Synthesis and cytotoxicity of novel type of oxindoles dispiro derivatives with thiohydantoin and adamantane fragments
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Synthesis

3-(adamantan-1-ylmethyl)-2-thioxoimidazolidin-4-one (2)
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(Z)-3-(adamantan-1-ylmethyl)-5-(4-chlorobenzylidene)-2-thioxoimidazolidin-4-one (3a)
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(Z)-3-(adamantan-1-ylmethyl)-5-(3-chlorobenzylidene)-2-thioxoimidazolidin-4-one (3b)


[image: image5.emf]NH

N

S

O

Ad

+

O

NH

N

S

O

Ad

Cl

Cl



[image: image6.wmf]KM-450-03_001001r

12

11

10

9

8

7

6

5

4

3

2

Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Normalized Intensity


(Z)-3-(adamantan-1-ylmethyl)-5-(2-chlorobenzylidene)-2-thioxoimidazolidin-4-one (3c)
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(Z)-3-(1-(adamantan-1-ylmethyl)-5-oxo-2-thioxoimidazolidin-4-ylidene)indolin-2-one (5a)
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(Z)-3-(1-(adamantan-1-ylmethyl)-5-oxo-2-thioxoimidazolidin-4-ylidene)-5-chloroindolin-2-one (5b)
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(Z)-3-(1-(adamantan-1-ylmethyl)-5-oxo-2-thioxoimidazolidin-4-ylidene)-5-bromoindolin-2-one (5c) 
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1-(adamantan-1-ylmethyl)-4'-(2-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6a)
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5”-chloro-1-(adamantan-1-ylmethyl)-4'-(2-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6b)
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5”-bromo-1-(adamantan-1-ylmethyl)-4'-(2-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6c)
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1-(adamantan-1-ylmethyl)-4'-(3-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6d)
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5”-chloro-1-(adamantan-1-ylmethyl)-4'-(3-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6e)
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5”-bromo-1-(adamantan-1-ylmethyl)-4'-(3-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6f)
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.

1-(adamantan-1-ylmethyl)-4'-(3-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6g)
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5”-chloro-1-(adamantan-1-ylmethyl)-4'-(3-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6h)
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5”-bromo-1-(adamantan-1-ylmethyl)-4'-(3-chlorophenyl)-1'-methyl-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-2',3''-indoline]-2'',5-dione (6i)


[image: image39.emf]+

NH

N

S

O

Ad

N

H

O

O

Br

+

HNCOOH

HN

O

N

NH

N

S

O

Ad

Br

Cl

Cl

 

[image: image40.wmf]KM-470-01_001001r

11

10

9

8

7

6

5

4

3

2

1

Chemical Shift (ppm)

0

0.05

0.10

0.15

0.20

Normalized Intensity



[image: image41.wmf]KM-470-03-13C_002001r

180

170

160

150

140

130

120

110

100

90

80

70

60

50

40

30

Chemical Shift (ppm)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

Normalized Intensity

182.36

174.61

172.52

141.78

133.32

132.33

131.13

128.36

126.94

113.73

111.48

77.44

75.86

55.97

51.24

50.77

40.22

36.07

34.93

34.82

27.58


1'-methyl-1-(adamantan-1-ylmethyl)-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-4',3''-indoline]-2'',5-dione (7a)
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5”-chloro-1'-methyl-1-(adamantan-1-ylmethyl)-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-4',3''-indoline]-2'',5-dione (7b)
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5”-bromo-1'-methyl-1-(adamantan-1-ylmethyl)-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-4',3''-indoline]-2'',5-dione (7c)
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1'-isopropyl-1-(adamantan-1-ylmethyl)-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-4',3''-indoline]-2'',5-dione (7d)
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5”-chloro-1'-isopropyl-1-(adamantan-1-ylmethyl)-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-4',3''-indoline]-2'',5-dione (7e)
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5”-bromo-1'-isopropyl-1-(adamantan-1-ylmethyl)-2-thioxodispiro[imidazolidine-4,3'-pyrrolidine-4',3''-indoline]-2'',5-dione (7f)
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X-Ray

The data were collected by using STOE diffractometer Pilatus100K detector, focusing mirror collimation Cu Kα (1.54086Å) radiation, rotation method mode.  STOE X-AREA software was used for cells refinement and data reduction. Data collection and image processing was performed with X-Area 1.67 (STOE & Cie GmbH, Darmstadt, Germany, 2013).  Intensity data were scaled with LANA (part of X-Area) in order to minimize differences of intensities of symmetry-equivalent reflections (multi-scan method).

