m, 6AB5 (d,J=6.2 Hz, 1H), 8.16 (bs, 0.5H), 8.12 (bs,
0.5H).

13C NMR (CDCI3, 100MHz)3$ 27.6, 28.0, 30.0, 30.3, 32.6, 32.9, 42.3, 45.8,4.6, 57.0, 57.0, 67.1,
67.5,67.7,77.5,77.9,109.9, 110.2, 111.0, 11118,0, 118.1, 120.8, 120.9, 125.1, 125.8, 12&6,4.
128.1, 128.1, 128.2 ,128.3, 128.7, 128.8, 134.3,4,1336.7, 136.7, 137.0, 155.8, 155.8, 173.0,1173.
ESI: calc. [M+H: CogH32N30s: 490.2, found 490.2.
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(x)-Ethyl 2-(5-methoxy-3-(2-(methylthio)nicotinoyl}10-(morpholine-4-carbonyl)-1,2,3,4,5,6-
hexahydro-7H-2,6-methanoazocino[5,4-blindol-7-yl)aetate (5ab):

Compound5ab (8 mg, 47 %) was synthesized fr@ab” following General Procedurdd, D andE
without the need for purification of the intermeaei@arude products.

'H NMR (CDCI3, 500 MHz) (rotameric mixture 1:1§:1.25 (dd,J= 13.3, 7.1 Hz, 3H), 1.93-2.20 (m,
1.5H), 2.48-2.58 (m, 5H), 2.63 (s, 2H), 2.89-3.4¥, 2.5H), 3.33 (dddJ=23.4, 15.1, 5.4 Hz, 1H), 3.41

(s, 1.5H), 3.45 (d)=2.7 Hz, 1H), 3.71 (bs, 7H), 4.01 (bs, 0.5H), 4.1254(m, 2H), 4.80 (t}=18.0 Hz,
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1H), 4.91 (ddJ=12.9, 5.0 Hz, 0.5H), 5.04 @18.0 Hz, 0.5H), 5.15 (d]=18.1 Hz, 0.5H), 5.44 (bs,
0.5H), 7.05 (ddJ=7.5, 5.0 Hz, 0.5H), 7.12 (m, 0.5H), 7.19-7.25 (H),27.41-7.47 (m, 1H), 7.58 (bs,
0.5H), 7.63 (bs, 0.5H); 8.47 (dd4.9, 1.7 Hz, 0.5H), 8.53 (dd=4.9, 1.7 Hz, 0.5H).

HRMS (ESI). calc. for [M+H]" Ca1H37N4OeS: 593.24283, found: 593.24252; calc. for [M+Na]

Ca1H3eN4OeNaS: 615.22478, found: 615.22452

Br N
N /
OMe

(x)-Benzyl 10-bromo-5-methoxy-1,2,4,5,6,7-hexahydi®H-2,6-methanoazocino[5,4-b]indole-3-
carboxylate (3ac):

Compoundac(0.378 g, 84%) was synthesised from compamfbllowing general procedui®, using
4-bromophenylhydrazine hydrochloride (CAS: 622-38-8

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1§:1.96-2.09 (m, 2H), 2.47 (df=23.4, 11.8 Hz,
1H), 2.75 (tJ=17.8 Hz, 1H), 3.04 (dt}=16.6, 6.6 Hz, 1H), 3.31-3.34 (m, 1H), 3.39Jd3.5 Hz, 3H),
3.54 (td,J=10.1, 5.6 Hz, 1H), 4.13 (dd=12.8, 5.6 Hz, 0.5H), 4.13 (d&:12.6, 5.3 Hz, 0.5H), 4.74 (bs,
0.5H), 4.82 (bs, 0.5H), 5.18 (&18.5 Hz, 2H), 7.16 (dJ=8.6 Hz, 1H), 7.22 (ddJ=8.6, 1.8 Hz, 1H),
7.31-7.41 (m, 5H), 7.57 (d=5.8 Hz, 1H), 8.00 (dJ=12.9 Hz, 1H).

13C NMR (CDCI3, 100MHz)3 27.6, 27.0, 30.0, 30.4, 32.6, 33.0, 42.3, 42.3,%47.0, 57.0, 67.4, 67.6,
77.4,77.5,77.9, 108.9, 109.2, 112.4, 112.7, 12(2@.8, 124.3, 128.0, 128.1, 128.2, 128.3, 1228,7,
134.2, 134.3, 134.7, 136.8, 136.8, 155.6

ESI: calc. [M+H]: Ca3sH2aN203Br: 455.0, found 455.0; calc. [M+H Ca3H24N20:%'Br: 457.0, found
457.0
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(x)-Benzyl 10-bromo-7-(2-ethoxy-2-oxoethyl)-5-methq-1,2,4,5,6,7-hexahydro-3H-2,6-
methanoazocino[5,4-blindole-3-carboxylate (4ac):

Compound4ac (0.240 g, 84%) was synthesized fr@ac following General Procedui®d. Compound
4acwas isolated with a small impurity of the ethyb@®moacetate, as an orange oil.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1y:1.25 (t,J=7.1 Hz, 3H), 1.94-2.05 (m, 2H), 2.51-
2.63 (m, 1H), 2.77 (1=17.0 Hz, 1H), 3.05-3.13 (m, 1H), 3.35 (¢4.8 Hz, 3H), 3.39 (dJ=2.8 Hz, 1H),
3.54-3.59 (m, 1H), 4.12-4.27 (m, 2.5H), 4.34 (#12.5, 4.9 Hz, 0.5H), 4.76-4.80 (m, 1.5H), 4.85 (bs,
0.5H), 5.09 (tJ=19.5 Hz, 1H), 5.21 (d=14.8 Hz, 2H), 7.07 (d}=8.7 Hz, 1H), 7.26 (ddJ=8.6, 1.9 Hz,
1H), 7.33-7.43 (m, 5H), 7.59 (d=3.7 Hz, 1H).

13C NMR (CDCI3, 100MHz)3$ 14.0, 14.1, 27.5, 27.8, 30.2, 30.5, 31.6, 31.5/,411.6, 44.8, 44.9, 56.7,
56.8, 60.9, 61.3, 67.1, 67., 368.1, 77.4, 78.(8,789.0, 109.3, 110.4, 112.5, 120.6, 124.0, 12A23,8,
127.9, 128.0, 128.1, 128.2, 128.4, 128.5, 135.8,4,1335.8, 136.7, 155.3, 168.7, 168.8

HRMS (ESI). calc. for [M+H]" Co7H30N20sBr: 541.13326, found: 541.13476. Calc. for [M+H]

Co7H30N205%1Br: 543.13121, found: 543.13278
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(x)-Ethyl 2-(10-bromo-5-methoxy-3-(2-(methylthio)ncotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5ac):

Compoundbac (30.9 mg, 60%) was synthesized frdaxc following General Procedur&sandE,

without the need to purified the intermediate crpdeduct. The pure enantiomers were obtained
following the same procedure as for compond 5afi@)u(see section: Separation of (£)-Glupin
racemic mixture).

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1.3):1.24 (q,J=7.1 Hz, 3H), 1.94 (dJ=11.0 Hz,
0.5H), 2.08-2.32 (m, 1.5H), 2.60 (bs, 2H), 2.6624d), 2.83-3.03 (m, 1.5H), 3.17 (s, 1.5H), 3.30ddd
J=23.4,15.1, 5.4 Hz, 1H), 3.41 (s, 1.5H), 3.45)B.5 Hz, 1H), 3.68-3.82 (m, 1H), 4.00 (s, 0.5H),%.0
4.25 (m, 2H), 4.75 (dd=18.0, 13.7 Hz, 1H), 4.90 (dd=12.9, 4.9 Hz, 0.5H), 4.99 (d=180 Hz, 0.5H),
5.11 (d,J=18.0 Hz, 0.5H), 5.42 (bs, 0.5H), 7.05-7.10 (m, J,5H15 (ddJ=7.2, 5.1 Hz, 0.5H), 7.26-
7.28 (m, 1H), 7.46-7.51 (m, 1H), 7.57 (s, 0.5HB37(s, 0.5H), 7.83 (bs, 1H), 8.50 (d&;5.0, 1.7 Hz,
0.5H), 8.57 (ddJ=5.0, 1.7 Hz, 0.5H).

13C NMR (CDCI3, 100MHz)3 13.3, 13.5, 14.3, 28.3, 30.1, 31.4, 32.0, 32.34,388.1, 45.1, 45.1, 49.2,
57.1,61.4,61.7,77.9, 79.0, 110.6, 110.6, 11810,5, 120.8, 121.0, 124.6, 128.1, 128.3, 133.9,23
135.5, 136.0, 136.0, 149.6, 167.4, 167.5, 169.9,116

HRMS (ESI). calc. for [M+H]" CosH29N304BrS:558.10567, found: 558.10757; calc. for [M+H]

Ca6H29N3042'BrS:560.10362, found: 560.10521
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Specific optical rotations(as the TFA salt): (+»ada]p= - 14.8°; (-)5ada]p= +20.3°
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(2)- (5-methoxy-1,2,4,5,6,7-hexahydro-3H-2,6-methaazocino[5,4-blindol-3-yl)(2-
(methylthio)pyridin-3-yl)ymethanone (5)):

Compoundbj (92 mg, 81%) was synthesized fr@afollowing General Procedufe Compound 5j
was isolated as a white foamy solid.
HRMS (ESI). calc. for [M+H]" C2oH24N30.S: 394.15837, found: 394.15833; calc. for [M+Na]

C22H23N302NaS: 416.14032, found: 416.14028
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(¥)-tert-butyl 2-(5-methoxy-3-(2-(methylthio)nicotinoyl)-3,4,5,6-tetrahydro-1H-2,6-
methanoazocino[5,4-blindol-7(2H)-yl)acetate (5k):

Compoundsk was synthesized frora following General Procedurés andF. The compound was
purified by preparative HPLC eluting with 10-100%@N in HO.

IH NMR (CDCI3, 500MHz):6 1.34 (s, 18H), 1.88 (s, 2H), 2.04-2.37 (m, 4H%022.54 (m, 4H), 2.56
(s, 3H), 2.62-3.03 (m, 5H), 3.12 (s, 2H), 3.20-3B0 2H), 3.33-3.42 (m, 4H), 3.62 (s, 1H), 3.931(d),
4.62 (app tJ)= 17.6 Hz, 2H), 4.80-4.87 (m, 2H), 4.95 (&17.6, 1H), 5.36 (m, 1H), 6.91-6.98 (m, 2H),
6.99-7.06 (m, 3H), 7.08-7.15 (m, 3H), 7.31-7.49 4ir), 8.38 (d,)=4.7 Hz, 1H), 8.45 (d}=4.7 Hz, 1H).
13C NMR (CDCI3, 100MHz):$ 13.1, 27.9, 31.5, 32.2, 42.8, 45.7, 56.9, 78.93,782.0, 108.9, 119.3,
121.6, 126.3, 126.5, 149.5, 166.9, 168.4, 168.6.

HRMS (ESI): calc. for [M+H] C2sH34N304S: 508.2265; Found: 508.2260.
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(x)-Propyl 2-(-5-methoxy-3-(2-(methylthio)nicotinoy)-3,4,5,6-tetrahydro-1H-2,6-
methanoazocino[5,4-blindol-7(2H)-yl)acetate (5I):

Compound5l was synthesized frora following General ProcedureS andF. The compound was
purified by preparative HPLC eluting with 10-100%€®N in HO.

IH NMR (CDCI3, 500MHz) 0.83-0.92 (m, 6H), 1.58-1.67 (m, 5H), 1.97 (ap@=d.0.9 Hz, 2H), 2.10-
2.16 (m, 2H), 2.54-2.66 (m, 4H), 2.68 (s, 4H), 3@pp. s, 3H), 3.30-3.38 (M, 3H), 3.43 (s, 3H)93 4
3H), 3.66-3.76 (M, 1H), 3.99-4.08 (m, 4H), 4.0864(fn, 2H), 4.82 (app. dd=18.1 Hz, 2H), 4.92 (dd,
J=4.8 and 12.9 Hz, 1H), 5.06 (@ 18.0 Hz, 1H), 5.17 (d]=18.0 Hz, 1H), 5.42-5.47 (m, 1H), 7.04-7.10
(m, 1H), 7.10-7.17 (m, 3H), 7.19-7.25 (m, 4H), ZB@8 (m, 2H), 7.50-7.57 (m, 2H), 8.50 (&:4.7 Hz,
1H), 8.56 (dJ=4.7 Hz, 1H).

13C NMR (CDCI3, 100MHz)$ 10.3, 13.2, 14.1, 21.8, 29.8, 31.5, 31.9, 41218,444.5, 48.9, 56.8, 66.7,
99.6, 108.9, 117.9, 118.2, 119.2, 121.6, 126.3,52133.5, 133.8, 134.0, 137.1, 149.2, 166.7, 166.9
169.3, 169.5.

HRMS (ESI): calc. for [M+H] Ca7H32N304S: 494.2108; Found: 494.2114.

(¥)-2-(5-methoxy-3-(2-(methylthio)nicotinoyl)-1,2,34,5,6-hexahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetic acid (5n):

Compoundba (5.0 mg, 0.010 mmol) was dissolved in THF (0.14 @107 M) and HO (60 uL, 0.16M)

LiOH (1.5 mg, 0.06 mmol). The reaction was allowedtir for 1 hour, then the reaction was takepHio
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2 with HCI 1M and extracted with GRBI.. The crude product was purified by chromatografuiue to

the amount of crude product the chromatographiaroalwas performed on a Pasteur pipette, 1 to 5%
MeOH/CH2CI2) to obtain produd&n (2.1 mg, 47%) as a white solid. Due to the lacknaiterial the
compound purity was checked by uHPLC (> 95%) aratatterized only by HRMS (ESI).

HRMS (ESI): calc. for [M+H]" C24H26N304S: 452.16385, found: 452.16381

MeS
O —N
\ N\ //
@j@
N OMe

(¥)-(7-(furan-2-ylmethyl)-5-methoxy-5,6-dihydro-1H-2,6-methanoazocino[5,4-blindol-
3(2H,4H,7H)-yl)(2-(methylthio)pyridin-3-yl)methanone (50):

Methane sulfonyl chloride (2.4 mmol, 1.2 equiv.)svealded to a stirred solution furfuryl alcohol (&1oi,

1 equiv.) and Et3N (4 mmol, 2 equiv.) in &2 (20 mL, 0.1 M) and the reaction mixture was stira¢

rt. After 20 h, the reaction mixture was dilutedmCHCl> (20 mL) and washed with 1 M ag. HCI (20
mL). The aqueous layer was extracted with,Ckl (3 x 10 mL) and the combined organic layers were
dried over MgSO4, filtered and conc. in vacuo teega crude. The crude was diluted in MeCN (5 mL,
0.4 M), compoun®a was added and the resulting reaction mixture veasdd to reflux. After 2.5 h the
reaction mixture was allowed to cool to rt, and trelized by the slow addition of sat. aq. NaHCO3
solution. The reaction mixture was extracted with.Cl> (3 x 20 mL) and the combined organic layers
were dried over MgSO4, filtered and conc. in vatuaive a crude product. The crude product was

submitted to General Procediaffording the desired compoubd in 43% yield over 3 steps.
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IH NMR (CDCI3, 500MHz):5 1.13-1.25 (m, 6H), 1.96-2.03 (m, 2H), 2.23-2.31 2H), 2.55-2.63 (m,
3H), 2.93-3.02 (m, 4H), 3.11-3.19 (m, 2H), 3.20%B(th, 2H), 3.39 (s, 3H), 3.62-3.67 (M, 3H), 3.92 (s
br, 1H), 4.84 (ddJ=4.7, 12.9 Hz, 1H), 5.13 (dd=12.5 and 16.9 Hz, 1H), 5.32-5.37 (m, 2H), 5.40 (d,
J=16.9 Hz, 1H), 5.52 (dJ=16.5 Hz, 1H), 5.98 (d}=2.8 Hz, 1H), 6.02 (dJ=2.8 Hz, 1H), 6.18 (s, 2H),
6.97-7.06 (m, 3H), 7.07-7.15 (m, 3H), 7.23Jd7.0 Hz, 2H), 7.26-7.33 (m, 3H), 7.24-7.40 (m, 38{%3
(d,J=4.7 Hz, 1H), 8.49 (d}=4.7 Hz, 1H).

13C NMR (CDCI3, 100MHz):$ 13.3, 14.1, 29.8, 31.5, 31.9, 40.1, 42.7, 49721,561.0, 99.6, 107.0,
109.3, 109.5, 110.3, 117.9, 119.1, 121.5, 126.3,613133.9, 136.5, 137.6, 141.9, 149.2, 151.5,966.

HRMS (ESI): calc. for [M+HT Co7H2eN303S: 474.1846; Found: 474.1849.

(x)-ethyl 5-methoxy-3-(2-(methylthio)nicotinoyl)-34,5,6-tetrahydro-1H-2,6-methanoazocinol5,4-
blindole-7(2H)-carboxylate (5p):

Sodium hydride (as a 60% suspension in mineraldlmmol, 1.5 equiv.) was added to a stirred smut
of the indole3a (1 mmol) in DMF (2 mL, 0.5 M) cooled at 0 °C artreaction was stirred at 0 °C. After
30 min, ethyl chloroformate (1.5 equiv.) was addeapwise and the reaction mixture was allowed to
warm to rt. After 3 h, the reaction mixture was leaoto 0 °C and the quenched by slow addition of sa

brine (10 mL). The mixture was extracted with EtQ&c< 10 mL) and the combined organic layers were
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dried over MgSO4, filtered and conc. in vacuo teegh crude which was submitted directly to General
Procedurd-. Following purification the desired compousp was isolated in 36% yield over three steps.
IH NMR (CDCI3, 500MHz)3 1.43 (gJ=7.0 Hz, 6H), 1.90-2.09 (m, 2H), 2.13 (11.2 Hz, 1H), 2.20-
2.31 (m, 1H), 2.32-2.60 (m, 4H), 2.62 (s, 3H), 2364 (m, 4H), 3.09-3.18 (m, 2H), 3.22 (s, 3HBE.
(s, 3H), 3.54-3.65 (m, 2H), 3.86 (s, 1H), 4.3474(¢h, 4H), 4.48-4.55 (m, 2H), 4.72 (d& 4.9 and 13.4
Hz, 1H), 5.30 (s, 1H), 7.02 (appJ&6.2 Hz, 1H), 7.09 (app. §=6.2 Hz, 1H), 7.14-7.25 (m, 3H), 7.26-
7.34 (m, 1H), 7.35-7.48 (m, 4H), 7.97J£9.5 Hz, 2H), 8.43 (ddl=1.7 and 5.2 Hz, 1H), 8.49 (d#; 1.7
and 5.2 Hz, 1H).

13C NMR (CDCI3, 100MHz):6 14.2, 22.2, 31.1, 31.6, 41.9, 48.2, 57.9, 63.40,789.0 109.2, 115.6,
117.6,117.9, 119.1, 122.6, 124.1 127.8, 128.2,513383.8, 136.2, 149.1, 152.1, 155.9, 166.1.

HRMS (ESI): calc. for [M+H] C2sH28N304S: 466.1795; Found: 466.1800.

(¥)-ethyl 3-(5-methoxy-3-(2-(methylthio)nicotinoyl}3,4,5,6-tetrahydro-1H-2,6-
methanoazocino[5,4-blindol-7(2H)-yl)propanoate (5q)

By the method of Gingrickt al.[4l ethyl acrylate (1.5 mmol, 1.5 equiv.) was added siirred solution
of the indole (1 mmol, 1 equiv.) and 1,8 diazabioyadecane (2.5 mmol, 2.5 equiv.) in MeCN (10 mL,
0.1 M) and the reaction mixture was heated to xefiter 18 h the reaction mixture was allowed tolc

to rt and concin vacuo to give a crude which was submitted directly tov&al Procedurg. Following
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purification by preparative HPLC eluting with 10e@ MeCN in H20, afforded the desired compound
5qin 52% vyield over three steps.

IH NMR (CDCI3, 500MHz)3$ 1.10-1.21 (m, 6H), 1.76-1.84 (m, 1H), 1.93-2.00 {id), 2.12 (dJ=11.2
Hz, 1H), 2.16-2.20 (m, 1H), 2.21-2.33 (m, 2H), 2587 (s, 6H), 2.61-2.81 (m, 6H), 2.86-3.00 (M, 2H)
3.09-3.20 (m, 2H), 3.21-3.27 (m, 2H), 3.36 (s, 4B)55 (app. t)= 7.0 Hz, 2H), 3.58-3.66 (M, 1H), 3.91
(s, 1H), 4.00-4.10 (m, 4H), 4.21-4.34 (m, 2H), 4457 (m, 2H), 4.80 (dd= 5.2 and 12.6 Hz, 1H),
5.35 (s, 1H), 6.95 (app.d=6.2 Hz, 2H), 6.99-7.07 (m, 4H), 7.12 J&7.6 Hz, 2H), 7.24 (t}=7.2 Hz,
2H), 7.31-7.48 (m, 4H), 8.38 (dd:1.9 and 4.9 Hz, 1H), 8.44 (d# 1.7 and 4.9 Hz, 1H).

13C NMR (CDCI3, 100MHz):$ 14.1, 22.6, 31.2, 31.7, 38.8, 42.6, 48.9, 56.97,608.1, 79.2 109.2,
117.9,118.2,119.0, 121.3, 126.2, 126.5, 131.2,31333.8, 136.1, 149.4, 155.8, 166.8, 166.9, 171.7

HRMS (ESI): calc. for [M+H] Co7H32N304S: 494.2108; Found: 494.2096.

