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Dual Luciferase Reporter Assay results for Tryptophan derivatives (Table 1) 

 
Figure S1.  The relative total Gli protein expression in Shh LIGHT 2 cells after treatment with 100 nM SAG and 
subsequent treatment with 10 µM 4, 11-17. Sonidegib at 100 nM was used as the positive control. * P < 0.05, **P < 
0.001, *** P < 0.0001 compared to SAG treatment. All experiments were performed in triplicate. 

 
Figure S2. The suppression of Gli protein expression in 100nM SAG-activated Shh LIGHT2 cells by L- and D-
Tryptophan analogues 14 and 14a at 10 µM, respectively. Sonidegib (100 nM) was used as the positive control. All 
experiments were performed in triplicate. **P < 0.001, ***P < 0.0001 compared to SAG treatment. 

Reverse phase and chiral separation of L− and D−Tryptophan derivatives 

 
Figure S3. The HPLC chromatograms (A) reverse phase HPLC analysis of a mixture of 14 and 14a; (B) chiral column 
HPLC analysis of 14 prepared from L-Tryptophan; (C) chiral column HPLC analysis of 14a prepared from D-
Tryptophan; (D) chiral column HPLC analysis of a mixture of 14 and 14a. 
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Figure S1. The relative total Gli protein expression in Shh LIGHT 2 cells after treatment with 100 nM SAG and 
subsequent treatment with 10 μM 4, 11-17. Sonidegib at 100 nM was used as the positive control. * P < 0.05, **P < 
0.001, *** P < 0.0001 compared to SAG treatment. All experiments were performed in triplicate.
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Figure S1.  The relative total Gli protein expression in Shh LIGHT 2 cells after treatment with 100 nM SAG and 
subsequent treatment with 10 µM 4, 11-17. Sonidegib at 100 nM was used as the positive control. * P < 0.05, **P < 
0.001, *** P < 0.0001 compared to SAG treatment. All experiments were performed in triplicate. 

 
Figure S2. The suppression of Gli protein expression in 100nM SAG-activated Shh LIGHT2 cells by L- and D-
Tryptophan analogues 14 and 14a at 10 µM, respectively. Sonidegib (100 nM) was used as the positive control. All 
experiments were performed in triplicate. **P < 0.001, ***P < 0.0001 compared to SAG treatment. 

Reverse phase and chiral separation of L− and D−Tryptophan derivatives 

 
Figure S3. The HPLC chromatograms (A) reverse phase HPLC analysis of a mixture of 14 and 14a; (B) chiral column 
HPLC analysis of 14 prepared from L-Tryptophan; (C) chiral column HPLC analysis of 14a prepared from D-
Tryptophan; (D) chiral column HPLC analysis of a mixture of 14 and 14a. 
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Figure S2. The suppression of Gli protein expression in 100nM SAG-activated Shh LIGHT2 cells by L- and D-
Tryptophan analogues 14 and 14a at 10 μM, respectively. Sonidegib (100 nM) was used as the positive control. All 
experiments were performed in triplicate. **P < 0.001, ***P < 0.0001 compared to SAG treatment.
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Figure S3.  Western blotting analysis identifying the presence of Gli1 in adult mouse testes, but its absence on 
treatment (red box); (B) presence of Ptch1 (treated and untreated); and (C) presence of Sufu (treated and untreated).
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Figure S2. The suppression of Gli protein expression in 100nM SAG-activated Shh LIGHT2 cells by L- and D-
Tryptophan analogues 14 and 14a at 10 µM, respectively. Sonidegib (100 nM) was used as the positive control. All 
experiments were performed in triplicate. **P < 0.001, ***P < 0.0001 compared to SAG treatment. 

Reverse phase and chiral separation of L− and D−Tryptophan derivatives 

 
Figure S3. The HPLC chromatograms (A) reverse phase HPLC analysis of a mixture of 14 and 14a; (B) chiral column 
HPLC analysis of 14 prepared from L-Tryptophan; (C) chiral column HPLC analysis of 14a prepared from D-
Tryptophan; (D) chiral column HPLC analysis of a mixture of 14 and 14a. 
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Figure S4. The HPLC chromatograms (A) reverse phase HPLC analysis of a mixture of 14 and 14a; (B) chiral column 
HPLC analysis of 14 prepared from L-Tryptophan; (C) chiral column HPLC analysis of 14a prepared from D-
Tryptophan; (D) chiral column HPLC analysis of a mixture of 14 and 14a.
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Atropoisomerism of benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives 

 

 

Figure S7. A) 1H NMR (A) and B) 13C NMR spectra of analogue 5 highlighting the presence of duplicative peaks. 
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Figure S5. A) 1H NMR (A) and (B) 13C NMR spectra of analogue 5 highlighting the presence of duplicative peaks.
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Figure S8. Variable-temperature NMR experiment with analogue 5 at 30, 35, 40, 45, and 50 ºC. Arrows indicated the 
splitting (red arrows) merging into individual peaks (black arrows) when increasing the temperatures from 30 to 50 ºC. 
Displayed is the aliphatic region of the 1H NMR in DMSO-d6. 