The structures were solved and refined with SHELX [1] program. The non-hydrogen atoms were refined by using the anisotropic full matrix least-square procedure. 

All hydrogen atoms were placed in the calculated positions and allowed to ride on their parent atoms [C-H 0.93-0.98; Uiso 1.2 Ueq(parent atom)].

Molecular geometry calculations were performed with the SHELX program, and the molecular graphics were prepared by using DIAMOND [2] software. 

[1] Sheldrick, G. M. Acta Crystallogr. 2008, A64, 112-122.

[2] Brandenburg, K. DIAMOND, Release 2.1d; Crystal Impact GbR: Bonn, Germany, 2000.

Compound 6j
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Figure 1S. The molecules arrangement in the unit cell of the crystal 6j
Table 1S.  Crystal data and structure refinement for 6j_sqd.

Identification code 
shelx

Empirical formula 
C31 H33 Cl N4 O2 S

Formula weight 
561.12

Temperature 
293(2) K

Wavelength 
1.54186 Å

Crystal system 
Monoclinic

Space group 
P 2/c

Unit cell dimensions
a = 15.5816(4) Å
= 90°.


b = 12.2997(5) Å
= 104.880(10)°.


c = 17.5480(6) Å
 = 90°.

Volume
3250.3(2) Å3
Z
4

Density (calculated)
1.147 Mg/m3
Absorption coefficient
1.885 mm-1
F(000)
1184

Crystal size
? x ? x ? mm3
Theta range for data collection
3.594 to 66.990°.

Index ranges
-18<=h<=16, -14<=k<=8, -16<=l<=20

Reflections collected
22448

Independent reflections
5724 [R(int) = 0.2689]

Completeness to theta = 66.990°
98.6 % 

Refinement method
Full-matrix least-squares on F2
Data / restraints / parameters
5724 / 0 / 354

Goodness-of-fit on F2
0.545

Final R indices [I>2sigma(I)]
R1 = 0.0703, wR2 = 0.1441

R indices (all data)
R1 = 0.2738, wR2 = 0.1964

Extinction coefficient
0.00135(11)

Largest diff. peak and hole
0.297 and -0.247 e.Å-3
Table 2S.   Bond lengths [Å] and angles [°] for shelx_sqd.

_____________________________________________________

S(1)-C(15) 
1.656(8)

Cl(1)-C(31) 
1.722(10)

O(1)-C(2) 
1.230(8)

O(2)-C(14) 
1.212(9)

N(1)-C(2) 
1.359(9)

N(1)-C(8) 
1.390(9)

N(1)-H(1) 
0.8600

N(2)-C(12) 
1.444(8)

N(2)-C(3) 
1.456(8)

N(2)-C(13) 
1.469(9)

N(3)-C(15) 
1.340(8)

N(3)-C(10) 
1.454(8)

N(3)-H(3) 
0.8600

N(4)-C(14) 
1.412(9)

N(4)-C(15) 
1.419(8)

N(4)-C(16) 
1.451(9)

C(2)-C(3) 
1.582(10)

C(3)-C(9) 
1.495(10)

C(3)-C(10) 
1.592(9)

C(4)-C(9) 
1.366(9)

C(4)-C(5) 
1.417(10)

C(4)-H(4) 
0.9300

C(5)-C(6) 
1.393(11)

C(5)-H(5) 
0.9300

C(6)-C(7) 
1.369(10)

C(6)-H(6) 
0.9300

C(7)-C(8) 
1.394(10)

C(7)-H(7) 
0.9300

C(8)-C(9) 
1.387(10)

C(10)-C(14) 
1.495(10)

C(10)-C(11) 
1.587(9)

C(11)-C(27) 
1.493(10)

C(11)-C(12) 
1.512(10)

C(11)-H(11) 
0.9800

C(12)-H(12A) 
0.9700

C(12)-H(12B) 
0.9700

C(13)-H(13A) 
0.9600

C(13)-H(13B) 
0.9600

C(13)-H(13C) 
0.9600

C(16)-C(17) 
1.544(10)