(x)-methyl 2-(5-methoxy-3-(2-(methylthio)nicotinoy)-3,4,5,6-tetrahydro-1H-2,6-
methanoazocino[5,4-blindol-7(2H)-yl)acetate (5ad):

Compound5ad was synthesized from compouBa following General Procedur€, using methyl
bromoacetate, directly followed by General procedur

IH NMR (CDCI3, 500MHz): 1.91-2.00 (m, 1H), 2.10-2.14 (m, 1H), 2.26-2.59 &H), 2.65 (s, 3H),

2.71-2.79 (m, 2H), 3.00-3.12 (m, 2H), 3.18 (s, 334B0-3.39 (M, 2H), 3.42 (s, 3H), 3.48 (s, 3H)13F,
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3H), 3.73 (s, 4H), 4.03 (s, 1H), 4.84 (app~18.0 Hz, 3H), 4.93 (app. d& 5.2 and 13.2 Hz, 2H), 5.07
(d, J=18.3 Hz, 1H), 5.19 (d}=18.3 Hz, 1H), 5.45 (s, 1H), 7.01-7.07 (m, 1H), 7088 (m, 3H), 7.20-
7.26 (m, 4H), 7.35-7.58 (m, 4H), 8.47 (de&,1.7 and 4.9 Hz, 1H), 8.54 (ddk1.7 and 4.9 Hz, 1H).

13C NMR (CDCI3, 100MHz):5 13.1, 21.0, 31.4, 31.8, 42.6, 44.6, 48.8,52.29,567.7, 79.1, 108.8,
109.9, 114.1, 118.6, 118.9, 119.1, 119.5, 121.6,2226.5, 131.1, 133.8, 134.1, 137.0, 149.5,855.
167.0, 169.5, 169.8.

HRMS (ESI): calc. for [M+H] C2sH28N304S: 466.1795; Found: 466.1797.

N
N OMe
Om)
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(x)-phenyl 2-(5-methoxy-3-(2-(methylthio)nicotinoy)-3,4,5,6-tetrahydro-1H-2,6-
methanoazocino[5,4-blindol-7(2H)-yl)acetate (5ae):

Compoundsae was synthesised fro®a following General Procedur@, using phenyl bromoacetate,
directly followed by General proceduie

IH NMR (CDCI3, 500MHz):$ 2.00-2.29 (m, 4H), 2.47-2.64 (m, 6H), 2.65-2.i1 2H), 2.81-3.11 (m,
3H), 3.17 (s, 3H), 3.23-3.29 (m, 1H), 3.32-3.38 (iH), 3.40-3.45 (m, 4H), 3.70-3.83 (m, 1H), 3.99 (s
1H), 4.18 (s, 1H), 4.29 (s, 1H), 4.91 (d¢5.2 and 12.9 Hz, 1H), 5.27 (appit16.2 Hz, 2H), 5.39-5.45
(m, 2H), 5.48 (dJ=14.8 Hz, 1H), 6.95-7.04 (m, 5H), 7.06-7.10 (m, 1A} 2-7.24 (m, 4H), 7.25-7.38
(m, 6H), 7.40-7.58 (m, 4H), 8.02 (@8.1 Hz, 1H), 8.14 (d}=8.5 Hz, 1H), 8.50 (dJ=4.7 Hz, 1H), 8.57

(d, J=4.7 Hz, 1H).
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13C NMR (CDCI3, 100MHz)3$ 12.3, 14.2, 22.5, 31.2, 32.7, 33.4, 41.5, 42.8,86.6, 57.4, 61.3, 69.4,
78.7, 108.9, 114.5, 115.7, 119.0, 119.4, 121.2,9.21123.2, 124.8, 126.4, 128.5, 129.2, 129.5, 132.8
133.1, 133.8, 136.4, 137.0, 149.6, 157.8, 166.6,9.4.69.2.

HRMS (ESI): calc. for [M+H] C3oH30N304S (M+H)™ 528.1952; Found: 528.1950.
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(x)-Ethyl 2-(5-methoxy-3-nicotinoyl-3,4,5,6-tetrahylro-1H-2,6-methanoazocino[5,4-blindol-7(2H)-
yl)acetate (5t):

Compoundbt (35 mg, 88%) was synthesised frd@a following General Procedutd, using nicotinic
acid. The crude product was purified by chromatplya2% MeOH/CHCI,) to afford a colourless oil.
'H NMR (CDCI3, 500MHz) (rotameric mixture 1.23 (m, 3H), 1.95 (d}=12.4 Hz, 0.6H), 2.04 (d,
J=12.7 Hz, 0.6H), 2.13 (s, 0.8H), 2.64 9.5 Hz, 0.6H), 2.86-2.96 (m, 1.4H), 3.16 (d¢5.6, 17.0
Hz, 0.6H), 3.19 (s, 1.2H), 3.33 (d#£5.9, 17.4 Hz, 0.4H), 3.41 (s, 1.8H), 3.494d2.6 Hz, 1H), 3.53-
3.55 (m, 0.4H), 3.59-3.72 (m, 1H), 4.11-4.24 (m,)2#27 (bs, 0.6H), 4.77-4.87 (m, 1.6H), 5.02 (d,
J=18.0 Hz, 0.4H), 5.14 (d}=18.1 Hz, 0.6H), 5.38 (bs, 0.4H), 7.10-7.13 (m, 1H}L9-7.23 (m, 2H),

7.39-7.52 (m, 2H), 7.79 (d=7.5 Hz, 0.4H), 7.88 (dI=7.5 Hz, 0.6H), 8.67-8.76 (m, 2H).
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13C NMR (CDCI3, 100MHz) (rotameric mixturey: 14.3, 26.8, 27.5, 29.4, 30.5, 30.8, 31.3, 38.33,42
43.9, 445, 48.2, 56.0, 60.5, 77.0, 77.9, 107.8.1,0108.7, 117.1, 117.3, 118.7, 120.9, 123.0,2,23.
125.3, 125.5, 132.1, 131.6, 132.8, 133.2, 134.8,913136.1, 136.2, 145.7, 145.8, 148.8, 148.9,6166.
168.3, 168.5.

HRMS (ESI): calc. for [M+H]" CasH2gN304 : 434.20743, found: 434.20705.
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(x)-Ethyl 2-(3-(2-fluoronicotinoyl)-5-methoxy-1,2,34,5,6-hexahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetate (5u):

Compoundbu (5.4 mg, 20%) was synthesised following Generat@darel, using 2-fluoro nicotinic
acid. The crude product was then purified direbthpreparative HPLC (10% to 50% ACNBI) to

yield compoundbu.

'H NMR (CDCI3, 500MHz) (rotameric mixture 1:1.3):1.23-1.26 (m, 3H), 1.97-2.00 (m, 1H), 2.10-
2.21 (m, 1H), 2.62-2.80 (m, 1H), 2.90 (&17.2 Hz, 1H), 3.10-3.22 (m, 2H), 3.33 (d&;17.3, 6.1 Hz,
0.44H), 3.41 (s, 2H), 3.48-3.49 (m, 1H), 3.66 (bd), 4.08 (bs, 0.56H), 4.12-4.24 (m, 2H), 4.80 (dd,
J=19.2, 18.1 Hz, 1H), 4.87 (bs, 0.56H), 5.04 Jd18.0 Hz, 0.44H), 5.14 (d=18.1 Hz, 0.56H), 5.39
(bs, 0.44H), 7.10-7.13 (m, 1H), 7.19-7.23 (m, ZHR7-7.29 (m, 0.44H),7.33-7.35 (m, 0.56H), 7.44 (bs
0.56H), 7.50 (dJ=7.8 Hz, 0.44H), 7.87-7.92 (m, 1H), 8.28 (dd4.8, 1.6 Hz, 0.44H), 8.33 (dd=4.8,

1.5 Hz, 0.56H) ).
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13C NMR (CDCI3, 100MHz)3$ 14.3, 27.6, 30.5, 32.0, 32.2, 43.4, 45.0, 45.(88,497.0, 57.1, 61.5, 61.5,
78.1, 78.9, 109.1, 109.7, 118.2, 118.3, 119.3,3,1P19.6, 119.7, 121.9, 122.2, 122.2, 126.4, 126.5,
133.9, 134.2, 137.2, 137.3, 140.1, 148.9, 149.0,114149.1, 157.8, 157.9, 159.1, 159.3, 163.9,0,64.
169.3, 169.5

HRMS (ESI). calc. for [M+H]" CasH27N304F: 452.19801, found: 452.19813.
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(x)-Ethyl 2-(5-methoxy-3-(2-methoxynicotinoyl)-1,23,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5v):

Compound5v (39.0 mg, 92%) was synthesised frdrda following General Procedurd, using 2-
methoxy nicotinic acid. The crude product was pediby chromatography (3% MeOH/QEl») to afford

a colourless oil.

IH NMR (CDCI3, 500MHz):5 1.24 (g,J=7.0 Hz, 3H), 1.90-1.96 (m, 0.8H), 2.09-2.17 (mH),22.55-
3.14 (m, 3H), 3.18 (dJ=16.3 Hz, 1.2H), 3.27-3.36 (m, 1H), 3.41 (s, 1.88146 (s, 1H), 3.60-3.71 (m,
1H), 3.87 (s, 0.4H), 4.01 (s, 0.6H), 4.10 Jd21.9 Hz, 2H), 4.14-4.24 (m, 2H), 4.79 (d&14.6, 18.0
Hz, 1H), 4.88-4.93 (m, 0.6H), 5.04 @ 17.9 Hz, 0.4H), 5.15 (dd=5.4, 18.0 Hz, 0.6H), 5.42 (s, 0.4H),
6.96-7.23 (M, 4H), 7.41-7.54 (m, 1H), 7.60-7.68 {id), 8.21 (dd,)=1.9, 5.1 Hz, 0.4H), 8.27 (dd=1.9,

5.1 Hz, 0.6H).
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13C NMR (CDCI3, 100MHz)3$ 14.3, 27.6, 28.4, 30.4, 30.6, 31.2, 31.7, 31.9,32.4, 38.8, 39.1, 42.9,
44.9,45.0,48.9,49.1,49.1,54.3,54.5,57.,608.1, 78.4, 79.1, 79.3, 109.0, 109.1, 117.2,3 1117 .4,
118.1, 118.3, 119.6, 120.7, 121.8, 126.4, 134.1,21337.4, 147.2, 147.4, 166.2, 169.4, 169.5

HRMS (ESI): calc. for [M+H]" C26H30N30s : 464.21800, found: 464.21828.

F3C
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(x)-Ethyl 2-(5-methoxy-3-(2-(trifluoromethyl)nicoti noyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5w):

Compoundbw (13.5 mg, 35%).) was synthesised following GenBratedurd, using 2-
trifluoromethoxy nicotinic acid. The crude produgs purified directly by preparative HPLC (10% to
50% ACN/HO).

'H NMR (CDCI3, 500MHz) (rotameric mixture 1.21-1.26 (m, 3H), 1.90-1.93 (m, 0.5H), 1.96-1.98
(m, 0.2H), 2.08-2.15 (m, 1.3H), 2.61 (de,12.8, 10.8 Hz, 0.4H), 2.66 (ddk12.8, 10.7 Hz, 0.2H), 2.77-
2.83 (m, 0.8H), 2.87-2.92 (m, 0.8), 3.02-3.09 (BH), 3.12-3.15 (m, 1.5H), 3.20 (dd:12.8, 4.9 Hz,
0.5H), 3.29-3.36 (m, 0.5H), 3.40-3.42 (m, 1.5H%533.50 (M, 1H), 3.55 (d#=10.3, 4.4 Hz, 0.3H), 3.62-
3.66 (m, 0.5H), 3.91-3.93 (m, 0.5H), 4.11-4.24 i), 4.77 (ddJ=18.0, 5.5 Hz, 0.5H), 4.81 (dd=18.1,
4.4 Hz, 0.5H), 4.92 (dd=12.9, 5.0 Hz, 0.5H), 5.01 (dd=18.0, 12.1 Hz, 0.5H), 5.14 (d&:18.1, 8.1
Hz, 0.5H), 5.39-5.40(m, 0.2H), 5.44 (m, 0.3H), Z7L05 (m, 1H), 7.19-7.23 (m, 2H), 7.43 (7.8 Hz,
0.4H), 7.48 (dJ=7.8 Hz, 0.2H), 7.50-7.54 (m, 0.8H), 7.58 (dd7.9, 4.8 Hz, 0.2H), 7.60 (dd=7.8,
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4.7 Hz, 0.2H), 7.64-7.65 (m, 0.6H), 7.75-7.76 (18H), 7.82 (ddJ=7.8, 1.1 Hz, 0.3H), 8.76 (ddd: 9.9,
4.6, 1.0 Hz, 0.5H), 8.81-8.82 (m, 0.5H).

13C NMR (CDCI3, 100MHz)$ 14.2, 14.2, 26.6, 26.9, 27.8, 28.4, 29.9, 30.44,381.5, 31.7, 31.9, 32.0,
32.3,38.6, 39.0, 42.8, 43.0, 44.7, 44.9, 44.2, 489.0, 49.1, 56.8, 56.8, 56.9, 57.0, 61.3, 6414, 61.4,
77.7,78.2,78.2, 78.7, 108.4, 108.7, 108.8, 1089,0, 109.1, 109.4, 109.7, 117.9, 118.1, 1188,4,
119.6, 119.6, 119.6, 120.4, 120.5, 120.7, 120.1,82122.0, 122.1, 122.1, 122.2, 122.3, 123.8,9,23.
126.9, 126.2, 126.2, 126.4, 126.4, 126.5, 126.6,313131.4, 131.8, 131.8, 133.4, 133.6, 134.0,1134.
135.4, 135.4, 135.5, 136.0, 137.1, 137.1, 137.2,714142.9, 143.1, 143.1, 143.3, 143.3, 143.5,643.
143.6, 143.7, 143.8, 149.8, 149.9, 150.0, 165.3,416.65.6, 165.8, 169.1, 169.3, 169.4

HRMS (ESI). calc. for [M+H]" C26H27N304Fs: 502.19482, found: 502.19439.
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(x)-Ethyl 2-(5-methoxy-3-(2-(methylthio)-4-(trifluoromethyl)nicotinoyl)-1,2,3,4,5,6-hexahydro-
7H-2,6-methanoazocino[5,4-blindol-7-yl)acetate (5x)

Compoundbx (80 mg, 73%) was synthesized following GenerakPBdoreH, using the corresponding
carboxylic acid crude product synthesised followi@eneral Procedurel from 2-chloro-4-
(trifluoromethyl)nicotinic acid (CAS: 590371-81-6 Compoundbx was purified by preparative HPLC

(10% to 50% ACN/HO).

69



WILEY-VCH

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:2.3)1.22-1.27 (m, 3H), 1.90 (dd=26.3, 12.7, 2.5
Hz, 0.3H), 2.06-2.15 (m, 1H), 2.26 (d13.1, 3.6 Hz, 0.3H), 2.52 (s, 1H), 2.65-2.62 (m),3H81-2.87
(m, 0.7H), 3.01-3.09 (m, 0.7H), 3.12-3.23 (m, 38i28-3.35 (M, 1H), 3.42 (d=4.9 Hz, 1H), 3.47-3.50
(m, 1H), 3.52-3.64 (m, 0.3H), 3.76-4.00 (m, 0.7#),1-4.26 (m, 2H), 4.80 (#=16.4 Hz, 1H), 4.94-5.00
(m, 0.3H), 5.04 (dJ=17.9 Hz, 0.7H), 5.15 (ddl=18.0, 2.7 Hz, 0.3H), 5.48 (bs, 0.7H), 7.09-7.18 (m,
1H), 7.20-7.24 (m, 2.3H), 7.27-7.31 (m, 0.7H), 7(d8,J=12.9, 7.8 Hz, 0.3H), 7.54 (dd:11.4, 7.8 Hz,
0.7H), 8.66 (tJ=4.7 Hz, 0.7H), 8.64-8.71 (m, 0.3H).

13C NMR (CDCI3, 100MHz)3$ 13.5, 13.7, 13.9, 14.0, 14.1, 14.4, 26.7, 26.9,,228.3, 30.1, 30.2, 30.6,
31.9,32.0, 32.1, 32.5, 32.6, 39.0, 39.1, 43.18/48.1, 45.1, 49.6, 49.7, 57.1, 57.1, 57.2, 607/, 78.0,
78.4, 79.5, 109.0, 109.0, 109.1, 109.2, 109.3,8,0809.9, 115.1, 115.1, 115.6, 118.3, 118.5, 119.6,
119.7, 119.7, 121.9, 126.5, 126.7, 126.8, 133.8,013.34.4, 137.3, 137.4, 150.0, 150.1, 150.1,3151.
158.4, 158.9, 159.2, 159.4, 163.9, 164.0, 169.4,5.4.69.6, 169.6

HRMS (ESI): calc. for [M+H]" C27H20N304F3S: 548.18254, found: 548.18209
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(x)-Ethyl 2-(5-methoxy-3-(2-(methylthio)-5-(trifluoromethyl)nicotinoyl)-1,2,3,4,5,6-hexahydro-
7H-2,6-methanoazocino[5,4-b]indol-7-yl)acetate (5y)

Compoundby (76 mg, 84%) was synthesized following GenerakPBdoreH, using the corresponding

carboxylic acid crude product synthesised followigeneral Procedurel from 2-chloro-5-
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(trifluoromethyl)nicotinic acid (CAS: 505084-59-3yompoundsy was purified by preparative HPLC
(10% to 50% ACN/HO).

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1§:1.23-1.28 (m, 3H), 1.98 (d=12.2 Hz, 0.5H),
2.15-2.32 (m, 1.5H), 2.58-2.67 (m, 4H), 2.95-3.t8 PH), 3.20 (s, 1.5H), 3.26-3.36 (M, 1H), 3.42 (s,
1.5H), 3.49 (dJ=3.2 Hz, 1H), 3.67-3.73 (m, 0.5H), 3.95 (bs, 0.5H11-4.26 (m, 2H), 4.81 (dd=18.0,
13.4 Hz, 1H), 4.89 (ddi=12.9, 4.9 Hz, 0.5H), 5.03 (&:17.9 Hz, 0.5H), 5.15 (d=18.0 Hz, 0.5H), 5.42
(bs, 0.5H), 7.10-7.17 (m, 1H), 7.19-7.24 (m, 2Hp17(dd,J=19.1, 7.7 Hz, 1H), 7.62 (bs, 0.5H), 7.67
(bs, 0.5H), 8.69 (dJ=1.2 Hz, 0.5H), 8.76 (dI=1.2 Hz, 0.5).

13C NMR (CDCI3, 100MHz)3$ 13.2, 13.4, 14.3, 28.5, 29.8, 30.3, 31.6, 31.98,39.2, 43.2, 45.0, 45.0,
49.3, 57.0, 61.4, 78.1, 79.2, 108.8, 109.0, 10109,7, 118.2, 118.3, 119.6, 121.9, 122.3, 125.6,312
126.5, 130.1, 130.8, 131.1, 133.7, 134.1, 137.2,313146.2, 146.2, 161.1, 165.6, 165.7, 169.3,41609.

HRMS (ESI): calc. for [M+H]" Co7H29N304FsS: 548.18254, found:548.18391
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(x)-Ethyl 2-(3-(2-chloronicotinoyl)-5-methoxy-1,2,34,5,6-hexahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetate(5af):

To a solution of 2-chloronicotinic acid (17.3 mgl00 mmol) in toluene (1.6 mL, 0.067 M) oxalyl
chloride (11.3 pL, 0.132 mmol) freshly distilleddaa drop of DMF were added. The solution was stirre
at reflux for 1h, then solvents were evaporatedtaeccrude was redissolved in &b (0.25 mL, 0.55

M). The solution was canulated to another soluabnompound® (30 mg, 0.091 mmol), triethylamine
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(15.2 pL, 0.110 mmol) in CH2CI2 (0.25 mL, 0.37 M)he mixture was allowed to stir at room
temperature overnight. Then the organic phase washed with water and BRINE, solvents were
evaporated and the crude was purified by chromapigyr (3% MeOH/CHECI2). Pure compoun8af (39.0
mg, 82%) was isolated as a colourless oil.

'H NMR (CDCI3, 500MHz) (rotameric mixture}i 1.22-1.27 (m, 3H), 1.93-2.29 (m, 2H), 2.60 (dd,
J=10.9, 12.7 Hz, 0.4H), 2.69 (d#:13.8, 23.8 Hz, 0.6H), 2.78-2.90 (m, 0.6H), 2.96:3®, 1H), 3.10-
3.22 (m, 1.4H), 3.28-3.36 (m, 1H), 3.40-3.42 (nGH), 3.48 (s, 1H), 3.62-3.78 (m, 1H), 3.98 (s, 0,6H
4.11-4.24 (m, 2H), 4.81 (dd=10.3, 25.7 Hz, 1H), 4.90 (d&:5.3, 12.8 Hz, 0.6H), 5.03 (d& 7.6, 18.0
Hz, 0.4H), 5.14 (ddJ)=7.2, 18.1 Hz, 0.6H), 5.43 (s, 0.4H), 7.09-7.15 {i), 7.19-7.23 (m, 2H), 7.29-
7.43 (m, 1.4H), 7.48-7.53 (m, 0.6H), 7.60-7.73 (i), 8.42-8.49 (m, 1H).

13C NMR (CDCI3, 100MHz)3 14.2, 14.4, 18.8, 19.5, 20.5, 22.7, 26.9, 27.77,227.9, 28.4, 28.9, 29.1,
30.1,30.3,31.2,31.5,31.8,32.1, 32.3, 33.71,,38.7, 39.1,41.4,42.9, 42.9, 44.0, 44.9, 44691, 49.0,
49.3, 56.9, 56.9, 57.0, 57.0, 61.4, 77.8, 78.2{,783.9, 108.5, 108.9, 108.9, 109.0, 109.5, 1Q17,9,
118.1, 118.2, 118.4, 119.5, 121.8, 122.8, 122.8,012126.2, 126.4, 126.4, 132.4, 132.7, 132.8,2.33.
133.5, 133.7, 134.0, 136.4, 136.5, 136.6, 137.7,113.37.1, 137.2, 146.6, 146.9, 147.1, 147.2,A50.
150.1, 150.1, 150.2, 165.2, 165.3, 165.4, 165.8,204.69.3, 169.3, 169.4.