1D selective NOSEY NMR experiment 

 
Figure S9. 1D selective NOSEY and 1H NMR spectra of analogue 5. The irradiation at the peak at 6.04 ppm results in 
two peaks at the same phase at 6.04 and 5.96 ppm which correspond to HA and HB, respectively. Other peaks are not 
visible. 
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Figure S6. Variable-temperature NMR experiment with analogue 5 at 30, 35, 40, 45, and 50 ºC. Arrows indicated the 
splitting (red arrows) merging into individual peaks (black arrows) when increasing the temperatures from 30 to 50 ºC. 
Displayed is the aliphatic region of the 1H NMR in DMSO-d6.
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Figure S7. 1D selective NOSEY and 1H NMR spectra of analogue 5. The irradiation at the peak at 6.04 ppm results in
two peaks at the same phase at 6.04 and 5.96 ppm which correspond to HA and HB, respectively. Other peaks are not 
visible.



Figure S8. Chiral HPLC analysis of amide rotamer analogue 5.
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Figure S9. The relative total Gli protein expression in Shh LIGHT 2 cells after treatment with 100 nM SAG and 
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**P < .001, *** P < .0001 compared to SAG treatment. All treatments were performed in triplicate.

-1.5 -1.0 -0.5 0.0 0.5
0

50

100

150

log[compound 39]

R
el

at
iv

e R
ep

or
te

r A
ct

iv
ity

-1.5 -1.0 -0.5 0.0 0.5
0

50

100

150

log[compound 40]

R
el

at
iv

e R
ep

or
te

r A
ct

iv
ity

A B 

Log[27] Log[28] 
Figure S9.  IC50 curves for analogues 27 and 28.



Compound Characterization
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Chemistry 

Synthesis of L-tryptophan derivatives (4, 11−17) 

Table S1. Isolated yields, 1H NMR featuring the ABX systems and the diastereotopic protons, and base cations in HRMS [M+H]+ of L-Tryptophan 
derivatives (4, 11–17). Reagents and conditions: (i) 1.5 eq. HATU, 3eq. DIPEA (Table 1) 

N
H

NH2

NH
O

+
R' OH

O (i)

N
H

N
H

NH
O

R'
AB

X

Diastereotopic 
protonsR R

 

Compounds R R’ Yield 
(%) 

1H NMR 
AB protons 

(ppm) 

Proton-X 
(ppm) 

Diastereotopic 
protons 
(ppm) 

HRMS  
[M+H]+ 

(m/z) 

4 
Cl  

Cl

Cl
O  

18 
3.05 

(ddd*, JAX = 22.8, 
JBX=14.4, JAB=7.2 Hz, 2H) 

4.59 
(dd, J = 14.4, 
8.1 Hz, 1H) 

4.24 
(qd, J = 15.6, 5.9 

Hz, 2H) 
514.0850 

11 
Cl  

Cl
O

Cl

 

13 
3.07 

(ddd, JAX = 22.9, JBX= 
14.4, JAB= 7.2 Hz, 2H) 

4.63 
(dd, J = 14.3, 
8.2 Hz, 1H) 

4.25 
(qd, J = 15.5, 5.9 

Hz, 2H) 
514.0850 

12 
Cl  O

Cl

Cl  

22 
3.07 

(ddd, JAX = 22.3, JBX=14.4, 
JAB=7.1 Hz, 2H) 

4.60 
(dd, J = 14.4, 
7.9 Hz, 1H) 

4.24 
(qd, J = 15.5, 5.9 

Hz, 2H) 
514.0850 

13 
Cl  Cl

O  
18 

3.05 
(ddd, JAX = 22.8, JBX = 
14.4, JAB = 7.3 Hz, 2H) 

4.59 
(dd, J = 14.4, 
8.2 Hz, 1H) 

