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The discovery of new templates and their subsequent elaboration to clinically useful receptor tyrosine
kinase (RTK) inhibitors continues to be an important issue. RTKs are a class of enzymes responsible for
the activation of different cellular signal transduction cascades. The majority of the known small mole-
cules RTK inhibitors are ATP-competitive and they are multiple targeted inhibitors. We describe here
serotonin derivatives as a new class of multiple targeted RTK inhibitors. In contrast to most other RTK
inhibitors they act via a non-ATP-competitive (allosteric) mechanism. Furthermore, they are able to
inhibit the proliferation of HUVE cells, fibroblasts and two cancer cell lines.
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1. Introduction

Receptor tyrosine kinase (RTK) are enzymes able to catalyze the
transfer of a phosphate group from ATP to tyrosine residues of pro-
teins and polypeptides. The human genome contains about 90 tyro-
sine kinase (TK) genes. Of them 58 encode transmembrane RTK’s
distributed into 20 subfamilies.! RTK’s when mutated or altered
structurally can become oncogenes that lead to cell transformation
and cancer. After validation of RTK'’s as suitable pharmacological
targets for anticancer therapy several small molecules were de-
signed and developed to inhibit the tyrosine kinase domain of the
receptor, thereby inhibiting intracellular signalling resulting in reg-
ulation of mitosis, gene transcription, and cell differentiation.
Important examples are Imatinib, Gefitinib, Lapatinib, Sorafenib,
and Erlotinib.2 Most of the known small molecules RTK inhibitors
including the examples mentioned above are multiple targeted
inhibitors, that is, they inhibit more than one tyrosine kinase.>

Considering the observed development of tumour resistance to
tyrosine kinase inhibitors, the discovery of new templates and
their subsequent elaboration to clinically useful RTK inhibitors
continues to be an important issue.* In the past structural biology
of receptor tyrosine kinases has given important insights into the
flexibility of the catalytic domain and has provided a rational basis
for obtaining inhibitors including selective ones. Future direction
in RTK drug discovery include finding new ways to inhibit the
enzymatic activity of these proteins. One such approach is the dis-
covery of non-ATP-competitive (allosteric) inhibitors.>

* Corresponding author. Fax: +49 341 973599.
E-mail address: giannis@uni-leipzig.de (A. Giannis).
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The majority of the known RTK inhibitors belong to the Type I
binding mode, that is, they bind in the ATP-binding site of a kinase
and are therefore ATP-competitive. The protein kinase is in an acti-
vated state and the binding mode can be described by Traxler’s
pharmacophore model.’ Type II inhibitors are also ATP-competi-
tive but they also interact with the extended ATP-binding site of
an inactive protein kinase. Conformational changes of the protein
kinase induced by the inhibitor open a new hydrophobic pocket
that is called Deep Pocket or Phe Pocket. Type II inhibitors specifi-
cally interact with this pocket. Examples are Imatinib, Sorafenib,
Lapatinib and Nilotinib. Type III inhibitors interact with allosteric
binding sites and are non-ATP-competitive. Only a few such kinase
inhibitors are known’ and of them only three target Receptor Tyro-
sine Kinases: ON012380°% as well as GNF-1 and GNF-2 which are
small molecules inhibitors of Ber-Abl kinase.® Type Il inhibitors like
Imatinib are often referred to as allosteric inhibitors. However ‘this
is not correct according to enzymological definition of an allosteric
inhibitor’ and ‘the rigid experimental criterion for the distinction
between allosteric and non-allosteric binders is the competitive-
ness of the inhibitor with respect to ATP’.”?

Herein we report the discovery of serotonin derivatives as a no-
vel type of non-ATP-competitive RTK inhibitors. In the frame of our
project of development of Aurora A kinase inhibitors we synthe-
sized a small library of serotonin derivatives. Whereas our com-
pounds proved to be inactive against Aurora A kinase we found
derivatives 1 and 2 to be inhibitors at the one digit micromolar
range against four different receptor tyrosine kinases (Table 1).

In order to get more insights into their mode of action and to
investigate structure-activity relationships, we decided to synthe-
size a library of several analogues of derivatives 1 and 2.


http://dx.doi.org/10.1016/j.bmc.2010.04.001
mailto:giannis@uni-leipzig.de
http://www.sciencedirect.com/science/journal/09680896
http://www.elsevier.com/locate/bmc

3388 A. Biittner et al./Bioorg. Med. Chem. 18 (2010) 3387-3402

Table 1
ICso (1M) values of receptor tyrosine kinase (RTK) inhibition by derivatives 1 and 2
No. Structure EGFR IGF-1R VEGFR-2 VEGFR-3
NH5CI
(0}
\
1 1.63+0.13 2.96 +0.41 2.83+£0.52 2.68£0.73
HO .
NH3ClI
0}
N\
2 1.01 £ 0.06 0.93 +0.04 1.06 £ 0.36 2.17 £0.15
HO N

2. Results and discussion
2.1. Chemistry

An overview of the synthetic route is given in Scheme 1. Treat-
ment of serotonin 3 with Boc,0 afforded the corresponding Boc-pro-
tected derivative which was transformed to compound 4 after
reaction with 4-(methoxymethoxy)phenethyl 4-methylbenzene
sulfonate. Subsequently, several substituents were introduced at
the indole N using different arylalkyl halogenides to produce after
deprotection derivatives 1, 5 and 6. On the other hand treatment
of compound 4 with p-iodobenzyl bromide afforded the correspond-
ing N-iodobenzyl-derivative, which was transformed to derivatives
7-9 containing a biphenyl moiety after reaction with different boro-
nic acids in a Suzuki reaction. Deprotection of 4 using acidic condi-
tions yielded derivative 10. In order to prove the importance of a
non-basic side chain as well as the importance of the free phenol
moiety 6 was converted to carbamate 11 and into derivative 12.

For the synthesis of the tetrahydrocarbazoles 20-25 derivative
13 was transformed in two steps to ketone 14. Furthermore, 4-ben-
zyloxyaniline hydrochloride 15 was converted to the hydrazine
hydrochloride 16 by diazotation followed by Sn(II) reduction. Reac-
tion between ketone 14 and derivative 16 under the conditions of
Fischer indole synthesis afforded tetrahydrocarbazole 17 which
after hydrogenolysis in the presence of Boc,0 yielded tetrahydroc-
arbazole 18. Treatment of the later with 4-(methoxyme-
thoxy)phenethyl-4-methylbenzene sulfonate gave compound 19.
Subsequent N-alkylation and deprotection as described above fur-
nished the derivatives 2 and 20-25.

2.2. Biological evaluation

2.2.1. Inhibition of receptor tyrosine Kkinases

All these derivatives as well as the commercially available sero-
tonin hydrochloride 3 and 4-(2-methoxyethyl) phenol 26 were
tested for their activity to inhibit EGFR, IGF-1R, VEGFR-2 and VEG-
FR-3. They were proven to be multi-RTK-inhibitors like derivative 1
and 2. The results are summarized in Table 2.

All inhibitory active compounds posses a free amino group and
a phenylethyl substituent in 5-position (5-10, 12, 20-25), respec-
tively, and showed ICsq values in the lower micromolar range
against the tested receptors. Serotonin hydrochloride 3 as well as
derivatives 11 and 26 were inactive.

From these results it is obvious that in the series of the seroto-
nin analogues the alkyl chain at the indole N has not a significant
effect on the potency of the inhibitors. By contrast in the tetrahyd-
rocarbazole series of compounds the alkyl chain at the nitrogen at

the indole moiety is important: the inhibitory activity of tetrahyd-
rocarbazole 25 against the tested RTK's is in part more than one or-
der of magnitude weaker in comparison to derivatives 20-24. The
lack of activity of derivative 11 indicates the necessity of a basic
amino group at the side chain. Comparison of the inhibitory prop-
erties of derivatives 6 and 12 showed that a free phenolic OH group
is not essential for activity. Moreover, the inactivity of serotonin 3
as well as of derivative 11 and of the simple phenol ether 26 allow
the presumption that the inhibitors described here are not sub-
strate analogues of the tyrosine side chain. In summary it can be
noticed that the free amino group of the serotonin derivatives
and the phenylethyl substituent in 5-position are essential for
inhibitory activity. The substituent of the indole nitrogen only
slightly influences the inhibitory activity.

2.2.2. RTK inhibitors act via an allosteric mechanism

In order to obtain insights into the mechanism of RTK inhibition
we determined the ICsy values of derivatives 2 and 7 against se-
lected RTK’s at different ATP concentrations. As shown in Table 3
the measured ICsq values are independent of the ATP concentration
indicating a non-ATP-competitive (allosteric) mechanism of action.
Similar results were obtained also for the other three RTK's.

2.2.3. Cell toxicity and inhibition of proliferation

Four different derivatives were tested for their antiproliferative
activity and toxicity against HUVE cells, the epithelial breast cancer
cell line MCF-7, the epithelial colorectal adenocarcinoma cell line
HT29 and a fibroblast cell line (HEPM) (Table 4).

The ICsq values of the cell proliferation were comparable to the
ICsq values obtained by the ELISA-RTK-assay with isolated enzymes
indicating a good cell permeability of the inhibitors. Furthermore,
the ICsq values for antiproliferative activity were always lower than
these for toxicity although they were in the same order of magni-
tude. This may be explained by the fact that our derivatives are
multiple targeted inhibitors.

3. Conclusion

In search of novel kinase inhibitors we succeeded to synthesize
and identify serotonin derivatives as multi-RTK-inhibitors. These
compounds inhibit EGFR, IGF-1R, VEGFR-2 and VEGFR-3 via a
non-ATP-competitive (allosteric) mechanism. Our results indicate
the existence of an allosteric site common at least to the tested RTK's
that is addressed by the serotonin derivatives. This motif can be fur-
ther exploited for the design of more potent and more selective RTK
inhibitors using the serotonin skeleton as lead structure.
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Scheme 1. Synthesis of indole derivatives. Reagents and conditions: (a) Boc,0, Et3N, THF, rt, 87%-quant.; (b) 4-(methoxymethoxy)phenethyl-4-methylbenzene sulfonate 29,
Cs,C04, acetone, reflux, 24-48 h, 65-84%; (c) NaH, DMF, 0 °C, 15 min, then alkylbromide, rt, 2-5 h; (d) 0.8 M HCl in MeOH, 50 °C, 2-4 h, 70-93% (2-3 steps); (e) boronic acid,
Pd(dppf)Cl,-CH,Cl,, Cs,CO3, dioxane/water 3:1, reflux, 4-12 h; (f) benzoylchloride, EtsN, DMAP, CH,Cl,, rt, 4 h, 40%; (g) Mel, K,COs, DMF/acetone 1:1, 50 °C, 12 h, 86%; (h)

benzyloxycarbonylchloride, Na,CO3, CH,Cl,, 0
80 °C, 3 h, 83%; (1) Boc,0, Pd(OH),/C, H,, MeOH, 85%.

4. Experimental part
4.1. Chemistry

All reagents were commercially obtained from Acros, Aldrich,
Alfa Aesar and Fluka and used without further purification. Melting

°C, 30 min, quant.; (i) IBX, EtOAc, reflux, 4 h, 88%; (j) NaNO,, HCl, water, —5 °C, 1 h, then SnCl,,

0°C, 2 h, 75%; (k) 14, AcOH,

points were measured with a Boetius-micro hot stage and are
uncorrected. The 'H and '3C NMR spectra were recorded by using
a Varian Gemini 200 (200 MHz for 'H NMR; 50 MHz for '3C), a Var-
ian Gemini 300 (300 MHz for '"H NMR; 75 MHz for '>C NMR) and
Bruker Avance-DRX 400 (400 MHz for 'H NMR; 100 MHz for '3C
NMR); the residual solvent peak was used as an internal reference.
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Table 2
Inhibition of receptor tyrosine kinases by indole derivatives
No. Structure EGFR IGF-1R VEGFR-2 VEGFR-3
NH4CI
3 HO \CF\C na. na. na na
N
H
NH3CI
(0]
o
+ + + +
5 HO N 4.40+0.16 3.21+£0.30 2.17 £0.95 2.05+0.48
(0]
NH5ClI
(0]
N\
6 HO N 1.92+£0.36 225+0.34 1.22+0.11 2.53+0.47
S
NH5CI
(0]
oo
7 HO N 1.11+0.10 1.07 £0.55 1.56+£0.15 3.01+£0.25
NH3CI
(0]
o en
HO N
8 /‘/‘/ 1.25+0.13 1.79+0.24 1.01 £0.06 0.96 + 0.40
2
(6]
NH5ClI
(0]
o
9 HO ‘/‘/N 1.30+£0.11 2.36 +0.41 1.17 £0.15 4.07 £0.47
NH3ClI
10 /@/yo \©\/\é’/ 2.07+0.19 1.78 £0.20 2.03 £ 0.09 2.64+£0.85
HO N
NHBoc
0}
N\
11 N n.a. n.a. n.a. n.a.
HO
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Table 2 (continued)

No. Structure EGFR IGF-1R VEGFR-2 VEGFR-3
NH4ClI
(0]
N\
12 \O N 2.45 +0.85 0.98 +0.09 1.45+£0.15 1.31£0.07
. /©/\/\/
S
NH,Cl
(0]
N\
20 HO N 1.91+£0.21 2.76 £0.12 1.26 £0.11 1.66 £ 0.20
. /©/\/\/
NHel
NH4Cl
(0]
\
21 1.37£0.37 2.86+0.17 0.94 + 0.02 1.81£0.20
HO N
. /@/\/\/
(0]
NH4CI
(0]
\
22 2.75+0.21 5.15+0.32 2.18+0.32 2.27+0.32
HO i
F3C/©/\/\/
NHCI
° N\
23 /©/\/ 2.28+0.14 2.80+0.24 2.12+0.27 222 +0.55
HO N
| A
- NHCI
NHCI
° N\
24 /©/V 2.50+0.29 1.33£0.09 2.07£0.14 2.85+0.46
"o ©/\/N
NH4Cl
25 /@/\/O\Q\/\Q 15.12 £0.76 10.61 +2.14 27.14+2.49 34.57 +2.68
N
HO N
n.a n.a. n.a.

