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TCAM-2 cells express the HSP

Table 1. TCAM-2 cell line expresses the HSP’s components, including Ptch1, Sufu, Smo, and Gli2,3

Cytotoxicity of indole analogues against TCAM-2 cells

Table 4. Cytotoxicity of analogues 5, 20-30 at 10 µM concentration against TCAM- 2 cell line was measured after 72 hours of 
incubation, with DMSO and Triton X (1%) as controls. Only compounds 5, 23, and 24 expressed a growth inhibition greater 
than 50% and were further investigated for their dose responses to generate the GI50 (n=2)

Untreated DMSO Triton X 1% 5 

Untreated DMSO Triton X 1% 20 Untreated DMSO Triton X 1% 21 
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Untreated DMSO Triton X 1% 22 

Untreated DMSO Triton X 1% 23 

Untreated DMSO Triton X 1% 24 

Untreated DMSO Triton X 1% 26 Untreated DMSO Triton X 1% 27 

Untreated DMSO Triton X 1% 28 Untreated DMSO Triton X 1% 29 



4

Untreated DMSO Triton X 1% 30 

Expression of Ptch1, Sufu, Smo, Gli2 and Gli3 in Shh LIGHT2 cell line activated by 100 nM SAG
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Synthesis of quinolone-1-(2H)-ones 20-30 via a Ugi-Knoevenagel reaction

Appendix for Table 2 & 4. Isolated yields of quinolin-1-(2H)-ones (5, 10–30) (the Ugi 4CR products) and structural 
differentiations using the 1H NMR, IR spectra and base cations in HRMS [M+H]+ and [M-H]-. Reagents and conditions: 
(i) MeOH, rt, 24 h.
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Compound R1 R2 R3 Yield %
1H of CH* 
(ppm) CN (cm-1) Mass Peak (m/z)

5 38 6.94 – 6.88 (m) 2227 502.2369 [M+H]+

10
Cl

O

O
25 6.85 (bs) 2230 513.1455 [M-H]-

11
Cl

Si 56 6.95 (s) 2229 498.1483 [M-H]-

12
O

68 6.94 – 6.88 (m) 2228 480.2207 [M+H]+

13
O O

O
37 6.92 (d) 2229 480.1636 [M-H]-

14
HO

71 6.74 (d) 2231 464.2052 [M-H]-

15 H3C
HO

66 6.69 (d) 2230 402.1895 [M-H]-

16 H3C
O2N

26 7.29 – 7.18 (m) 2227 431.1798 [M-H]-

17 H3C
O2N

49 6.25 (s) 2225 473.2267 [M-H]-

18 H3C
O

68 6.94 – 6.84 (m) 2227 458.2522 [M-H]-

19 H3C
O O

O

49 7.1 (bs) 2228 418.1481 [M-H]-

20 13 7.39 – 7.43 (m) 2229 463.2104 [M+H]+

21 11 7.46 − 7.54 (m) 2229 489.2284 [M+H]+

22 36 7.15 – 7.20 (m) 2235 489.2284 [M+H]+

23 46 7.41 – 7.47 (m) 2236 503.2444 [M+H]+

24 34 7.55 − 7.59 (m) 2232 519.2026 [M+H]+

25 46 7.65 – 7.67 (m) 2236 505.1869 [M+H]+

26 26 7.57 – 7.60 (m) 2226 519.2027 [M+H]+

27 50 7.38 – 7.41 (m) 2232 287 
[M+ACN+2H]2+
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28 33 7.53 – 7.58 (m) 2236 539.1481 [M+H]+

29 47 7.40 – 7.43 (m) 2228 489.2283 [M+H]+ 

30 26 7.40 (s) 2229 489.2287 [M+H]+
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2-(3-cyano-2-oxo-4-methylquinolin-1-(2H)-yl)-2-(1-methyl-1H-indol-3-yl)-N-(pentan-2-yl)acetamide (5)

Yield: 13%;  M P :  243-245 ºC

IR (νmax/cm-1): 3246 (NH), 3083 (CH), 2972 (CH), 2229 (CN), 1637 (CO).