C(16)-H(16A) 
0.9700

C(16)-H(16B) 
0.9700

C(17)-C(19) 
1.480(10)

C(17)-C(20) 
1.493(9)

C(17)-C(18) 
1.501(10)

C(18)-C(25) 
1.536(12)

C(18)-H(18A) 
0.9700

C(18)-H(18B) 
0.9700

C(19)-C(23) 
1.556(13)

C(19)-H(19A) 
0.9700

C(19)-H(19B) 
0.9700

C(20)-C(21) 
1.531(12)

C(20)-H(20A) 
0.9700

C(20)-H(20B) 
0.9700

C(21)-C(22) 
1.472(15)

C(21)-C(26) 
1.511(14)

C(21)-H(21) 
0.9800

C(22)-C(23) 
1.541(15)

C(22)-H(22A) 
0.9700

C(22)-H(22B) 
0.9700

C(23)-C(24) 
1.476(13)

C(23)-H(23) 
0.9800

C(24)-C(25) 
1.502(13)

C(24)-H(24A) 
0.9700

C(24)-H(24B) 
0.9700

C(25)-C(26) 
1.481(13)

C(25)-H(25) 
0.9800

C(26)-H(26A) 
0.9700

C(26)-H(26B) 
0.9700

C(27)-C(32) 
1.348(10)

C(27)-C(28) 
1.361(11)

C(28)-C(29) 
1.464(17)

C(28)-H(28) 
0.9300

C(29)-C(30) 
1.326(18)

C(29)-H(29) 
0.9300

C(30)-C(31) 
1.330(14)

C(30)-H(30) 
0.9300

C(31)-C(32) 
1.484(11)

C(32)-H(32) 
0.9300

C(2)-N(1)-C(8)
111.2(7)

C(2)-N(1)-H(1)
124.4

C(8)-N(1)-H(1)
124.4

C(12)-N(2)-C(3)
108.0(6)

C(12)-N(2)-C(13)
116.1(6)

C(3)-N(2)-C(13)
113.2(6)

C(15)-N(3)-C(10)
113.4(6)

C(15)-N(3)-H(3)
123.3

C(10)-N(3)-H(3)
123.3

C(14)-N(4)-C(15)
109.8(7)

C(14)-N(4)-C(16)
123.4(7)

C(15)-N(4)-C(16)
126.0(7)

O(1)-C(2)-N(1)
129.6(8)

O(1)-C(2)-C(3)
122.3(8)

N(1)-C(2)-C(3)
108.0(7)

N(2)-C(3)-C(9)
114.8(6)

N(2)-C(3)-C(2)
114.2(6)

C(9)-C(3)-C(2)
100.1(7)

N(2)-C(3)-C(10)
102.9(6)

C(9)-C(3)-C(10)
115.9(6)

C(2)-C(3)-C(10)
109.3(6)

C(9)-C(4)-C(5)
119.1(8)

C(9)-C(4)-H(4)
120.4

C(5)-C(4)-H(4)
120.4

C(6)-C(5)-C(4)
119.6(8)

C(6)-C(5)-H(5)
120.2

C(4)-C(5)-H(5)
120.2

C(7)-C(6)-C(5)
122.6(9)

C(7)-C(6)-H(6)
118.7

C(5)-C(6)-H(6)
118.7

C(6)-C(7)-C(8)
115.5(9)

C(6)-C(7)-H(7)
122.3

C(8)-C(7)-H(7)
122.3

C(9)-C(8)-N(1)
110.1(8)

C(9)-C(8)-C(7)
124.5(8)

N(1)-C(8)-C(7)
125.4(9)

C(4)-C(9)-C(8)
118.6(8)

C(4)-C(9)-C(3)
130.8(9)

C(8)-C(9)-C(3)
110.3(8)

N(3)-C(10)-C(14)
102.2(6)

N(3)-C(10)-C(11)
113.9(6)

C(14)-C(10)-C(11)
109.5(6)

N(3)-C(10)-C(3)
113.1(6)

C(14)-C(10)-C(3)
115.4(6)

C(11)-C(10)-C(3)
103.2(6)

C(27)-C(11)-C(12)
118.8(7)