(@]
26 m > na.
HO

All ICsg values are in pmol/L. n.a.: ICso >50 pmol/L.

ESI-HRMS were obtained on a Bruker Daltonics APEX II. Reactions
involving moisture-sensitive reactants were performed in flame--
dried glassware under an atmosphere of argon; reactants were

added by using a syringe. Flash column chromatography was per-
formed on silica gel (Acros 60A, 0.035-0.070 mm) and analytical
TLC on precoated silica gel plates (Merck 60 F254, 0.25 mm).
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Table 3
Inhibition of activity of selected RTK’s by derivatives 2 and 7 at three different ATP
concentrations

Compound No. 25 pM ATP 50 uM ATP 250 uM ATP
EGFR 2 1.01 £0.06 0.98 £ 0.04 1.00 £0.29
7 1.11+0.10 1.12 £0.07 1.06 +0.08
IGF-1R 2 0.93 +£0.04 0.99+0.10 1.22 £0.06
7 1.07 £0.55 1.06 £ 0.35 1.02+0.22
VEGFR-2 2 1.06 £ 0.36 1.09 £ 0.08 1.04+0.21
7 1.56 +0.15 1.48 +0.19 1.50+0.08
VEGFR-3 2 2.17 £0.15 2.11+0.10 2.19+0.05
7 3.01£0.25 298 £0.19 3.08 £0.14

ICs0 values in pmol/L.

4.2. tert-Butyl-2-(5-hydroxy-1H-indole-3-yl)ethyl carbamate

HNJ207<

A\
N
H

To a stirred solution of serotonin hydrochloride 3 (3.00 g, 15.1
mmol) in THF (120 mL) and triethyl amine (2.31 mL, 16.6 mmol)
was added di-tert-butyl dicarbonate (3.63 g, 16.6 mmol). The solu-
tion was stirred at room temperature for 3 h (TLC-control) and all
volatiles were removed under reduced pressure. The crude product
was purified by column chromatography (n-hexane/EtOAc 1:1 v/v)
to yield (4.17 g, 15.1 mmol, quantitative) as a yellow solid.

Rr: 0.66 (n-hexane/EtOAc 1:1, v/v).

Mp: 54-55 °C.

TH NMR (400 MHz, CDCls): 6 = 1.42 (s, 9H, COO(CHs)s), 2.86 (t,
3]=6.8 Hz, 2H, HN-CH,-CH,), 3.41-3.43 (m, 2H, HN-CH,), 4.66
(br, 1H, OH), 6.79 (dd, 3] = 8.8 Hz, 4] = 2.4 Hz, 1H, C6ingoieH), 6.97-
7.01 (m, 2H, C2indoteH, C4indoleH), 7.20 (d, 3] = 8.8 Hz, 1H, C7indoteH),
7.99 (br, 1H, NindoleH).

13C NMR (100 MHz, CDCl3): ¢ = 26.0 (HN-CH,-CH5), 28.6 (3C,
COOC(CHs)3), 40.8 (HN-CH3), 79.5 (COOC(CH3)3), 103.5 (C4indole)s
11]~9. 112-2- 1125 (C3indolev C6ind01ev C7ind01e)v 123.3 (Czindole)v
128.2 (Gaindole), 131.7 (C7aindo|e), 149.8 (CSindole), 156.3
(COOC(CH3)3).

HRMS: [M+Na]* [CysHoN,03Na]*, caled: 299.13661, found:
299.13680.

4.3. tert-Butyl-2-{5-[4-(methoxymethoxy)phenylethoxy]-1H-
indole-3-yl}ethyl carbamate 4

To a stirred solution of tert-butyl-2-(5-hydroxy-1H-indole-3-yl)-
ethylcarbamate (1.32 g, 4.77 mmol) in acetone (100 mL) 4-(metho-
xymethoxy)phenylethyl-4-methylbenzene sulfonate (1.61g, 4.77
mmol) and caesium carbonate (3.11 g, 9.55 mmol) were added.
The resulting suspension was heated under reflux for 48 h (TLC-con-
trol). The solvent was removed under reduced pressure and
the crude product was purified by column chromatography
(n-hexane/EtOAc 2:1 v/v) to yield pure 4 (1.77 g, 4.02 mmol, 84%)
as a yellow solid.

R¢: 0.26 (n-hexane/EtOAc 2:1, v/v).

Mp: 105-107 °C.

TH NMR (400 MHz, CDCl5): 6 = 2.89 (d, 3] = 6.6 Hz, 2H, NH-CH,-
CH,), 3.07 (t, 3] = 7.2 Hz, 2H, 0-CH,-CH,), 3.41-3.43 (m, 2H, NH-
CH,), 4.19 (t, 3] = 7.4 Hz, 2H, 0-CH,), 5.16 (s, 2H, 0-CH,-0), 6.86
(dd, 3] =8.4Hz, 4 =2.4Hz, 1H, C6ingoeH), 7.01 (m, 4H, C2iqoreH,
CdindoteH,  C3phenotH, C3enH), 7.22-7.26 (m, 4H, C7ingoteH,
C2phenotH, C2ppenoH, NH-CO), 7.90 (br, TH, NHjngote)-

13C NMR (75 MHz, CDCls): §=28.5 (3C, COOC(CHs5);), 31.8
(NH-CH,-CH,), 35.3 (0-CH,-CH;), 53.9 (HN-CH,), 56.0 (O-CH3),
69.9 (O-CH,), 94.6 (0-CH,-0), 102.0 (C4indote)s 104.7 (C3indote)s
111.9, 113.1 (C6indoter C7indote)s 116.5 (2C, Cphenolr C3ppenatH):
122.9 (Qindote), 130.2 (2C, Cphenots C2ppeng)> 130.3, 131.8, 132.1
(C3aindOlEv C7aind015v 1 phenol)v 149.8 (Csindole)v 1534 (C4phenol)r
156.1 (COO(CHs)3).

HRMS: [M+Na]* [Cy5H3,NOsNaJ*, caled: 463.22034, found:
463.22020.

4.4. General procedure for the preparation of the serotonin
derivatives

To stirred solution of 4 (100 mg, 0.227 mol) in DMF (1.0 mL)
was added sodium hydride (60% suspension in mineral oil,
13.6 mg, 0.341 mmol) at 0 °C. The mixture was stirred for 15 min
when the appropriate alkyl bromide (0.272 mmol) was added
and stirring was continued at room temperature for 2-5 h (TLC-
control). The reaction mixture was diluted with EtOAc (10 mL),
washed with water (4 mL) and brine (4 mL) and the organic phase
was dried (Na,SO4). All volatiles were removed under reduced
pressure, the protected intermediates were purified by column
chromatography (n-hexane/EtOAc) and dissolved in HCl-solution
(0.8 M in MeOH, 3 mL). The solution was stirred at 50°C for
2-4 h (TLC-control). The solvent was removed under reduced pres-
sure leaving the pure indoles as their hydrochlorides.

44.1. 2-[5-(4-Hydroxyphenethoxy)-1-(5-phenylpentyl)-1H-
indole-3-yl]lethanamine hydrochloride 1

NH;CI
(0]
HN— 0
O HO N
oo
\O/\O H

Table 4
ICso values (uM) for the inhibition of proliferation and cytotoxicity against HUVE, MCF-7, HEPM and HT29 cell of selected derivatives

No. HUVEC MCF-7 HEPM HT29

Prolif. Cytotox. Prolif. Cytotox. Prolif. Cytotox. Prolif. Cytotox.

2 1.38+0.3 504+1.2 3.85+0.6 4.79+0.7 2.25+0.6 7.76 £ 0.5 3.81+0.2 11.04 £ 04

7 1.98+0.3 6.32+0.2 3.57+0.2 3.34+0.2 2.74+0.9 6.64+0.1 4.38+0.2 7.95+0.3

8 0.75+0.2 345+29 479+0.1 4.93+0.5 2.53+0.6 5.70 £ 0.6 4.86+0.1 8.50+0.3
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Reaction time: 5 h (coupling), 4 h (deprotection)
Yield: 100 mg (0.21 mmol, 92%) bright yellow solid
Mp: 113 °C

IH NMR (300 MHz, CD;0D): 6=121-1.25 (m, 2H, Nindole—
CH,-CH,-CH,), 1.49-1.54 (m, 2H, NindoleCH>-~CHy-CHy—CHb),
1.69-1.75 (m, 2H, Nindole~CH>-CH,), 2.46 (t, 3J=7.4Hz, 2H,
Nindote=CHz~CHy—~CH5-CH,—CH,), 2.96 (t, 3] =7.1 Hz, 2H, O-CHy-
CH,), 3.04-3.12 (m, 2H, H3N-CH,-CH,), 3.12-3.15 (m, 2H,
HsN-CH,), 3.96 (t, 3] = 6.9 Hz, 2H, Ningole—CH>), 4.13 (t, 3] = 6.9 Hz,
2H, O-CH,), 6.73-6.81 (m, C6indoieH, C3phenotH: C3ppenaiH).
7.01-7.19 (m' 10H, C2indoleI-I- C4indoleH' C7indoleHv C2phenolHy
C2penotFs 5 % CphenyiH).

13C NMR (75 MHz, CD30D): 6=24.3 (Nindole—CH>-CH,~CH,),
27.4, 31.1, 32.1 (Nipdole—CH2-CH,-CH,-CH,, H3N-CH,-CH,), 36.1,
36.6 (Nindole—CHa~CHy-CH,-CH,~CH,, O-CH,-CH,), 41.3 (HsN-
CH,), 47.0 (Nindole=CH>), 71.2 (0-CH,), 102.8 (Cingote), 109.2
(C3indole)v 111.5 (CGindole)v 113.5 (C7indole)- 116.2 (ZC, C3phenolv
C3penot)» 126.6 (Cphenyt). 128.3 (C2indote). 129.0 (C3aindore), 129.2,
129.3 (4C, C2phenys C2penyts C3phenyls C3phenyt): 130.7 (C7aindole):
131.0 (zcv Czphenolv CZ]/;)henol)' 1334 (Clphenol)v 143.5 (Clphenyl)v
154.3 (C5indole)» 156.8 (C4phenot)-

HRMS: [M-CI]" [Cy9H35N;0,]%, caled: 443.26930, found:
443.26958.

4.4.2. 2-{5-(4-Hydroxyphenethoxy)-1-[5-(4-methoxyphenyl)-
pentyl]-1H-indole-3-yl}ethanamine hydrochloride 5

NH,CI

Reaction time: 2 h (coupling), 4 h (deprotection)
Yield: 75 mg (0.15 mmol, 65%) grey solid
Mp: 69-71 °C

'H NMR (400 MHz, CD;0D): 6=121-126 (m, 2H, Nindole—
CH,-CH,-CH,), 1.49-1.53 (m, 2H, Nindole—CH>-CHy-CH,-CHa),
1.73-1.77 (m, 2H, Nindole-CH>-CH,), 2.43 (t, 3J=7.6Hz, 2H,
Nindote—=CHz~CHa—~CH5-CH,~CH,), 2.95 (t, 3/ =7.0 Hz, 2H, O-CH,-
CH,), 3.04 (t, 3J=7.0Hz, 2H, H3sN-CH,-CH,), 3.14-3.17 (m, 2H,
HsN-CH,), 3.68 (s, 3H, O-CHs), 4.00 (t, 3/=7.0 Hz, 2H, Ningole—
CH,), 4.14 (t, 3] = 7.0 Hz, 2H, O-CH,), 6.71-6.75 (m, 4H, C3pnenoiH,
C3/penotH: C3methoxyphenytH, C3'meth0,§,phenylH), 6.81 (dd, */=9.0Hz,
4= 1.8 Hz, 1H, C6ingoicH), 6.94 (d, °J = 8.4 Hz, 2H, C2methoxyphenyiHs
C2ethoxyphenytH) 7:05 (d, J=2.0Hz, 1H, CdinaoleH). 7.09-7.11
(m, 3H, C2indoteH. C2phenotH, C2ppenoH). 7.18 (d, */=9.2Hz, 1H,
C7indoleH)'

13C NMR (100 MHz, CD30D): 8 =24.4 (Ningoe—=CHz-CH,—CH,),
27.3, 31.2, 32.3 (Nindole—CH2-CH,-CH,-CH,, H3N-CH,-CH;), 35.7,
36.2 (Nindole—CHa~CH»-CH,~CH,—~CH,, O-CH,-CH,), 41.2 (H3N-
CH,), 47.1 (Nindole—-CHz), 55.6 (0O-CHs3), 71.3 (O-CH,), 102.8
(C4indole)- 109.2 (C3indole), 111.5 (C6indole)v 113.5 (C7indole)- 114.6,
116.2 (4C, C3meth0xyphenylv C3;-nethoxyphenyl' C3phenolv C3Iphenol)' 128.3
(Czindole)v 1291 (C3aindole)v 130-2, 131.0 (4C, szethoxyphenylv
Cz/methoxyphenyl' Czphenolv CZ;henol)- 130.8 (Gaindole)v 133.5 (C]phenol)y

135.5 (Clmethoxyphenyl)r 154.4 (Csindole): 156.9 (C4phencl)v 159.1

( C4methoxyphenyl)-
HRMS: [M-ClJ*

473.27978.