The 1H NMR displays a mixture of isomers, with the ratio 1.35 : 1.0 calculated at 0.74 and 0.60 ppm, respectively. 1H NMR 
spectra are reported as a whole without splitting due to the complex overlapping. All peaks detected in 13C NMR are reported.
1H NMR (400 MHz, DMSO) δ 7.91 (d, J = 8.2 Hz, 1H), 7.83 – 7.69 (m, 2H), 7.67 – 7.51 (m, 2H), 7.47 – 7.35 (m, 3H), 7.29 (dd, J 
= 9.8, 5.4 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.01 (t, J = 7.4 Hz, 1H), 3.98-3.86 (m, 1H), 3.75 (s, 3H), 2.75 (d, J = 3.2 Hz, 3H), 1.54 
– 1.15 (m, 4H), 0.93-0.87 (m, 3H), 0.77-0.56 (m, 2H).
13C NMR (101 MHz, DMSO-d6) δ 167.4, 166.8, 159.2, 159.2, 158.3, 158.3, 139.1, 136.6, 136.5, 133.3, 133.2, 130.9, 130.81, 
127.7, 127.6, 127.6, 123.4, 121.9, 120.1, 120.1, 119. 8, 118.9, 118.1, 118.1, 116.2, 110.4, 107.7, 106.2, 106.1, 106.1, 60.2, 53.8, 
53.7, 52.9, 45.3, 45.2, 38.3, 38.0, 33.0 (Cx2), 27.4, 26.8, 21.2, 21.1, 20.8, 19.6, 19.1, 18.8, 14.6, 14.3, 14.2, 11.2, 10.8

RP-HPLC Alltima™ C18 5 µm 150 mm x 4.6 mm, 10–100% B in 15 min, Rt  min = 7.07, 93 %

LRMS  (ESI-) m/z  440,  520  [M+DMSO+2H]+, 100%.  HRMS  (ES+) for C27H28N4O2Na; calculated 463.2110, found 463.2104.
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2-(3-Cyano-2-oxo-4-phenylquinolin-1-(2H)-yl)-2-(1H-indol-3-yl)-N-(pentan-2-yl)acetamide (21)

Yield: 70mg, 11 %; MP 182-183 ºC

IR (max/cm-1) 3420 (NH), 2229 (CN), 1678 (CONH), 1646 (CON)

The 1 HNMR displays a mixture of isomers, with the ratio 5.5 : 1.0 calculated at 3.96 and 3.72 ppm, respectively. T h e  
1 HNMR is reported as a whole without splitting due to the complex overlapping. All peaks detected in the 13C NMR spectrum 
are reported.
1H NMR (400 MHz, DMSO-d6) δ 11.26 (s, 1H), 7.85 (s, 2H), 7.73 – 7.32 (m, 10H), 7.29 – 6.87 (m, 4H), 3.96 (s, 1H), 1.84 – 0.09 
(m, 11H).
13C NMR (101 MHz, DMSO) δ 167.4, 166.8, 160.1, 159.3, 140.1, 136.2, 136.1, 134.1, 133.3, 130.4, 129.3, 129.2, 129.1, 127.4, 
127.3, 127.0, 126.9, 123.5, 122.0, 119.9, 119.8, 118.8, 118.6, 116.0, 112.2, 108.5, 106.0, 54.3, 54.2, 53.0, 45.4, 45.3, 38.4, 38.2, 
27.4, 26.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 11.3, 10.8.

RP-HPLC Phenomenex Onyx™ Monolithic C18 5 µm 100 mm x 4 mm, 10–100% B in 15 min, Rt min = 12.24, 100 %

LRMS  (ESI+) m/z  488, 489; [M+H]+, 40%.  HRMS (ES+) for C31H28N4O2; calculated 489.2285, found 489.2284.
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2-(3-cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(1H-indol-5-yl)-N-(pentan-2-yl)acetamide (22)

Yield 36%; MP 271-272 ºC

IR (max/cm-1) 3403 (NH), 3338 (NH), 2956 (CH), 2235(CN), 1647 (CO).

The 1H NMR displays a mixture of isomers, with the ratio 2.45 : 1.0 calculated at 0.74 and 0.64 ppm, respectively. 1H NMR is 
reported as a whole without splitting due to the complex overlapping. All peaks detected in the 13C NMR spectrum are reported.
1H NMR (400 MHz, DMSO) δ 11.13 (s, 1H), 7.89 (dd, J = 14.3, 8.1 Hz, 1H), 7.71 – 7.52 (m, 7H), 7.52 – 7.44 (m, 1H), 7.41 – 7.29 
(m, 2H), 7.26 – 7.01 (m, 4H), 6.40 (d, J = 1.8 Hz, 1H), 3.91 (dd, J = 13.4, 7.0 Hz, 1H), 1.59 – 1.19 (m, 3H), 1.16 – 0.99 (m, 2H), 
0.99 – 0.84 (m, 3H), 0.81-0.55 (m, 2H).
13C  NMR (101 MHz, DMSO-d6) δ 167.5, 167.0, 166.9, 160.1, 160.0, 159.4, 140.6, 135.6, 134.2, 134.2, 133.1, 133.0, 130.4, 
129.3 (Cx2), 129.2 (Cx2), 129.1, 129.1, 128.0, 126.5, 126.5, 125.8, 125.7, 125.6, 123.5, 121.8, 120.1, 120.1, 120.0, 119.1, 
119.0, 116.0, 116.0, 111.9, 111.9, 106.3, 106.3, 106.2, 101.8, 101.7, 61.3,   61.1, 61.1, 52.8, 45.3, 45.2, 38.3, 38.2, 27.2, 26.8, 
21.2, 20.9, 19.5, 19.0, 14.4, 14.3, 11.1, 10.6