C(27)-C(11)-C(10)
116.8(6)

C(12)-C(11)-C(10)
103.8(6)

C(27)-C(11)-H(11)
105.4

C(12)-C(11)-H(11)
105.4

C(10)-C(11)-H(11)
105.4

N(2)-C(12)-C(11)
102.3(7)

N(2)-C(12)-H(12A)
111.3

C(11)-C(12)-H(12A)
111.3

N(2)-C(12)-H(12B)
111.3

C(11)-C(12)-H(12B)
111.3

H(12A)-C(12)-H(12B)
109.2

N(2)-C(13)-H(13A)
109.5

N(2)-C(13)-H(13B)
109.5

H(13A)-C(13)-H(13B)
109.5

N(2)-C(13)-H(13C)
109.5

H(13A)-C(13)-H(13C)
109.5

H(13B)-C(13)-H(13C)
109.5

O(2)-C(14)-N(4)
123.5(8)

O(2)-C(14)-C(10)
129.4(8)

N(4)-C(14)-C(10)
107.0(8)

N(3)-C(15)-N(4)
107.1(6)

N(3)-C(15)-S(1)
129.0(6)

N(4)-C(15)-S(1)
123.8(7)

N(4)-C(16)-C(17)
117.5(6)

N(4)-C(16)-H(16A)
107.9

C(17)-C(16)-H(16A)
107.9

N(4)-C(16)-H(16B)
107.9

C(17)-C(16)-H(16B)
107.9

H(16A)-C(16)-H(16B)
107.2

C(19)-C(17)-C(20)
110.3(8)

C(19)-C(17)-C(18)
109.3(8)

C(20)-C(17)-C(18)
107.7(7)

C(19)-C(17)-C(16)
111.6(7)

C(20)-C(17)-C(16)
110.9(7)

C(18)-C(17)-C(16)
106.9(7)

C(17)-C(18)-C(25)
109.9(8)

C(17)-C(18)-H(18A)
109.7

C(25)-C(18)-H(18A)
109.7

C(17)-C(18)-H(18B)
109.7

C(25)-C(18)-H(18B)
109.7

H(18A)-C(18)-H(18B)
108.2

C(17)-C(19)-C(23)
111.0(8)

C(17)-C(19)-H(19A)
109.4

C(23)-C(19)-H(19A)
109.4

C(17)-C(19)-H(19B)
109.4

C(23)-C(19)-H(19B)
109.4

H(19A)-C(19)-H(19B)
108.0

C(17)-C(20)-C(21)
109.6(8)

C(17)-C(20)-H(20A)
109.7

C(21)-C(20)-H(20A)
109.7

C(17)-C(20)-H(20B)
109.7

C(21)-C(20)-H(20B)
109.7

H(20A)-C(20)-H(20B)
108.2

C(22)-C(21)-C(26)
110.3(10)

C(22)-C(21)-C(20)
111.4(11)

C(26)-C(21)-C(20)
108.4(11)

C(22)-C(21)-H(21)
108.9

C(26)-C(21)-H(21)
108.9

C(20)-C(21)-H(21)
108.9

C(21)-C(22)-C(23)
109.7(9)

C(21)-C(22)-H(22A)
109.7

C(23)-C(22)-H(22A)
109.7

C(21)-C(22)-H(22B)
109.7

C(23)-C(22)-H(22B)
109.7

H(22A)-C(22)-H(22B)
108.2

C(24)-C(23)-C(22)
109.4(10)

C(24)-C(23)-C(19)
110.0(9)

C(22)-C(23)-C(19)
105.1(10)

C(24)-C(23)-H(23)
110.7

C(22)-C(23)-H(23)
110.7

C(19)-C(23)-H(23)
110.7

C(23)-C(24)-C(25)
111.0(9)

C(23)-C(24)-H(24A)
109.4

C(25)-C(24)-H(24A)
109.4

C(23)-C(24)-H(24B)
109.4

C(25)-C(24)-H(24B)
109.4

H(24A)-C(24)-H(24B)
108.0

C(26)-C(25)-C(24)
109.4(10)

C(26)-C(25)-C(18)
111.9(10)

C(24)-C(25)-C(18)
107.4(9)