[C30H3gN,03]", caled: 473.27987, found:

4.4.3. 2-{5-(4-Hydroxyphenethoxy)-1-{5-[4-(methylthio)-
phenyl]pentyl}-1H-indole-3-yl}ethanamine hydrochloride 6

NH,CI

Reaction time: 3 h (coupling), 2 h (deprotection)
Yield: 84 mg (0.16 mmol, 71%) white solid
Mp: 134-136 °C

'H NMR (400 MHz, CDsOD): 6=1.19-125 (m, 2H, Nindole—
CH,-CH,-CH,), 1.48-1.51 (m, 2H, Nindole—CHy~CHp-CH,—CHa),
1.71-1.75 (m, 2H, Nindole—=CH>-CH5), 2.36 (s, 3H, S-CH3), 2.41-2.44
(m, 2H, Ningote~CHo~CH,~CH,~CH,—CH,), 2.95 (t, 3] = 6.6 Hz, 2H,
0-CH,-CH,), 3.04 (t, 3] = 6.6 Hz, 2H, HsN-CH,-CH,), 3.13-3.15 (m,
2H, H3N-CH,), 3.96-3.98 (m, 2H, Nindole-=CH,), 4.11-4.15 (m, 2H,
0-CHz), 6.74 (d, *J=8.0Hz, 2H, CphenotH, C3jpeneH). 6.81
(d, 3J=88Hz, 1H, C6ingoicH), 6.94 (d, 3] =7.6 Hz, 2H, C2ppenoH,
Cz;hgnolH)v 7.03-7.10 (m, C2indoleHv C4indoleHv szethylthiophenyle
2;11ethylthiophenylH' C3methyithiophenyiH, C3;nethylthiophenylH)' 7.16 (d, =
8.4 Hz, 1H, C7indoleH).

13 NMR (100 MHz, CD;OD): 6=16.2 (S-CH3), 24.4
(Ningole—=CH-CH>-CH,), 27.3, 31.1, 32.0 (Nindole~CHo~CHp~CH,—
CH,,H3N-CH,-CH,), 35.9, 36.2 (Nindole—CH-CH,-CH,-CH,-CH,,
0-CH,-CH,), 41.3 (HsN-CHa), 47.0 (Nindote—=CHz), 71.3 (O-CHy),
102.8 (C4indole)v 109.2 (C3indole)' 111.5 (CGindole)v 113.5 (Gindole)v
116.2 (ZC- C3phenolv C3;)henol)' 128.0 (2C, szethylthiophenylv
Cz;nethylthiophenyl)- 128.3 (Czindole)v 129.1 (C3aindole)v 130.0 (ZC-
C3methylthiophenyb C3:ﬂethy1thiopheny1)v 130.7 (C7aindole)v 131.0 (zcv
Czphenolv C2;henol), 1334 (Clphenol)- 136.5 (C4methylthiophenyl)- 140.6
(C] methylthiophenyl)y 1544 (Csindole)v 156.8 (C4phenol)-

HRMS: [M-CI]* [Ca9H35N;0,S]", caled: 489.25703, found:
489.25706.

4.44. 2-{5-(4-Hydroxyphenethoxy)-1-[5-(pyridine-2-yl)pentyl]-
1H-indole-3-yl}ethanamine dihydrochloride

NH,CI

(e}
/@/\/ \
HO N

X
| _NHCI

Reaction time: 3 h (coupling), 3 h (deprotection)
Yield: 92 mg (0.18 mmol, 78%) yellow solid
Mp: 35°C
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'H NMR (300 MHz, CDsOD): &§=1.27-131 (m, 2H, Nindole-
CH,-CH,-CH,), 1.70-1.75 (m, 2H, Nindole—CHo~CHo~CH,—~CHy),
1.80-1.84 (m, 2H, Nindole-CH2-CH3), 2.93-2.99 (m, 4H, O-CH,-
CHy, Nindole~CHy—CH,~CH,~CH,—-CH,), 3.03-3.08 (m, 2H, HsN-
CH,—CH>), 3.15-3.17 (m, 2H, H3N-CH,), 4.06 (t, 3= 6.3 Hz, 2H,
Nindole—CH>), 4.15 (t, 3] =6.8 Hz, 2H, 0-CH>), 6.73 (d, 3J=8.1 Hz,
2H, C3phenoH, C3jpengH). 679 (d, 3 =8.7Hz, 1H, CBindoleH),
7.05 (d, 4]=1.8 Hz, 1H, C4indoleH)v 7.11 (S, 1H, CZinOIeH),
7.11 (d, }J=7.8 Hz, 2H, C2pnenotH, C2ppengH), 7.22 (d, */=8.7 Hz,
1H, C7ingotleH), 7.73-7.81 (m, 2H, C3pyridinel,  CSpyridineH),
837 (t, 3J=7.8Hz, 1H, C4pyidgineH), 8.56 (d, 3/=8.4Hz, 1H,
C6pyridineH)-

13C NMR (75 MHz, CD;0D): 6 = 24.3 (H3N-CH,-CH,), 27.1, 29.6,
30.7, (Nindole=CHz~CH~CH,~CH3), 34.0 (Nindole~CHa~CH,~CH,-
CH,-CH,), 36.1 (0~CH,~CH,), 41.2 (HsN-CH,), 46.7 (Nindote—CHa),
71.2 (O_CH2)' 102.7 (C4indole)v 109.4 (C3indole)v 111.6 (CGindole)v
113.5 (Uindole)v 116.2 (ch C3phenol- C3Iphem)1)y 125.9 (C3pyridine),
1284 (zcv C2ind018v C5pyridine)v 129.0 (C3aindole)v 130.9 (C7aindole)v
131.0 (2C, Cphenotr C2hpenor)s 133:3 (Clphenot), 141.8 (Copyricine):
147.8 (C4pyridine), 154.3 (Csindole)v 156.9 (C4phenol)v 158.4 (Czpyridine)-

HRMS: [M—HCI-CI]" [C2,H34N30,], calcd: 444.26455, found:
444.26419.

4.4.5. tert-Butyl-2-{5-[4-(methoxymethoxy)phenethyloxy]-
1-(4-iodo-benzyl)-1H-indole-3-yl}ethyl carbamate

U
B¥oasvs
o

To a solution of 4 (500 mg, 1.14 mmol) in DMF (5.0 mL)
was added sodium hydride (60% suspension in mineral oil,
68 mg, 1.70 mmol) at 0°C. The mixture was stirred for 15 min
at this temperature when 4-iodobenzyl bromide (404 mg,
1.36 mmol) was added. After stirring for 4h at room
temperature (TLC-control) the mixture was diluted with EtOAc
(20 mL) and washed with water (8 mL) and brine (8 mL). The
organic phase was dried (Na,SO4) and all volatiles were re-
moved under reduced pressure. The crude product was purified
by column chromatography (n-hexane/EtOAc 3:1 v/v) to yield
pure product (401 mg, 0.61 mmol, 54%) as a white crystalline
solid.

R¢: 0.20 (n-hexane/EtOAc 3:1, v/v).

Mp: 100-102 °C.

'H NMR (300 MHz, DMSO-dg): 6=1.35 (s, 9H, C(CH3)s), 2.75
(t, 3J=6.9Hz, 2H, HN-CH,-CH,), 297 (t, 3J=72Hz, 2H,
0-CH,-CH,), 3.15-3.17 (m, 2H, HN-CH,), 3.36 (s, 3H, O-CH3),
4.13 (t, 3] = 6.9 Hz, 2H, O-CH,), 5.15 (s, 2H, Ningole—CH>), 5.25 (s,
2H, 0-CH,-0), 6.72 (dd, */=8.7Hz, ¥=2.4Hz, 1H, C6ingoicH),
6.84 (br, 1H, NH), 6.92-6.98 (m, 4H, C3phenolH, C3ppeneiHs
CiodophenytH, C3iodophenytH)s 705 (s, 1H, CingotleH) 7.21-7.27 (m,
4H, C2indoteH. C7indoteH, C2phenotH, C2penoH). 7.63 (d, %/ =8.1 Hz,
2H, C2iodophenyiH, CZ;odophenylH )

13C NMR (75 MHz, DMSO-dg): §=25.4 (HN-CH,-CH,), 28.2
(C(CH3)3), 34.4 (O-CH,-CH,), 40.7 (HN-CH,), 48.5 (Nindole—CH>),
55.4 (0O-CH3), 68.9 (O-CH;), 77.4 (C(CH3)3), 93.1, 93.9 (C-11_ap
0-CH,-0), 101.8 (C4indote)s 110.7 (C3indote)s 111.6 (C6ingote), 111.7

(C7indole), 116.1 (2C, C3phenol, C3;hen01), 127.0 (C2indole), 128.3
(C3aindole)- 129-2, 129.9 (4C- Czphenol- Cz/phenol- C3iodopheny1-
C3;0dophenyl)v 131.2 (C7aindole)v 131.7 (Cl phenol)v 137.2 (ZC- Cziodophenylv
;odophenyl)v 138.4 (C'4i0dopheny1)v 152.3 (C4phenol)v 1553v 155.5 (2C,
COOC(CHs)3, CSindote)-
HRMS: [M+Na]" [C3,H37IN,OsNa]*, caled: 679.16394, found:

679.16368.

4.4.6. 2-{5-(4-Hydroxyphenethoxy)-1-[4-(3-trifluoro-
methylphenyl)]benzyl-1H-indole-3-yl}ethanamine
hydrochloride 7

NH,CI

o)
oo
HO N
F3C O O

To a solution of tert-butyl-2-{5-[4-(methoxymethoxy)pheneth-
yloxy]-1-(4-iodo-benzyl)-1H-indole-3-yl}ethyl carbamate (100 mg,
0.152 mmol) in 1,4-dioxane/water (3:1 v/v, 2.0 mL) were added
3-trifluoromethanephenylboronic acid (29.0 mg, 0.152 mmol),
caesium carbonate (356 mg, 0.915 mmol), palladium(Il)-acetate
(0.67 mg, 3 umol) and triphenyl phosphine (4.0 mg, 15 pumol).
The suspension was heated under reflux for 4 h. After cooling to
room temperature the mixture was diluted with EtOAc (10 mL),
washed with water (3 mL) and brine (3 mL). The organic phase
was dried (Na,SO,4) and the solvent was removed under reduced
pressure. The protected intermediate was purified by column
chromatography (n-hexane/EtOAc 3:1 v/v, Rs: 0.26) and dissolved
in HCl-solution (0.8 M in MeOH, 3 mL). The solution was stirred
for 3h at 50°C, all volatiles were removed under reduced
pressure to leave pure 7 (60.4 mg, 0.106 mmol, 70%) as a white
solid.

Mp: 161-162 °C.

TH NMR (300 MHz, CD30D): 6 = 2.96 (t, 3] = 6.9 Hz, 2H, O-CH,-
CH,), 3.08 (t, 3J=7.1 Hz, 2H, H3N-CH,-CH,), 3.18-3.22 (m, 2H,
HsN-CH,), 4.14 (t, 3] = 6.9 Hz, 2H, O-CH>), 5.33 (s, 2H, Nindole—=CH2),
6.72 (d, *J = 8.1 Hz, 2H, C3phenotH, C3enoH), 6.80 (dd, %/ =9.0 Hz,
3]=21Hz, 1H, C6ingoeH), 7.07-7.13 (m, 4H, C2jnqoicH,
CdindoteH,  C2pnenotH,  C2hpengH), 7.20-7.26 (m, 4H, C7ingoreH,
CztriﬂuoromethylphenylphenylH- C2,triﬂuol'omethylphenylphenylH' C5triﬂuoromethylf
phenyiH),  7.53-7.60 (m, 4H,
C3;riﬂuoromethylphenylphenylH' C4triﬂuoromethylphenyle
phenyIH)v 7.80 (Sv 1H, C2triﬂuoromethylphenle-I)-

13C NMR (75MHz, CDs0D): 6=24.4 (H3N-CH,-CH,),
36.2 (0-CH,-CH,), 41.2 (H3N-CHj), 50.5 (Njngole—CH>),
71.3 (O—CHz), 102.9 (C4indole)v 110.1 (C3indole)y 112.0 (C6indole)r
113.8 (C7indote), 1162 (2C, C3ppenotr €3, ), 1243, 1244,

3triﬂuoromethylphenylphenyll'Iv
CGtriﬂuoromethyl—

phenol
124.9 (CF3, 2 trifluoromethylphenyls C4triﬂuommethylphenyl )v 128.4 (ZC'
!
C3triﬂuoromethylphenylphenyl' C3triﬂuoromethylphenylpheny] » 128.8 (2€,
!
Cztriﬂuoromethylphenylphenyl. C2triﬂuoromethylphenylphenyl )- 1295, 130.0

(Qindolev C3aindole)v 130.8 (Gaindole)v 131.0 (zcv C2phenolv Cz;)hengl)v
131-6- 131.9 (CStriﬂuoromethylphenylv C6triﬂuoromethylphenyl) 133.7
(C]phenol)y ]3881 1396v ]400v 142.9 (Cltriﬂuoromethylphenylphenylv
C4triﬂuoromethylphenylphenyl- Cltriﬂuoromethylphenylv C3triﬂuoromethylphenyl)'
154.8 (C5indote)s 156.9 (C4phenot)-

HRMS: [M-CI]" [C3,H30F3sN20,]%, caled: 531.22539, found:
531.22527.
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4.4.7. 2-[5-(4-Hydroxyphenethoxy)-1-(4-methoxyphenyl)-
benzyl-1H-indole-3-ylJethanamine hydrochloride 8

NH,CI

To a solution of tert-butyl-2-{5-[4-(methoxymethoxy)pheneth-
yloxy]-1-(4-iodo-benzyl)-1H-indole-3-yl}ethyl carbamate (100 mg,
0.15 mmol) in 1,4-dioxane/water (3:1 v/v, 2.0 mL) were added
4-methoxyphenylboronic acid (23 mg, 0.15 mmol), caesium car-
bonate (356 mg, 0.92 mmol) and palladium(Il)-acetate (0.68 mg,
3.0 pmol). The mixture was heated to reflux for 4 h. After cooling
to room temperature the suspension was diluted with EtOAc
(10 mL), washed with water (3 mL) and brine (3 mL). The organic
phase was dried (Na,SO4) and all volatiles were removed under re-
duced pressure. The protected intermediate was purified by col-
umn chromatography (n-hexane/EtOAc 1:1 v/v, Rz 0.70) and
dissolved in HCl-solution (0.8 M in MeOH, 3 mL). After stirring
for 3 h at 50 °C the solvent was removed under reduced pressure
and pure 8 (58 mg, 0.11 mmol, 72%) was obtained as a grey solid.