RP-HPLC Alltima™ C18 5u 150 mm x4.6 mm, 10–100% B in 15 min, Rt min= 7.07, 98.6%

LRMS (ESI-) m/z - 488, 520 [M+CH3OH-H] 95%. HRMS (ES+) for C31H28N4O2; calculated 489.2285, found 489.2284
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2-(3-cyano-2-oxo-4-phenylquinolin-1(2H)-yl)-2-(5-methyl-1H-indole-3-yl)-N-(pentan-2-yl)acetamide (23)

Yield: 46%;  MP  178-180 ºC

IR (max/cm-1): 3427 (bp NH), 2962 (CH), 2236 (CN), 1645 (CON);

The 1H NMR displays a mixture of isomers, with the ratio 2.1 : 1.0 calculated at 0.77 and 0.68 ppm, respectively. 1H NMR 
spectral data is reported as a whole without splitting due to the complex overlapping. All peaks detected in 13C NMR are 
reported.
1H NMR (400 MHz, DMSO) δ 11.13 (d, J = 4.9 Hz, 1H), 7.90 – 7.37 (m, 10H), 7.29-7.16 (m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.03 – 
3.87 (m, 1H), 2.34 (s, 3H), 1.57 – 1.20 (m, 3H), 1.20 – 0.86 (m, 5H), 0.82-0.60 (m, 3H).
13C  NMR (101 MHz, DMSO-d6) δ 167.5, 166.9, 160.1, 160.1, 159.3, 140.1, 140.1, 134.6, 134.6, 134.5, 134.1, 133.3, 130.4, 
129.4, 129.2, 129.1, 128.2, 128.1, 127.5, 127.5, 126.8, 126.6, 123.5, 119.9, 118.5, 118.4, 118.3, 116.0, 111.9, 107.9, 107.9, 
106.0, 105.9, 54.5, 54.4, 52.9, 45.4, 45.2, 38.4, 38.2, 27.3, 26.9, 21.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 11.2, 10.8; 

RP-HPLC Alltima™ C18 5  150 mm x 4.6 mm, 10–100% B in 15 min, Rt min=10.89, 100%;

LRMS (ESI-) m/z 502, 521 [M+NH4]+ 40%. HRMS (ES+) for C32H30N4O2; calculated 503.2442, found 503.2444.
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Ethyl-[2-(3-Cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(5-methyl-1H-indol-3-yl)-acetamido]-acetate (24)

Yield 34.8%; MP 199-200 ºC

IR (νmax/cm-1): 3423 (NH), 3410 (NH), 2232 (CN), 1731 (COO), 1673 (CON);
1H NMR (400 MHz, DMSO) δ 11.21 (d, J = 1.8 Hz, 1H), 8.53 (s, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.72 – 7.48 (m, 8H), 7.32 – 7.17 (m, 
4H), 6.92 (d, J = 8.3 Hz, 1H), 4.14 (q, J = 7.1 Hz, 2H), 4.02-3.84 (m, 2H), 2.34 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, DMSO-d6) δ 170.2, 168.4, 160.3, 159.3, 139.7, 134.5, 134.1, 133.5, 130.5, 129.4, 129.4, 129.4, 129.1, 129.0, 
128.3, 127.5, 127.1, 123.7 (Cx2), 119.9, 118.5, 118.2, 115.8, 111.9, 107.3, 105.8, 61.0, 53.8, 41.9, 21.9, 14.6.