C(26)-C(25)-H(25)
109.4

C(24)-C(25)-H(25)
109.4

C(18)-C(25)-H(25)
109.4

C(25)-C(26)-C(21)
108.4(8)

C(25)-C(26)-H(26A)
110.0

C(21)-C(26)-H(26A)
110.0

C(25)-C(26)-H(26B)
110.0

C(21)-C(26)-H(26B)
110.0

H(26A)-C(26)-H(26B)
108.4

C(32)-C(27)-C(28)
119.1(9)

C(32)-C(27)-C(11)
121.8(8)

C(28)-C(27)-C(11)
119.2(9)

C(27)-C(28)-C(29)
123.4(12)

C(27)-C(28)-H(28)
118.3

C(29)-C(28)-H(28)
118.3

C(30)-C(29)-C(28)
113.7(15)

C(30)-C(29)-H(29)
123.1

C(28)-C(29)-H(29)
123.1

C(29)-C(30)-C(31)
127.5(17)

C(29)-C(30)-H(30)
116.2

C(31)-C(30)-H(30)
116.2

C(30)-C(31)-C(32)
116.9(11)

C(30)-C(31)-Cl(1)
129.3(13)

C(32)-C(31)-Cl(1)
113.8(10)

C(27)-C(32)-C(31)
119.4(9)

C(27)-C(32)-H(32)
120.3

C(31)-C(32)-H(32)
120.3

_____________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

Table 3S.  Torsion angles [°] for shelx_sqd.

________________________________________________________________

C(8)-N(1)-C(2)-O(1)
174.6(7)

C(8)-N(1)-C(2)-C(3)
-5.0(7)

C(12)-N(2)-C(3)-C(9)
-162.9(7)

C(13)-N(2)-C(3)-C(9)
67.1(8)

C(12)-N(2)-C(3)-C(2)
82.3(8)

C(13)-N(2)-C(3)-C(2)
-47.7(8)

C(12)-N(2)-C(3)-C(10)
-36.0(7)

C(13)-N(2)-C(3)-C(10)
-166.0(6)

O(1)-C(2)-C(3)-N(2)
-51.8(9)

N(1)-C(2)-C(3)-N(2)
127.8(6)

O(1)-C(2)-C(3)-C(9)
-175.0(6)

N(1)-C(2)-C(3)-C(9)
4.6(7)

O(1)-C(2)-C(3)-C(10)
62.8(9)

N(1)-C(2)-C(3)-C(10)
-117.6(6)

C(9)-C(4)-C(5)-C(6)
-0.6(11)

C(4)-C(5)-C(6)-C(7)
2.4(12)

C(5)-C(6)-C(7)-C(8)
-0.6(11)

C(2)-N(1)-C(8)-C(9)
3.3(8)

C(2)-N(1)-C(8)-C(7)
-175.7(7)

C(6)-C(7)-C(8)-C(9)
-3.3(11)

C(6)-C(7)-C(8)-N(1)
175.6(7)

C(5)-C(4)-C(9)-C(8)
-3.0(10)

C(5)-C(4)-C(9)-C(3)
-175.4(7)

N(1)-C(8)-C(9)-C(4)
-173.9(6)

C(7)-C(8)-C(9)-C(4)
5.1(11)

N(1)-C(8)-C(9)-C(3)
0.0(8)

C(7)-C(8)-C(9)-C(3)
179.0(7)

N(2)-C(3)-C(9)-C(4)
47.4(10)

C(2)-C(3)-C(9)-C(4)
170.2(7)

C(10)-C(3)-C(9)-C(4)
-72.5(10)

N(2)-C(3)-C(9)-C(8)
-125.5(7)

C(2)-C(3)-C(9)-C(8)
-2.7(7)

C(10)-C(3)-C(9)-C(8)
114.6(7)

C(15)-N(3)-C(10)-C(14)
-4.8(7)

C(15)-N(3)-C(10)-C(11)
-122.7(6)

C(15)-N(3)-C(10)-C(3)
119.9(7)

N(2)-C(3)-C(10)-N(3)
134.8(6)

C(9)-C(3)-C(10)-N(3)
-99.1(8)

C(2)-C(3)-C(10)-N(3)
13.1(9)

N(2)-C(3)-C(10)-C(14)
-108.1(7)