Mp: 203 °C.

TH NMR (300 MHz, DMSO-ds): 6=2.90 (t, ] =6.8 Hz, 2H, O-
CH,-CH,), 2.96-3.00 (m, 4H, H3N-CH,-CH,), 3.75 (s, 3H, O-CH3),
4.09 (t, 3J=7.2 Hz, 2H, 0-CH,), 5.31 (s, 2H, Nipgore—CHs), 6.69 (d,
J=84Hz, 2H, C3ppenoH, C3pepqH). 6.74 (dd, */=8.7Hz,
4 =2.4Hz, 1H, C6ipgoleH), 6.95-6.99 (m, 2H, C3pmethoxyphenytH,
C3;‘nethoxyphenyl ) 7.07-7.11 (m 3H C4mdoleH C2]:chenolI_I C2
7.23 (d, °’J=8.1Hz, 2H, C2methoxyphenylphenyH, szethoxyphenylphenylH
7.29-734 (m, 2H, Q2indoleH, C7indoleH), 7.49-7.54 (m, 4H,
C3methoxyphenyiH, C3;nethoxyphenylH' C2methoxyphenyiH, Cz:‘nethoxyphenylH)'
8.03 (br, 3H, NH3), 9.24 (br, 1H, OH).

13C NMR (100 MHz, DMSO-dg): & =23.1 (H3sN-CH,-CH,), 34.5
(O-CH,-CH;), 48.8 (Nindole—CH>), 55.1 (0O-CH3), 69.2 (O-CH,),
101.6 (C41ndole) 109.1 (C?’mdole) 111.0 (Cﬁindole)r 111.9 (aindole)v
1143 (2C szethoxyphenylv szethoxyphenyl) 115.1 (ZC Czphenol-
Cz/phenolH) 126.2 (ZC szethoxyphenylphenyly C2
127.6 (2C C3methoxyphenylpheny1v C3methoxyphenylphenyl' 127.6 (szdole)
127.7 (2C, C3methoxyphenyls C3merhoxyphenyl) 127.9 (C3ajndole), 128.4
(C7aindote)s 129.8 (2C, C3phenol C3ppenat)> 1314 (CAphenal), 132.1
(C4methoxyphenyl)v 136.7 (C4methoxyphenyl), 138.9 (Cl methoxyphenyl)v
152.6 (C5ind01e), 155.8 (C] phenol)v 158.9 (Cl methgxyphenyl). overlapped:
H3N-CH,.

HRMS:
493.24824.

phenol )

methoxyphenylphenyl /» )

[M*Clr [C32H33N203]+, caled: 493.24912, found:

4.4.8. 2-[5-(4-Hydroxyphenethoxy)-1-(4-phenyl)benzyl-1H-
indole-3-yllethanamine hydrochloride 9

NH,CI

To a solution of tert-butyl-2-{5-[4-(methoxymethoxy)pheneth-
yloxy]-1-(4-iodo-benzyl)-1H-indole-3-yl}ethyl carbamate (100 mg,
0.15 mmol) in 1,4-dioxane/water (3:1, v/v, 2.0 mL) were added
benzene boronic acid (18.5 mg, 0.15 mmol), caesium carbonate
(356 mg, 0.92 mmol), bis(triphenylphosphino)palladium(II)-chlo-
ride (3.2 mg, 4.6 pmol) and 1,1’-bis(diphenylphosphino)ferrocene
(5.0 mg, 9.1 pmol). The mixture was heated to reflux for 12 h. After
cooling to room temperature the suspension was diluted with
EtOAc (10 mL), washed with water (3 mL) and brine (3 mL). The
organic phase was dried (Na,;SO4) and all volatiles were removed
under reduced pressure. The protected intermediate was purified
by column chromatography (n-hexane/EtOAc 3:1 v/v, Rg 0.32)
and dissolved in HCl-solution (0.8 M in MeOH, 3 mL). The solution
was stirred for 3 h at 50°C, the solvent was removed under
reduced pressure and pure 9 (67 mg, 0.114 mmol, 75%) was
obtained as a white solid.

Mp: 214 °C.

TH NMR (400 MHz, CD;0D/DMSO-dy): 6 = 3.00 (t, 3] = 7.0 Hz, 2H,
0-CH,-CH,), 3.09 (t, 3 =7.6Hz, 2H, H3N-CH,-CH,), 3.21
(t, 3] = 7.4 Hz, 2H, H3N-CH,), 4.18 (t, 3] = 6.4 Hz, 2H, 0-CH,), 5.38
(S, 2H, Nindole=CHa), 6.76 (d, *J = 8.8 Hz, 2H, C3phenotH, C3}yenoiH):
6.85 (dd, 3] =9.2 Hz, ¥ = 2.0 Hz, 1H, C6inq0ieH), 7.13 (d, /= 2.4 Hz,
1H, CdingoieH), 7.17 (d, *J=8.4Hz, 2H, CppenoiH, C2engH),
7.31-7.37 (m: SH, szdoleH C71ndoleH C2phenylphenyle
c2 H, ClphenyiH), 7.43-7.47 (m, 2H, C3phenyiphenytH,
) 7.58-7.63 (m 4H, C2pheny1H c2! H, C3phenylH-

phenylpheny
phenylphenyl phenyl

phenyl
3¢ NMR(lOO MHz, CD;0D/DMSO-dg): & = 24.4 (HsN-CH,-CH,),

36.1 (0-CHy—CH), 41.1 (H3N-CH,), 50.5 (Ningole—CHz), 71.0
(O_CHZ) 102.8 (C4mdole) 110.2 (C3indole)v 112.2 (CGindole)v 113.6
(CTindote)r 116.3 (2C, C3phenor, C3! 127.9, 128.2, 128.9, 130.6

(8C Czphenylphenylv Czphenylphenyl' C3phenylphenylv C31)henylphenyl' Czphenylv
C2nenyty Cphenyls C3pheny) 128.6, 129.0, 129.5, 130.1, (C2indole,
C3amdole, Uaindole, C4phenyl)- 131.2 (ZC, Qphenol, C2;henolH), 1334
(C] phenol)v 1387v ]4]'4v 141.6 (Cl phenylphenyl» C4phenylphenylv 1 phenyl)v
154.6 (C5indote)s 157.1 (C4phenot)-

HRMS: [M—Clr [C31H31N202]+,
463.23760.

phenol )

caled: 463.23800, found:

4.4.9. 2-[5-(4-Hydroxyphenethoxy)-1H-indole-3-yl]ethanamine
hydrochloride 10

NH,CI

7

o
HO N

A solution of 4 (150 mg, 0.34 mmol) in HCI (0.8 M in MeOH,
3 mL) was heated to 50 °C for 3 h (TLC-control). The solvent was
removed under reduced pressure and the product was obtained
as a white solid.

Mp: 115-116 °C.

'H NMR (300 MHz, CD50D): é = 2.93-2.99 (m, 2H, O-CH,-CH>),
3.07-3.09 (m, 2H, H3N-CH,-CH,), 3.16-3.18 (m, 2H, H3N-CH,),
4.14 (t, 3J=7.1 Hz, 2H, 0-CH,), 6.76 (m, 3H, C6indoleH, C3phenotH,
C3;pheno] )v 7.09-7.14 (m: 4H- C2indoleHv C4indoleHv CzphenolH-
C2, phenotH)s 7.26 (8, 3J=8.7 Hz, 1H, C7indoteH).

13c NMR (75 MHz, CDs;0D): 6=24.4 (H;N-CH,-CH,), 36.1
(0-CH,-CH,), 41.2 (H3N-CH;), 71.3 (O-CH;), 102.4 (C4indote),
110.0 (C3indole)v 113.2 (C6indole)v 113.6 (Gindole)v 116.1 (ZC, C3phenolr
C3;he“ol) 125.0 (szdole), 128.4 (C3amdole). 130.3 (C7aindole). 131.0

(2C, C2phenors C2;heml), 133.5 (Clphenot), 154.2 (CSindote), 156.8
(C4phenol)-
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HRMS:
297.15987.

[M—CI]* [CygH21N20,]*, caled: 297.15975, found:

4.4.10. tert-Butyl-2-{5-(4-hydroxyphenethoxy)-1-{5-[4-(methyl-
thio)phenyl]pentyl}-1H-indole-3-yl}ethyl carbamate 11

To a solution of 6 (35mg, 0.067 mmol) and triethyl amine
(10.2 pL, 0.073 mmol) in THF (0.5 mL) was added di-tert-butyl
dicarbonate (16 mg, 0.073 mmol). After stirring at room tempera-
ture for 12 h the solvent was removed under reduced pressure
and the crude product was purified by column chromatography
(n-hexane/EtOAc 3:1, v/v) to yield pure product (34 mg,
0.058 mmol, 87%) was as a bright yellow oil.

Rg: 0.22 (H/EE 3:1 v/v).

TH NMR (300 MHz, CDCl3): 6 =1.29-1.33 (m, 2H, Njngoie—CHa-
CH,-CH,), 1.43 (s, 9H, C(CH3)3) 1.58-1.62 (m, 2H, Nijydole—CH2—
CH,-CH,-CH,), 1.78-1.82 (m, 2H, Njpqole—CH,-CH3), 2.46 (s, 3H,
S—CHs), 2.53 (t, 3] =7.7 Hz, 2H, Niggole—~CH2—-CH,—-CH,—-CH,—CH,),
2.85 (t, 3J=6.8Hz, 2H, NH-CH,-CH,), 3.04 (t, 3J=7.4Hz, 2H,
0-CH,-CH,), 3.36-3.42 (m, 2H, NH-CH,), 3.99 (t, 3/ =7.1 Hz, 2H,
Nindotle—=CH>), 4.19 (t, 3J=7.1 Hz, 2H, O-CH,), 6.77-6.82 (m, 2H,
C2phenotH, C2penH), 6.87-6.88 (m, 3H, CBindoleH, C3phenotH,
C3,..H), 6.95 (d, 4=1.5Hz, 1H, C4ingoieH), 7.04 (d, 3/ = 8.7 Hz,

phenol
2H,  methyithiophenyiH, C3;‘nethylthiophenylH)- 7.14-719 (m, 4H,
C2indoleHy C4indoleHr szethylthiophenyle CZ:‘A-AethylthiophenylH)'

3C NMR (100 MHz, CDsOD): 6=16.5 (S-CH3), 25.8

(Nindole—CH2-CH»-CH,), 28.6 (3C, C(CHs)s), 26.6, 30.3, 31.1
(Nindole—=CH2-CH>-CH,-CH,), 35.3, 35.4 (Nindole—CH2—CH,-CH,-
CH,-CH,;, 0O-CH,-CH,), 413 (NH-CH,), 46.4 (Njygole—CHa3),
70.5 (O-CH3), 79.0 (C(CH3)3), 102.6 (C4indole) 110.2 (C3indole)s
111.0 (C6indole)v 112.6 (C7indole)v 115.5 (2C, Czphenolv Czi)henol)’
126.5 (Czindole) 127.3 (2C, Qmethylthiophenyl; Cz/methylthiophenyl)'
128.2 (C3aindole)v 129.1 (zcv C3methylthiophenylv C3/methylthiophenyl y
130.3 (2C, C3phenon C3’phen01), 130.6 (C7aindote) 132.0 (C4phenol)s
135.3 (C4methylthi0phenyl)v 139.6 (Clmethylthiophenyl)v 153.1 (C5indole)y
154.7 (Clphenol), 156.3 (COOC(CHs)3).

HRMS: [M+Na]" [C35H44N,04SNa]*, calcd: 611.29140, found:

611.291069.

4.4.11. 2-{5-(4-Methoxyphenethoxy)-1-{5-[4-(methylthio)-
phenyl]pentyl}-1H-indole-3-yl}ethanamine hydrochloride 12

NH,CI

A solution of tert-butyl-2-{5-(4-methoxyphenethoxy)-1-{5-
[4-(methylthio)phen-yl]pentyl}-1H-indole-3-yl}ethylcarbamate
(19 mg, 0.032 mmol) in HCI-solution (0.8 M in MeOH, 1.5 mL) was
stirred at 40 °C for 3 h. The solvent was removed under reduced

pressure and pure 12 (19 mg, 0.032 mmol, quantitative) was ob-
tained as a colourless oil.

TH NMR (400 MHz, CD30D): 6 = 1.25-1.28 (m, 2H, Njngoie—CHa-
CH,-CH>), 1.56-1.58 (m, 2H, Nindole—CH2—CH,—CH,-CH,), 1.79-
1.81 (m, 2H, Nipgoe—CHp—CH,), 2.41 (s, 3H, S-CHs3), 2.53 (t,
3]=7.4Hz, 2H, Njpgole—~CH,-CH,-CH,-CH,-CH,), 2.99-3.06 (m,
4H, H5N-CH,-CH,, O-CH,—CH,), 3.15 (t, 3] =72 Hz, 2H, H5N-
CH,), 3.75 (s, 3H, 0-CHj3), 4.04-4.07 (m, 2H, Ningole—=CH>), 4.18 (t,
3=6.8 Hz, 2H, O-CH,), 6.82-6.86 (m, 3H, C6indoleH, C2methoxy-
phenytH, CZ;nethoxyphenylH), 6.98 (d, ’J=8.4Hz, 2H, C3methoxyphenytH,
C3ethoxyphenytH): 7:04-7.06 (m, 2H, C2indoteH, CindoleH), 7.10 (d,
31=7-6 Hz, 2H, Cgmethylthiophenyle CgmethylthiophenylH)- 7.21-7.25
(mv 3H, C7indoleH‘ szethylthiophenyle C2;11ethylthi0phenylH)'

13C NMR (100 MHz, CD30D): & =16.2 (S-CH3), 24.4 (Nindole~
CH,-CH,-CHp), 27.3, 31.2, 32.0 (Nindole—CH2-CH,-CH,-CH,,
HsN-CH,-CH;), 36.0, 36.2 (Njpgole~CH2-CH,-CH,-CH,-CHo,
0-CH,-CH,), 41.3 (H3N-CH,), 47.1 (Nipgole—CH>), 55.7 (O-CH3),
71.2 (O—CHz), 102.8 (C4indole)v 109.2 (C3indole)v 111.6 (C6indole)r
113.5 (Tindote). 114.8 (2C, Cmethoxyphenylr C2nethoxyphenyt): 128.0
(ch szethylthiophenyh C2/methylthi0phenyl)' 128.3 (Qindole)v 129.1 (Cgaindole)v
130.0 (2C, Cmetnyithiophenyls C3methyithiophenyt) 131:0 (2C, Cmethoxy-
phenyl C?’;nethoxyphenyl)- 132.1 (C7aindole)v 1335 (C4methoxyphenyl)v
136.6 (C4methylthiophenyl)v 140.7 (Cl methylthiophenyl)v 154.5 (CSindole)r
159.7 (Cl methoxyphenyl)~

HRMS: [M—CI]* [C3;H39N,0,S]*, caled: 503.27268, found:
503.27185.