4.23 
(qd, J = 15.5, 5.9 

Hz, 2H) 
480.1240 

14 
Cl  N

H
O

 
28 

3.24 
(ddd, JAX = 28.6, JBX = 
14.6, JAB = 5.2 Hz, 2H) 

4.80 
(dd, J = 9.2, 8.4, 

5.2 Hz, 1H) 

4.31 
(qd, J = 16.0, 6.0 

Hz, 2H) 
471.1582 

15 
Cl  

O

 

23 
3.23 

(ddd, JAX = 36.4, JBX= 
14.4, JAB = 5.2 Hz, 2H) 

4.93 
(dd, J = 9.3, 5.2 

Hz, 1H) 

4.37 
(qd, J = 16.0, 6.0 

Hz, 2H) 
482.1630 

16 
Cl  O

O

 

25 
3.25 

(ddd, JAX = 45, JBX = 14.9, 
JAB = 4.8 Hz, 2H) 

4.81 
(dd, J = 9.3, 4.8 

Hz, 1H) 

4.37 – 4.23 
(m, 2H) 

overlapping 
536.1735 

17 
Cl  

O
F

F
F

O  
 

39 3.22 – 3.07 (m, 2H) 
overlapping 

4.81 
(dd, J = 8.6, 6.0 

Hz, 1H) 

4.32 
(qd, J = 15.4, 5.8 

Hz, 2H) 
544.1610 
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Synthesis of benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives  

Table S2.  Isolated yields, and base cations in HRMS [M+H]+ of benzo[1,3]dioxol-5-
ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives 5, 20-29. 

N
H

N
H

OO

R1 OH

O

N
H

N

OO

R1O

+

i

 

Compounds R Isolated yields 
(%) 

HRMS (ES+) 
m/z [M+H]+ 

5 

 

67 449.1859 
 

20 
N
H  

67 439.1811 

21 
S  

53 455.1423 

22 
O  

63 439.1652 

23 
Cl

 
58 447.1647 

24 

Cl

Cl  

56 447.1467 

25 

O  

40 503.1964 

26 
N

N  
22 415.1761 

27 
N
H

O

 
62 468.1919 

28 
N
H

Cl

 
64 472.1422 

29 
N
H  

67 438.1812 

 

  



Table S3. Percentage inhibition of Gli protein expression in 100 nM SAG-activated Shh LIGHT2 cells by L-

Tryptophan analogues 4 and 11-17 at 10 M compound concentration and cLogP values.

R1
Inhibition 

(%)a cLogP R1
Inhibition 

(%)a cLogP

4
66 4.84

14 [14a; D-
isomer]

86 [99] 2.72

11

83 4.84

15

71 4.77

12

-38 4.84

16

-105 4.99

13
64 4.28

17

26 4.46

a Inhibition calculated as Gli signal (SAG) – Gli Signal (SAG+Compound).

Table S4. Percentage inhibition of Gli expression in 100 nM SAG-activated Shh LIGHT2 cells by benzo[1,3]dioxol-5-

ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amine derivatives analogues 5 and 20-26 at 10 M compound concentration and 

cLogP values.
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Inhibition 

(%)a cLogP
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N
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111 3.18

Cl

Cl
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67 5.29

S

21
92 4.12

O

25
108 5.44

O

22
84 3.55

N

N

26
-16 2.68
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Table S5. Primer sequences used in qPCR assay.

Human gene
Forward  Sequence (5'-3') Reverse Sequence (5'-3') Annealing Temp (ºC)

Gli2 ATCTCTTGCCACCATTCCAT GGACAGAATGAGGCTCGTAA 60
Smo CTGCCACTTCTACGACTTCT GGCCTGACATAGCACATAGT 56
SuFu GACCCCTTGGACTATGTTAG CTGATGTAGTGCCAGTGCTC 55
Ptch1 CCCTCACGTCCATCAGCAAT AACACCACTACTACCGCTGC 58
Mouse gene
Gli2 TCCAGTCAATGGTTCTGTCC TGGCTCAGCATCGTCACTTC 60
Gli3 GGCCGTTACCATTATGATCC CTGAGGCTGCAGTGGGATTA 60
Shh TGCTTTGTAACCGCCACTTT CGCTGCTAGGTGCACTTTTA 61
Smo GAACTCCAATCGCTACCCTG ATCTGCTCGGCAAACAATCT 60
SuFu GACCCCTTGGACTATGTTAG CTGATGTAGTGCCAGTGCTC 55
Ptch1 CATAGCTGCCCAGTTCAAGT GGTCGTAAAGTAGGTGCTGG 55
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N-(4-Chlorobenzyl)-2-[2-(2,4-dichlorophenyl)-acetylamino]-3-(1H-indol-3-yl)-propionamide (11) 