HRMS (ESI): calc. for [M+H]" C2sH27N304Cl: 468.16846, found: 468.16951.
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(x)-Ethyl 2-(5-methoxy-3-(2-(methylsulfonyl)nicotiroyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5ag)

MCPBA (362 mg, 2.1 mmol, 2.1 equiv.) as a solutro@H.Cl» (5 mL) was added to a stirred solution
of compoundba (479 mg, 1 mmol, 1 equiv.) in GBI (5 mL) at 0 °C. After 30 min the reaction mixture
was allowed to warm to rt. After 1 h the reactioixtore was poured into an ice-H20 mixture (20 mL)
and layers separated. The organic layer was wasdgaentially with sat. NaHCO3 (10 mL) and sat.
brine solution (10 mL), dried over MgSO4, filterad conc. in vacuo to give a crude which was jaafif
by preparative HPLC eluting with 10-100% MeCN in®{2afforded the desired compoubagin 24 %
yield.

IH NMR (CDCI3, 500MHz):$ 1.20-1.28 (m, 6H), 1.80-1.85 (m, 1H), 1.93-2.13 BH), 2.25-2.32 (m,
1H), 2.42-2.50 (m, 1H), 2.60 (appJt10.7 Hz, 1H), 2.75-2.92 (m, 2H), 2.96-3.12 (m, 2B120 (s, 3H),
3.25-3.33 (m, 6H), 3.37-3.52 (m, 6H), 3.71-3.78 {H), 3.84-3.92 (m, 1H), 3.98 (s, br,1H), 4.06-4.25
(m, 4H), 4.69-4.83 (m, 2H), 4.86-4.93 (m, 1H), 4866 (m, 1H), 5.13 (app d=17 Hz, 1H), 5.44 (s,
br,1H), 7.06-7.23 (m, 6H), 7.37-7.60 (m, 3H), 7620 (m, 1H), 7.77-7.87 (m, 2H), 8.75 (appid5.2
Hz,1H), 8.82 (app dI=5.2 Hz,1H).

13C NMR (CDCI3, 100MHz):5 21.0, 31.4, 31.8, 36.4, 42.6, 44.6, 48.8,52.29,567.7, 79.1, 108.8,
109.9, 114.1, 118.6, 118.9, 119.1, 119.5, 121.6,22126.5, 131.1, 133.8, 134.1, 137.0, 149.5,8,58.
167.0, 169.5, 169.8.

HRMS (ESI): calc. for [M+Na] CeH20N30sSNa: 534.1669; Found: 534.1674.
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(x)-Ethyl 2-(5-methoxy-3-(2-(phenylthio)nicotinoyl}1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5ah):

Compound5ah (6.5mg, 39%) was synthesised from compo@d following General Procedurd,
using 2-(phenylthio)nicotinic acid. The crude protdwas purified by preparative HPLC, 10 to 100%,
MeCN/H20 (0.1% TFA).

'H NMR (CDCI3, 500MHz) (rotameric mixtured: 1.25 (dt,J=11.0, 7.1 Hz, 3H), 1.99 (bs, 0.5H), 2.12-
2.13 (m, 0.5H), 2.22 (bs, 0.5H), 2.41 (bs, 0.5H3423.20 (m, 4H), 3.34 (dd=17.2, 6.0 Hz, 0.5H), 3.42
(s, 2H), 3.49 (dJ=2.9 Hz, 1H), 3.73-3.86 (m, 1H), 4.11 (bs, 0.5HL3%44.24 (m, 2H), 4.80 (dd=22.7,
18.0 Hz, 1H), 4.93 (ddl=12.9, 5.0 Hz, 0.5H), 5.03 (d=18.0 Hz, 0.5H), 5.16 (d=18.1 Hz, 0.5H), 5.46
(bs, 0.5H), 7.07-7.14 (m, 1.5H), 7.16 (de7.0, 5.0 Hz, 0.5H), 7.19-7.23 (m, 2H), 7.37-7.58 {H),
8.37 (ddJ=4.8, 1.8 Hz, 0.5H), 8.44 (dd=4.8, 1.6 Hz, 0.5).

13C NMR (CDCI3, 100MHz)3 14.2, 28.4, 30.1, 31.4, 31.8, 32.2, 39.0, 42.8),444.9, 49.1, 56.9, 61.3,
61.4,77.9,79.1, 108.8, 108.9, 109.0, 109.7, 118.8.3, 119.5, 120.6, 121.7, 121.7, 126.3, 1228,7,
128.8, 129.2, 129.2, 132.2, 133.8, 134.0, 134.4,4337.1, 137.1, 150.2, 155.0, 166.9, 166.9,2,69.
169.4

HRMS (ESI): calc. for [M+H]" Cs1H32N304S: 542.21080, found: 542.21115
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(x)-Ethyl 2-(5-methoxy-3-(2-(propylthio)nicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5ai):

Compound5ai (16.5 mg, 53%) was synthesised frda following General Procedurd, using 2-
(propylthio)nicotinic acid. The crude product wasrifjed by preparative HPLC, 10 to 100%,
MeCN/H20 (0.1% TFA).

'H NMR (CDCI3, 500MHz)(rotameric mixture)d 0.93-1.06 (m, 3H), 1.24 (dd=7.2, 15.5 Hz, 3H),
1.62-1.79 (M, 2H), 1.94-2.37 (m, 2H), 2.58-2.88 @H), 3.02-3.36 (M, 5H), 3.41-3-47 (m, 3H), 3.64-
4.00 (m, 1H), 4.10-4.24 (m, 2H), 4.79Jt17.8 Hz, 1H), 4.91 (dd=5.0, 12.8 Hz, 0.6H), 5.03 (3:18.0
Hz, 0.4H), 5.15 (d)=18.1 Hz, 0.6H), 5.43 (s, 0.4H), 7.02 (bs, 0.4H)977.14 (m, 1.6H), 7.18-7.23 (m,
2H), 7.36-7.52 (m, 2H), 8.44 (dd:1.66, 4.9 Hz, 0.4H), 8.50 (dd&:1.7, 4.9 Hz, 0.6H).

13C NMR (CDCI3, 100MHz)3 13.8, 14.3, 22.9, 27.0, 28.4, 31.3, 31.9, 32.(1,32.3, 39.2, 42.9, 45.0,
49.1, 57.0, 57.0, 61.5, 61.5,77.9, 109.1, 118.9,31119.6, 121.8, 121.8, 126.4, 126.6, 133.6,9.33.
134.2,137.2,137.2, 149.5, 167.3, 169.4, 169.6

HRMS (ESI). calc. for [M+H]" C2gH34N304S: 508.22645, found: 508.22657.
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(x)-Ethyl 2-(3-(2-bromonicotinoyl)-5-methoxy-1,2,34,5,6-hexahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetate (5aj):

Compound5aj (6.0 mg, 39%) was synthesised frdiBa following General Procedurk using (2-
bromo)nicotinic acid. The crude product was pudfidirectly by preparative HPLC (10% to 50%
ACN/H0).

'H NMR (CDCI3, 700MHz) (rotameric mixturey. 1.22-1.26 (m, 3H), 1.93 (s, 0.4H), 2.00 J¢,11.9
Hz, 0.4H), 2.11 (m, 0.6H), 2.21 (& 13.2 Hz, 0.3H), 2.35 (d=12.8 Hz, 0.4H), 2.60 (dd=10.9, 12.7
Hz, 0.4H), 2.67-2.73 (m, 0.6H), 2.79 (di,10.8, 12.6 Hz, 0.3H), 2.87 (&=17.2 Hz, 0.4H), 3.03-3.11
(m, 1H), 3.15-3.17 (m, 0.7H), 3.23 (s, 0.7H), 3235 (m, 0.9H), 3.40-3.42 (m, 1.3H), 3.49 (m, 1H),
3.62-3.65 (m, 0.3H), 3.71 (di=4.6, 10.3 Hz, 0.4H), 3.82-3.85 (m, 0.3H), 3.95-31990.6H), 4.11-4.23
(m, 2H), 4.77-4.83 (m, 1H), 4.89-4.93 (m, 0.5H)5(dd,J=12.0, 18.0 Hz, 0.5H), 5.14 (dd=11.1,
18.1 Hz, 0.5H), 5.43 (m, 0.5H), 7.09-7.23 (m, 3AB2-7.44 (m, 1H)7.49-7.53 (m, 1H), 7.59-7.66 (m,
1H), 8.40-8.47 (m, 1H).

13C NMR (CDCI3, 100MHz)3 14.2, 26.6, 27.8, 28.0, 28.4, 29.7, 29.9, 30.3,31.5, 31.8, 32.1, 32.3,
38.6,39.1,42.9,43.0,44.1,44.9,44.9, 449,44 .9, 45.2,49.1, 49.4, 56.9, 56.9, 57.0, 5713, 61.4,
61.4, 77.7, 78.2, 78.7, 78.9, 108.5, 108.9, 1089,0, 109.0, 109.5, 109.7, 117.9, 118.1, 118.8,311
1195, 121.8, 121.8, 121.8, 126.2, 126.2, 126.8,412133.5, 133.7, 134.0, 135.3, 135.6, 135.7,7.35.
135.8, 135.9, 136.1, 136.5, 137.1, 137.1, 137.8,11338.4, 138.6, 150.3, 150.3, 150.4, 165.9,0,66.

166.0, 166.3, 169.2, 169.3, 169.3, 169.4
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HRMS (ESI). calc. for [M+H]" CsH27N304Br:512.11795, found: 512.11821. Calc. for [M+H]

CosH27N30481Br: 514.11590, found: 514.11590
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(x)-Ethyl 2-(3-(2-ethoxynicotinoyl)-5-methoxy-1,2,3,5,6-hexahydro-7H-2,6-methanoazocino[5,4-
blindol-7-yl)acetate (5ak):

Compound5ak (35mg, 80%) was synthesized froh2a following General Proceurél, using (2-
ethoxy)nicotinic acid. The crude product was padfidirectly by preparative HPLC (10% to 50%
ACN/H:0).

'H NMR (CDCI3, 500MHz) (rotameric mixture:1.25 (t,J=7.2 Hz, 3H), 1.43-1.53 (m, 3H), 1.90-1.97
(m, 0.8H), 2.11-2.22 (m, 1.2H), 2.54-3.15 (m, 38i}19 (d,J=3.7 Hz, 1.2H), 3.24-3.34 (m, 0.8H), 3.39-
3.41 (d,J=7.8 Hz, 1.8H), 3.47 (s, 1.2H), 3.60-3.72 (m, 1HD3A(s, 0.6H), 4.10-4.31 (m, 2.4H), 4.41-
4.53 (m, 1H), 4.54-4-63 (m, 0.6H), 4.76-4.85 (m,)1#88-4.94 (m, 0.6H), 5.04 (dd:7.9, 18.0 Hz,
0.4H), 5.15 (ddJ=8.0, 18.1 Hz), 5.42 (s, 0.4H), 6.92-7.03 (m, 1H)877.13 (m, 1H), 7.20 (m, 2H), 7.43
(dd,J=7.7, 18.4 Hz, 0.6H), 7.49 (d=7.7 Hz, 0.4H), 7.58-7.68 (m, 1H), 8.17 (m, 0.4HRAB(d,J=3.8
Hz, 0.6H).

13C NMR (CDCI3, 100MHz)3 14.3, 14.4, 14.4, 14.8, 15.0, 18.9, 19.6, 20.67,227.6, 27.8, 27.8, 28.4,
29.0,29.2,30.1, 30.6, 31.2,31.5,31.7,32.12,382.3, 38.7, 38.1,41.4, 42 .8, 42.9, 44.2, 460, 48.7,
48.9, 56.8, 56.9, 57.0, 57.1, 61.4, 62.8, 62.8),62.0, 78.2, 78.3, 79.0, 79.1, 108.9, 109.0,@,a9.2,

109.7, 110.0, 116.8, 116.9, 117.1, 117.2, 118.6,111118.2, 118.3, 119.5, 120.7, 120.8, 120.9,3,21.
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121.8, 126.4, 126.4, 126.5, 126.6, 133.6, 134.8,313134.3, 137.2, 137.2, 137.3, 137.4, 138.1,3,47.
147.4, 158.6, 158.8, 159.0, 159.1, 166.3, 166.4,014.69.4, 169.5

HRMS (ESI): calc. for [M+H]" C27H32N30s: 478.23365, found: 478.23391.

O
-
N N\ /
oY)
N ’bMe
o
(@]

(x)-Ethyl 2-(5-methoxy-3-(2-morpholinonicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5al):

Compound5al (11.3 mg, 73%) was synthesized fraia following General Proceurg, using 2-
morpholinonicotinic acid. The crude product wasifpedt directly by preparative HPLC (10% to 50%
ACN/H0).

'H NMR (CDCI3, 500MHz)(rotameric mixture)d 1.22-1.27 (m, 3H), 1.98-2.28 (m, 2H), 2.55-2.69 (m
1H), 2.82 (dd,J=30.5, 17.3 Hz, 0.5H), 2.92-2.97 (m, 0.5H), 3.12831h, 2H), 3.26-3.91 (m, 13H), 4.10-
4.24 (m, 2H), 4.76-4.83 (m, 1.3H), 4.93 (dd12.6, 4.8 Hz, 0.2H), 5.03 (dd:18.0, 6.0 Hz, 0.5H), 5.13
(dd, J=18.0, 6.4 Hz, 0.5H), 5.37 (d=30.2 Hz, 0.5H), 6.87-7.00 (m, 1H), 7.07-7.16 (m)1H17-7.24
(m, 2H), 7.40 (dJ=7.8 Hz, 0.3H), 7.46-7.51 (m, 1H), 7.55-7.61 (M H),78.27 (ddd,J=9.8, 4.9, 1.5 Hz,
0.5H), 8.34-8.35 (m, 0.5H).

13C NMR (CDCI3, 100MHz)3 14.3, 27.3, 27.9, 27.9, 28.5, 30.6, 31.2, 31.68,32.0, 32.1, 32.3, 38.5,
39.4,42.8,42.9,44.3,44 .8, 44.9,45.0, 45.(6,480.0, 49.5, 49.8, 49.9, 50.0, 56.9, 56.9, F7(1, 61.5,
61.5, 66.9, 67.0, 67.1, 78.2, 78.5, 78.9, 79.2,8,488.9, 109.0, 109.1, 109.1, 109.3, 109.6, 114.6.5,

116.6, 116.7, 118.0, 118.1, 118.2, 118.2, 119.6,711119.9, 121.9, 121.9, 122.0, 122.9, 122.9,4,23.
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126.3, 126.3, 126.4, 126.5, 133.6, 133.8, 133.8,4,3137.2, 137.2, 137.2, 169.3, 16BIBMS (ESI):.

calc. for [M+H]" CoeH35N40s: 519.26020, found: 519.26056.
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(x)-Ethyl 2-(5-methoxy-3-(2-pivalamidonicotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5am):

Compound5am (3.2 mg, 10%) was synthesized frat@a following General Proceurg, using 2-
pivalamidonicotinic acid. The crude product wasifpedt directly by preparative HPLC (10% to 50%
ACN/H20) to yield compounéam. Due to lack of sufficient product the compoundswaaracterized
only by HRMS (ESI) measurement. U-HPLC chromatogsfiowed a purity above 95%.

HRMS (ESI): calc. for [M+H]" CsoH37N40s: 533.27585, found: 533.27488

(x)-Ethyl 2-(5-methoxy-3-picolinoyl-1,2,3,4,5,6-heahydro-7H-2,6-methanoazocino[5,4-blindol-7-

yl)acetate (5an):
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Compoundban (25.7mg, 65%) was synthesized fra@afollowing General Proceutd, using picolinic
acid. The crude product was purified by chromatplgya2% MeOH/CHCI») to afford the product as a
colourless oil.

'H NMR (CDCI3, 500MHz) (rotameric mixture} 1.24 (q,J=7.2 Hz, 3H), 1.92 (dt)=2.6, 12.7 Hz,
0.6H), 2.10 (dtJ=2.5, 13.0 Hz, 0.4H), 2.10-2.24 (m, 1H), 2.65 (@d10.9, 12.6 Hz, 0.6H), 2.86 (dd,
J=12.3, 13.6 Hz, 0.4H), 2.93-3.00 (m, 1H), 3.06-3r11 0.6H), 3.22 (s, 1.2H), 3.33 (di6.1, 17.3 Hz,
0.4H), 3.40 (s, 1.8H), 3.48 (m, 1H), 3.69-3.73 (h¥H), 3.80-3.85 (m, 0.7H), 4.10-4.24 (m, 2H), 4.41
(bs, 0.6H), 4.80 (dd]=15.3, 18.0 Hz, 1H), 4.87 (dd=4.9, 12.9 Hz, 0.6H), 5.06 (d=18.0Hz, 0.4H),
5.16 (d,J=18.1 Hz, 0.6H), 5.38 (bs, 0.4H), 7.08-7.12(m, IH},7-7.22 (m, 2H), 7.38 (dd=5.3, 6.9 Hz,
0.4H), 7.43 (ddJ=5.2, 7.1 Hz, 0.6H), 7.46 (d=7.8 Hz, 0.6H), 7.50 (dl=7.8 Hz, 0.4H), 7.63 (d=7.9
Hz, 0.4H), 7.65 (dJ=7.8 Hz, 0.6H), 7.85 ()=7.9 Hz, 0.4H), 7.89 (1)=7.7 Hz, 0.6H), 8.59 (d]=4.6
Hz, 0.4H), 8.68 (dJ=4.6 Hz, 0.6H).

13C NMR (CDCI3, 100MHz) (rotameric mixturey. 14.3, 27.4, 28.5, 30.4, 31.2, 32.0, 32.3, 39.44,43
44.6, 45.0, 48.6, 56.8, 57.0, 61.4, 78.1, 78.7,908108.98, 109.3, 109.7, 118.2, 118.3, 119.5,621
121.71, 123.5, 124.0, 124.7, 124.8, 126.4, 1236,3] 137.2, 138.1, 138.3, 147.6, 148.1, 153.8,4154
167.2, 167.5, 1690.4, 169.6.

HRMS (ESI): calc. for [M+H]" CasH2gN304 : 434.20743, found: 434.20535.
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(x)-Ethyl 2-(3-isonicotinoyl-5-methoxy-1,2,3,4,5,&exahydro-7H-2,6-methanoazocino[5,4-blindol-
7-yl)acetate (5a0):

Compoundbao (4 mg, 31%) was synthesized frdrafollowing General Proceure using isonicotinic
acid. The crude product was purified by preparat.C (10% to 50% ACN/ED).

'H NMR (CDCI3, 500MHz) (rotameric mixturey:1.25 (td,J=3.8, 7.1 Hz, 3H), 1.98-2.19 (m, 2H), 2.66
(dd,J=10.9, 12.7 Hz, 0.5H), 2.85-2.97 (m, 1H), 3.17 (@5.9, 17.1 Hz, 0.5H), 3.19 (s, 1.2H), 3.35 (td.
J=5.8, 11.7 Hz, 1H), 3.41 (s, 1.8H), 3.51 (s, 1H3433.68 (m, 1H), 4.07 (bs, 0.7H), 4.11-4.24 (mH),5
4.77-4.83 (m, 1.5H), 5.00 (d=18.0 Hz, 0.4H), 5.13 (d=18.0 Hz, 0.6H), 5.35 (bs, 0.3H), 7.11-7.16 (m,
1H), 7.20-7.24 (m, 2H), 7.45 (&=7.8 Hz, 0.6H), 7.50 (dl=7.8 Hz, 0.4H), 7.62 (dI=5.2 Hz, 1H), 7.68
(d, J=4.9 Hz, 1H), 8.78 (bs, 1H), 8.86 (bs, 1H).

13C NMR (CDCI3, 100MHz) (rotameric mixturey14.3, 27.9, 28.6, 30.2, 31.4, 31.8, 32.2, 39.46,43.
44.9, 45.0, 45.6, 49.3, 57.1,57.2, 61.6, 77.98,7/8)8.4, 109.2, 109.5, 118.1, 118.3, 119.8, 1222,2,
122.9, 123.2, 126.2, 126.4, 133.4, 133.8, 137.2,31345.5, 145.9, 149.4, 166.1, 169.2, 169.4.

HRMS (ESI): calc. for [M+H]" C2sH28N304: 434.20743, found: 434.20660.

(x)-Ethyl 2-(5-methoxy-3-(pyrimidine-5-carbonyl)-12,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5ap)
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Compound5ap (9.0mg, 23%) was synthesized frofrRa following General Proceuréd, using
pyrimidine-5-carboxylic acid. The crude product wagrified by preparative HPLC (10% to 50%
ACN/H20).

'H NMR (CDCI3, 400MHz)(rotameric mixture 1:1.5% 1.25 (t,J=7.0 Hz, 3H), 1.99-2.15 (m, 2H), 2.66
(t, J=11.7 Hz, 0.6H), 2.88-2.95 (m, 1H), 3.01J4,10.4, 0.4H), 3.19-3.24 (m, 2H), 3.51-3.57 (m, 1.4H)
3.60-3.72 (m, 1H), 4.11-4.25 (m, 2.6H), 4.77-4.8i 1.6H), 5.02 (dJ=18.0 Hz, 0.4H), 5.14 (d=18.1
Hz, 0.6H), 5.38 (bs, 0.4H), 7.11-7.16 (m, 1H), 77192 (m, 2H), 7.46 (d=7.8 Hz, 0.6H), 7.54 (d=7.6
Hz, 0.4H), 8.80 (s, 0.8H), 8.88 (s, 1.2H), 9.260(gH), 9.32 (m, 0.6HHRMS (ESI): calc. for [M+H]'

C24H27N404: 435.20268, found: 435.20259.
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(x)-Ethyl 2-(5-methoxy-3-(thiophene-2-carbonyl)-1,23,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5aq)

Compoundl2a (20 mg, 0.061 mmol), triethylamine (10.5 pL, 0.0%énol) and thiophene-2-carbonyl
chloride (6.52 pL, 0.061 mmol) were dissolved in2CH (0.09 M, 0.667 mL), and allowed to stir
overnight. Then solvents were evaporated and thelecrwas purified by chromatography (1%
MeOH/CH2CI2) to yield compounBlaq (26.5mg, 98%) as a colourless oil.