4.4.12. Benzyl-4-hydroxycyclohexyl carbamate

To a solution of 4-aminocyclohexanol hydrochloride 13
(15.2 g, 0.10mol) in CH,Cl, (50 mL) was added a saturated
solution of sodium carbonate (50 mL), followed by dropwise
addition of benzyloxycarbonyl chloride (16.8 mL, 0.12 mol) at
0°C. The reaction was stirred at this temperature for 30 min,
extracted with CH,Cl, (3 x 100 mL) and dried (NaySO4). The
solvent was removed under reduced pressure and the
residue was washed with n-hexane (3 x 50 mL) to afford pure
title compound (24.9g, 0.10 mol, quantitative) as colourless
crystals.

R¢: 0.10 (n-hexane/EtOAc 2:1 v/v).

Mp: 163-165 °C.

'H NMR (300 MHz, DMSO-dg): & =1.14-1.24 (m, 4H, C2cycio-
hexyle C3cyclohexyle C5cyclohexy11-1v C6cyclohexylH)v 1.76-1.78 (mv 4H.
Cz/cyclohexylH' C3/cyclohexylH' CS/cyclohexylH' CslcyclohexylH)’ 3.21-3.29 (m'
2H, ClcyciohexyiH, C4cyciohexyiH), 4.54 (m, 1H, OH), 4.99 (s, 2H, Ph-
CH,), 7.16 (d, 3] = 7.8 Hz, 1H, NH), 7.30-7.39 (m, 5H, 5 x CppenyiH).

13C NMR (100 MHz, DMSO-de): § = 30.5 (C2cyciohexyl, CBeyclohexyl)s
33.9 (chclohexylr Cscyclohexyl): 49.1 (C] cyclohexyl)v 65.0 (Ph'CHZ)r 68.1
(C4cyclohexyl)v 127.7 (Czphenylv nghenyl)' 127.8 (C4phenyl)v 1283 (C3phef
nylr C3pnenyt)r 137.2 (Clpneny), 155.3 (CO).

HRMS: [M+Na]® [Ci4HgNOsNa]", caled: 272.12571, found:
272.12570.

4.4.13. Benzyl-4-oxocyclohexylcarbamate 14
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To a solution of benzyl-4-hydroxycyclohexyl carbamate (18.4 g,
74 mmol) in EtOAc (500 mL) was added IBX (31.0 g, 0.11 mol) and
the suspension was heated to reflux for 4 h. The reaction was
cooled, filtered and washed with ice-cold EtOAc (100 mL). The fil-
trate was pure 14 (16.0 g, 65 mmol, 88%) as a white solid.

R¢: 0.45 (n-hexane/EtOAc 1:1, v/v).

Mp: 83-85 °C.

'H NMR (300MHz, DMSO-dg): 6=1.60-1.72 (m, 2H,
Czcyclohexyle C6cyclohexy1H)v 1.98-2.03 (m, 2Hv CzlcyclohexylH'

C6,

cyc]ohexylH)y 2.23-2.30 (I'l‘l, 2H| C3cyclohexyIHv CscyclohexylH)‘ 2.35-

245 (m, 2H, C3’cyclohexylH, CS’cydohexylH), 3.77-3.89 (m, 1H,
ClyciohexyiH), 5.03 (s, 2H, CH,Ph), 7.30-7.42 (m, 6H, 5 x CphenyiH, NH).
13C NMR (100 MHz, DMSO-d): & = 31.2 (C2cyclohexyl, CBeyclohexyl),
38.2 (C3cyc10hexy1v Cscyclohexyl)v 46.9 (Cl cyclohexyl)- 65.2 (PhCHz), 127.7
(C2phenyts C2’phenyl), 127.7 (C4pheny1), 128.3 (C3phenyts C3;henyl), 137.0
(Clphenyt), 155.4 (NHCO), 209.7 (C4cyciohexyl)-
HRMS: [M+Na]® [C;4H;{7NOs3Na]*, calcd: 270.11006, found:

270.10986.

4.4.14. 4-Benzyloxyphenylhydrazine hydrochloride 16

/O/NHNHSCI
©/\O

4-Benzyloxyaniline hydrochloride 15 (25.0 g, 0.11 mol) was dis-
solved in concentrated hydrochloric acid (30.0 mL) and a solution
of NaNO; (8.10 g, 0.12 mol) in water (20 mL) was added dropwise
at —5°C. The mixture was stirred for 1 h (TLC-control) when a
solution of SnCl, x 2H,0 (47.9 g, 0.21 mol) in diluted hydrochloric
acid (1 N, 200 mL) was added dropwise. The resulting mixture was
stirred for an additional 2 h, when it was filtered and washed with
Et;0 (3 x 200 mL). The solid was collected and basified by adding
NaOH-solution (5N, 500 mL), filtered again through Celite®, ex-
tracted with CH,Cl, (3 x 500 mL). The organic phases were evapo-
rated under reduced pressure, HCI-solution (6 M in MeOH, 500 mL)
was added to form the hydrochloride salt and the resulting solid
was washed with cold Et,0 (500 mL) to afford pure title compound
(20.0 g, 0.083 mmol, 75%) as a violet powder.

Rf: 0.10 (n-hexane/EtOAc 1:1, v/v).

Mp: 181-182 °C.

TH NMR (300 MHz, DMSO-dg): 6 =5.03 (s, 2H, CH,), 6.89 (d,
3] = 9.0 Hz, 2H, C2nu-phenytH, C2np-phenyiH)r 7.01 (d, 3] =9.0 Hz, 2H,
C3nn-phenytHs C3nt-phenytH), 7.29-7.42 (m, 5H, CbpengyiH x 5), 10.11
(br, 3H, NHNH,).

13C NMR (50 MHz, DMSO-de): 6 = 69.5 (CHy), 115.4 (C2NH-phenyl,
CZ;\IH-phenyl)' 1171 (C3Nprhenylv CB;\IH»phenyl)' 127.6 (Czbenzyl- ngenzyl)’
127.8 (Cvenzy)r 128.4 (Cbenzyty C3pengyt) 137-2 (Clienzy), 139.2
(Cl NH-phenyl)- 153.7 (C4NH-phenyl)-

HRMS: [M+Na—HCI]" [C;3H4N,0Nal*, calcd: 237.09983, found:
237.10004.

4.4.15. Benzyl-6-(benzyloxy)-2,3,4,9-tetrahydro-1H-carbazol-3-
yl carbamate 17

s

To a suspension of 16 (10.0g, 40 mmol) in glacial AcOH
(500 mL) was added 14 (10.0 g, 40 mmol) and the mixture was

heated to 80 °C for 3 h. The reaction was cooled and all volatiles
were removed under reduced pressure. The residue was taken up
in EtOAc (500 mL) and washed with saturated sodium bicarbon-
ate-solution (500 mL) and brine (500 mL) and dried (Na,SOy). All
volatiles were removed under reduced pressure and the crude
product was purified by column chromatography (CH,Cl,/
MeOH =400:1 to 50:1, v/v) to afford pure title compound (14.0 g,
33 mmol, 83%) as a yellow oil.

R¢: 0.58 (CH,Cl,/MeOH 50:1 v/v).

'H NMR (200MHz, DMSO-dg): &=1.61-1.81 (m, 1H,
C2tetrahydrocarbazoleH): 1.95-2.05 (m, 1H, CzltetrahydrocarbazoleH)'
2.36-244 (m, 1H, C4tetrahydrocarbazoleH), 2.71-2.91 (m, 3H,

c1 tetrahydrocarbazoleHv c1 ;etrahydrocarbazole H, C4[tetrahydrocarbazolel-l)'
3.64-3.83 (M, 1H, C3\erranydrocarbazoleH), 5.02 (s, 2H, NHCOOCH,Ph),
5.03 (s, 2H, OCH,Ph), 6.68 (dd, 3J=84Hz, %=22Hz 1H,
C7tetrahydrocarbazoleH): 6.90 (d: 4_]=2-2 sz ]Hv CStetrahydrocarbazoleH)v
7.09 (d, 3J=8.6 Hz, 1H, C8tetrahydrocarbazoleH), 7.29-7.45 (m, 10H,
10 x CphenyiH), 830 (s, 1H, CONH), 1051 (br, 1H,
CgtetrahydrocarbazoleH )

13C NMR (100 MHz, DMSO-dg): 6 =21.5 (Cltetrahydrocarbazole)s 27.5
(C4tetrahyc1rocal‘bazole)v 29.0 (Cztetrahydrocarbazole)v 474 (Btetrahydl'ocal‘bazole)v
65.0 (NHCOOCHZ)v 69.7 (OCH2)- 101.1 (Cstetrahydrocarbazole).
106.3 (C4atetrahydrocarbazole)v 1103 (Cstetrahydrocarbazole)v 111.0
(Utetrahydl‘ocarbazole)- 127-3, 1274 (Czofbenzyl- CZCOOfbenzyl- CGOfbenzylv
CGCOO»benzyl)v 1274 (C4O»benzyly C4C00»benzyl)v 127.7 (Csatetrahydrocarbazole)v
128.2 (C30-benzylv C3C00-benzylv CSO—benzylv C5C00—benzy1)v 131.3
(CSatetrahydrocarbazole)v 134.2 (Cl atetrahyclrocarbazole)v 137.2 (C] COOfbenzyl),
137.9 (Clo—benzyl)‘ 151.8 (CGtetrahydrocarbazole)v 155.5 (CO)

HRMS: [M+Na]" [Cy7H26N,03Nal’, caled: 449.18356, found:
449.18378.

4.4.16. tert-Butyl-6-hydroxy-2,3,4,9-tetrahydro-1H-carbazol-3-
yl carbamate 18

0
HN—{
074
HO
N\

N
H

To a solution of 17 (10.0 g, 23.4 mmol) in MeOH (200 mL) was
added Pd(OH), (5%, 1.0 g, 50% wet on carbon) and di-tert-butyl
dicarbonate (6.10 g, 28.1 mmol) and the mixture was stirred over
night under an atmosphere of hydrogen (ambivalent pressure).
The solution was filtered and the solvent was removed under
reduced pressure. The crude product that was purified by column
chromatography (CH,Cl,/MeOH =20:1, v/v) to yield pure 18
(6.0 g, 19.9 mmol, 85%) as a white solid.

R¢: 0.31 (CH,Cly/MeOH 10:1, v/v).

Mp: 196-198 °C.

TH NMR (400 MHz, DMSO-dg): & = 1.41 (s, 9H, C(CH3)s), 1.66-
1.72 (m, 1H, CztetrahydrocarbazoleH)v 1.96-1.99 (mv 1H,
C2;etrahydmcarbamleH ), 2.35-2.41 (m, 1H, C4tetranydrocarbazoleH), 2.71-
2.79 (m, 3 H! C1 tetrahydrocarbazoleHv C1 ;etrahydrocarbazole Hv
C4;etrah drocarbazoleH)- 3.62-3.78 (m- 1H- C3tetrahydrocarbazoleH)- 6.48
(dd, 'J=8.4Hz, 4] =24Hz, 1H, C7tetrahydrocarbazoleH)v 6.61
(d, ¥J = 2.4 Hz, 1H, CStetrahydrocarbazoleH), 6.91 (m, 1H, CONH), 7.00
(d, 3/=8.8Hz, 1H, C8tetrahydrocarbazoleH), 8.47 (s, 1H, OH), 10.30
(brv ]Hv CgtetrahydrocarbazoleH)'

13C NMR (50 MHZ- DMSO'dﬁ): 0=21.7 (C1tetrahydrocarbazole)-
27.5 (C4tetrahydrocarbazole)v 28.3 (C(CH3)3), 29.3 (Cztetrahydrocarbazole)v
47.0 (C3tetrahydrocarbazole)- 774 (C(CH3)3)v 101.5 (Cstetrahydrocarbazole)-
105.9 (C4atetrahydrocarbazole)y 109.9 (C8tetrahydrocarbazole)v 110.7
(Gtenahydrocarbazole)s 1278 (Csatetrahydrocarbazole)s 1306 (C8aten‘ahydrocarbazole)v
133.9 (Cl atetrahydrocarbazole)v 150.1 (C6tetrahydrocarbazole)v 155.0 (CO)
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HRMS: found:

303.17076.

[M+H]* [Ci7H23N,05]%, caled: 303.17032,

4.4.17. tert-Butyl-6-(4-(methoxymethoxy)phenethoxy)-2,3,4,9-
tetrahydro-1H-carbazol-3-yl carbamate 19

o]
HN—
O7<
o}
fonmos
NACTN
o~ "o N

To a stirred solution of 18 (1.45g, 4.77 mmol) in acetone
(100 mL) 4-(methoxymethoxy)phenylethyl-4-methylbenzene
sulfonate (1.61g, 4.77 mmol) and caesium carbonate (3.11¢g,
9.55 mmol) were added. The resulting suspension was heated
to reflux for 48 h (TLC-control) and afterwards the solvent
was removed under reduced pressure. The crude product
was purified by column chromatography (n-hexane/EtOAc 2:1,
v[v) to give pure 19 (1.51g, 3.11 mmol, 65%) as colourless
crystals.