C(9)-C(3)-C(10)-C(14)
18.0(10)

C(2)-C(3)-C(10)-C(14)
130.2(8)

N(2)-C(3)-C(10)-C(11)
11.2(7)

C(9)-C(3)-C(10)-C(11)
137.4(7)

C(2)-C(3)-C(10)-C(11)
-110.5(7)

N(3)-C(10)-C(11)-C(27)
24.9(9)

C(14)-C(10)-C(11)-C(27)
-88.7(8)

C(3)-C(10)-C(11)-C(27)
148.0(7)

N(3)-C(10)-C(11)-C(12)
-107.9(7)

C(14)-C(10)-C(11)-C(12)
138.4(7)

C(3)-C(10)-C(11)-C(12)
15.1(8)

C(3)-N(2)-C(12)-C(11)
46.8(7)

C(13)-N(2)-C(12)-C(11)
175.2(6)

C(27)-C(11)-C(12)-N(2)
-168.1(7)

C(10)-C(11)-C(12)-N(2)
-36.4(7)

C(15)-N(4)-C(14)-O(2)
171.2(7)

C(16)-N(4)-C(14)-O(2)
0.2(10)

C(15)-N(4)-C(14)-C(10)
-6.4(7)

C(16)-N(4)-C(14)-C(10)
-177.4(6)

N(3)-C(10)-C(14)-O(2)
-170.9(7)

C(11)-C(10)-C(14)-O(2)
-49.8(10)

C(3)-C(10)-C(14)-O(2)
66.0(10)

N(3)-C(10)-C(14)-N(4)
6.5(7)

C(11)-C(10)-C(14)-N(4)
127.6(6)

C(3)-C(10)-C(14)-N(4)
-116.6(7)

C(10)-N(3)-C(15)-N(4)
1.1(7)

C(10)-N(3)-C(15)-S(1)
177.7(5)

C(14)-N(4)-C(15)-N(3)
3.4(7)

C(16)-N(4)-C(15)-N(3)
174.1(6)

C(14)-N(4)-C(15)-S(1)
-173.4(5)

C(16)-N(4)-C(15)-S(1)
-2.7(10)

C(14)-N(4)-C(16)-C(17)
-90.8(8)

C(15)-N(4)-C(16)-C(17)
99.7(8)

N(4)-C(16)-C(17)-C(19)
-62.2(9)

N(4)-C(16)-C(17)-C(20)
61.2(9)

N(4)-C(16)-C(17)-C(18)
178.4(7)

C(19)-C(17)-C(18)-C(25)
61.3(10)

C(20)-C(17)-C(18)-C(25)
-58.6(11)

C(16)-C(17)-C(18)-C(25)
-177.8(8)

C(20)-C(17)-C(19)-C(23)
61.1(11)

C(18)-C(17)-C(19)-C(23)
-57.1(11)

C(16)-C(17)-C(19)-C(23)
-175.1(8)

C(19)-C(17)-C(20)-C(21)
-56.3(12)

C(18)-C(17)-C(20)-C(21)
62.9(11)

C(16)-C(17)-C(20)-C(21)
179.6(10)

C(17)-C(20)-C(21)-C(22)
57.2(14)

C(17)-C(20)-C(21)-C(26)
-64.2(13)

C(26)-C(21)-C(22)-C(23)
59.2(13)

C(20)-C(21)-C(22)-C(23)
-61.2(13)

C(21)-C(22)-C(23)-C(24)
-56.7(14)

C(21)-C(22)-C(23)-C(19)
61.4(12)

C(17)-C(19)-C(23)-C(24)
55.8(13)

C(17)-C(19)-C(23)-C(22)
-61.9(12)

C(22)-C(23)-C(24)-C(25)
57.1(13)

C(19)-C(23)-C(24)-C(25)
-57.9(13)

C(23)-C(24)-C(25)-C(26)
-60.6(12)

C(23)-C(24)-C(25)-C(18)
61.1(12)

C(17)-C(18)-C(25)-C(26)
57.9(13)

C(17)-C(18)-C(25)-C(24)
-62.2(11)

C(24)-C(25)-C(26)-C(21)
61.0(13)

C(18)-C(25)-C(26)-C(21)
-57.9(13)