'H NMR (CDCI3, 500MHz) (rotameric mixtured: 1.26 (t,J=7.1 Hz, 3H), 1.78 (bs, 1H), 2.00-2.07 (m,

2H), 2.62 (bs, 0.6H), 2.95 (& 15.1 Hz, 1.4H), 3.25-3.37 (m, 4H), 3.48 §3.0 Hz, 1H), 3.62 (bs, 1H),
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4.12-4.25 (m, 2H), 4.81 (d=18.0 Hz, 2H), 5.12 (bs, 1H), 7.08 (m, 1H), 7.1147(fn, 1H), 7.19-7.24
(m, 2H), 7.35 (bs, 1H), 7.47-7.50 (m, 2H).

13C NMR (CDCI3, 100MHz) (rotameric mixturey. 14.3, 22.8, 27.8, 29.2, 32.2, 41.5, 45.0, 57.06,61
78.1, 109.0, 118.2, 119.6, 121.8, 126.5, 126.,1284.3, 137.2, 137.7, 164.0, 169.5.

HRMS (ESI). calc. for [M+H]" C24H27N204S: 439.16860, found: 439.16819.
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(x)-Ethyl 2-(5-methoxy-3-(6-methyl-2-(methylthio)ncotinoyl)-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5ar):

Compoundbar (72 mg, 71%) was synthesized following GeneratPdoireH, using the corresponding
carboxylic acid crude product synthesised followitgeneral Procedurel from 2-chloro-6-
methylnicotinic acid. The crude product was thenfa by preparative HPLC (10% to 50% ACN/B)).

'H NMR (CDCI3, 400MH2z) (rotameric mixture 1:5)1.22-1.27 (m, 3H), 1.96 (d=11.6 Hz, 1H), 2.10-
2.20 (m, 1H), 2.55 (s, 2H), 2.67 (s, 2H), 2.76-3(B92H), 3.19 (s, 1.5H), 3.29-3.39 (s, 1.5H), 3(d7
J=3.0 Hz, 1H), 3.69 (bs, 0.5H), 4.04 (bs, 0.5H), 44126 (m, 2H), 4.80 (ddl=18.0, 13.2 Hz, 1H), 4.88
(dd,J=12.9, 4.9 Hz, 0.5H), 5.03 (d=18.0 Hz, 0.5H), 5.14 (dl=18.0 Hz, 0.5H), 5.43 (bs, 0.5H), 6.94
(d, J=7.7 Hz, 0.5H), 7.02 (dI=7.7 Hz, 0.5H), 7.09-7.16 (m, 1H), 7.18-7.23 (m, 2HB8 (d J=6.5 Hz,

0.5H), 7.48 (ddJ=27.7, 7.6 Hz, 1.5H), 9.35 (bs, 1H).
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13C NMR (CDCI3, 100MHz)3$ 13.5, 13.7, 24.0, 28.4, 30.2, 31.4, 31.9, 32.5,38.5, 45.0, 49.5, 57.1,
57.1,61.5,78.1, 79.1, 108.8, 109.0, 109.1, 10M186,1, 118.4, 119.3, 119.7, 121.9, 126.4, 12&8,4,
133.8, 134.1, 134.8, 137.2, 137.3, 154.7, 159.9,11359.6, 167.9, 169.4, 169.6

HRMS (ESI). calc. for [M+H]" Co7H32N304S: 494.21080, found: 494.21134
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(x)-Ethyl 2-(3-(5-bromo-2-(methylthio)nicotinoyl)-5-methoxy-1,2,3,4,5,6-hexahydro-7H-2,6-

methanoazocino[5,4-blindol-7-yl)acetate (5as):

Compoundbas(66 mg, 71%) was synthesized following GeneracPdoreH, using the corresponding
carboxylic acid crude product synthesised followigeneral Procedurel from 2-chloro-5-
bromonicotinic acid. The crude product was puritigdlash chromatography (15% E.A./&El») to give
afford the product as a colorless oil.

'H NMR (CDCI3, 400MHz) (rotameric mixture 1:1§:1.22-1.27 (m, 3H), 1.97 (d=11.2 Hz, 0.5H),
2.12-2.32 (m, 1.5H), 2.53-2.61 (m, 4H), 2.79-2.84 {H), 3.11 (ddJ=17.0, 5.7 Hz, 1H), 3.21 (s, 1.5H),
3.28-3.35 (m, 1H), 3.41 (s, 1.5H), 3.48 Jd3.2 Hz, 1H), 3.67 (bs, 0.5H), 4.00 (bs, 0.5H), 44126 (m,
2H), 4.76-4.89 (m, 1.5H), 5.03 (@ 17.9 Hz, 0.5H), 5.15 (d=18.0 Hz, 0.5H), 7.10-7.15 (m, 1H), 7.18-

7.24 (m, 2H), 7.47-7.59 (m, 2H), 8.50 (&2.2 Hz, 0.5H), 8.56 (dl=2.2 Hz, 0.5H).

84



WILEY-VCH

13C NMR (CDCI3, 100MHz)3$ 12.1, 12.3, 13.2, 27.4, 28.7, 29.1, 30.5, 30.8,38.1, 41.9, 43.9, 48.1,
55.9, 55.9, 60.3, 76.9, 78.0, 107.7, 107.9, 10814,7, 117.0, 117.2, 118.5, 118.5, 120.7, 125.3,412
131.0, 131.5, 132.7, 133.0, 134.5, 135.1, 136.6,11349.3, 153.7, 164.3, 164.5, 168.1, 168.3

HRMS (ESI). calc. for [M+H]" C26H20N3042'BrS: 560.10362, found: 560.10518
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(2)-Ethyl 2-(5-methoxy-3-(5-methylfuran-2-carbonyl}1,2,3,4,5,6-hexahydro-7H-2,6-
methanoazocino[5,4-blindol-7-yl)acetate (5at):

Compoundsat (24mg, 90%) was synthesized following General BdoceE, using-5-methylfuran-2-
carbonyl chloride. The crude product was purifigddhromatography (1% MeOH/CBI,) to yield
compoundbat (24mg, 90%) as a colourless oil.

IH NMR (CDCI3, 500MHz): 1.25 (t,J=7.1 Hz, 3H), 2.05-2.10 (m, 2H), 2.38 (m, 4H), 2(b8, 0.6H),
2.97 (M, 1.4H), 3.29 (dd=5.9, 17.1 Hz, 1H), 3.37 (s, 3H), 3.47 (s, 1H), B3 1H), 4.19 (M, 2H), 4.81
(d, J=18.0 Hz, 1H), 5.01-5.31 (m, 2H), 6.11 (bs, 1H), @8, 1H), 7.11 (t}=7.5 Hz, 1H), 7.21 (g]=8.0
Hz, 2H), 7.49 (dJ)=7.8 Hz, 1H).

13C NMR (CDCI3, 100MHz):6 14.0, 14.3, 32.2, 39.6, 45.0, 47.8, 56.9, 61.4,8,0108.0, 117.7, 118.2,
1195, 121.7, 126.5, 134.4, 137.2, 146.2, 154.6,0,4.69.5.

HRMS (ESI): calc. for [M+H]" C2sH20N20s: 437.20710, found: 437.20703.
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Supporting Figure S2: Chemoinformatic analysis oftie indomorphan pseudo-NP collectiona)

NP-score distribution. This class of pseudo-NPpldis a narrow NP-score distribution (black line) i

a part of the graph that is poorly occupied by Kd line) yet densely covered by compounds in the

DrugBank collection (blue line).

b) PMI plot of tkempounds in this collection. The majority of

compounds reside away from the rod-like to dise-liertex exhibiting higher three-dimensional
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character. Most synthetic molecules tend to conglesig the rod-disk axis (for comparison see Sauer
and SchwarZ). In contrast, the distribution of these pseudo-MRbe PMI plot moves away from this
axis and is comparable to the distribution dispiblyg diverse NPs and bioactive compounds which
incorporate the indole and morphan fragmeeit.he ALogP vs MW plot, demonstrates that the

majority of the prepared indomorphans fall withiipibski Ro5 space.
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Supporting Table S2:Lipinski-space metrics analyses of the indomorpbseudo-NP collection. For

each metric the range and average values for flextion are given.

Property Range Average
MW 316-528 420
ALogP 2.37-4.67 3.88
Heavy Atom Count 23-34 30

Fsp. 0.35-0.61 0.44
Total Polar Surface Area g 84-146 104
H-Bond Donors 1.0-2.0 2
H-Bond Acceptors 6.0-10.0 -
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T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
11/12 11/12

Supporting Figure S3 PMI plots for indomorphans (left, black squarasyl indole- (right, green
triangles) and morphan-containing (right, blue sggaNPs and non-naturally occurring, biologically

active compounds. For chemical structures, see@tipg Schemes S3 and S4.
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Supporting Scheme S3Structures of indole-containing NPs used forRM! plot in Supporting

Figure S3.
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Supporting Scheme S4Structures of morphan-containing NPs and nonfaljuoccurring

biologically active compounds, used for the PMItptoSupporting Figure S3.
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Synthesis of the indomorphan (x)-Glupin fragments:

MeS N
]
OYO\/Ph o) X
N N
i, i, iii -
“'OH “'0-Me
ICrq > 30 UM
0 o 50 M
1 6
O SMe
@) MeN |\N
iv, v, Vi, Vii, %
viii, ii, iii
> AN
o O N
/ Y ICso > 30 UM
EtO,C
8 7

Supporting Scheme S5: Synthesis of indomorphan fragents to validate the glucose uptake
activity of the combined fragments.(i) Mel, Ag20, CH:Cl, 72 h, r.t.; (i) B, Pd/C, EtOH, 5 h, r.t;;
(i) 2-(methylthio)nicotinic chloride, NEt CHCl2, 12 h, r.t.; (iv) MeNH, CHCl>, M.S., 3 h, r.t. (V)
NaBHs, MeOH, r.t., 12 h; (vi) CbzCl, ¥CO3, MeCN, 12 h, R.T; (vii) HCI(10%)/THF, 3 h, r.t.{ix)

PhNeH3.HCI, AcOH, reflux, 1.5 h; (viii) BrCHCOzEt, C3CO3, DMF, 6 h, r.t.
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(¥)-4-methoxy-2-(2-(methylthio)nicotinoyl)-2-azabigclo[3.3.1]nonan-6-one (6):

To a solution of compoun@a (0.046 g, 0.152 mmol) in ethanol (1.0 mL, 0.15 Ng/C (15mg,
100mg/mmol) was added. The atmosphere was thergedaim hydrogen gas and the reaction was
allowed to stir for 2 hours before filtering thrdugelite a evaporating the solvents. The crudeysiod
was redissolved in Ci€l> (2.0 mL, 0.08M) and triethylamine (64 pL, 0.456 oijnand 2-
(methylthio)nicotinoyl chloride (57 mg, 0.304 mmaljere added. The reaction was allowed to stir
overnight, solvents were evaporated and the thidegovoduct was purified by preparative HPLC todiel
compounds (17mg, 35%) as white solid. The product has vewy$olubility and was characterised only
by HRMS (ESI).

HRMS (ESI): calc. for [M+H]" C16H21N20sS: 321.12674, found: 321.12960

Cbhz. _.Me
‘SN

O O
_/

Benzyl methyl(1,4-dioxaspiro[4.5]decan-8-yl)carbamiz (18):
To a solution of N-methyl-1,4-dioxaspiro[4.5]dec&amine(0.625 g, 3.65 mmol) in acetonitrile (24 mL,
0.155 M), potassium carbonate (1.0 g, 7.30 mmadl) l@mzylchloroformate (1.0 mL, 7.30 mmol) were
added. The reaction was allowed to stir overnigtfote evaporating the solvents. The reaction was
redissolved in CbCl> and washed with BRINE, solvents were evaporatetitae crude product was
purified by chromatography (0 to 7% E.A./&E) to yield compound8 (0.624 g, 56%). The product

was further used without characterization at tloisipp
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Cbz. .Me
>N

O

Benzyl methyl(4-oxocyclohexyl)carbamate (19):

Compoundl8 (0.563 g, 1.843 mmol) was dissolved in a mixturé@» HCI aqueous solution (25 mL,
0.075M) and THF (12 mL, 0.15M). The solution waswkd to stir for 3 hours, the product was extrdcte
with CH.Cl> and the solvents were evaporated. Crude produstpwafied by chromatography (30 to
50% E.A./CHCI) to yield compound.9 (0.460 g, 95%) as a colorless oil.

IH NMR (CDCI3, 500MHz): & 1.85 (m, 2H), 1.99-2.03 (m, 2H), 2.41-2.48 (m, ABB2 (s, 3H), 4.35-
4.55 (m, 1H), 5.16 (s, 2H), 7.30-7.35 (m, 1H), 7(86)=4.4 Hz, 3H).

13C NMR (CDCI3, 100MHz): 5 28.5, 39.9, 52.9, 67.4, 128.0, 128.2, 128.6, 13k8.2, 209.7

HRMS (ESI): calc. for [M+H] Ci1sH20NOs: 262.14377, found: 262.14392

Cbhz. _Me
N

NH

(x)-Benzyl methyl(2,3,4,9-tetrahydro-1H-carbazol-3yl)carbamate (20):
Compound0 (0.665 g, 86%) was synthesized fra®following General Procedur.
'H NMR (CDCI3, 500MHz):6 1.99-2.11 (m, 2H), 2.78-2.99 (m, 7H), 4.49-4.6] (M), 5.16-5.21 (m,

2H), 7.08 (tJ=7.3 Hz, 1H), 7.13 ()=7.2 Hz, 1H), 7.27-7.43 (m, 7H), 7.79 (bs, 1H).
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13C NMR (CDCI3, 100MHz)3 23.0, 24.1, 27.3, 28.8, 52.6, 67.2, 108.8, 11118,8,119.5, 121.5, 128.0,
128.1, 128.6, 132.7, 136.4, 137.1, 156.4

HRMS (ESI): calc. for [M+H]" C21H23N20.: 335.17540, found: 335.17557

Cbz. _Me
3

"

EtO,C

(x)-Ethyl 2-(3-(((benzyloxy)carbonyl)(methyl)amino}1,2,3,4-tetrahydro-9H-carbazol-9-yl)acetate
(22):

Compound1 (0.370 g, 71%) was synthesized fr@Mfollowing General Procedui®.

IH NMR (CDCI3, 400MHz):5 1.25 (t,J=7.1 Hz, 3H), 2.00-2.17 (m, 2H), 2.78-3.00 (m, 7419 (q,
J=7.1Hz, 2H), 4.45-4.60 (m, 1H), 4.72 (s, 2H), 5(282H), 7.06-7.13 (m, 1H), 7.16-7.18 (m, 2H), 7.29
7.41 (m, 5H), 7.43 (d}=7.7 Hz, 1H).

ESI: calc. for [M+H] CasH29N20a4: 420.2, found: 421.2; calc. for [M+Nal2sH2eN204: 443.2, found:

443.2

)

EtO,C

(2)-Ethyl 2-(3-(methylamino)-1,2,3,4-tetrahydro-9Hearbazol-9-yl)acetate (22):
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To a solution of compoun@l (0.304 g, 0.748 mmol) in ethanol (7.5 mL, 0.1 NGJ/C (38 mg,
50mg/mmol) and ammonium formate (0.236 g, 3.739 thmere added. The reaction was stir at reflux
for 2 h. The reaction was filtered through celitel 3olvents were evaporated, the crude productivess
purified by chromatography (5 to 20% MeOH/&3Hb) to yield compoun@2 (0.165 g, 66%) as a formate
salt.

IH NMR (CDCI3, 600MHz):5 1.25 (t,J=7.1 Hz, 3H), 2.07-2.14 (m, 1H), 2.39-2.41 (m, 1RLB7 (s,
3H), 2.75-2.89 (m, 3H), 3.22 (dd&=14.6, 4.9 Hz, 1H), 3.25-3.30 (M, 1H), 3.48 (s, 149 (1,0=4.2
Hz, 2H), 4.70 (qJ)=17.7 Hz, 2H), 7.08-7.11 (m, 1H), 7.17 (&4.0 Hz, 2H), 7.45 (d)=7.8 Hz, 1H).

13C NMR (CDCI3, 100MHz)6 14.3, 20.3, 25.2, 26.7, 31.2, 44.8, 55.5, 61.8,9,0108.6 ,118.1, 119.9,
121.9,127.2, 134.0, 137.3, 168.8

HRMS (ESI): calc. for [M+H]" C16H21N202:273.15975, found: 273.15998

EtO,C

(x)-Ethyl 2-(3-(N-methyl-2-(methylthio)nicotinamido)-1,2,3,4-tetrahydro-9H-carbazol-9-yl)acetate
(7):

Compound (0.032 g, 67%) was synthesized fr@@following General Procedute.

'H NMR (CDCI3, 500MHz) (rotameric mixture 1:2.8)1.22-1.28 (m, 3H), 2.05-2.27 (m, 2H), 2.53-2.71
(m, 3H), 2.77-3.10 (m, 5H), 3.15 (s, 1.3H), 2.7ZB(m, 5H), 3.15 (s, 1.3H), 3.47 (s, 0.7H), 3.7843.
(m, 0.7H), 4.15-4.23 (m, 2H), 4.65 (s, 1H), 4.729%(m, 1H), 5.13-5.19 (m, 0.3H), 6.98-7.12 (m, 4H),
7.41-7.49 (m, 2H), 8.14-8.26 (m, 0.3H), 8.41-8.40 0.7H).

HRMS (ESI). calc. for [M+H]" C23H26N30sS: 424.16894, found: 424.16896
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Separation of (£)-Glupin racemic mixture:

(+/-)-Glupin:

Analytical HPLC Separation:(+/-)-Glupin was submitted to Chiral Analytical HELseparation.
Column: ChiralPak® IC. Eluent: 40% EtOH/60% iso-ldag. Flowrate: 0.5mL/min. The first enantiomer
to exit the column is referred as el: Er=54.4 min. k. Tr=69.9 min (see Chiral Chromatograms
section).

Preparative HPLC Separation: (+/-)-Glupin (not as the TFA salt) was submittedhiral preparative
HPLC separation. Column: ChiralPak® IC. Eluent: 48%@H/60%iso-Hexane. Flowrate: 4mL/min.
The first enantiomer to exit the column is referesdel. E Tr=45.7 min. &: Tr=61.1 min (see Chiral
Chromatogram section). Optical rotations were memkin a Schmidt + Haensch Polartronic HH8

polarimeter as chloroform solutions.

97



WILEY-VCH

Determination of the absolute configuration of theenantiomers of the indomorphan
class.

In order to determine the stereochemistry of tmedtchiral carbons of the morphan ring of (+)-Ghypi
acetylated (S)-mandelate acid was introduced opd®ition at compountl (see Supporting Scheme S7).
The resulting diastereocisomers were separated toynatography and their stereochemistry determined
based on the NMR shifts of the neighbouring prot@ssdescribed by Bonjoah al Fehler! Textmarke nicht
definiert. Afterwards, the two diastereoisomers were takparsgely through the Glupin synthesis pathway
to generate indomorphan enantiomer analog6esd26’ (the chiral information of the mandelate group
is erased under the reducting conditions to rentbeeCbz protecting group, see below). The glucose
uptake inhibiting activity of both analogues wasa®d and based on the difference of activity the

stereochemistry of (+) and (-)-Glupin was assigned.

0-_°0 Ph
OxO~_-Ph O O._Ph Y ~~
N
N l) ||) 0
OAc "'O)KrOAC
OH X
Ph
o) NH
1 23 and 23' 24 and 24'
\ iii)
MeS N
|
@) NS OYO\/
N N
(0] . (0]
iv), v
/,,O)K/ Ph ). V) /,,O)KKOAC
X X
Ph
N N
O/zo 26 and 26' O/ZO 25 and 25'
Me MeJ

Supporting Scheme S6Synthesis of indomorphan analog@2sand22’. (i) (S)-O-Mandelic acid,

thionyl chloride, pyridine/CELCI», -10 °C; (i) PhNH3.HCI, AcOH, reflux; (iii) BrCHCOEt, CsCOQ;,
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DMF, 6 h, r.t.; (iv) b, Pd/C, EtOH, 5 h, r.t.; (vii) 2-(methylthio)nicatc chloride, NE§, CHCl>, 12 h,

r.t.

23) ©

(23)

To a solution of (SPP-acetyl mandelic acid (CAS number: 7322-88-5) {1g4 7.57 mmol) in CECl>
(22.3 mL, 0.34M), thionyl chloride (0.60 mL, 8.33muol) freshly distilled and two drops of DMF were
added. The reaction was stirred at reflux condgtifmm 2 hours before evaporating the solvents.cfhde
product was redissolved in GEl> (20.0 mL, 0.175M) and added dropwise to a solutbmacemic
compoundl (1.0 g, 3.456 mmol) in pyridine (20.0 mL, 0.175 k&pt at -10°. The reaction was allowed
to stir at this temperature for 6 hours. The resctvas quenched with a saturated aqueous solutido o
(1) and washed with this solution (6/8X) until pgridine remained in the organic phase (determined
the color of the solution). The organic phase waallfy washed with ammonium chloride saturated
solution and with BRINE before evaporating solvef@iide product was purified by chromatography (5

to 10% E.A./CHCI,) to yield compoun@3 (less polar) (0.530g, 34%) and compowdd (more polar)

(0.500g, 31%).
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more polar (1R,4S,5S)

Supporting Figure S4:1H shifts of the neighboring protons of the chaakiliary.
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Supporting Figure S5: Comparison of the 1H spectraf compounds 23, 23’ and 23-23’

diastereomeric mixture.