R¢: 0.45 (n-hexane/EtOAc 1:1, v/v).

Mp: 102-103 °C.

TH NMR (300 MHz, CDCl3): 6 =1.45 (s, 9H, C(CH3)3), 1.95-2.01
(m, 1H, CztetrahydrocarbazoleH)v 2.07-2.15 (m. 1H- CzéetrahydrocarbazoleH)v

2.47-2.59 (m, 1H, C4tetrahydrocarbazoleH)y 2.78-2.82 (m, 2H,
C]tetrahydrocarbazoleH, C4£etrah drocarbazoleH)v 2.98-3.02 (m, 1H,
ClleqranydrocarbazoteH)s 3:06 (t, °J=7.2 Hz, 2H, PhCH,CH,0), 3.48 (s,

3H, OCHs), 4.17 (t, 3] = 7.2 Hz, 2H, PhCH,CH,0), 4.62-4.70 (m, 1H,
C3tetrahydrocarbazoleH), 5.16 (s, 2H, OCH,Ph), 6.78 (dd, %/ =8.4 Hz,
4.]=2-4 sz ]Hv C7tetrahydrocarbazoleH)v 6.89 (d, 4.]=2-4 sz ]H,
C5tetrahydrocarbazoleH)- 6.99 (d, 3.]= 8.7 Hz, 2H, C3phenolH- C3/phen01H),
7.16 (d, *J=8.7 Hz, 1H, C8tetranydrocarbazoleH), 7.22 (d, 3] = 6.6 Hz,
2H, C2pnenotH, C2ppengH). 7.62 (br, 1H, CONH), 10.31 (br, 1H,
CgtetrahydrocarbazoleH)-

]3C NMR (]00 MHZv CDCI3) 6=20.9 (Cltetrahydrocarbazole)v
28.2 (C4tetrahydrocarbazole)v 28.6 (C(CH3)3)- 28.7 (Qtetrahydrocarbazole),

353 (PhCHZCHZO)v 46.2 (C3tetrahydrocarbazole)v 56.0 (OCH3),
70.0 (PhCH,CH,0), 79.5 (C(CHs);), 94.7 (OCH,0), 101.7
(C5tetrahydrocarbazole)v 107.5 (C4atetrahydrocarbazole)v 111.2

(CStetrahydrocarbazole)v 111.7 (C7tetrahyd1‘ocarbazole)v 116.4 (C3phe1wlv
C3/phenol)' 128.2 (Csatetrahydrocarbazole)- 130.0 (Czphenol- C2’phenol),
131.5 (C1phenol)v 132.1 (Csatetrahydrocarbazole)v 133.8 (Clatetrahydrocar-
bazole)v 153.2 (CGtetrahydrocarbazole)v 155.7 (Co)v 155.9 (C4phenol)-
HRMS: [M+Na]" [C7H34N,0sNa]*, calcd: 489.23599, found:

489.23567.

4.5. General procedure for the preparation of the
tetrahydrocarbazole derivatives

To a stirred solution of 19 (100 mg, 0.215mol) in DMF
(1.0 mL) was added sodium hydride (60% suspension in mineral
oil, 12.9 mg, 0.323 mmol) at 0°C. The solution was stirred at
this temperature for 15 min when the appropriate alkyl bro-
mide (0.258 mmol) was added and stirring was continued at
room temperature for 2-18 h (TLC-control). Afterwards the sus-
pension was diluted with EtOAc (10 mL), washed with water
(4mL) and brine (4mL) and the organic phase was dried
(NayS0,4). All volatiles were removed under reduced pressure,
the protected intermediate was purified by column chromatog-
raphy (n-hexane/EtOAc) and redissolved in HCl-solution (0.8 M
in MeOH, 3.0 mL). The solution was stirred at 50°C for 1-3 h
(TLC-control) and the solvent was removed under reduced pres-
sure to afford the pure tetrahydrocarbazoles as their
hydrochlorides.

4.5.1. 4-(2-(3-Amino-9-(5-phenylpentyl)-2,3,4,9-tetrahydro-1H-
tetrahydrocarbazole-6-yloxy)ethyl)phenol hydrochloride 2

NH,CI
O
/@/V N
" O/\/\)N

Reaction time: 4 h (coupling), 1 h (deprotection)
Yield: 91 mg (0.18 mmol, 82%)

Mp: 112-113 °C

TH NMR (300 MHz, CD30D): 6 = 1.22-1.35 (m, 2H, Ntetrahydrocarbazole=
CH2_CH2_CH2)v 1.51-1.61 (1’1’1, ZH' Ntetrahydrocarbazole_CH2_CH2_CH2_
CH,), 1.62-1.75 (M, 2H, Nietranydrocarbazole—~CH2-CH>), 1.95-2.07 (m,
1H, CztetrahydrocarbazoleH)v 2.22-2.37 (m, 1H, CzéetmhydmcarbazmeH)y
2.52 (t, ] =105 sz 2Hv Ntetrahydrocarbazole_CHZ_CHZ_CH2_CH2_CH2)v
2.63-2.78 (m, 1H, C4ierranydrocarbazolel), 2.78-2.87 (m, 2H,
CltetrahydrocarbazoleHy C4;errahydrocarbazoleH)v 2.95 (t, 3.,= 7.2Hz, 2H,
0-CH,-CH,), 3.08-3.19 (m, 1H, Cliquanyarocarbazotcd)s 3-51-3.61 (m,
1H- C3tetrahydrocarbazoleH)v 3.96 (t, 3]= 7.8 HZ, ZH- Ntetrahydrocarbazole_
CH,), 411 (t, 3J=7.2Hz, 2H, 0-CH,-CH,), 6.71-6.77 (m, 3H,
C3phenole C3;)hen01Hv C7tetrahydrocarbazoleH)v 6.88 (d, 4]=2-4 sz 1H,
CstetrahydrocarbazoleH)v 7.04-7.19 (I'l‘l, 8H, C2phenolHy CZ;henule
C8tel:rahydrocarbazoleHv 5% CphenylH)-

13C NMR (75 MHz, CD;0D): 6=21.0 (Cltetrahydrocarbazole)s 27.2
(Ntetrahydrocarbazole_CHZ_CHZ_CHZ)v 27.4 (C4tetrahydrocarbazole)v 28.4
(Ntetrahydrocarbazole_CHZ_CHZ), 31.1 (Ntetrahydrocarbazole_CHZ_CHZ_
CHz—CHz), 323 (Cztetrahydrocarbazole)v 36.2 (O—CHz—CHz), 36.7
(Ntetrahydrocarbazole_CHZ_CHZ_CH2_CH2_CHZ)v 43.9 (Ntetrahydrocarbazole_
CH2)- 49.1 (C3tetrahydrocarbazole)v 71.3 (O_CH2_CH2)- 102.5 (Cstetrahyd—
rocarbazole)v 105.2 (C4atetrahydrocarbazole)v 110.9 (Cstetrahydrocarbazole)v
1124 (Gtetrahydrocarbazole)- 116.2 (C3phenol- C3;:)henol)' 126.7
(Csatetrahydrocarbazole)v 128.3 (C4phenyl)y 129.2 (Czphenylv CZ;Jhenyl)'
1294 (C3phenyl- C3;)heny])' 130.8 (CSatetrahydrocarbazole)v 131.0 (Czphenolv
Czighenol)v 133.6 (C]phenol)v 135.1 (C] atetrahydrocarl:zazole)v 143.5
(C] phenyl)v 154.3 (C6tetrahydrocarbazole)v 156.9 (C4phenol)-

HRMS: [M+H-HCI]* [C3;H3;N50,]%, calcd: 469.28495, found:
469.28522.

4.5.2. 4-(2-(3-Amino-9-(5-(4-(dimethylamino)phenyl)pentyl)-

2,3,4,9-tetrahydro-1H-tetrahydrocarbazole-6-yloxy)ethyl)-
phenol dihydrochloride 20

NH,CI

el
Reaction time: 3 h (coupling), 1 h (deprotection)
Yield: 95 mg (0.16 mmol, 75%)
Mp: 154-156 °C

"H NMR (400 MHz, CDs0D): & = 1.28-1.36 (m, 2H, Nietrahydrocarbazole=
CHz_CHZ_CHZ)y 1.58-1.64 (m, ZH, Ntetrahydrocarbazole_CHz_CHZ_CHZ_
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CHy), 1.70-1.78 (m, 2H, Ntetrahydrocarbazole=CH2-CH>), 1.95-2.08
(m, 1H- CZtetrahydrocarbazoleH)v 2.28-2.36 (lTl, “‘I, CzéetrahydmcarbazoleH)v
2.63 (t, 3.]=7-6 sz 2H, Ntetrahydrocarbazole_CHZ_CHZ_CHZ_CHZ_CHZ)y
2.69-2.75 (m, 1H, CétetranydrocarbazoleH), 2.87-2.94 (m, 2H,
CltetrahydrocarbazoleHv C4ItetrahydrocarbazoleH)' 2.97 (t, 3.]= 7.2 HZ- ZH, 0-
CH,-CH,), 3.13-318 (m, 1H, Clianyarocamazoet) 322 (s, 6H,
N(CH3),), 3.57-3.64 (m, 1H, C3:etranydrocarbazoleH), 3.98-4.09 (m, 2H,
Ntetrahydrocarbazole_CHZ)v 413 (tv 3_] =72 sz 2Hv O—CHz—CHz), 6.73 (dv
’J = 8.4 Hz, 2H, C3phenotH, C3pengH): 6.77 (dd, 3/ = 8.4 Hz, 4 = 2.0 Hz,
]Hv C7tetrahydrocarbazoleH)v 6.89 (d, 4.] =24 sz 1H, C5tetrahydrocarbazoleH)y
7.12 (d, 3]=8.0 Hz, 2H, C3gimethylaminophenytH, C3:jimethylamin0phenylH)'
7.17 (d, %] = 8.8 Hz, 1H, C8ietranydrocarbazoleH), 7.31 (d, *J = 8.4 Hz, 2H,
Czphenole CZ;Jheng]H): 7.49 (dv 3]=8-4 Hzr 2Hv CzC]imethylaminophenyle
szﬁmethylaminophenylH)'

13C NMR (75 MHz, CDs0D): 6 =21.1 (Clietranydrocarbazole)s 27-2
(Ntetrahydrocarbazole_CHz_CHZ‘CHz)v 27.2 (C4tetrahydrocarbazole)- 28.3
(Ntetrahydrocarbazole_CHZ_CHZ )v 31.0 (Ntetrahydrocarbazole_CHZ_
CHz—CHz—CHz), 31.9 (Qtetrahydmcarbazole): 35.8 (O—CHz—CHz), 36.1
(Ntetrahydrocarbazole_CHZ_CHz_CHZ_CHZ_CHZ)v 43.8 (Ntetrahydrocarbazole_
CHZ)v 47.2 (N(CH3)2)r 49.2 (C3tetrahydrocarbazole)v 71.2 (O—CHz—CHz),
102.4 (Cstetrahydrocarbazole)- 105.3 (C4atetrahydrocarbazole)- 110.9
(Cstetrahydrocarbazole)v 1124 (Otetrahydrocarbazole)v 116.2 (C3phenolv
C3;)henol)' 121.3 (C3dimethylamin0phenylv C3:1imethy]aminophenyl)' 128.2
(Csatetrahydrocarbazole)- 130.8 (Csatetrahydrocarbazole)v 131.0 (Czphenolv
Cz;)henol)‘ 131.5 (Czdimethylamim)phenylv Cziiimethylaminophenyl)' 133.6
(Clphenol)- 135.2 (Clatetrahydrocarbazole)v 141.6 (Cldimethylaminophenyl)-
146.4 (C4dimethylaminophenyl)v 154.2 (CGtetrahydrocarbazole)y 156.8
(C4phenol)~

HRMS: [M+H-2HCI]" [C33H42N30,]*, caled: 512.32715, found:
512.32730.