Yield:  55 mg, 24%. MP 207-208 ºC; 
IR: νmax/cm-1 3410 (NH), 3280 (NH), 3065 (CH), 1642 (CON); 
1H NMR (400 MHz, DMSO-d6) δ 10.85 (s, 1H), 8.54 (t, J = 5.9 Hz, 1H), 8.40 (d, J = 8.2 Hz, 

1H), 7.62 (d, J = 7.8 Hz, 1H), 7.53 (d, J = 2.1 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.33 – 7.23 (m, 
3H), 7.12 (ddd, J = 22.2, 12.5, 7.8 Hz, 5H), 6.98 (t, J = 7.4 Hz, 1H), 4.63 (dd, J = 14.3, 8.2 Hz, 

1H), 4.25 (qd, J = 15.5, 5.9 Hz, 2H), 3.60 (s, 2H), 3.07 (ddd, JAX = 22.9, JBX= 14.4, JAB= 7.2 Hz, 2H); 
13C NMR (101 MHz, DMSO-d6) δ 171.9, 168.9, 138.8, 136.6, 135.0, 133.9, 133.3, 132.3, 131.6, 129.3 (Cx2), 128.8, 

128.5 (Cx2) 127.7, 127.4, 124.2, 121.3, 119.0, 118.7, 111.7, 110.4, 54.2, 41.8, 31.0, 28.5; 
RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 15 min, Rt =14.38 min, 99.2%; 
LRMS (APCI+) m/z 513, 514 [M+1H]+ 50%. HRMS (ES+) for C26H22Cl3N3O2, calculated 514.0850, found 

514.0850. 
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LRMS m/z APCI (+) 446, 447 [M+H]+ 100%; HRMS (ES+) calculated for C26H23ClN2O3 446.1397, found 
447.1467.  

 
 

 





 

30 
 

13C NMR (101 MHz, DMSO-d6) δ 168.2, 168.0, 148.1, 147.9, 147.0, 146.8, 136.8, 136.7, 135.9, 135.9, 133.7, 
133.6, 132.5, 131.8, 129.6, 129.5, 128.5, 128.4, 127.6, 127.5, 124.0, 123.2, 121.5, 121.4, 120.5, 118.9, 118.7, 118.7, 
118.5, 112.0, 111.8, 111.1, 108.9, 108.6, 107.8, 101.5, 101.4, 51.1, 47.9, 47.7, 47.5, 36.7, 35.9, 24.2, 23.6; 

RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 18.81 min, 100%; 
LRMS (ESI+) m/z 481, 481[M]+, 100%. HRMS (ES+) for C26H22Cl2N2O3, calculated 480.1007, found 481.1080. 
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LRMS (APCI±) m/z 414, 415 [M+H]+, 100%. HRMS (ES+) for C24H22N4O3, calculated 415.17647, found 
415.17611. 
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5-Methoxy-1H-indole-2-carboxylic acid benzo[1,3]dioxol-5-ylmethyl-[2-(1H-indol-3-yl)-ethyl]-amide (27) 

Yield:  149 mg, 62%. MP 202-202.5 ºC; 
IR: νmax/cm-1 3439 (NH), 3258 (NH), 1612 (CON), 1450 (C-C ring), 738 (C-H ring); 
1H NMR (400 MHz, DMSO-d6) δ 11.57 (s, 1H), 10.86 (s, 1H), 7.68-7.26 (m, 3H), 7.19 (s, 1H), 

7.13 – 6.48 (m, 8H), 6.01 (s, 2H), 4.81 (s, 2H), 3.73 (s, 5H), 3.08 (s, 2H); 
13C NMR (101 MHz, DMSO-d6) δ 163.6, 154.2, 148.1, 146.9, 136.7, 132.0, 131.6, 130.8, 

127.8, 127.6, 123.3, 121.5 (Cx2), 118.8 (Cx2), 115.0, 113.4, 111.9, 108.8, 103.5 (Cx2), 102.4, 
101.5, 65.4, 55.7, 48.5, 48.1, 23.6; 

RP-HPLC Alltima™ C18 5 m 150 mm x 4.6 mm, 10–100% B in 15 min, Rt = 6.92 min, 100%; 
LRMS (ESI+) m/z 467, 467 [M]+, 100%; HRMS (ES+) for C28H25N3O4, calculated 468.19178, found 468.19186. 
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