Benzyl (1S,4R,5R)-4-(2-acetoxy-2-phenylacetoxy)-&m2-azabicyclo[3.3.1]Jnonane-2-carboxylate
(less polar) (23):

'H NMR (CDCI3, 600MHz) (rotameric mixture 1:1)5 1.94-2.03 (m, 3H), 2.16-2.25 (m, 4H), 2.38-2.45
(m, 1H), 2.49-2.53 (m, 1H), 2.83 (s, 1H), 3.22-3(&6 0.5H), 3.30 (ddJ=13.2, 10.3 Hz, 0.5H), 4.35
(ddd,J=37.2, 13.6, 7.1 Hz, 0.5H), 4.40 (m, 0.5H), 4.4D(5H), 5.09-5.18 (m, 3H), 5.84 (@ 11.5 Hz,
1H), 7.31-7.44 (m, 10H).

13C NMR (CDCI3, 100MHz)3$ 20.7, 29.7, 30.8, 30.5, 38.7, 43.6, 43.7, 44.24,447 .1, 67.6, 67.7, 68.9,
69.2, 74.5, 127.5, 128.1, 128.3, 128.6, 128.8,4,2833.0, 133.1, 136.3, 155.6, 167.7, 167.9, 170.4,
170.5, 207.1, 207.2

HRMS (ESI): calc. for [M+H]" C26H2sNO7: 466.18603, found: 466.18568

Benzyl (1R,4S,5S)-4-((S)-2-acetoxy-2-phenylacetox§)oxo-2-azabicyclo[3.3.1]Jnonane-2-
carboxylate (more polar) (23):

'H NMR (CDCI3, 600MHz) (rotameric mixture 1:1):1.96-2.04 (m, 3H), 2.16-2.22 (m, 4H), 2.33 (ddd,
J=17.8,11.7, 8.9 Hz, 1H), 2.54-2.59 (m, 1H), 3.08, (b5H), 3.05 (dd]=13.3, 10.3 Hz, 0.5H), 4.24 (m,
1H), 4.41 (s, 0.5H), 4.49 (s, 0.5H), 5.08-5.17 8M), 5.90 (s, 1H), 7.31-7.36 (m, 8H), 7.40-7.41 PH).

13C (CDCI3, 100MHz): § 20.7, 29.6, 30.4, 30.5, 30.7, 38.7, 38.8, 43.3},481.2, 44.3, 47.1, 47.1, 67.6,
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67.7,69.0, 69.2, 74.3, 74.3, 127.7, 128.1, 1283,3, 128.6, 128.9, 129.4, 133.5, 136.3, 155.3,415
167.7,167.8, 170.1, 170.2, 207.4, 207.6

HRMS (ESI): calc. for [M+H]" C26H2eNO7: 466.18603, found: 466.18581

OYO\/Ph

N
O
“, )K‘/OAC
N O
Ph
H

N

Benzyl (2R,5R,6S)-5-((S)-2-acetoxy-2-phenylacetox¥)2,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-blindole-3-carboxylate (24):

Compound4 (0.424 mg, 67%) was synthesized fr@@following General Procedurk.

'H NMR (CDCI3, 500MHz) (rotameric mixture 1:1§:2.02-2.06 (m, 1H), 2.10-2.12 (m, 1H), 2.35 (d,
J=5.2 Hz, 3H), 2.83-2.93 (m, 2H), 3.15-3.21 (m, 1B1§9-3.72 (m, 1H), 3.90 (dd=12.7, 5.7 Hz, 0.5H),
4.03 (dd,J=12.8, 5.7 Hz, 0.5H), 4.78 (bs, 0.5H), 4.86 (bsH),%.95-4.99 (m, 1H), 5.13 (s, 1H), 5.16-
5.22 (m, 1H), 5.61 (d}=8.6 Hz, 1H), 7.13 ()=7.5 Hz, 1H), 7.21 (J=7.6 Hz, 1H), 7.29-7.45 (m, 11H),
7.52 (t,J=8.9 Hz, 1H), 9.34 (s, 0.5H), 9.38 (s, 0.5H).

13C (CDCI3, 100MHz): 6 21.0, 27.6, 27.9, 29.6, 30.0, 30.9, 31.0, 40.78,45.0, 45.1, 67.4, 67.6, 72.5,
72.7,75.7,75.8, 109.0, 109.2, 111.3, 111.3, 1188.1, 119.2 121.5, 121.5, 126.6, 126.6, 1224.,8,
128.1, 128.1, 128.2, 128.3, 128.6, 128.7, 129.9,8/.2129.9, 131.3, 131.4, 132.0, 132.1, 136.2,2136.

HRMS (ESI): calc. for [M+H] Cs2H31N206: 539.21766, found: 539.21778
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Benzyl (2S,5S,6R)-5-((S)-2-acetoxy-2-phenylacetoxyp,4,5,6,7-hexahydro-3H-2,6-

methanoazocino[5,4-blindole-3-carboxylate (24°):

Compound24’ (0.473 mg, 93%) was synthesized fr@8i following General Procedur.

'H NMR (CDCI3, 500MHz) (rotameric mixture 1:1y:1.98 (t,J=14.2 Hz, 1H), 2.08-2.10 (m, 1H), 2.18
(d, J=8.5 Hz, 3H), 2.76-2.84 (m, 2H), 3.07 (d&17.1, 5.4 Hz, 1H), 3.24 (bs, 0.5H), 3.32 (bs, 0,5H)
4.02 (ddJ=12.5, 5.5 Hz, 0.5H), 4.11-4.16 (m, 0.5H), 4.74 (bSH), 4.81 (bs, 0.5H), 5.12-5.23 (m, 3H),
5.86 (s, 1H), 6.55 (s, 0.5H), 7.00 (s, 0.5H), 77077 (m, 3H), 7.32-7.44 (m, 6H), 7.52-7.68 (m, 5H).
13C NMR (CDCI3, 100MHz)3$ 20.9, 21.0, 27.6, 28.0, 30.0, 30.4, 31.7, 31.7,,411.2, 44.9, 45.0, 67.5,
67.6, 72.1, 72.1, 74.6, 75.0, 109.5, 109.8, 11118,0, 118.1, 119.4, 121.7, 121.7, 126.5, 126.8,112
128.1, 128.2, 128.2, 128.3, 128.4, 128.7, 128.9,512129.6, 130.1, 130.1, 130.4, 130.6, 133.9,7.35.
135.8, 136.5, 136.7, 155.4, 155.5, 167.9, 167.9,2471.7

HRMS (ESI). calc. for [M+H]" Cs2H31N20s: 539.21766, found: 539.21784
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Benzyl (2R,5R,6S)-5-(2-acetoxy-2-phenylacetoxy)-2-ethoxy-2-oxoethyl)-1,2,4,5,6,7-hexahydro-
3H-2,6-methanoazocino[5,4-b]indole-3-carboxylate &:

Compound25 (0.022 mg, 19%) was synthesized fr@afollowing General Procedu®, and purified
by preparative HPLC from a complicated mixture ofqucts and characterized only by HRMS (ESI)
before proceeding with the synthesis.

HRMS (ESI). calc. for [M+H] CseH37N20g:625.25444, found: 625.25516;calc. for [M+Na]

CseH3N20sNa: 647.23639, found: 647. 23724

EtO,C

Benzyl (2S,5S,6R)-5-((S)-2-acetoxy-2-phenylacetoxgs(2-ethoxy-2-oxoethyl)-1,2,4,5,6,7-
hexahydro-3H-2,6-methanoazocinol[5,4-b]indole-3-caxixylate (25):

Compound5’ (0.022 mg, 19%) was synthesized fr@di following General Procedui®, and purified
by preparative HPLC from a complicated mixture afqucts and characterized only by HRMS (ESI)
before proceeding with the synthesis.

HRMS (ESI). calc. for [M+H]" CseH37N2Os: 625.25444, found: 625.25516;calc. for [M+Na]

CseH3N20sNa: 647.23639, found: 647. 23724
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MeS N
]

O N

N
O
"/O)K/Ph
AN
"
EtO,C

(2R,5R,6S)-7-(2-ethoxy-2-oxoethyl)-3-(2-(methylthjaicotinoyl)-2,3,4,5,6,7-hexahydro-1H-2,6-
methanoazocino[5,4-blindol-5-yl 2-phenylacetate (36

Compound6 (0.005 mg, 24%) was synthesised frafollowing General Procedur&andD, without
the need for purification of the intermediate prad@€ompound®6was purified by preparative HPLC (0
to 100% ACN/HO with 0.1% of TFA).

'H NMR (CDCI3, 700MHz) (rotameric mixture 1:1):1.21-1.23 (m, 3H), 2.09-2.29 (m, 2H), 2.55-2.63
(m, 3H), 2.76-3.18 (m, 2.5H), 3.36 (ddi;23.7, 15.2 5.7 Hz, 1H),3.41 (3:2.44 Hz, 0.5H), 3.45-3.54
(m, 2H), 3.60 (dJ=15.0 Hz, 0.5H), 3.66 (dI=15.0 Hz, 0.5H), 4.03 (bs, 0.5H), 4.06-4.17 (m, 2434

(d, J=23.1 Hz, 2H), 4.73 (ddl=13.0, 5.3 Hz, 0.5H), 5.25 (bs, 0.5H), 5.46 (s, Q,5H05-7.24 (m, 6H),
7.28-7.55 (m, 5H), 8.47 (dd=4.9, 1.6 Hz, 0.5H), 8.53 (dd=4.9, 1.7 Hz, 0.5H).

HRMS (ESI): calc. for [M+H] Cs3sH34N30s: 584.22137, found: 584.22218
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(2S,5S,6R)-7-(2-ethoxy-2-oxoethyl)-3-(2-(methylthjnicotinoyl)-2,3,4,5,6,7-hexahydro-1H-2,6-
methanoazocino[5,4-blindol-5-yl 2-phenylacetate (26

Compound26’ (0.005 mg, 24%) was synthesised fr@® following General Procedurds and D,
without the need for purification of the intermeadigroduct. Compoun®6’ was purified by preparative
HPLC (0 to 100% ACN/EO with 0.1% of TFA).

'H NMR (CDCI3, 700MHz) (rotameric mixture 1:1):1.21-1.23 (m, 3H), 2.04-2.29 (m, 2H), 2.55-2.63
(m, 3H), 2.76-3.18 (m, 2.5H), 3.36 (dd;23.6, 15.1, 5.7 Hz, 1H),3.41 (#2.4 Hz, 0.5H), 3.45-3.54
(m, 2H), 3.60 (dl=15.0 Hz, 1H), 4.03 (bs, 0.5H), 4.06-4.16 (m, 2H344(d,J=23.5 Hz, 1H), 4.73 (dd,
J=12.9, 5.3 Hz, 0.5H), 5.25 (bs, 0.5H), 5.46 (s, (,5H06-7.24 (m, 6H), 7.28-7.55 (m, 5H), 8.48 (dd,
J=4.9, 1.6 Hz, 0.5H), 8.53 (dd=4.9, 1.7 Hz, 0.5H).

HRMS (ESI): calc. for [M+H]" Ca3HaaN30s: 584.22137, found: 584.22197

Determination of the activity of the separated enatiomers 26 and 26’

MDA-MB-231 cells were grown in high glucose Dulbetxmodified Eagle’s medium (DMEM, PAN
Biotech) supplemented with 10% fetal calf serum$F@vitrogen-Gibco) with 1% non-essential amino
acids (PAN Biotech) and 1% Penicillin/Streptomy¢PAN Biotech). Cells were seeded in black
CellBIND 96-well plates with clear bottom (Corningnd allowed to attach overnight. Cells were washed
three times with KRB buffer (20 mM Hepes, 5 mM #s, 1 mM MgCk, 1 mM CaCt4, 136 mM NacCl,

4.7 mM KCI, pH 7.4) containing 0.1% BSA and thenubhated with the compounds or vehicle control
and 1 mM 2DG for 30 min as described eaffleAfter washing three times with KRB buffer, the tels
were sealed with adhesive aluminum foil and ceksenlysed with 60 uL 1% CHAPS in 0.06 M HCI.
Subsequently, plates were heated using microp&gteehfor 15 min at 65°C. After cooling down tomoo
temperature, 20 pL 0.5 M Tris were added to naawahe acid, before 80 uL of detection enzyme

mixture were added. The detection enzyme solutmrained 25 uM resazurin sodium salt (Acros), 6
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U/mL glucose-6-phosphate dehydrogenase (G8404; &igdrich), 0.2 U/mL diaphorase from
Chlostridium kluyveri (D5540; Sigma Aldrich) and 0.1mM NADRApplichem) in 0.125 mM Tris, pH
8.4 with 0.1% BSA. After incubation for 2 h at rodemperature, fluorescence intensity was measured
at ex/em 530/590 nm using a Tecan M200 plate re&a were normalized to the respective DMSO
control (which was set to 100 %) and cells with@XG (set to 0 %) using Graph Pad Prism 5 or 6
software and Iéyvalues were determined using a four-parameter fit.

Activities: 10+ 1.0 uM 26) and 0.30 £0.12 uMeg’)

Based on the activities and known structures ofprmmds26 and26’, we assigned the absolute

configuration of the chiral centers in the Glupmagtiomers (+) and (-).
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Supporting Figure S6: Absolute configuration of theenantiomers 26 and 26’ and (+)-Glupin and

(-)-Glupin.
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SUPPORTING INFORMATION

Chiral Chromatograms:

(+/-)-Glupin-1:

0,049
%,

by

LCFile | JC1043_THF SOLUTION CHECK.D 1 54374 71353 21853 | 51.080 | D807
File Path | C:\CHEM3241\DATAMCEBALLOSY 2 £3.344 43475 339 48340 | D857
Diate | 05May-16, 142330
Sample | javier
Sample Inf
Bacods
Dperator | ceballos
Method | CEBALLDS 4 A0ETOH_BOMINH
Aralysis Time | 79.993 min
Sampling Fiate | 0,067 min (0,402 sec), 12000 datapoints

(+)-Glupin-1:

LC-Fie [JC1049 1 E1D: [ 1 ] 55659 [ 39418 | 3 [ 2045 [ 100000 ] o8se |
File Path | C\CHEM3231\DATANCEBALLOS"
Date | 194p116, 16:54.36
Sample | javier
Sample Info
Barcode
Operator | GK
Wethod | CEBALLOS_4_40E TOH_100MIN M
Analysis Time | 100 min
Sampling Rate | 0.0067 min (0402 sec). 15001 datapoints
= ==
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(-)-Glupin-1

DADT A, 5ig=254.4 Ref=350,100 (CEBALLOSUCI048_1_E2.D)
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Preparative Separation of (+) and (-)-Glupin-1

_vI5_3

recov_7

JC1099_APRIL_RECOW_T #1

je104a_April

PR E=R

25,0
22,0
20,0
13,0
16,0
14,0
12,0
10,0
2,0
6,0
4,0-{
2,0
0,0
2,0-
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Indomorphan MS and UV absoprtion chromatograms

General Procedure:
Sample dilution:

A volume of 3uL of 10 mM DMSO solution is dilutedtiv27uL of a acetonitrile/water mixture (50/50

vol./vol. %)

LC Method parameters

Run time 5 min

Column Shim-Pack XR-ODS, 2,0mm i.d. x 50mm, 80822262, 2,2um
Flow rate 0,5 mL/min

Eluent A water 0,1% formic acid

Eluent B acetonitrile 0,1% formic acid

Wash solvent methanol

Rinsing volume 500pL

Initial eluent B concentration 10%

Gradient

Time A B

[min] [%6] [%6]

0 90 10

2,5 0 100

3,75 0 100

3,76 90 10

5 90 10
Column temperature 30 °C
Injection volume 4 uL
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PDA 190 — 800 nm
Wavelength for purity calc. 210 nm Band Width 4 nm
Sampling rate 3,125 Hz
MS Method parameters
Acquisition mode:  scan

lonization Mode: DUIS (ESI, APCI), negative and pios mode

Start m/z: 100

End m/z: 2000

Scan speed: 15000u/sec
Event Time: 0,15s

DL Temperature: 230°C
Nebulizing Gas Flow: 1,5L/min
Heat block: 230°C

Drying Gas Flow: 15L/min
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MS Chromatogram MeS
Group#1 Scan(+) El : SUM 1 Q =N
Int N \ 7/
i A=9995071
S RT=2.30 @\/Q)
1.500e6 N ‘OMe
1.000e6 \/0{
5.000e5 o
0 &
I T T T T T T T T T
0 05 1.0 15 20 25 30 35 40 45 min.
MS Mass Chromatogram
Group#1 Scan(+)El : 480.2
Int
A=8025643
150006 RT=2.31
1.000e6
5.000e5
G T T T T T T T T T
0 05 1.0 15 20 25 30 35 40 45 min.
MS Spectrum
Group#1-PDA Peak 16,RT:2.22t0 2.44 min
int 480,00
6.000e5
4.000e5 48110 959 15
120.15 | |
D T } T T T l T T T T 'l T
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 500.0 1000.0m/z
PDA Chromatogram
1: Wavelength210 nm, Band Width4 nm
mALl
—A%=95
2000.0 RT=2.27
1500.04
1000.04
500.04
_ s A
ﬂ T T T T T T T T 1
0 05 1.0 15 20 25 30 35 40 45 min.
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MS Chromatogram

Group#1 Scan(+) El - TIC MeS,
Int 0, =N

A=11652392 N Y/

RT=227 @(Q)
A=732310 N© oA
RT=237

=1106862 A=418061 0\8
A RT=‘18% A=846540 ~~ )
RT=3.53

Ay Jziiiing

0 05 10 15 20 25 30 35 40 45  min.
MS Mass Chromatogram

Group#1 Scan(+) El - 508.2
Int

A=5176601
1.000e6 RT=2.29

8.000e5
6.000e5
4.000e5
2.000e5

c 1 1 Ll 1 l 1 Ll T 1 I
0 05 1.0 15 20 25 30 35 40 45 min.
MS Spectrum

Group#1 - PDAPeak 15, RT: 2.20t0 2.42 min
int 508.10

3.000e5

2.000e5 509.20 1015.25

1000e5]  157.05 P1005 55215 1017.40 | 101630

0 A;AI ol 1

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000  m/
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.04

1500.0+

1000.04

500.04 A
E W+

0 05 1.0 15 20 25 30 35 40 45 min.

A%=98
RT=2.25
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MS Chromatogram OMes N
Group#1 Scan(+) El : SUM 1 -

Int N \ 7

A=5996093
1.500e6 RT=2.06 h 4
N OH
1.000e o
-~/
5.000e A=223812 by
RT=1.72
L T e T e e B T e O A
0 05 1.0 15 2.0 25 3.0 35 40 45  min.

MS Mass Chromatogram
Group#1 Scan(+) El : 466.2
Int
A=5571437
1.500e! RT=2.06

1.000e!

5.000e

-

05 1.0 15 20 25 3.0 3.5 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 21, RT: 1.92 to 2.22 min

Int
3.000e 157.05 466.10

2.000e
467.25

1.000e 159.05 392.20 | 468.10 93350 931-25932.35
39410 | |
s bt

200.0 400.0 600.0 800.0 1000.0 1200.0
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU A%=88
2000.0+ RT=2.03

T —TT —T T L

T T T
1400.0 1600.0 mwz

1500.04
1000.04
500.04
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MS Chromatogram

Group#1 Scan(+) El : SUM 1
Int

1.500e6

1.000e6

5.000e5

=10630916
RT=2.55

0 05 1.0 15
MS Mass Chromatogram
Group#1 Scan(+) El - 508.2
Int

1.000e6
5.000e5

c 1 1 1 1

-5078628
A=2412239
RT=250 ’[. RT=256

min.

0 05 1.0 15 2A0
MS Spectrum
Group#1 - PDAPeak 13, RT: 2.41t0 2.73 min

Int 508.10
3.000e5
2.000e5
1.000e5

c | | 1

530.30
509.25

509.85 |53120

10525 157.00

3A0 35 40

1015.25

1017.45 | 1016.30
{ 1037.30

45

min.

2000
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.04
1500.04
1000.04

500.0

400 0 600.0

1000.0 1200.0

A%=100
RT=2.49

04

1400.0

m/z

0 05 1.0 15 20

25 3.0 35 40

190
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MeS

MS Chromatogram o) =N
Group#1 Scan(+) El : SUM 1 \_/

N
int
A=4572653 §; A=3109181 \ / o
RT=242 [jfi RT=2.37 N o«
HN

1.000e6
\/0 _L\
5.000e5 g
NHBoc
C 1 T T T T Ll T
0 05 1.0 15 35 40 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El: 8124

Int

A=3212293 5, A=2787971
1.000e6 RT=2.41 [\ RT=2.37
8.000e5
6.000e5
4.000e5

2.000e5

c 1 T 1 T T T T
0 05 1.0 15 O 35 40 45 min.