4.5.3. 4-(2-(3-Amino-9-(5-(4-methoxyphenyl)pentyl)-2,3,4,9-
tetrahydro-1H-tetrahydrocarbazole-6-yloxy)ethyl)phenol
hydrochloride 21

NH,CI

Reaction time: 18 h (coupling), 3 h (deprotection)
Yield: 74 mg (0.14 mmol, 64%)
Mp: 107-111°C

TH NMR (400 MHz, CD30D): 6 = 1.27-1.33 (m, 2H, Ntetrahydrocarbazole=
CHZ_CH2_CH2)- 1.46-1.59 (m, 2H' Ntetrahydrocarbazole_CHz_CHZ_CHz_
CH,), 1.67-1.76 (m, 2H, Nietrahydrocarbazole~CH2—-CH3), 1.96-2.07 (m,
1H, CztetrahydrocarbazoleH)v 2.24-2.33 (m, 1H, CzéetrahydmcarbazoleH)y
2.48 (t, .]= 7.6 sz 2Hv Ntetrahydrocarbazole_CHZ_CHZ_CH2_CH2_CH2)v
2.68-2.74 (m, 1H, C4tetranydrocarbazoleH), 2.82-2.89 (m, 2H,
CltetrahydrocarbazoleHy C4£etrahydmcarbazoleH)' 296 (t 3]= 7.6 Hz, 2H,
0-CH,-CH,), 3.11-3.16 (m, 1H, Cljqyanyarocarbazotc)s 3-54-3.63 (m,
1H, C3tetranydrocarbazoleH), 3.73 (s, 3H, OCHs), 3.93-4.04 (m, 2H,
Ntetrahydrocarbazole_CHZ)v 4.13 (t, 3.]= 7.2 sz 2H, O—CHz—CHz), 6.71-
6.78 (m, 5H, C3methoxyphenylH- C3;nethoxyphenylH' C7carbazolH: C3phenole
C3;henolH)v 6.88 (d, 4]=2-4 HZ- le CstetrahydrocarbazoleH)v 6.97 (d,
3/=8.8 Hz, 2H, C2methoxyphenytH, C2;nethoxypheny,H), 7.11 (d, J=8.4 Hz,
2H,  CpnenoiH,  CengH). 717 (d,  3/=88Hz, 1H,

8 CTetrahydrocarbazoleI-I)-

13C NMR (100 MHz, CD30D): 6 = 21.0 (Cltetrahydrocarbazote)s 27.2
(Ntetrahydrocarbazole_CHZ_CHZ_CHZ)v 27.3 (C4tetrahydrocarbazole): 28.4
( Ntetrahydrocarbazole_CHZ_CHZ)v 311 (Ntetrahydrocarbazole_CHZ_
CHz—CHz—CHz), 324 (C2tetrahydrocarbazole): 35.7 (O—CHz—CHz), 36.1
(Ntetrahydrocarbazole_CHz_CHZ_CHZ_CHZ_CH2)- 43.9 (Ntetrahydrocarbazole_
CHZ)v 49.1 (C3tetrahydrocarbazole)v 55.7 (0CH3), 713 (O_CHZ_CHZ)v
102.5 (Cstetrahydrocarbazole)- 105.2 (C4atetrahydrocarbazole)- 110.9
(Cstetrahydrocarbazole)v 1124 (Gtetrahydrocarbazole)v 114.6 (C?’methoxyphenylv
C3|/'nethoxyphenyl)' 116.2 (C3phenolv C3;)hen0|)- 128.3 (C8atetrahydrocarbazole)v
130.3 (Qmethoxyphenylv CZ;nethoxyphenyl)' 130.8 (Csacarbazol)v 130.9
(Qphenolv Czigheno])v 133.6 (C1phenol)v 135.2 (C1atetrahydrocarbazole)v
135.5 (Clmethoxyphenyl), 154.2 (C6tetrahydrocarbazole)- 156.8 (C4phenol)-
159.1 (C4methcxyphenyl)-

HRMS: [M+H—-HCI]* [C3,H39N,05]", caled: 499.29552, found:
499.29514.

4.5.4. 4-(2-(3-Amino-9-(5-(4-(trifluoromethyl)phenyl)pentyl)-
2,3,4,9-tetrahydro-1H-tetrahydrocarbazole-6-yloxy)ethyl)-
phenol hydrochloride 22

NH,CI

Reaction time: 10 h (coupling), 2 h (deprotection)
Yield: 75 mg, (0.13 mmol, 60%)
Mp: 125-128 °C

"H NMR (200 MHz, CD50D): 6 = 1.21-1.38 (M, 2H, Nietranydrocarbazole—
CHZ_CHZ_CHZ)v 1.42-1.81 (m, 4H, Ntetrahydrocarbazole_CHZ_CHZ_CHZ_
CHy), 1.90-2.17 (m, 1H, C2ictranydrocarbazoleH), 2.20-2.38 (m, 1H,
Czltetrahydrocarbazo]eH)- 2.58 (tv 3.]= 7.6 Hz, 2H, Ntetrahydrocarbazole_
CHZ_CHZ_CHZ_CHZ_CHZ)v 2.67-2.76 (m, 1H, C4tetrahydrocarbazoleH).
2.79-2.88 (m, 2Hv CltetrahydrocarbazoleHs C4;etrahydrocarbazoleH)' 2.93 (tv
%/ = 7.0 Hz, 2H, 0-CH,-CH,), 3.07-3.17 (m, TH, Cli,anyarocarbazoleH):
3.42-3.63 (m, 1H, C3tetrahydrocarbazoleH), 3.97 (t, 3]=6.8 Hz, 2H,
Ntetrahydrocarbazole_CHZ)- 4.10 (t, 3]=7~O HZ- ZH, O—CHz—CHz).
6.68-6.77 (m, 3H, C3phenole C3;3hen01Hy C7tetrahydrocarbazoleH)y 6.87
(d, 4]=2-2 Hz, 1H, CstetrahydrocarbazoleH)v 7.08 (d, J=8.6Hz, 2H,
C2];)henoIH- CZ;henolH), 7.14 (d- J=8-8 HZ, ]H- C8tetrahydrocarbazoleH)-
7.21 (d, J= 8.0 HZ‘ ZH‘ C2triﬂuoromethylphenyle Cz;riﬂuoromethylphenylH)'
7.46 (d,] =82 HZ- ZH- C3triﬂuoromethylphenylH- C3;riﬂuoromethylphenylH)'

13C NMR (50 MHz, CD30D): 6 =21.0 (Clietranydrocarbazole)s 27-2
(Ntetrahydrocarbazole_CHZ_CHZ_CH2)v 27.4 (C4tetrahydrocarbazole): 28.4
( Ntetrahydmcarbazole_CHZ_CH2)v 31.0 (Ntetrahydmcarbazole_CHZ_CH2_
CHz—CHz), 31.9 (Cztetrahydrocarbazole)v 36.2 (O—CHz—CHz), 36.3
(Ntetrahydrocarbazole_CHz_CHz_CHZ_CHZ_CH2)- 43.9 (Ntetrahydrocarbazole_
CHZ)v 49.1 (C3tetrahydr0carbazole)v 714 (O_CHZ_CHZ)v 102.5
(CStetrahydrocarbazole)- 105.2 (C4atetrahydrocarbazole)- 111.0
(Cgtetrahydrocarbazole)y 1125 (C7tetrahydrocarbazole)v 116.2 (C3phenolr
C3;:Jhenol)' 125.7-126.8 (m' C3triﬂuoromethylphenylv C3Itriﬂuoromethylphenyl)‘
128.3  (C8aietrahydrocarbazole)s  128.6-128.7 (m, (F3), 129.3
( C4triﬂuoromethylphenyl)v 130.0 (Cztriﬂuoromethylphenylv
Czériﬂuorornethylphenyl)v 130.8 (C5atetrahydrocarbazole)- 131.0 (Czphenol-
Czijhenol)‘ 133.7 (C]phenol)y 135.2 (Clatetrahydrocarbazole)v 148.3
(Cltriﬂuoromethylphenyl)v 154.3 (C6tet1‘ahydrocarbazole)- 156.9 (C4phenol)-

HRMS: [M+H-HCI]" [C3,H36N20,F5]*, caled: 537.27234, found:
537.27201.



3400 A. Biittner et al./Bioorg. Med. Chem. 18 (2010) 3387-3402

4.5.5. 4-(2-(3-Amino-9-(5-(pyridine-2-yl)pentyl)-2,3,4,9-
tetrahydro-1H-tetrahydrocarbazole-6-yloxy)ethyl) phenol
dihydrochloride 23

NH,CI

(o}
/O/y \
HO N

X
| _NHCI

Reaction time: 3 h (coupling), 1 h (deprotection)
Yield: 80 mg (0.15 mmol, 68%)
Mp: 125-128°C

"H NMR (400 MHz, CD30D): 6 = 1.29-1.37 (m, 2H, Nietranydrocarbazole—
CHz—CHz—CHz), 1.70-1.79 (m, 4H! Ntetrahydrocarbazole_CHZ_CHZ_CHZ_
CH,), 1.98-2.09 (m, TH, C2ietranydrocarbazoleH), 2.28-2.36 (m, 1H,
c2 H), 2.69-2.75 (m, 1H, C4tetranydrocarbazoleH), 2.84-

!
tetrahydrocarbazole

292 (mv 2H, C1tetrahydrocarbazoleHv C4;etrahydrocarbazoleH)? 2.93-2.99
(m- 4H, Ntetrahydrocarbazole_CHZ_CHz_CHZ_CHz_CHZ- O_CHZ_CH2),

312-317 (m, 1H, Cliganydrocapazacd)  3-56-3.66 (m, 1H,
C3tetrahydrocarbazoleH)- 3.98-4.04 (m: ZH, Ntetrahydrocarbazole_CHz)v
4.12 (t, 3/=7.2 Hz, 2H, 0-CH,-CH,), 6.71-6.75 (m, 3H, C3phenolH,
C3;;hen01Hv C7tetrahydrocarbazoleH)- 6.86 (d- ] =24 sz 1H,
C5tetrahydrocarbazoleH)- 7.11 (d, 3.]= 8.0 sz ZH, C2phenolHy CZ,P,hean)y
7.16 (d, J=8.4Hz, 1H, C8tetranydrocarbazoleH), 7.75-7.82 (m, 2H,
C3pyridineH,  CSpyridineH), 8.38 (td, 3]=8.0Hz, 4=12Hz, 1H,
C4pyrigineH), 8.58 (d, 3]=8.0Hz, 1H, C6pyridineH).

13C NMR (100 MHz, CD30D): & = 21.1 (Cltetrahydrocarbazole)s 27-2
(Ntetrahydrocarbazole_CHZ_CHZ_CHZ)- 27.2 (Ntetrahydrocarbazole‘CHZ_
CH2_CH2_CHZ)v 28.4 (C4tetrahydrocarbazole)- 29.7 (Ntetrahydrocarbazole_
CHZ_CHZ)v 30.8 (Cztetrahydrocarbazole)v 34.1 (O_CHZ_CHZ)v 36.2
(Ntetrahydrocarbazole_CHZ_CHZ_CHZ_CHZ_CHZ)v 43.7 (Ntetrahydrocarbazole_
CHZ)» 49.2 (C3tetrahydrocarbazole)- 713 (O_CHZ_CHZ): 102.4
(CStetrahydmcarbazole)v 1054 (C4atetrahydrocarbazole)v 111.0
(C8tetrahydrocarbazole)- 1125 (C7tetrahydrocarbazole)v 116.2 (C3phenolv
C3;)henol )v 125.9 (C5pyridine)- 1283 (prridine)v 1284 (Csatetrahydrocarbazole)v
130.9 (CSatetrahydrocarbazole)v 131.0 (Qphenolv C2;hen0])! 133.6
(Clphenol)- 135.3 (Clatetrahydrocarbazole), 142.0 (C4pyridine)v 147.9
(C6pyridine)v 154.3 (C6tetrahydrocarbazole)v 156.9 (C4phenol)v 158.5
(Czpyridine)-

HRMS: [M+H—2HCI]* [C30H35N30,]*, calcd: 470.28020, found:
470.27981.

4.5.6. 4-(2-(3-Amino-9-(3-phenylpropyl)-2,3,4,9-tetrahydro-1H-
tetrahydrocarbazole-6-yloxy)ethyl)phenol hydrochloride 24

NH3CI
(0]
/O/y \
" ©/\)N

Reaction time: 2 h (coupling), 1 h (deprotection)
Yield: 73 mg, (0.15 mmol, 71%)
Mp: 92-94 °C

'H NMR (200 MHz, CD30D): 6 = 1.88-2.04 (m, 3H, Nietrahydrocarbaz-

ole_CHZ_CHZv CztetrahydrocarbazoleH)- 2.22-2.37 (Il’l, 1H,
Cz;etrahydrocarbazoleH)v 2.59 (tv 3.’= 7.6 HZv 2Hv Ntetrahydrocarbazole_CHZ_
CHZ_CHZ), 2.68-2.80 (II], 3H, C4tetrahydrocarbazoleI'I-

C4;etrahydrocarbazoleHv C1tetrahydrocarbazoleH)y 2.94 (tv 3j= 7.0 sz 2Hv 0-
CH,-CHy), 3.02-3.18 (m, TH, C1{qanyarocarbazoieH)s 3:52-3.62 (m, 1H,
C3tetrahydrocarbazoleH)- 3.98 (t- 3., =72 HZ: ZH- Ntetrahydrocarbazole_CHZ),
4.10 (t, 3J=7.0 Hz, 2H, 0-CH,-CH;), 6.70-6.75 (m, 3H, C3phenolH,
C3£;hem,1H- C7tetrahydrocarbazoleH)v 6.86 (S: 1H, C5tetrahydrocarbazoleH)-
7.05-7.27 (m, 8H, CzphenolHy Cz/phenolH' CgtetrahydmcarbazoleHv
5% C1:>henylH)~

13C NMR (100 MHz, CD30D): 6 =20.9 (Cltetrahydrocarbazole)s 27.2
(C4tetrahydrocarbazole)v 28.3 (Ntetrahyd1‘Dcarbazole_CH2_CH2)v 32.8
(Cztetrahydrocarbazole)- 339 (Ntetrahydrocarbazole_CHZ_CHZ_CHZ). 36.2
(O—CHz—CHz), 434 (Ntetrahydrocarbazole_CHZ)v 49.2 (C3tetrahydrocarbazole)y

713 (O_CHZ_CHZ)v 102.5 (C5tetrahydrocarbazole)- 105.2
(C4a-tetrahydrocarbazole)y 110.8 (Cgtetrahydrocarbazole)y 112.5
(atetrahydrocarbazole)v 116.2 (C3phenolv C3;Jhenol)v 127.0

(CSatetrahydrocarbazole)v 128.3 (C4phenyl), 129.4 (Czphenyly Cz/pheny[)'

1294 ( C3phenylv C3;:>henyl )v 130.8 (C5atetrahydrocarbazole)v 130.9 ( C2phenolv
CZ;)henol » 1336 (C1 phenol » 1351 (C1 atetrahydrocarbazole)- 142.6

(Clphenyl)v 154.3 (C6tetrahydrocarbazole)v 156.9 (C4phenol)-
HRMS: [M+H—HCI]* [CgH33N,0,]", calcd: 441.25365, found:
441.25346

4.5.7. 4-(2-(3-Amino-2,3,4,9-tetrahydro-1H-tetrahydroc-
arbazole-6-yloxy)ethyl)phenol hydrochloride 25

NH5CI

(@)
IORA S
HO N

A solution of tert-butyl-6-(4-(methoxymethoxy)phenethoxy)-
2,3,4,9-tetrahydro-1H-tetrahydrocarbazole-3-yl carbamate (47.0 mg,
0.10 mmol) in HCI (0.8 M in MeOH, 0.1 mL) was heated to 50 °C
for 2 h (TLC-control). The solvent was removed under reduced
pressure to afford pure 25 (32.0 mg, 0.09 mmol, 90%) as a yellow
solid.