RP-HPLC Alltima™ C18 5u 150 mm x4.6 mm, 10–100% B in 15 min, Rt min=13.72, 97.9% (254nm and 220nm)

LRMS (ESI+) m/z518, 541 [M+Na-H]+ 60%. HRMS (ES+) for C31H26N4O4; calculated 519.2027, found 519.2026
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Ethyl-[2-(3-Cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1H-indol-3-yl)-acetamido]-acetate (25)

Yield: 32%; MP 179.3-180.5 ºC;

IR (max/cm-1) 3420 (NH), 2236 (CN), 1737 (COO), 1686 (CONH), 1646 (CON)
1H NMR (400 MHz, DMSO-d6) δ 11.35 (s, 1H), 8.58 (s, 1H), 7.93 – 7.75 (m, 2H), 7.75-7.45 (m, 8H), 7.39 (d, J = 8.0 Hz, 1H), 7.21 
(d, J = 3.7 Hz, 2H), 7.15-6.91 (m, 2H), 4.25 – 4.06 (m, 2H), 4.04-3.80 (m, 2H), 1.22 (t, J = 7.0 Hz, 3H).
13C NMR (101 MHz, DMSO-d6) δ 170.2, 168.4, 160.3, 159.3, 139.7, 136.1, 134.0, 133.5, 130.5, 129.5, 129.4 (Cx2), 129.3 
(Cx2), 129.2, 129.0, 127.3, 123.7, 122.1, 120.0 (Cx2), 118.6, 118.5, 115.9, 112.2, 107.8, 105.8, 61.1, 53.7 41.9, 14.6.

RP-HPLC Phenomenex Onyx™ Monolithic C18 5 µm 100 mm x 4 mm, 10–100% B in 15 min, Rt min = 11.09, 100%.

LRMS (ESI+) m/z 504, 505 [M+H]+, 100%. HRMS (ES+) for C30H24N4O4; calculated 505.1870, found 505.1869.
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Ethyl-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methylindole-3-yl)-acetamido]-acetate (26)

Yield: 27%; MP 209-211 ºC

IR (u/cm-1) 3422 (NH), 2920 (CH), 2229 (CN), 1743 (COO), 1639 
(CON).
1H NMR (400 MHz, DMSO) δ 8.53 (bs, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.75 (s, 1H), 7.70 – 7.48 (m, 7H), 7.43 (d, J = 8.2 Hz, 1H), 
7.25 – 7.19 (m, 2H), 7.17 (t, J = 7.2 Hz, 1H), 7.06 (t, J = 7.2 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.90 (d, J = 6.6 Hz, 2H), 3.79 (s, 3H), 
1.20 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, DMSO-d6) δ 170.1, 168.3, 160.3, 159.2, 139.6, 136.5, 134.0, 133.7, 131.4, 130.5, 129.5, 129.4 (Cx2), 
129.2, 129.0, 127.7, 123.7, 122.1, 120.1, 120.0, 118.9, 118.2, 115.9, 110.5, 106.8, 105.9, 105.9, 61.0, 41.9, 33.2, 14.6.

RP-HPLC Alltima™ C18 5mm 150 mm x4.6 mm, 10–100% B in 15 min Rt min=14.26, 98.10%

LRMS (ESI-) m/z 518, 540 [M+ Na-H]+, 100%. HRMS (ES+) for C31H26N4O4 ; calculated 519.2027, found 519.2027
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Ethyl-3-[2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methyl-1H- indol-3-yl)-acetylamino]-propionate (27)

Yield: 50%; M P: 267-268 ºC

IR (νmax/cm-1) 3410 (NH), 2232(CN), 1710(COO), 1686(CON)
1H NMR (400 MHz, DMSO) δ 8.05 (bs, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.71 – 7.56 (m, 6H), 7.56 – 7.47 (m, 2H), 7.45-7.38 (m, 
2H), 7.26 – 7.20 (m, 2H), 7.17 (t, J = 7.2 Hz, 1H), 7.06 (t, J = 7.2 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.42 – 3.35 (m, 
2H), 2.57-2.44 (m, 2H), 1.16 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, DMSO-d6) δ 171.7, 167.7, 160.1, 159.0, 139.9, 136.5, 134.1, 133.8, 131.3, 130.5, 129.6, 129.4, 129.2, 
129.0, 127.8, 123. 7, 122.1, 120.0, 119.9, 119.0, 117.8, 115.9, 110. 5, 107.1, 106.1, 60.4, 54.1, 35.9, 34.0, 33.1, 14.5

RP-HPLC Alltima™ C18 5u 150 mm x4.6 mm, 10–100% B in 15 min, Rt min=14.46, 95.8%

LRMS (ESI+) m/z 532, 287 [M+ACN+ 2H]2+ 100%. HRMS (ES+) for C16H11N2O+ (main fragment); calculated 247.087, found 
247.0865.
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Ethyl-2-(2-(5-chloroindole(1H)-3-yl)-2-(3-cyano-2-oxo-4-phenyl-1(2H)-quinolin-yl)-acetamido)-acetate (28)