MS Spectrum
Group#1 - PDA Peak 25, RT: 2.28t0 2.52 min

Int 812.30
4.000e5

712.30

3.000e5 813.40

2 00005 713.40 834.35 1623.70
one] 15700 a3 | l 235 30 1624.65

c‘ll l 1

1 1 1 L\l 1 1 Ll
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 m/z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

A%=99
2000.0+ RT=2.36

1500.0
1000.0
500.04

0 Z =t A

0 05 1.0 15 20 25 30 35 40 45 min.
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MS Chromatogram MeS
Group#1 Scan(+) El : SUM 1 (0] =N
Int \ /
A=9196987 N
1.500e6 RT=2.43 @\/Q)
1.000e N b—\_
A=522532 0{
) -~
5.000e RT=2.11 5
cl....I....I....,....'\“\J’ e e e
0 05 1.0 15 35 40 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 506.2
Int

A=4455696 1] A=2854919
= RT=2.42
1.000e RT=2.44
5.000e!
O+ =
0

LU B B B B B B S B B S B B N B B e B B B p vvv]vvvv]vvvv]vvvv]vvvv

05 1.0 15 20 35 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 28, RT: 2.34 to 2.51 min
Int 506.20
6.000e
4.000¢e! 507.30
1011.30
508.20
2.000e 528.15 101325 | 101230
c""l""I"h'.'l""l""li""l""l"'
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 mz

PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU
2000.04
A%=58
1500.03 RT=2.39
1000.03 A%=19
500.03 RT=1.98
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MS Chromatogram

Group#1 Scan(+) El - SUM 1 MeS

Int 9 =N
1.000e6 A=2878536 N N\ /
8.000e5 RT=188 HO
6.000e5 3 ’,

N .
4.000e5 A=376646 one
2.000e5 RT=2.13 \/Oje

0 A
-—r
0 05 1.0 15 20 25 3.0 35 40 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 496.2
Int
A=2776154
8.000e RT=1.88
6.000e
4.000e

2.000e

T
0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.

MS Spectrum

Group#1 - PDA Peak: 16, RT: 1.76 to 1.92 min

Int 156.95
3.000e! 496.10

2.000e 497.25
159.00 49825 991.25992 35

1.000e! 993.35

ll 4

2000 4000 6000 8000 10000 12000 14000 16000 18000  mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU
2000.03
3 A%=39
1500.04 RT=1.84
1000.03 A%=21
500.03 RT=2.43
0 0.5 10 3.0 3.5 4.0 45  min.

193

WILEY-VCH



MS Chromatogram
Group#1 Scan(+) El : TIC MeS,

Int 0,
A=12934626 N W
3.000e6 RT=2.46 Cl UQ)
N /
N OMe

2.000e _
A=1330774 A&}nggg“ \/o\“) A=2279583
1.000e ’ ) RT=4.69
7 T
0 05 1.0 3.0 35 4.0 45 min
MS Mass Chromatogram
Group#1 Scan(+) El : 514.1
Int
A=1860430 y A=2792549
1.000
© RT=247 || RT=2.44
8.000e
6.000e
4.000e! A=168658
2.000e RT=2.11
O L s L B S B B I L L S B S R S S B
05 1.0 15 20 25 3.0 35 40 45 min.
MS Spectrum
Group#1 - PDA Peak: 21, RT: 2.37 to 2.60 min
Int 514.05
3.000e
516.05
2.000e 515.15
536.10 1027.15
1.000e! 157.05 51710 (02620
0 ] 'l N 1028.20 | ]
L S T S R S
200.0 400.0 600.0 800.0 1000.0 1200.0 mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU A%=89
3 RT=2.42
2000.04
1500.03
1000.0—§ A%6
500.0 RT=1.96
e ok ¥
e o B S T e I T e o
0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int

A=2225156
8.000e5 RT=253
6.000e5
4.000e5 A=77025
200065 RT=245
0
0 05 1.0 15 20 25 3.0 35
MS Mass Chromatogram
Group#1 Scan(+) El : 514.1
Int
A=1882459
6.000e RT=2.53
4.000e A=77606
2 000e RT=245
77—
05 1.0 15 20 25 3.0 35 40 45 min.
MS Spectrum
Group#1 - PDA Peak: 15, RT: 2.46 to 2.64 min
Int 514.05
1.500e!
1.000e 516.05
157.05 515.20
536.10
5.000 517.10 1027.20
ol | | 1029.10 ||
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 vz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.04
1500.03
1000'0—5 A%=64
500.0 RT=2.50
= e Ay
0 05 1.0 15 20 25 3.0 35 4.0 45 min
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MS Chromatogram

MeS
Group#1 Scan(+) El : SUM 1 [0) —N
Int

0 W/
A=2438233 i A=T508493 |\~ N
RT=230 J'| RT=2.34 0 4
1.000e6 N ome
5.000e5 \/o\(
0]
c |l 1 1
0 05 10 15 20 A

A 25 30 35 40 45  min.
MS Mass Chromatogram

Group#1 Scan(+) El - 552.2
Int

o

A=2172730 ) - A=6423348
1.000e6 RT=230 | RT=2.35

5.000e5

0
0

05 1.0 15 20 25 30 35 40 45
MS Spectrum
Group#1 - PDA Peak 20, RT: 2.24t0 2.47 min

Int 552.15
6.000e5

min.

4.000e5
. 553.20 1103.25
2.000e5 - 574.15 110525 |
157.00 IH ' [1104'30

S i

2000 4000 6000 8000 10000 12000 14000 16000 18000 m/:
PDA Chromatogram

1: Wavelength 210 nm, Band Width 4 nm

mAU
3 A%=96
20000 RT=2.28
1500.0
1000.04
500,04
o- 1 I 1 I 1 I T I A 1
0 05 10 15 20 25 30 35 40 45 man.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1 MeS,

=N
Int A=5313593 K
\_7/

RT=2.19 A=6155218 N
2.000e6 RT=2.24 MeO.
1.500e6 \ /
N OMe
1.000e6
\/o
0]

5.000e5
|............|...|..~ ...,....,....,....,....

T
0 05 1.0 15 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 510.2
Int

A=5271572
A=4676176 | RT=2.24

1.500e RT=2.19

1.000e

5.000e

R A e A e
05 1.0 15 3.0 35 40 45 min.
MS Spectrum
Group#1 - PDA Peak: 16, RT: 2.10 to 2.36 min
Int 510.30
6.000e
4.000e! 51125
157.20 51180 53'215 1019.30
2.000: : :
© 102135 | 102030
e
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 1600.0 mwz

PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.03
1500.0
100007

500.07
0_: N

A%=99
RT=2.16

0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram

Group#1 Scan(+) El : SUM 1
Int

1.000e6

: A=1617341 3T3°4§'g°8
8.000e5 RT=1.82 1
6.000e5
4.000e5
2.000e5

) S

T T T T L e B e B B e FFLJLE e S B B S B B B R R

0 05 1.0 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 593.2
Int

A=1584380 A=2885591
8.000e RT=1.82 RT=1.86
6.000e
4.000e!
2.000e

O
0

T T T T T T T T vvv]vv L e e B B FFLJNL A e S B B S B B B R S

05 1.0 3.0 35 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 16, RT: 1.73 to 1.91 min
Int 593.40
4.000e!
3.000e5q 157.00
2.000e 594.30 118535
1.000e 159.00 506.25 | 594 95 1187.40 | 1186.35
889.65
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 1600.0 mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
5 A%=99
2000.07 RT=1.80
1500.03
1000.03
500.03
o
e e L A e I S S e e R
0 05 1.0 15 20 25 3.0 35 40 45 min.
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MS Chromatogram MeS
Group#1 Scan(+) El : SUM 1 o, =N
Int N \ /7
A=2508774 Br
6.000e5 RT=2.49 UQ)
N OMe
4.000e
A=383722 o
2.000e! RT=2.15 ~

c| - — - [\I/JL

—TT LENN B B B B S B S B B S S B B E B B B B B B B B S N S S B E B S B B B B S B

T T T
0 05 1.0 15 20 25 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 558.1
Int
6.000e A=2188685
RT=2.50

4.000e!

A=324632
2.000e RT=2.15

MS Spectrum
Group#1 - PDA Peak: 18, RT: 2.43 to 2.59 min

Int 559.85
558.05
2.500e
2.000e
1.500e 561.05
1.000e5] 15705 8918 | e 00 1116.95

5.000 | ' 111815 | 1119.05
0-r . —

T T L L T

20l0.0 40l0.0 6010.0 8010.0 1060.0 1260.0 1460.0 1660.0 mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2500.0
2000.04
1500.03
1000.03 RT=2.47

500.03

0] =

0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram

Group#1 Scan(+) El : SUM 1 MeS
Int o =N
A=3162676 \_ 7/
1.500e6 RT=253
1.000e N “OMe
5.000e! M,;;(O{
- Me
cl.... R —_—
1.0 15 3.5 4.0 45 min

MS Mass Chromatogram
Group#1 Scan(+) El : 508.2

A=2812088
RT=2.53

MS Spectrum
Group#1 - PDA Peak: 16, RT: 2.47 to 2.64 min

Int 508.15
5.000e
4.000€!
3.000e 509.40
2.000e 45315 452.10 530.15
1.000e 157.05 l

1015.30
1017.40

1016.35
L

T—T— T —TTT —TTT T T T T T T T T T T T T T T Y

100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000 0 mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU
A%=94
2000.03 RT=252
1500.03
1000.07
500.07
0_:'"'l""l"1'\’;'4(1""1"‘[%"l'il"'l""l""l"'fk'l""
0 05 1.0 15 20 25 3.0 35 4.0 45  min.
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MS Chromatogram MeS
Group#1 Scan(+) El : SUM 1 o) —N
Int
A=9039347 N \_/
150066 RT=244 @\/Q)
1.000e N Ome
A=246697 OWX
5.000
© RT=2.10 we Y
-+ e
0 05 1.0 15 20 25 0 35 4.0 45 min
MS Mass Chromatogram
Group#1 Scan(+) El : 494.2
Int
A=7560359
1.500e! RT=2 44
1.000e!
5.000e5
[ e s e e e e e e e e B p e e e B e e L e e e e e e L B e e e e e e
0 05 1.0 15 0 25 0 35 4.0 45 min
MS Spectrum
Group#1 - PDA Peak: 19, RT: 2.31 to 2.52 min
Int 494.10
5.000e
4.000e!
g_ggge 495.80 e %6790 988.30
-000e: - 516.15
157.00
1.000e! I 989.35
L S L A et B S S B
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 mwz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
- A%=92
2000.04
E RT=2.39
1500.04
1000.03 A%=3
500,03 RT=2.26
€ ol
R B T A A S e LI A e e e e
0 05 1.0 15 . 25 0 35 4.0 45 min
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MS Chromatogram
Group#1 Scan(+) El : SUM 1

Int

A=4052011

1.000e6 RT=1.87
8.000e5
6.000e5
4.000e5
2.000e5

o —————1——

0 05 10 1
MS Mass Chromatogram
Group#1 Scan(+) El : 452.2
Int
A=3863731
1.000e RT=1.87
8.000e

6.000e
4.000e!
2.000e

1t

0.5 1.0 15 20 25
MS Spectrum
Group#1 - PDA Peak: 18, RT: 1.78 to 2.03 min

Int 157.00
3.000e 452.15

2.000e
45320
1.000e5] 120.15 | 159.05 454.15
316.05
0 T T T T T T N

903.20
904.25

100.0 200.0 300.0 4010.0 SOIO.O
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.0+
1500.03
E A%=81
1000.0—; A%=11 RT=1.83
500.0

o

——
600.0

——
700.0

— v
800.0 mwz
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MS Chromatogram

Group#1 Scan(+) El : SUM 1 MeS

Int 9 =N
1.000e6 A=4191779 N \ 7

RT=2.43

8.000e5 A
6.000e5 N “OMe
4.000e5 —
2.000e5 A\ _O

0 /&L

L o o e LA e B s e e L e ML

0 0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 474.2
Int

A=3852755
8.000e RT=2.43
6.000e
4.000e5
2.000e
0 s S e S L S S e B R S L e S L N L L S S L S S
05 1.0 15 20 25 3.0 35 40 45 min.
MS Spectrum
Group#1 - PDA Peak: 19, RT: 2.36 to 2.54 min
Int 47415
3.000e
2.000e; 475.25
476.15 947.25 948.30
1.000e! 157.05 - 049.35
S S
200.0 400.0 600.0 800.0 1000.0 1200.0 mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
1500.04 A%=72
1000.03 RT=2.41
] A%=20
500.04 RT=1.91
o e
L e e e A e e B e B LA e M e
0 05 1.0 15 20 25 3.0 35 40 45 min.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1

Int MeS,
A=6565895 o )N
1.0006 RT=241 8/
8.000e5 {
6.000e5 N ome
4.00065 o
2.000e5 we” 0
B T T T
0 05 10 15 20 25 3.0 35 40 45  min.

MS Mass Chromatogram
Group#1 Scan(+) El : 466.2
Int
A=6214168

1.000e! RT=2.41

8.000e
6.000e
4.000e!
2.000e

11—

05 1.0 15 20 25 3.0 35 4.0 45 min.

MS Spectrum
Group#1 - PDA Peak: 15, RT: 2.32 to 2.57 min

Int 466.15
4.000e
3.000e

931.25
2.000e 467.15 93230

1.000e! 157.05 468.15 933.25

| I 953.30
04— : | I .

206.0 4010.0 8010.0 1000.0 1260.0 1460.0 mwz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU

2000.0+ A%=99
E RT=2.40
1500.0
1000.04
500.0

o] A

0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int
A=3584906
RT=2.38

A=3870735 j

1.000e6 RT=2.41

A=699806
RT=2.02

5.000e

MeS

0 AV
0 05 1.0 15
MS Mass Chromatogram
Group#1 Scan(+) El : 494.2
Int
A=3144144
RT=2.38

A=3395822

1.000e RT=2.41

8.000e
6.000e
4.000e!
2.000e

o —

0.5 1.0 15
MS Spectrum
Group#1 - PDA Peak: 25, RT: 2.30 to 2.52 min

Int 494.20

4.000e!
3.000e
2.000e

1.000e 157.05

989.25

987.35 ggg 55

| | L L N
T T T T " — T T T — T T T T

2010.0 4010.0 6010.0 8010.0 1000.0
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.03
1500.04
1000.03

500.03

T

—T
1200.0

— T
1400.0 m'z
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int MeS,

A=7459595 % /=N
1.500e6 RT=2.15 \_/

N
1.000e @Q)
N OMe
5.000¢! Me'°‘\e
o]

o N2 \
R e o e e L e N A e BN B s ) ML
0 05 1.0 15 2.0 25 3.0 35 4.0 45 min.
MS Mass Chromatogram
Group#1 Scan(+) El : 466.2
Int
A=6461791
RT=2.15
1.000e!
5.000e
T T T T T
05 1.0 15 20 25 3.0 35 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 14, RT: 2.06 to 2.21 min
Int 466.15
6.000e
4.000e
467.15 931.25
157.05 468.15
2.000e 120.20 488.15 932.25
: [ 933.25
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 'z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.0+ A%=93
E RT=2.12
1500.04
1000.03 A%=4
500.03 RT=2.24
e -
T T T T T e T e e
0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram

Group#1 Scan(+) El : SUM 1 °M°5 N
Int -
A=2188492 N/
5.000e5 RT=248 @\/Q)
4.000e5 N “OMe
3.000e5 o
2.000e5 @’
1.000e5
LE L B B e s e e L B B B S L Sy B
0 0.5 1.0 15 20 25 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 528.2
Int

A=2031482
5.000e RT=2.48
4.000e!
3.000e
2.000e
1.000¢!
[ e e o e e e e e e e L B e e e e S e e e e S L m s e e
0.5 1.0 15 0 25 3.0 3.5 4.0 45 min
MS Spectrum
Group#1 - PDA Peak: 20, RT: 2.35 to 2.52 min
Int 528.15
1.500€!
157.00
1.000e 504 15 | 529.20
5.000e4-]20-20 606.20 1055.15
| 494.10l l 1056.20
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 m'z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.07 A%=30 A%B2  poe12
1500_0_2 RT=2.00 RT=2.13 RT=2.26
E A%=7
1000.04 A%=6 RT=2.44
500_0_3 RT=1.74 \
0‘:....,....,.”‘.4./\.2\?]?. e S ——— e e e A
0 0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int

A=21866417
5.000e6 RT=1.92
4.000e6
3.000e6
2.000e6

1.000e6

0 v
77—
0 05 1.0 15 2.0 25 3.0
MS Mass Chromatogram
Group#1 Scan(+) El : 434.2
Int
A=20149831
5.000e RT=1.92

4.000e
3.000e
2.000e
1.000e!

MS Spectrum
Group#1 - PDA Peak: 18, RT: 1.85 to 2.04 min

Int 43410
1.500e
1.000e
43515

5.000e 157.00 86725

,
04— —— ——— — ———T — — T

200.0 400.0 6010.0 800.0 1000.0 1260.0 1460.0 1660.0
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.03 A%=93
E RT=1.89
1500.04
1000.07 A%=4
500.07
0 . "

mz

0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram F
Group#1 Scan(+) El : SUM 1 O =N
Int
A=8241834 N \_7/
RT=2.13
1.500e6 N\
1.000e N OMe
A=945246 o)
5.000e RT=1.82 ~
o Ay ©
L B B L L e e e N SRSy e
0 05 1.0 15 2.0 25 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 452.2
Int
A=5530277
RT=2.13
1.000e!

5.000e

——

0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.

MS Spectrum
Group#1 - PDA Peak: 28, RT: 2.06 to 2.26 min

Int 452.15
4.000e!
3.000e 47410
2.000e 453.10
1.000e 157.05

(E

475.10 903.20

420.15] ( 904.25
| L

A R S| T T T T T T T "
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 9000 m'z

PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

2000.03 A%=39
3 RT=2.10

3 A%=18
1000.04 RT=1.66
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MS Chromatogram MeO
Group#1 Scan(+) El : SUM 1 (0] =N
Int N\ /
2000e6 A=8820008 N
RT=2.19
1.500e6 \
N OMe
1.000e6
\/O
5.000e5
© o)
0 N2
T T T T T
0 05 1.0 15 2.0 25 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 464.2
Int

A=7069633
1.500¢! RT=2.19
1.000e!
5.000e
T T
05 1.0 15 20 25 3.0 3.5 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 14, RT: 2.11 to 2.31 min
Int 464.10
5.000e
4.000e 92730
3.000e 157.05 465.20 928.30
2.000e
1.000e5] 120.15 432,05 486.15 929.30
| \ .
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 vz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.03 A%=93
E RT=2.16
1500.0-;
1000.0 A%=4
500_0_3 RT=2.03
hE Y v J\
e B e S A R A A S S e e e e
0 0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.
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F3C
MS Chromatogram o} =N
Group#1 Scan(+) El : SUM 1 N\ /
Int N
A=6149117
RT=2.26 \ /
1.000e6 N OMe
O
5.000e5 ~ Te
O
0 e o e e L e LA S e
0 05 1.0 15 20 25 3.0 35 4.0 45 min.
MS Mass Chromatogram
Group#1 Scan(+) El : 502.2
Int
At
8.000e
6.000e
4.000e!
2.000e
O L o e L B e S B e s
05 1.0 15 2.0 25 3.0 35 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 19, RT: 2.16 to 2.37 min
Int 502.15
3.000e
524.20
2.000e 157.05 503.20 1003.30
525.20
1.000e5420.15
470_10| 1004.25
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 m/z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.04 A%=95
15000; RT=2.22
1000.03
500.0
05....[....,....,..“.%,\.L..‘l/.,....,....,....,....T—."._.‘—."
0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int
A=6288082

RT=2.52
1.000e6

A=558794
RT=2.22

Ay "

5.000e

H——— e

T T
0 05 1.0 15 20 25 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 548.2
Int

1.000e!
8.000e
6.000e
4.000e!
2.000e

A=4879142
RT=2.52

0
MS Spectrum
Group#1 - PDA Peak: 22, RT: 2.44 to 2.67 min

Int

3.000e

2.000e

1.000e!

0+

548.00

549.10

550.15
570.10

[ "
T

1095.20

1096.30
1097.30

1117.25

—
200.0

— T T T T
400.0 600.0 800.0

PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU
2500.0+

2000.07
1500.0

1000.0
500.0-
o

A%=89
RT=2.50

—T
1000.0

T

—T
1200.0

0
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int
=5999140

RT=2.63
1.000e6

5.000e A=283265
RT= 2 31

c,....,....,....,....,.. .
0 05 1.0 15

MS Mass Chromatogram
Group#1 Scan(+) El : 548.2
Int

=3774560
8.000e RT=2.62
6.000e
4.000e
2.000e

o,....,....,....,....,. ..,. L e e e e o
05 1.0 1.5 3.5 4.0 45 min
MS Spectrum
Group#1 - PDA Peak: 28, RT: 2.53 to 2.74 min
Int 548.00
2.500e 570.10
2.000e o 15 1095.25
1.500e! - 1096.25
571.15 1097.25
550.15
1.000e 157.05 1117.20
5.000e4 |
S N
200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 mwz

PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

; A%=88
2000.04 RT=2.59
1500.04
1000.03 A%=3
500.0-

0 0.5 1.0 15 20 25 3.0 35 4.0 45 min.
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cl
MS Chromatogram o —N
Group#1 Scan(+) El : SUM 1 \ /)

Int N
A=4389378
1.000e6 RT=2.17 \ /
N OMe

8.000e5

6.000e5 o{

4.000e5 \/o

2.000e5
0 Al
-——d
0 05 1.0 15 20 25 3.0 35 4.0 45  min.

MS Mass Chromatogram
Group#1 Scan(+) El : 468.2
Int

A=3506095
8.000e RT=2.17
6.000e!
4.000e!
2.000e!
[0 e s e e e e o L e LA e e e e e e e e e e e e e S S N B e
05 1.0 15 20 25 3.0 35 40 45 min
MS Spectrum
Group#1 - PDA Peak: 19, RT: 2.09 to 2.23 min
Int 468.05
3.000e 157.05 470.00
2.000e! 469.15 935.20
100065320 10 436.05471.10 || 19005 937.20
[| - 936.25
c]!.:.I....I....,.‘...,....,....,....,. ———— 4
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 9000 mz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
p A%=92
2000.0 RT=2.13
1500.07
1000.03 A%=4
E RT=2.01
500.04
0_: o
e e e
0 05 1.0 15 20 25 3.0 35 40 45 min.
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MS Chromatogram

Group#1 Scan(+) El : SUM 1 MeO,S

Int 0 =N

A=1674977 N \ 7/
4.000e5 RT=1.98 QQ)
3.000e5 N oMe
2.000e5 \/018
A=51574

1.000e5 RT=1.70 o)

0 ———1T— 1 TS T T T

0 05 1.0 15 20 25 3.0 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 512.2
Int

A=1338206
3.000e RT=1.98

2.000e

1.000e!