C(22)-C(21)-C(26)-C(25)
-61.9(13)

C(20)-C(21)-C(26)-C(25)
60.2(14)

C(12)-C(11)-C(27)-C(32)
-132.4(8)

C(10)-C(11)-C(27)-C(32)
101.9(8)

C(12)-C(11)-C(27)-C(28)
48.1(11)

C(10)-C(11)-C(27)-C(28)
-77.5(10)

C(32)-C(27)-C(28)-C(29)
-0.8(15)

C(11)-C(27)-C(28)-C(29)
178.7(10)

C(27)-C(28)-C(29)-C(30)
1(2)

C(28)-C(29)-C(30)-C(31)
-1(2)

C(29)-C(30)-C(31)-C(32)
0(2)

C(29)-C(30)-C(31)-Cl(1)
-178.7(12)

C(28)-C(27)-C(32)-C(31)
-0.3(11)

C(11)-C(27)-C(32)-C(31)
-179.7(6)

C(30)-C(31)-C(32)-C(27)
0.6(12)

Cl(1)-C(31)-C(32)-C(27)
179.6(6)

________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

Table 4S.  Hydrogen bonds for shelx_sqd [Å and °].

____________________________________________________________________________

D-H...A
d(D-H)
d(H...A)
d(D...A)
<(DHA)

____________________________________________________________________________

 N(1)-H(1)...S(1)#1
0.86
2.67
3.464(7)
153.2

 N(3)-H(3)...O(1)
0.86
2.44
2.909(7)
114.7

 N(3)-H(3)...O(1)#1
0.86
2.04
2.885(8)
169.3

 C(12)-H(12A)...O(1)
0.97
2.55
3.129(10)
118.2

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 -x,y,-z+1/2 

Compound 7b
[image: image61.png]



Figure 2S. The molecules arrangement in the unit cell of the crystal 7b
Table 5S.  Crystal data and structure refinement for 7b.

Identification code 
km445

Empirical formula 
C25 H29 Cl N4 O2 S

Formula weight 
485.03

Temperature 
293(2) K

Wavelength 
1.54186 Å

Crystal system 
Monoclinic

Space group 
P 21/c

Unit cell dimensions
a = 18.3417(4) Å
= 90°.


b = 8.3449(3) Å
= 104.763(3)°.


c = 16.5527(6) Å
 = 90°.

Volume
2449.91(14) Å3
Z
4

Density (calculated)
1.315 Mg/m3
Absorption coefficient
2.413 mm-1
F(000)
1024

Crystal size
? x ? x ? mm3
Theta range for data collection
4.987 to 66.977°.

Index ranges
-21<=h<=20, -9<=k<=7, -10<=l<=19

Reflections collected
16677

Independent reflections
4303 [R(int) = 0.1719]

Completeness to theta = 66.977°
98.9 % 

Refinement method
Full-matrix least-squares on F2
Data / restraints / parameters
4303 / 0 / 300

Goodness-of-fit on F2
0.676

Final R indices [I>2sigma(I)]
R1 = 0.0484, wR2 = 0.0733

R indices (all data)
R1 = 0.1829, wR2 = 0.0974

Extinction coefficient
0.00029(4)

Largest diff. peak and hole
0.236 and -0.242 e.Å-3
Table 6S.   Bond lengths [Å] and angles [°] for shelx.

_____________________________________________________

S(1)-C(15) 
1.644(4)

Cl(1)-C(5) 
1.724(5)

O(1)-C(2) 
1.209(4)

O(2)-C(14) 
1.212(5)

N(1)-C(2) 
1.359(5)

N(1)-C(8) 
1.380(5)

N(1)-H(1) 
0.8600

N(2)-C(12) 
1.457(5)

N(2)-C(11) 
1.459(5)

N(2)-C(13) 
1.461(5)

N(3)-C(15) 
1.357(5)

N(3)-C(10) 
1.452(5)

N(3)-H(3) 
0.8600

N(4)-C(15) 
1.378(5)

N(4)-C(14) 
1.389(5)

N(4)-C(16) 
1.481(5)

C(2)-C(3) 
1.538(6)

C(3)-C(9) 
1.500(5)

C(3)-C(12) 
1.531(5)

C(3)-C(10) 
1.553(5)

C(4)-C(9) 
1.371(5)