Yield: 33%; MP:  201-203 ºC
IR (νmax/cm-1): 3415 (NH), 3406 (NH), 2236 (CN), 1736 (COO), 1671 (CON)

1H NMR (400 MHz, DMSO) δ 11.54 (d, J = 1.4 Hz, 1H), 8.53 (s, 1H), 7.82 (dd, J = 11.9, 5.5 Hz, 2H), 7.71 – 7.61 (m, 4H), 7.61-7.5 
(m, 4H), 7.42 (d, J = 8.6 Hz, 1H), 7.29 – 7.18 (m, 2H), 7.12 (dd, J = 8.6, 1.7 Hz, 1H), 4.14 (q, J = 7.0 Hz, 2H), 3.93 (qd, J = 17.2, 5.8 
Hz, 2H), 1.22 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) δ 170.1, 168.2, 160.4, 159.2, 139.6, 134.6, 134.0, 133.7, 130.5, 129.6(Cx2), 129.4, 129.2, 
129.0 (Cx2), 128.5, 124.5, 123.8, 122.0, 120.1, 118.3 (Cx2), 118.2, 115.8, 113.8, 107.8, 106.0, 61.0, 42.0, 14.6
RP-HPLC Alltima™ C18 5m 150 mm x4.6 mm, 10–100% B in 15 min, Rt min=14.07, 99.4%

LRMS  (ESI+)  m/z  538,  292  [M+2Na]2+,  60%.  HRMS for C30H23ClN4O4; calculated 539.1481, found 539.1481
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N-tert-Butyl-2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(5-methyl-1H-indol-3-yl)-acetamide (29)

Yield: 48% MP: 196-198 ºC

IR (max/cm-1) 3427 (NH), 2978 (CH), 2228 (CN), 1650 (CON)
1H NMR (400 MHz, DMSO) δ 11.13 (d, J = 4.9 Hz, 1H), 7.90 – 7.37 (m, 10H), 7.29-7.16 (m, 4H), 6.92 (d, J = 8.3 Hz, 1H), 4.03 – 
3.87 (m, 1H), 2.34 (s, 3H), 1.57 – 1.20 (m, 3H), 1.20 – 0.86 (m, 5H), 0.82-0.60 (m, 3H).
13C NMR (101 MHz, DMSO) δ 167.5, 166.9, 160.1, 160.1, 159.3, 140.1, 140.1, 134.6, 134.6, 134.5, 134.1, 133.3, 130.4, 129.4, 
129.2, 129.1, 128.2, 128.1, 127.5, 127.5, 126.8, 126.6, 23.5, 19.9, 118.48, 118.4, 118.3, 116.0, 111.9, 107.9, 107.9, 106.0, 105.9, 
54.5, 54.4, 52.9, 45.4, 45.2, 38.4, 38.2, 27.3, 26.9, 21.9, 21.1, 20.9, 19.6, 19.2, 14.4, 14.2, 11.2, 10.8.

RP-HPLC Alltima™ C18 5u 150 mm x4.6 mm, 10–100% B in 15 min, Rt min=14.59, 95.3%

LRMS  (ESI-) m/z  488,  243  [M-2H]2+, 90%.  HRMS for C31H28N4O2; calculated 489.2285, found 489.2283
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N-tert-Butyl-2-(3-cyano-2-oxo-4-phenyl-2H-quinolin-1-yl)-2-(1-methyl-1H-indole-3-yl)-acetamide (30)

MP:  232-234ºC

IR (νmax/cm-1):  3357 (NH), 2979 (CH), 2229 (CN), 1650 (CO).
1H NMR (400 MHz, DMSO) δ 7.89 (d, J = 8.8 Hz, 1H), 7.68 – 7.46 (m, 9H), 7.43 (d, J = 7.8 Hz, 2H), 7.22-7.13 (m, 3H), 7.06 (t, J = 
7.4 Hz, 1H), 3.79 (s, 3H), 1.32 (s, 9H).

13C NMR (101 MHz, DMSO):  136.8, 134.1, 133.3, 130.54, 130.4, 129.3 (Cx3), 129.2 (Cx2), 127.5, 123.5, 122.2, 120.0, 119.8, 
119.0, 118.6, 115.9, 110.5, 108.0, 105.9, 54.9, 51.6, 33.1, 28.8 (Cx3)

RP-HPLC Alltima™ C18 5u 150 mm x4.6 mm, 10–100% B in 15 min, Rt min= 7.03, 96.7%

LRMS (ESI+) m/z 488, 243 [M-2H]2+, 100%. HRMS (ES+) for C31H28N4O2; calculated 489.2285, found 489.2287
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