L e o R e L e e
0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.

MS Spectrum

Group#1 - PDA Peak: 21, RT: 1.87 to 2.06 min

Int 45710

2.500e

2.000e

1.500e 512.10
1.000e5420 20 158.85
5.000e4 |

| | [

100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 mwz
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.0+

513.25 1023.15

1500.03 nouts

1 %= A%=19 o,
1000.04 A%11 proyg4 2 24 X8

3 RT=159 ) RT=224RT=2.34
500.04

LENES S N R N LA S S B A A B S B I B U B N B B S B SO S S S B B B B B B B B B B S R R B B

0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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PhS
MS Chromatogram o N
Group#1 Scan(+) El : SUM 1 -
Int N \ 7/
A=10319432
1.500e6 RT=2.42 \
1.000e N OMe
5.000e A=289216 \/OTX
RT=2.12 o
o+t
0 05 1.0 15 2.0 25 3.0 35 4.0 45 min.
MS Mass Chromatogram
Group#1 Scan(+) El : 542.2
Int
A=9252429
1.500e! RT=2 44
1.000e!
5.000e
o+ T T
05 1.0 15 2.0 25 3.0 35 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 23, RT: 2.34 to 2.56 min
Int 54220
6.000e
4.000e 543.40
544 .20
2.000e 157.05 1083.35
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 m/z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU
2000.04
1500.04
1000.04
500.04
LE e
T T TR T e T e T T
0 05 1.0 15 2.0 25 3.0 35 4.0 45 min.

216

WILEY-VCH



MS Chromatogram o —N
Group#1 Scan(+) El : SUM 1
Int \_7/

N
A=5740208 A=4442480
1.500e6 RT3 57| RT=2.51 \ /
N OMe

1.000e! O«
~
5.000e 0
(O s e e e e e e e e e y -....,....,....,....,...A.
05 1.0 15 35 4.0 45 min.

MS Mass Chromatogram
Group#1 Scan(+) El : 508.2
Int

vvlvvvvlvvvvlvvvvlvvvvlvvvvlvvvv||||||v||||vvv|

05 1.0 15 35 4.0 45 min.

A=4608053 3157261
1.000e!
5.000e
o—
0

MS Spectrum
Group#1 - PDA Peak: 23, RT: 2.45to 2.69 min

Int 508.20
5.000e

4.000e!
3.000e 509.30
2.000e
510.20
1.000e 157.05 530.20 1017.50 | 1016.40

cnl Il
——— — T T T — T T T T

1015.35

— T T T T T — T T T T

200.0 4010.0 6010.0 8010.0 1000.0 1200.0 1460.0 m/z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
mAU

2000.07 A%=94
E RT=2.51
1500.0

1000.04

] A%=4
500.04 RT=208
= L
0'....1....,....,....,“....1....,....,....,....,—.—'ﬁ—."
0

05 1.0 15 20 25 3.0 35 4.0 45 min.
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Br.
MS Chromatogram O =N
Group#1 Scan(+) El : SUM 1 \ /
Int N
5.000e5 A=1997361
400065 RT=2.16 A\ ]
3.000e5 N OMe
2.000e5 A=281206 \/0{
1.000e5 RT=1.84 o)
0 F—r——7— T T
0 05 1.0 15 20 25 3.0 35 40 45 min.
MS Mass Chromatogram
Group#1 Scan(+)El : 512.1
Int
4.000e! A=1605896
RT=2.16
3.000e
2.000e
A=246121
1.000e! RT=1.86
cl....I....I..”I,,f‘\",”,,,”,,,....,....,....,...‘.
0 05 1.0 15 20 25 3.0 35 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 18, RT: 2.07 to 2.28 min
Int  157.05
1.500e! 513.80
1.000e 512.05
120.20| 15890 513.15 535.95 1025.05
5.000 - 1027.10
510.05 [ 53410 |
100.0 200.0 300.0 400.0 500. 600.0 700.0 800.0 900.0 1000.0m/z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm
o] R
I S e e e UL A DAL ML
0 05 1.0 15 4.0 45 min.
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
Int

2.000e6
1.500e6
1.000e6
5.000e5

A=10770485
RT=2.29

WILEY-VCH

0 T
0 05
MS Mass Chromatogram
Group#1 Scan(+) El - 478.2
Int

1
1.0

1.500e6
1.000e6
5.000e5

A=8143986
RT=2.29

35

min.

0 1 1 Ll 1
0 05 1.0 15
MS Spectrum
Group#1 - PDAPeak 18, RT: 2.20t0 2.43 min

Int 478.10

5.000e5
4.000e5
3.000e5
2.000e5
1.000e5

0+

157.05 477.25

i AL

479.20

20

957.20

500.15

35 40 45 min.

955.25 95630

|

1 1
200.0 400.0
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU

2000.04
1500.0
1000.04

500.04

600.0
A%=92
RT=2.26

A%=4
RT=2.14

04

1000.0 1200.0 m/z

0

219
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0O
MS Chromatogram Q
Group#1 Scan(+)El : TIC o) =N
Int

\ 7/

A=34946804 N
RT=2.06 @\/Q)
bMe

N\
N
\/O WX A=2640252
0O

A=1374252

RT=1.64 RT=464

L e e e A LA s o s ey sy B
0 05 1.0 15 2.0 25 3.0 35 4.0 45 min.
MS Mass Chromatogram
Group#1 Scan(+)El : 519.3
Int
A=25806662
4.000e RT=2.06

3.000e
2.000e
1.000e!

0

| IS AL S I S B B B N B B B S B S B B N B S B Bt B B B By B B B B B B S B Sy N B B B B B B B B

0.5 1.0 15 20 25 3.0 3.5 4.0 45 min.
MS Spectrum
Group#1 - PDA Peak: 15, RT: 1.96 to 2.22 min

Int 519.20
1.500e!

1.000e! 52025

5.000e 521.15

100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 m/z
PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

mAU

2000.04 A%=93
E RT=2.04
1500.04

1000.0
500.04

.
e e === LGN

0 05 1.0 15 20 25 3.0 35 4.0 45 min.
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MS Chromatogram HN
Group#1 Scan(+) El : SUM 1 o =N

Int \ 7/

4.000e6
3.000e6
2.000e6

N

A=21725075

RT=2.14 \ /

N OMe
°12

1.000e6 nd S

0 skl N

—

LA S S B B B B S B B B B LI B B L S B S B S B B S B B B B B B B S B B B B

05 1.0 15 20 25 3.0 35 4.0 45
MS Mass Chromatogram
Group#1 Scan(+) El : 533.3
Int

4.000e A=20158465

RT=2.16
3.000e

2.000e
1.000e6

min.

A S e e AL S

0.5 1.0 15 20 25 3.0 3.5 4.0
MS Spectrum
Group#1 - PDA Peak: 27, RT: 2.03 to 2.25 min

Int 533.30

1.000e!
534.30

5.000e 535.20

157.05

min.

1065.45

100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0

PDA Chromatogram
1: Wavelength 210 nm, Band Width 4 nm

A%=88
RT=2.12

] A%=5
SOO'OE RT=1.76

m/z

LA S B S B S B B B B S B B B S AL S R B S R B B B B B B S B B B B B B B B B B

0 05 1.0 15 20 25 3.0 35 4.0
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MS Chromatogram

Group#1 Scan(+) El : SUM 1 0 N=
Int
A=14955157 N Y/
3.000e6 RT=205 @(Q)
2.000e! N OMe
0
1.000e ~ We
o)
c ¢
———————————————————t e ————————————————————————
0 05 1.0 15 2.0 25 3.0 35 40 45  min.
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MS Chromatogram
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
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MS Chromatogram
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MS Chromatogram
Group#1 Scan(+) El : SUM 1

WILEY-VCH
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MS Chromatogram MeS
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
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MS Chromatogram
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MS Chromatogram N
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MS Chromatogram
Group#1 Scan(+) El : SUM 1
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MS Chromatogram
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Supporting Figures S7-S13
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Supporting Figure S7: Screening for modulators of lyicose uptake.(a) Schematic representation of
the cellular glucose uptake assay. 2-debDxglucose (2DG) is taken up by glucose transporbs is
subsequently phosphorylated by intracellular hexage to 2-deoxyglucose-6-phosphate (2DG6P),
which is not further metabolized and is trappeddieshe cells. 2DG6P is converted by glucose-6-
phosphate dehydrogenase (G6PDH) to NADPH and 6ghlme2-deoxyglucoronic acid. NADPH is
subsequently used as reducing agent to generatedkcent resorufin from non-fluorescent resazuyin b

diaphorase. The fluorescence intensity (ex/em 2R)/& directly proportional to the amount of 2DG6P
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in the cell lysate. (c) Influence of Glupin on thetivity of hexokinase. Lysates of HCT116 cells aver
supplemented with ATP, NADP2DG and G6PDH and were incubated with the comgsdor 40
min. The generation of NADPH+Hvas determined at ex/em 340 nm/445 as a meastiexokinase

kinase activity. Data are mean values + s.d. adMtniological replicates.
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Supporting Figure S8: Influence of Glupin on mitoctondrial respiration and lipid droplet

formation. (a) Glucose-starved MDA-MB-231 cells were treated vi@iupin and oxygen consumption

rate (OCR) was measured over time in a SeahorseEXfpcellular flux analyzer. Data are mean values

+ SD (N=3, n=3). (b and c) MDA-MB-231 cells wereated with 400 uM oleic acids together with

Glupin for 18 h (b) or were pretreated with 400 joMic acids overnight followed by addition of the

compound and incubation for 18 h (c). Data are nvadues SD (n=2).

236



WILEY-VCH

a — b —
A A ol
—
M @& a M oo
130 — s
100— - = == +=——Na'/K'ATPase
100m— - e +—Nat/K* ATPase 70—
55 e o +——GLUT-3
— -
"
55— " —GLUT-1
35— -
35— 25

Supporting Figure S9: Detection of GLUT-1 and GLUT3 in DLD-1 and DLD-1 GLUT1(-/-) cells.
Lysates of DLD-1 and DLD-1GLUT1(-/-) (DLD-1 (-/-)) cells were subjected to SDS-PEGnd
immunoblotting using antibodies against GLUT-1 ¢a)GLUT-3 (b) and anti-N@aK* ATPase as a

referencé’!
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Supporting Figure S10: Detection of GLUT-1-4 upon werexpression in CHO cells.Cells were
transfected with expression plasmids for GLUT-1 G)UT-2 (b), GLUT-3 (c) or GLUT-4 (d). 48 h post
transfection cells were lysed and proteins wergestidd to SDS-PAGE and immunoblotting using
antibodies against the respective GLUT and antiffaATPase as a reference. The graphs show the
densitometric quantification of the band intensitie relation to the intensity of the respectivadbéor

Na'/K* ATPas€!

239



WILEY-VCH

a b
120+ 120+
1100 G- mock T -3- mock
& B GLUT2 32100- B GLUT4
o 80 ~ 804
% P 80
£ 604 2 604
5 S
¢ 40- o 404
[a] o
~
204 N 204
0 - v =
0+— T - =
1 _ 100 10000 1 100 10000
[Glupin] / nM — [Glupin] / nM —

Supporting Figure S11. Influence of Glupin in GLUT22 or GLUT-4 overexpression CHO cells(a)

Uptake of 2DG in CHO cells that ectopically expr&dJT2 as compared to cells transfected with an
empty vector (mock). (b) Uptake of 2DG in CHO céHat ectopically express GLUT-3 as compared to
cells transfected with an empty vector (mock). 2Déptake was determined using the

resazurin/diaphorase detection system. Data ara wataes = SD (N=3, n=3).
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Supporting Figure S12: Influence of Glupin on the gpression of GLUT-1 and GLUT-3.DLD-1 cells
were treated with Glupin at 25 mM glucose for 4&ior to isolation of total RNA and cDNA synthesis.
Quantitative PCR was performed to assess the esiprdevels of5LUT1 andGLUT3 orATP1AL, TUBB

andACTB as reference genes. Data are mean values of 8EB +
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Supporting Figure 13: Influence of Glupin on the epression of GLUT-1 and GLUT-3.DLD-1 cells
were treated with 0.5 uM Glupin at 25 mM glucose 2d or 48 h prior to cell lysis, SDS-PAGE and
immunoblotting for GLUT-1 (a and b) or GLUT-3 (cchd) and N&K*-ATPase or Vinculin as a control.
Immunoblots are representative of at least sixpeddent experiments. A dashed line indicates cibppe
immunoblot images from the same blot. (b and d)rfifieation of the data from a and c. Data are mean
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values (n=6 for b and n=6-8 for d) + SD. Statidtem@alysis was performed using unpaired two-tatiled

test with Welch'’s correction. ns: not significafitp<0.05; **: p<0.01.
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Supporting Tables

Supporting Table S3: Influence of (£)-Glupin on meabolites in Molt16 cells.Data is displayed as

fold changes of significantly altered metabolites-(0.05, n=2) in MOLT16 cells treated with 50 ni}-(

Glupin for 24 h compared to DMSO controls.

Metabolites Fold change p-value
citric acid / isocitric acid 0.256 0.0011
lactic acid 0.472 0.0010
glycerol-3-phosphate 0.556 0.0113
ribitol/arabitol 0.570 0.0064
UDP-N-acetylglucosamine 0.630 0.0030
lanosterol 0.641 0.0116
beta-alanine 0.724 0.0414
succinic acid 0.858 0.0169
proline 1.141 0.0210
5,6-dihydrouracil 1.150 0.0471
glycine 1.333 0.0318
aspartic acid 2.297 0.0212
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Supporting Table S4: IC50 values for inhibition of glucose uptake in CHO and GLUT-1-4
overexpressing cell linesnfluence of GLUT-1-4 overexpression on the acyiat Glupin in CHO cells.
CHO cells were transfected with the respective @sgion plasmids prior to treatment with the comjpoun
and determination of 2DG uptake using the diaptegrasazurin system. Data are mean values = S.D.

(N=3, n=3).

Plasmid ICs0/ NM
pTCN 19.2+2.1
pTCN-GLUT1 162 + 14
pPTCN-GLUT2 19.7+24
pTCN-GLUT4 18.9+3.2
pCMV-SPORTG6 19.1+29
pCMV-SPORT6-GLUT3 68+7.2

245



WILEY-VCH

Supporting Table S5: IC50 values for inhibition ofcell growth by Glupin in a panel of 94 cell lines.

Cell growth was determined after 72 h of compougdtment using a sulforhodamine B assay.

Cell growth inhibition

Cell line Tissue
ICs5/pM

UMUC3 0.032 bladder

MIAPACAZ2 0.061 pancreas

WSUNHL 0.062 hematological

SKNSH 0.084 brain

SUDHL6 0.092 hematological

UO31 0.109 kidney

HL60 0.112 hematological

JIMT1 0.113 breast

5637 0.114 bladder

HT1080 0.118 connective tissue

HS578T 0.120 breast

K562 0.137 hematological

SKNAS 0.175 brain

RAMOS 0.212 hematological

SUDHL10 0.219 hematological
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Cell growth inhibition

Cell line Tissue
ICs5/pM
A431 0.230 skin
CLS439 0.240 bladder
T24 0.243 bladder
A2780 0.248 ovary
PANC1005 0.269 pancreas
7860 0.274 kidney
TE671 0.299 muscle
DU145 0.317 prostate
A549 0.320 lung
SF268 0.370 brain
HCT15 0.407 colon
SF295 0.427 brain
CASKI 0.433 cervix
HEK293 0.463 kidney
u20S 0.502 bone
MDAMBA435 0.513 skin
CALUG6 0.538 lung
A204 0.562 muscle
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Cell growth inhibition

Cell line Tissue
ICs5/pM
SKHEP1 0.569 liver
NCIH460 0.572 lung
BXPC3 0.591 pancreas
A375 0.659 skin
ASPC1 0.695 pancreas
SKLMS1 0.699 uterus
PANC1 0.706 pancreas
CAKI1 0.805 kidney
DLD1 0.825 colon
PC3 0.827 prostate
RD 0.842 muscle
JAR 0.886 placenta
JEG3 0.933 placenta
NCIH82 1.168 lung
HELA 1.249 cervix
EJ28 1.386 bladder
OVCAR4 1.408 ovary
HCT116 1.470 colon

248

WILEY-VCH



Cell growth inhibition

Cell line Tissue
ICs5/pM

MHHES1 1.494 bone

C33A 1.497 cervix

IGROV1 1.759 ovary

MINO 1.766 hematological

MT3 2.545 breast

L363 2.868 hematological

HT29 3.353 colon

CACO2 3.510 colon

A673 3.640 muscle

RDES 3.712 bone

COLO205 3.728 colon

MDAMB468 4.323 breast

LOVO 5.410 colon

22RV1 5.569 prostate

SKOV3 6.071 ovary

J82 7.250 bladder

MDAMB231 8.378 breast

SNB75 9.131 brain
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Cell growth inhibition

Cell line Tissue
ICs5/pM

MDAMBA436 11.106 breast

MG63 30.000 bone

MCF7 30.000 breast

BT20 30.000 breast

U87MG 30.000 brain

ACHN 30.000 kidney

IMR90 30.000 lung

SAOS?2 30.000 bone

PLCPRF5 30.000 liver

KASUMI1 30.000 hematological

SKMEL5 30.000 skin

COLOG678 30.000 colon

MV411 30.000 hematological

SKMEL28 30.000 skin

HEPG2 30.000 liver

HS729 30.000 muscle

GRANTA519 30.000 hematological

SW620 30.000 colon
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Cell growth inhibition

Cell line Tissue
ICs5/pM

THP1 30.000 hematological

NCIH292 30.000 lung

EFO21 30.000 ovary

SKBR3 30.000 breast

PBMC 30.000 hematological

NCIH358M 30.000 lung

OVCAR3 30.000 ovary
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Supporting Table S6: IC50 values for inhibition ofcell growth by Glupin in a panel of 94 cell lines.

Cell growth was determined after 72 h of compougdtment using a sulforhodamine B assay.

Cell line Cell growth inhibition IC50 /uM Tissue
UMUC3 0.032
5637 0.114
CLS439 0.240
bladder
T24 0.243
EJ28 1.386
J82 7.250
u20Ss 0.502
MHHES1 1.494
RDES 3.712 bone
MG63 30.000
SAQOS2 30.000
SKNSH 0.084
SKNAS 0.175
SF268 0.370
brain
SF295 0.427
SNB75 9.131
us7MG 30.000
JIMT1 0.113
breast
HS578T 0.120
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Cell line Cell growth inhibition IC50 /uM Tissue

MT3 2.545

MDAMB468 | 4.323

MDAMB231 | 8.378

MDAMB436 | 11.106

MCF7 30.000

BT20 30.000

SKBR3 30.000

CASKI 0.433

HELA 1.249 Cervix

C33A 1.497

HCT15 0.407

DLD1 0.825

HCT116 1.470

HT29 3.353

CACO2 3.510 Colon

COLO205 3.728

LOVO 5.410

COLO678 30.000

SW620 30.000

HT1080 0.118 connective
tissue

WSUNHL 0.062 hematologicg
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Cell line Cell growth inhibition IC50 /uM Tissue
SUDHL6 0.092

HL60 0.112

K562 0.137

RAMOS 0.212

SUDHL10 0.219

MINO 1.766

L363 2.868

KASUMI1 30.000

MV411 30.000

GRANTAS519 | 30.000

THP1 30.000

PBMC 30.000

Uo31 0.109

7860 0.274

HEK293 0.463 kidney
CAKI1 0.805

ACHN 30.000

SKHEP1 0.569

PLCPRF5 30.000 liver
HEPG2 30.000

A549 0.320 lung
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Cell line Cell growth inhibition IC50 /uM Tissue
CALU6 0.538

NCIH460 0.572

NCIH82 1.168

IMR9O0O 30.000

NCIH292 30.000

NCIH358M 30.000

TE671 0.299

A204 0.562

RD 0.842 muscle
A673 3.640

HS729 30.000

A2780 0.248

OVCAR4 1.408

IGROV1 1.759

ovary

SKOV3 6.071

EFO21 30.000

OVCAR3 30.000

MIAPACA2 0.061

PANC1005 0.269

pancreas

BXPC3 0.591

ASPC1 0.695
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Cell line Cell growth inhibition IC50 /uM Tissue
PANC1 0.706
JAR 0.886

placenta
JEG3 0.933
DU145 0.317
PC3 0.827 prostate
22RV1 5.569
A431 0.230
MDAMB435 | 0.513
A375 0.659 skin
SKMEL5 30.000
SKMEL28 30.000
SKLMS1 0.699 uterus
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Experimental
Cell culture

All cell lines except from SW480, MOLT-16, DLD-1 wbLD-1 GLUT-1 (-/-) and MCF7-LC3-GFP
were grown in high glucose Dulbecco’s modified E&gmedium (DMEM, PAN Biotech) supplemented
with 10% fetal calf serum (FCS, Invitrogen-Gibcoiflwl% non-essential amino acids (PAN Biotech)
and 1% Penicillin/Streptomycin (PAN Biotech). SW4&élls were cultured in L-15 medium (DMEM,
PAN Biotech) supplemented with 10% fetal calf serufiCS, Invitrogen-Gibco) and 1%
Penicillin/Streptomycin (PAN Biotech). MOLT-16 ceNvere cultured in RPMI-1640 : FBS 9:1 + 50 U/
mL Penicillin-Streptomycin. DLD-1 wt and GLUT-1 {}/cells (Horizon Discoveries, Cambridge, UK)
were cultured in RPMI1640 medium supplemented b6 fetal calf serum (FCS, Invitrogen-Gibco)
and 1% Penicillin/Streptomycin (PAN Biotech). MCé&@llIs stably transfected with EGFP-LC3 (MCF7-
GFP-LC3) were cultured in Eagle’s MEM (PAN Bioteatpntaining 10% FBS (Invitrogen-Gibco),
sodium pyruvate (PAN Biotech), non-essential anaools (PAN Biotech), 0.01 mg/mL bovine insulin
(Sigma Aldrich) and 200 pg/mL G41All cell lines were grown at 37°C in a humidifiethreosphere and

5% CQ.