Mp: 249 °C (decomposition).

TH NMR (200MHz, CD;OD): 6=195-2.13 (m, 1H,
CztetrahydrocarbazoleH): 2.20-2.32 (lTl, 1 Hv czltetrahydrocarbazoleH)v
2.64-2.76 (m, 1H, C4tetranydrocarbazolel), 2.87-2.98 (m, 4H,
C1tetrahydr0carbazoleHv C4;etrahydrocarbazoleH' O_CHZ_CHZ)v 3.07-3.18 (mv
lH' CléetrahydrocarbazoleH)' 3.55-3.70 (m: lH- C3tetrahydrocarbazoleH)'
4.10 (t, 3] = 7.0 Hz, 2H, 0-CH,-CH,), 6.68-6.75 (m, 3H, C3phenolH,
C3;)henolH' C7tetrahydrocarbazoleH)v 6.85 (d. ] =26 HZ- ]H.
CstetrahydrocarbazoleH)v 7.08-7.16 (m, 3H, C8'tetrahyclrocarbazoleHv
C2phenotH, nghenolH).

13C NMR (100 MHz, CD;0D): =21.1 (Cltetrahydrocarbazole)s 26.7
(C4tetrahydrocarbazole)v 27.8 (Cztetrahydrocarbazole)v 35.7 (O_CHZ_CHZ)r
48.8 (Bten‘ahydrocarbazole)- 70.9 (O_CHZ_CHZ)- 104.9 (Cstetrahydrocarbazole)-

111.7 (C4atetrahydrocarbazole)v 111.8 (C8tetrahydr0carbazole), 112.0
(Gtetrahydrocarbazole)v 115.7 (C3 phenoly c3 ;)henol )v 128.2

(Csatetrahydrocarbazole)v 130.4 (Clphenol)' 130.5 (Czphenolv CZ;)hengl)v
133.0 (C5atetrahydrocarbazole)v 133.9 153.6
(Cstetrahydrocarbazole)- 156.4 (C4phenol)-

HRMS: [M+H—-HCI]* [CyoH23N,0,]%, calcd: 323.17540, found:
323.17521.

( Cc1 atetrahydrocarbazole)v



A. Biittner et al./Bioorg. Med. Chem. 18 (2010) 3387-3402 3401

/©/\COOMe /©/\COOM9 /@/\/OH /@/\/OTS
—_— - —_—
HO MOMO MOMO MOMO

27

4.5.8. Methyl-2-(4-methoxymethoxy)phenyl acetate 27

A stirred solution of methyl-2-(4-hydroxyphenyl) acetate
(10.0 g, 60.2 mmol) in CH,Cl, (100 mL) was cooled to 0°C and
diisopropyl amine (15.6 g, 120.0 mmol) was added over 5 min.
Subsequently, bromo(methoxy) methane (9.02 g, 72.2 mmol) was
added dropwise and stirring was continued for 12 h at room tem-
perature (TLC-control). The reaction mixture was washed with
water (50 mL) and dried (Na,;SO4). All volatiles were removed un-
der reduced pressure and the crude product was purified by chro-
matography (n-hexane/EtOAc 4:1, v:v) to yield pure 27 (8.29 g,
39.4 mmol, 66%) as a colourless oil.

R¢: 0.37 (n-hexane/EtOAc, 4:1, v:v).

'H NMR (400 MHz, CDCl3): 6 = 3.51 (s, 3H, CH,-0-CH3), 3.61 (s,
2H, CH,-COOCH3), 3.72 (s, 3H, COOCH3), 5.19 (s, 2H, 0-CH,-0),
7.03 (d, 3] = 8.8 Hz, 2H, C3-H, C3'-H), 7.27 (d, 3] = 8.8 Hz, 2H, C2-
H, C2'-H).

3C NMR (75MHz, CDCl3): 6=405 (CH,-COOCHs), 52.1
(COOCHs3), 56.1 (CH,-0-CH3), 94.6 (0O-CH,-0), 116.5 (2C, (3, C
3’), 127.5 (C1), 130.4 (2C, C2, C2'), 156.5 (C4), 172.4 (COOCH3).

HRMS: [M+Na]" [C{{H1404Na]*, calcd: 233.07843, found:
233.07833.

4.5.9. 2-[4-(Methoxymethoxy)phenyl] ethanol 28

A stirred solution of 27 (8.23 g, 39.1 mmol) in THF (100 mL) was
cooled to 0 °C and lithium aluminium hydride (5.20 g, 137.0 mmol)
was added in portions over a period of 30 min. After stirring for
15 h at room temperature (TLC-control) the reaction mixture was
again cooled to 0°C and aqueous NaOH-solution (2 M, 100 mL)
was added carefully. The phases were separated, the aqueous
phase was extracted with EtOAc (2 x 60 mL) and the combined or-
ganic phases were dried (Na,SO4). All volatiles were removed un-
der reduced pressure and the crude product was purified by
chromatography (n-hexane/EtOAc 1:1, v:v) to yield pure 28
(6.20 g, 34.1 mmol, 87%) as a colourless oil.

R¢: 0.41 (n-hexane/EtOAc, 1:1, v/v).

TH NMR (400 MHz, CDCl3): §=1.55 (br, 1H, OH), 2.81 (¢,
3]=6.6 Hz, 2H, C1-CH,), 3.47 (s, 3H, O-CH3), 3.82 (t, 3] =6.6 Hz,
2H, C1-CH,-CH,), 5.15 (s, 2H, 0-CH,-0), 6.99 (d, 3] = 8.5 Hz, 2H,
C3-H, C3'-H), 7.15 (d, 3] = 8.5 Hz, 2H, C2-H, C2'-H).

13C NMR (75 MHz, CDCl5): § = 38.5 (C1-CH>), 56.1 (O-CH3), 63.9
(C1-CH,-CH,;), 94.7 (O-CH,-0), 116.6 (2C, €3, (3'), 130.1 (2C, C2,C
2'), 131.9 (C1), 156.0 (C4).

HRMS: [M+Na]" [C;oH;40sNa], calcd: 205.08352, found:
205.08346.

4.5.10. 4-(Methoxymethoxy)phenylethyl-4-methylbenzene
sulfonate 29

A stirred solution of 28 (6.15 g, 33.8 mmol) in CH,Cl, (350 mL)
was cooled to 0 °C and triethyl amine (5.12 g, 50.6 mmol), p-toly-
Isulfonyl chloride (9.01 g, 47.3 mmol) and 4-N,N-dimethylamino
pyridine (250 mg, 0.21 mmol) were added successively. After stir-
ring for 22 h at room temperature the reaction mixture was
washed with water (200 mL), aqueous NH4Cl-solution (half-satu-
rated, 200 mL) and brine (saturated, 200 mL). The combined aque-
ous extracts were reextracted with CH,Cl, (200 mL), the combined
organic phases were dried (Na,SO,4) and all volatiles were removed
under reduced pressure. The crude product was purified by chro-
matography (n-hexane/EtOAc, 3:1, v/v) to yield pure 29 (10.3 g,
30.6 mmol, 91%) as a colourless oil.

28 29

R¢: 0.63 (n-hexane/EtOAc, 3:1, v/v).

TH NMR (400 MHz, CDCl3): & = 2.43 (s, 3H, Cosyi—-CH3), 2.89 (t,
3]=7.2Hz, 2H, Clyheny-CHz), 3.47 (s, 3H, O-CHs), 4.16 (t,
3] = 7.2 Hz, 2H, Clphenyi—CH,~CH>), 5.14 (s, 2H, 0-CH,-0), 6.92 (d,
*|=89Hz, C3phenyiH, C3ppenyiH), 7.02 (d, *J=8.9Hz, 2ppenyiH,
C2penyH), 729 (d, ’J=83Hz, CBoeyH, C3,H) 7.70 (d,
’] = 8.9 Hz, C2;0syiH, C2{,H).

13C NMR (75 MHz, CDCl): 6 = 21.8 (Cltosy1~CH3), 34.7 (C1ppenyi—
CHy), 56.1 (O-CH3), 70.9 (Clphenyi—~CHp~CH,), 94.6 (O-CH,-0),
116.6 (2C, C3phenyts, C3penyt)> 128.0 (2C, Cphenyl, C2hpeny)> 129.7

phenyl phenyl
(Clpheny), 129.9 (2C, 2iosy1, CZLOSYI). 130.1 (2C, C3gosyns C3iasyl),
133.2 (Cliosy1), 144.8 (C4iosy1), 156.3 (C4phenyt)-

HRMS: [M+Na]" [C;7H00sSNa]*, calcd: 359.09237, found:

359.09255.
4.6. Biology

4.6.1. RTK-ELISA-assay
The following solutions were prepared for the RTK assay:

(1) PBS (10x): 1.0g KCI, 1.0g KH,PO4, 40.0g NaCl, 13.2¢g
Na,HPO,4 (for 1.0L)

(2) PBST: (PBS 10x + 0.5% Tween 20) diluted 1:10

(3) substrate: stock solution:poly-Glu-Tyr 4:1, 10.0 mg/mL in
PBS, diluted with PBS to 100 pg/mL

(4) kinase buffer: 100 mM HEPES, 100 mM NaCl, 0.10 mM
Na3VO4

(5) kinase solutions: kinase buffer, kinase stock solution (fusion
proteins, N-terminally fused to GST, Biomol GmbH) diluted
to reach the concentration as defined in Table 5.

(6) ATP solution: 100 pM ATP (200 pM and 1000 pM for check-
ing dependence on ATP-concentration) in 40.0 mM MnCl,; a
solution of 40.0 mM Mn(Cl, as negative control.

(7) inhibitor solutions: defined concentrations in 5% aqueous
DMSO; 5% aqueous DMSO as positive control and negative
control.

(8) antibody solution: PBST + 0.2% BSA, anti-phosphotyrosine-
antibody, peroxidase coupled (PY20 Calbiochem) in PBST
diluted.

(9) luminescence reagent: BM chemiluminescence ELISA sub-
strate (Roche Diagnostics GmbH) solution A (luminol and
4-iodophenol) and B stabilized H,0,) 100:1, mixed 15 min
before use.

A 96-well microtiter plate (Greiner bio-one, Lumitrac 600, flat
bottom white) was incubated with substrate solution (100 pL/
well) overnight at 4 °C. The solution was removed and the plate
washed with PBST (2 x 2 min). Afterwards the kinase solution
(50.0 pL/well) and the inhibitor solution (25.0 pL/well) were

Table 5

Preparation of kinase solution
Kinase stock solution Concentration per Amount in
(ng/pL) well (ng) 5mL (uL)
VEGFR-2: 145 5.0 3.44
VEGFR-3: 149 20.0 13.42
IGF-IR: 94.0 15.0 15.96
EGFR: 108 5.0 4,63
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added. As positive and as negative control 5% aqueous DMSO
(25.0 pL/well) was used instead of inhibitor solution. Addition of
the ATP solution (25.0 puL/well) started the reaction, whereas a
40 mM MnCl, solution (25.0 pL/well) was added instead of ATP
solution. The plate was incubated for 30 min on a microplate sha-
ker, followed by washing steps with PBST (3 x 2 min). Subse-
quently, antibody solution (100 pL/well) was added and the plate
was incubated again for 1h on a microplate shaker. Finally the
plate was washed with PBST (3 x 5 min) and the chemilumines-
cence substrate (50.0 pL/well) was added. After 3 min the emitted
light was measured using a luminometer (Orion Microplate Lumi-
nometer, Berthold).

4.6.2. Cell proliferation and toxicity

Cell proliferation was measured using the Cell Proliferation ELI-
SA, BrdU Assay Kit (Cat. No. 11669915001) from Roche. The assay
was performed according to the kit instruction.

In brief, HUVECs (PromoCell, HUVEC-c C-12200) were cultured
in 25 cm? flasks at 37 °C in a humid atmosphere with 5% CO,. MCF-
7 cells, HEPM cells and HT29 cells were obtained from ATCC and
cultured in 75 cm? flasks at 37 °C in a humid atmosphere with
5% CO,. To perform the assay, 5000 cells were seeded into each
well of a 96-well microplate (greiner bio-one, flat bottom white,
pclear) and cultured in a final volume of 100 pL/well. After 24 h,
the medium was replaced and the cells were incubated with
100 pL/well of the compounds for 24 h, whereas the DMSO con-
centration was lower than 0.5% (v/v).

Still containing the compounds, the cells were incubated with
5-bromo-2’-deoxyuridine (BrdU) labelling solution, leading to an
incorporation of BrdU into only mitotic active cells for 4 h. After
the removal of the solution, the cells were fixed and incubated
with an anti-BrdU-POD solution. Finally, the cells were washed
several times and incubated with the substrate solution. The bot-
tom of the microplate was sealed with white cover foil to measure
the chemiluminescence using an Orion Microplate Luminometer
(Berthold).

For determination of ICsy values, the relative luminescence
units per second (RLU/s) were blotted against the inhibitor
concentrations.

Cytotoxicity was measured using the Cell Proliferation Reagent
WST-1 (Cat. No. 13396300) from Roche. The assay was performed
according to the instructions. The cells were cultured as described
above.

Seven thousand and five hundred cells per well were exposed to
different concentrations of the inhibitors for 24 h before adding the
WST-1 reagent. After 4 h and again after 24 h the absorbance was
measured using Optimax UV-vis spectrometer (wavelengths:
440 nm and 650 nm). For determination of toxicity the differences
in absorbance (650 nm-440 nM) were blotted against inhibitor
concentration.
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