Resazurin-based 2DG uptake assay (semi-automatedyhithroughput)

All buffers, reagents and steps were identical withse described for the manual screening Waslmdg a
liquid addition steps were done using an automatddwasher or a multidrop device, respectively.
Screening was performed in a 384-well plates. X58GT116 cells/well seeded into 384- well black-
walled, clear bottomed plates (CellBIND, Corningflancubated overnight. Compounds were added at
30 uM (final concentration for screening or sediditions staring from 30 puM for g determinations)
from DMSO stocks using the acoustic nanoliter disee ECHO 520. Fluorescence intensity was read

from the bottom with a SpectraMax Paradigm Multi-dédMicroplate Reader (Molecular devices) using
257



WILEY-VCH

the Rhodamine filter settings. Hit compounds wergected to cell viability assay as determined gisin
the CellTiter Glo reagent (Promega) using HCT11B @nd a treatment for 30 min.

For luminescence as an orthogonal 2DG uptake reéacklis were treated as described above. However,
instead the detection enzyme mix, a modified varefldNADP/NADPH-Glo™ Assay-solution (Promega
GmbH, Germany) was added. The kit's componentsrexfd¢o as “NADH cycling enzyme” and “NADH
cycling substrate” in the manual were left out argplaced by 6U/mL glucose-6-phosphate
dehydrogenase. Volumes and buffers were used asilobx$ in the manufacturer’s protocol for the

individual detection of NADP Luminescence was read after 15 min.

Resazurin-based 2DG uptake assay (low throughput)

The 2DG uptake assay was performed by the Yamaenhatoproceduré®! 40000 cells/well were seeded
in black CellBIND 96-well plates with clear bottq@orning) and allowed to attach overnight. Cellseve
washed three times with KRB buffer (20 mM HepesnM KH2PQ;, 1 mM MgCh, 1 mM CaCi,
136 mM NaCl, 4.7 mM KCI, pH 7.4) containing 0.1% A3nd then incubated with the compounds or
vehicle control and 1 mM 2DG for 30 min as desdilearlier. After washing three times with KRB
buffer, the plates were sealed with adhesive alumifoil and cells were lysed with 60 pL 1% CHAPS
in 0.06 M HCI. Subsequently, plates were heatedusiicroplate heater for 15 min at 65°C. After ¢ogl
down to room temperature, 20 pL 0.5 M Tris wereeablith neutralize the acid, before 80 uL of detectio
enzyme mixture were added. The detection enzymdisolcontained 25 puM resazurin sodium salt
(Acros), 6 U/mL glucose-6-phosphate dehydrogen@4Q4; Sigma Aldrich), 0.2 U/mL diaphorase
from Chlostridium kluyveri (D5540; Sigma Aldrich) and 0.1mM NADRApplichem) in 0.125 mM Tris,
pH 8.4 with 0.1% BSA. After incubation for 2 h abm temperature, fluorescence intensity was medsure

at ex/em 530/590 nm using a Tecan M200 plate re&a were normalized to the respective DMSO
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control (which was set to 100 %) and cells with@XG (set to 0 %) using Graph Pad Prism 5 or 6
software and Iéyvalues were determined using a four-parameter fit.

The observed difference in the obtainegolzalues for Glupin in the automated screening \emumally
performed assay is most likely attributed to thaitaarization that is required for high-troughput
screening and usually requires different plate &r(884 vs. 96-well plates) and different cell namb

In this case, the automated assay was perform@&gUirwell plates (vs. 96-well plates for the manual

assay) with 15,000 cells per well (vs. 40,000 ga#lswell in the 96-well plates).

For kinetic measurements, 15,000 cells were semdedlack CellBIND 384-well plates (Corning) and
allowed to attach overnight. Then, the plates waashed 3X with KRB buffer containing 0.1%BSA and
treated with different concentrations of 2DG (0-8@pand Glupin (0-1uM) for 30s to 30min. The uptake
was determined using the resazurin/diaphorasemyasedescribed above. 2DG uptake was stopped by
aspirating the 2DG solution followed by quick wasith ice-cold KRB buffer (0.1 % BSA). Km and

Vmax were determined by fitting the data accordmiylichaelis-Menten using non-linear fitting.

Hexokinase assay

HCT116 cells lysed with RIPA buffer (10 mM Tris-GiH 8.0, 1 mM EDTA, 1% Triton X-100, 0.1%
sodium deoxycholate, 0.1% SDS, 140 mM NaCl, 1 mMmgimethylsulfonyl fluoride (PMSF) and
protease inhibitor cocktail (Roche)) on ice for BinThe lysate was centrifuged (500 x g, 4 °C, i0)m

the supernatant was transferred to a fresh tubesaap frozen and stored at -80 °C. The assay was
performed in a black 96 well plate in 100 pL tatalume. 10% (v/v) cell lysate (conc. 0.04 mg/mLyae
supplemented with 0.3 mM ATP, 10% (v/v) of 2-DG rfcentration range 0-15.6 mM), 43% (v/v)

enzyme mix (0.1 mM NADR 16 U/mL G6PDH in assay buffer) and 10% (v/v) counpd (Glupin or 3-
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bromopyruvate as a control)(Matsushita et al., 2@b2 filled up with assay buffer (100 mM Tris, 5/m
MgCl,, pH 8.5). Samples were incubated for 40 min at@7Fluorescence intensity of NADPH+H
(ex/fem 340 nm/445 nm) was measured with the Tecdinite M200 plate reader (Tecan). The
background was subtracted and all values were riaedato the maximal fluorescence intensity at

15.6 mM 2-DG.

3H-2DG uptake assay

Cells were seeded into clear cell culture-treatatep and grown to approx. 80% confluence. Celiewe
then washed three times with KRB buffer and incetddor 30 min with compounds and 1 pCi/mL 3H-
2DG (PerkinElmer LAS, Germany). Extracellufat-2DG was removed by washing three times with ice-
cold KRB buffer. Cells were then lysed in 0.1 M Nar 30 min. 200 uL of the lysate was added to 2
mL of Emulsifier-Safe scintillation liquid (PerkimiBer LAS, Rodgau, Germany) and uptake was
quantified using a Wallac 1409 scintillation count@PerkinElmer LAS, Rodgau, Germany).
Normalization to the amount of total protein lewstss pereformed using a Bradford Assay Reagent (Bio

Rad).

Seahorse measurements

To determine the glycolysis rate upon compoundtrreat, the extracellular acidification rate (ECAR)
and the oxygen consumption rate (OCR) was measusad) the Seahorse XFp Extracellular flux
analyzer (Agilent) in combination with a Glycolystdress Test Kit (Agilent). 250,000 MDA-MB-231
cells/well were seeded in DMEM with 10% FBS intcaBerse XFp Cell Culture Miniplates (Agilent)
and incubated overnight. XFp sensor cartridges Wgdeated according to the manufacturer’s protocol.

Next day, medium was exchanged for DMEM XF Base iMedpH 7.4) containing 2 mM GlutaMAX
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(Gibco) and cells were starved for 45 min at 37ACai CQ-free incubator. OCR and ECAR were
monitored in six minute intervals. After three iailtintervals (in total 15 min), test compounds &ver
injected, followed by five measuring intervals. éftvards 1 mM glucose, 2 uM oligomycin and 100 mM
2-deoxyglucose were injected sequentially, eackctign followed by three measuring intervals. OCR

and ECAR data were normalized to the last measurebs&dore test compound injection.

Metabolite profiling

For each data point approximately 4 ®* \OLT-16 cells in log phase were cultured in 6 medium in

a 6-well culture plate. Cells were either treatathw.1% DMSO (controls) or 50 nM (x)-Glupin and
0.1% DMSO. After 24 h the cell densities were daieed using counting chambers. Working on ice,
cell suspensions were transferred to centrifugegwnd centrifuged at 200 g for 10 min at 4°C. Cell
pellets were washed twice with 2 mL cold PBS fokalby centrifugation and removal of the supernatant
Cell pellets were frozen and stored at 280before extraction of the metabolites. Cell pslleere then
thawed on ice and 400 pL extraction mix (methanaew9:1 + internal standards) were added and the
samples were transferred into Eppendorf tubes. flnwgsten carbide beads were added to each tube and
the samples were extracted with a Retsch MM30Iatiitnm mill at 30 Hz for two minutes. After storage
on ice for 45 min the tungsten beads were remorddhe samples were centrifuged at 14000 rpm (18620
g) for 15 min at 4 °C. 150 pL of the supernatanésenransferred to vials and concentrated undeicestl
pressure to complete dryness and then stored atG8®rior to GC-MS analysis the samples were
derivatized. The cell pellets were thawed on icd #dmen dried under reduced pressure at room
temperature for 20 min. 20 pL of a 15 pg/pL metmoixee solution in pyridine was added and the samples

were dissolved by shaking them for 10 min and thveye then allowed to stand for 20 h at room
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temperature. 20 uL MSTFA with 1% TMSCI was thenetldnd after 1 h at room temperature, 20 pL
heptane containing 15 ng/pL methyl stearate wasddd

The samples were analyzed at the Swedish Metabcdo@enter in Umed, Sweden, using a Leco Pegasus
HT time-of-flight mass spectrometer equipped withAgyilent 7890A gas chromatograph (GC) and a 30
m DB-5ms Ultra Inert GC-column with an inner diasredf 0.25 mm. Automated splitless injection of 1
ul sample was performed at an injection temperanfiZ/0 °C. The purge time was 75 seconds with a
rate of 20 mL/min. Helium was used as carrier dasi(/min). The primary GC oven temperature was
70 °C for 2 minutes and then increased 20 °C/mitau820 °C, where it was held constant for 8 miaute
The transfer line temperature between the gas ditmgraph and mass spectrometer was 250 °C. The
ion source temperature was 200 °C and the eleatnpact ionization energy was 70 eV. Mass spectra
were collected at 20 Hz in the mass range 50 ton&@and the detector voltage vas 1670 V. A saries
n-alkanes (C8-C40) were used as external retemtaex standards.

The raw GC-chromatograms were aligned using tleenat standards and the GC-MS data was compared
against an in-house spectral library using thednse RDA software (Swedish Metabolomics Centre,
Umead, Sweden). The data was then curated using NISEearch v2.0. The annotated integrated data
was normalized against the cell density and thectign standard, methyl stearate, in each sample. F
statistical evaluation, two-sided student’s t-testse performed in Microsoft Excel, assuming equal

variance.

Cellular thermal shift assay (CETSA)

SwW480 cell lysates were prepared according to ellewing procedure: nearly confluent cells were
washed with PBS and detached using trypsin (0.06%6sIh, 0.02% EDTA; PAN Biotech). The trypsin

was inactivated with media and the cell suspengias centrifuged at 1,200 rpm. The cell pellet was
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resuspended in lysis buffer (PBS, 0.4% NP40 altemaEDTA-free Protease Inhibitor Cocktail
(Roche)) and stored on ice. The cell suspensionswhgected to four freeze-and-thaw cycles and short
sonication (10 s). After ultracentrifugation at@ 20 min, 100,000 x g) the supernatant was catgct
the protein concentration was measured by meaaufford and stored snap frozen at -80 °C. For
CETSA and Thermal Proteomic Profiling (TPP) cefidtes were diluted to 2 mg/mL and divided into
two reaction tubes. One fraction was treated widhuM Glupin, the other with 1% (v/v) DMSO and
incubated for 10 min at room temperature respdgtivde treated lysates were split in 10 fractieash
and subjected a temperature gradient (36.9-679Q3 foin. The lysates were centrifuged at 100,0@0 x
for 20 min and 4°C and the soluble fractions weralyed using immunoblotting (CETSA) or 10plex
TMT labeling for mass spectrometry based reaffb&or TMT-labeling the samples were reduced with
TCEP, alkylated with iodoacetamide, precipitatedhvacetone and tryptic digested in TEAB buffer
overnight. Afterwards samples were spinned down kaheled with TMT label according to the
description of the manufacturer, but using just tred amount of labeling reagent. 120 pl of eateled
aliquot incubated with Glupin were combined inte@ample and 120 pl of each DMSO aliquot into a
second one. Both samples were evaporated to dryResfactionation of samples using high pH
conditions, nanoHPLC-MS/MS analysis, and data etaln using MaxQuant softwdfe(v.1.5.3.30)
and an in-house programmed excel macro to calcoiaténg curves were performed as described by
Martin-Gago et alt®® The mean values of the melting temperatures of Gl-l and GLUT-3 of two

biological replicates were calculated and a Boltamét was performed.

Transient overexpression of GLUT-1-4 in CHO cells ad 2DG assa/!
1x1® CHO cells were seeded 10 cm cell culture platéierAvernight incubation, cells were transfected

with the different using Lipofectamine 3000 accaglio the supplier's instructions. Briefly, DNA-lip
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complexes (100 pg plasmid DNA, DNA:lipid ratio 1\®gre prepared in OptiMEM and then added to
the cells. In the case of GLUT-4-transfected cetisulin (100 pg/mL) was added to the transfection
medium. After incubation for 48 h cells were eitleseeded (40,000 cell/well) in 96-well plates for
monitoring glucose uptake or cells were directlelg and protein expression was subsequently analyse
by means of immunoblotting. In the case of GLUTahsfected cells, Insulin (100 pg/mL) was added to
the culture medium medium.

The 2DG assay was performed as described abovel{fowghput resazurin-based assay). In the case of

GLUT-4 transfected cells, Insulin (100 pg/mL) walksled to the buffer.

Real-time live-cell analysis

MDA-MB-231 cells were seeded at a density of 2,60l0s/well into clear 96-well plates and allowed to
adhere overnight. Increasing concentrations of @amgs or vehicle control were added to the cells in
fresh medium containing 0 mM, 5 mM or 25 mM glucasspectively and analysed in real-time using
an IncuCyte ZOOM Live-Cell Imaging System (EsseasBience, UK) at 20x or 10x magnification for
48 h. Images were acquired in phase contrast aeehdgituorescence mode every hour. Images were
analyzed using the IncuCyte Zoom 2016/A softwaralpmated image segmentation. For confluence

measurements, data were normalized to conflueno@eaipoint t=0.

Detection of lipid droplets

MDA-MB-231 cells were seeded in black 96-well p&atgith clear bottom (Corning) and incubated
overnight. The growth medium was then replaced sétum-reduced medium (5% FBS) containing the
desired concentration of the test substance ochkeebontrol and oleic acid (4Q0M final concentration).

After treatment for 18 h cells were fixed with 3. faraformaldehyde in PBS, permeabilized with 0.1%
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Triton-X 100 and stained for 1-2 h at room tempan@atising 0.5 pg/mL BODIPY® 493/503 neutral lipid
stain (Invitrogen) for visualization of lipid dragiks and with 1pug/mL Hoechst33342 (Invitrogen) torst
the DNA.

For assaying mobilization of existent lipid drogleMDA-MB-231 cells were pretreated with 400 uM

oleic acid overnight prior to addition of the conupd.

RT-qPCR

DLD-1 cells were seeded with a density of 6.3*t6lls/well in a 12 well plate and allowed to adhfar

24 hours. After treatment with 5 or 0.5 pM GlupRRMI medum) or different glucose concentrations
(DMEM medum) for the indicated times, total RNA waslated using RNeasy Mini Kit following the
instructions provided by the manufacturer (Qiagéi)e reverse transcription was performed using
Quantitect Reverse transcription kit (Qiagen). Qutaidve PCR was done using Sso Advanced SYBR
Green Mix (Bio-Rad) in a iCycler iQ5 thermal cycl@io-Rad). Primer sequences and amplicon sizes

are depicted below.

Gene Forward primer (8" Reverse primer () Product size, bp
GLUT1 TTGCAGGCTTCTCCAACTGGAC CAGAACCAGGAGCACAGTGAAG 112

GLUT3 TGCCTTTGGCACTCTCAACCAG GCCATAGCTCTTCAGACCCAAG 97

Actin CACCATTGGCAATGAGCGGTTC AGGTCTTTGCGGATGTCCACGT 134

TUBB CTGGACCGCATCTCTGTGTACT GCCAAAAGGACCTGAGCGAACA 116

ATP1A1 GGCAGTGTTTCAGGCTAACCAG TCTCCTTCACGGAACCACAGCA 118

Data were normalized to the levels of Actin, TUBBIaATP1A1 using thAC-method [*!

Immunoblotting
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200,000 CHO cells were seeded in 6-well plates temsiently transfected as described above ardl lys
in 1.5xSDS sample buffer without bromophenol bRmtein concentrations were determined using the
DC Assay (Bio-rad) according to the manuacturen&ructions. Proteins were resolved by means of
SDS-PAGE and then transferred to PVDF membranays®mi-dry transfer. Membranes were blocked
in 5% skimmed milk in 0.1% Tween20 in Tris-buffergaline (TBS-T, blocking buffer) for 1 h at room
temperature prior to incubation with the primaryilaody in blocking buffer overnight at 4 °C or fone
hour at room temperature. After washing with TBS1lembranes were incubated with the secondary
antibody, which was coupled to horseradish peread&RP) in blocking buffer for one hour at room
temperature. Signals were visualized using the Sugeal West Pico Chemiluminescent Substrate or
the SuperSignal West Femto Maximum Sensitivity $albs (Thermo Fischer) on the Odyssey Fc
imaging system (Li-COR). Densitometric algorithmeresused for protein band quantification.

For analysis GLUT-1 and GLUT-3 expression in DLDdlls, cells were seeded with a density of
3.06*10"well (24 h) or 1.53*1&well (48 h, 72 h) 24 h prior the experiment in Well plate. The cells
were treated for the indicated time points. Priolysis the cells were washed once with PBS, detich
using cell-dissociation solution (Sigma Aldrich)damvashed once more with PBS followed by a
centrifugation step (4 °C, 5 min, 1,200 rpm). Thellgd was lysed using 2% dodecyl-maltosid in
phosphate-buffered saline (PBS) for 15 min onAdter centrifugation at 14,000 rpm (4 °C, 15 mih¢t
lysates were collected and the protein concentratias measured using DC protein assay (Bio-Rad) or
Bradford reagent (Bio-Rad). Afterwards the samplese loaded on a 6% SDS gel. The proteins were
transferred on a PVDF membrane by means of semietkgtrophoretic transfer (Bio-Rad). The
membranes were blocked using Odyssey® blockingebyffi-Cor) for 1 h at room temperature. All
antibody solutions were prepared in Odyssey® blugkiuffer. The proteins GLUT-1 and GLUT-3 were
detected using the primary antibodies anti-GLUTmbise; dilution factor 1:5,000; #ab40084; Abcam)

and anti-GLUT-3 (rabbit; dilution factor 1:5,000a8191071; Abcam). N&*-ATPase and Vinculin
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served as loading controls for GLUT-1 and GLUT-8pectively (anti-NaK*-ATPase; rabbit; dilution
factor 1:10,000; #ab76020; Abcam / anti-Vinculinpuse; dilution factor 1:5,000; #sc-59803; Santa
Cruz). After overnight incubation of the primarytimody the membranes were washed three times with
PBS. A solution containing infrared dye-labeled 8W0 anti-mouse (donkey; dilution factor 1:5,000;
#926-32212, Li-Cor) and 680RD anti-rabbit secondariybody (donkey; dilution factor 1:5,000; #926-
68071, Li-Cor) was used to detect GLUT-1 and/KaATPase and a solution of 800CW anti-rabbit
(donkey; dilution factor 1:5,000; #926-32213, LiiC@and 680RD anti-mouse secondary antibody
(donkey; dilution factor 1:5,000; #926-68072, Li+Cto detect GLUT-3 and Vinculin. The membranes
were incubated with the secondary antibody solstion 1 h at room temperature. The membranes were
washed two times using PBS-Tween20 (0.1% v/v) art eising PBS before visualization by means of
Li-Cor Odyssey® CLx. Densitometric algorithms warsed for protein band quantification (Image

Studio Ver. 5.2).

Cell panel profiling

A panel of 94 cell lines was exposed to Glupin#drh to assess the influence on cell growth (Orehle
Germany). Cell growth was determined using sulfdemine B assay. Measurements were performed
using a total protein staining proto¢dl. Briefly, after treatement cells were fixed adufitiof 10% TCA

(for adherent growing cells) or 50% TCA (for serdharent growing cells or cells growing in
suspension). After an incubation at 4°C for 1 htgd were washed twice with 40I0of deionized water
and dried. Cells were then stained with 100f 0.04% wt/v sulforhodamine B. Plates were irateld at
room temperature for at least 30 min and washetrses with 1% acetic acid to remove unbound stain.

Plates were left to dry at room temperature anchd@RB was solubilized with 1G0 of 10 mM Tris.
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Optical density was measured at 492, 520 and 56Qusing a Deelux-LED96 plate reader (Deelux

Labortechnik GmbH, Germany).

Statistics

Data from independent experiments (n) are preseagedean values + standard deviation ($D¥ the
number of technical replicates ands the number of biological replicates. Data rfigtiwas performed
using GraphPad Prism 6.0. Statistical analysis p@agormed using unpaired t test with Welch's

correction (GraphPad Prism 6.0).
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