C(4)-C(5) 
1.382(6)

C(4)-H(4) 
0.9300

C(5)-C(6) 
1.389(6)

C(6)-C(7) 
1.375(6)

C(6)-H(6) 
0.9300

C(7)-C(8) 
1.387(6)

C(7)-H(7) 
0.9300

C(8)-C(9) 
1.399(5)

C(10)-C(14) 
1.509(6)

C(10)-C(11) 
1.548(5)

C(11)-H(11A) 
0.9700

C(11)-H(11B) 
0.9700

C(12)-H(12A) 
0.9700

C(12)-H(12B) 
0.9700

C(13)-H(13A) 
0.9600

C(13)-H(13B) 
0.9600

C(13)-H(13C) 
0.9600

C(16)-C(17) 
1.520(6)

C(16)-H(16A) 
0.9700

C(16)-H(16B) 
0.9700

C(17)-C(19) 
1.511(6)

C(17)-C(18) 
1.520(6)

C(17)-C(20) 
1.551(6)

C(18)-C(25) 
1.531(6)

C(18)-H(18A) 
0.9700

C(18)-H(18B) 
0.9700

C(19)-C(23) 
1.563(7)

C(19)-H(19A) 
0.9700

C(19)-H(19B) 
0.9700

C(20)-C(21) 
1.528(8)

C(20)-H(20A) 
0.9700

C(20)-H(20B) 
0.9700

C(21)-C(22) 
1.490(9)

C(21)-C(26) 
1.513(8)

C(21)-H(21) 
0.9800

C(22)-C(23) 
1.553(9)

C(22)-H(22A) 
0.9700

C(22)-H(22B) 
0.9700

C(23)-C(24) 
1.511(8)

C(23)-H(23) 
0.9800

C(24)-C(25) 
1.488(7)

C(24)-H(24A) 
0.9700

C(24)-H(24B) 
0.9700

C(25)-C(26) 
1.523(7)

C(25)-H(25) 
0.9800

C(26)-H(26A) 
0.9700

C(26)-H(26B) 
0.9700

C(2)-N(1)-C(8)
112.4(4)

C(2)-N(1)-H(1)
123.8

C(8)-N(1)-H(1)
123.8

C(12)-N(2)-C(11)
107.9(3)

C(12)-N(2)-C(13)
113.2(4)

C(11)-N(2)-C(13)
114.6(4)

C(15)-N(3)-C(10)
113.3(3)

C(15)-N(3)-H(3)
123.3

C(10)-N(3)-H(3)
123.3

C(15)-N(4)-C(14)
111.5(4)

C(15)-N(4)-C(16)
124.2(4)

C(14)-N(4)-C(16)
123.1(4)

O(1)-C(2)-N(1)
125.8(4)

O(1)-C(2)-C(3)
127.3(4)

N(1)-C(2)-C(3)
106.9(4)

C(9)-C(3)-C(12)
114.0(3)

C(9)-C(3)-C(2)
103.0(3)

C(12)-C(3)-C(2)
110.8(3)

C(9)-C(3)-C(10)
120.2(3)

C(12)-C(3)-C(10)
101.2(3)

C(2)-C(3)-C(10)
107.5(3)

C(9)-C(4)-C(5)
119.0(4)

C(9)-C(4)-H(4)
120.5

C(5)-C(4)-H(4)
120.5

C(4)-C(5)-C(6)
120.6(4)

C(4)-C(5)-Cl(1)
120.2(4)

C(6)-C(5)-Cl(1)
119.1(4)

C(7)-C(6)-C(5)
120.9(4)

C(7)-C(6)-H(6)
119.6

C(5)-C(6)-H(6)
119.6

C(6)-C(7)-C(8)
118.5(4)

C(6)-C(7)-H(7)
120.8

C(8)-C(7)-H(7)
120.8

N(1)-C(8)-C(7)
129.4(4)

N(1)-C(8)-C(9)
110.0(4)

C(7)-C(8)-C(9)
120.6(4)

C(4)-C(9)-C(8)
120.4(4)

C(4)-C(9)-C(3)
131.6(4)

C(8)-C(9)-C(3)
107.6(4)

N(3)-C(10)-C(14)
100.8(4)

N(3)-C(10)-C(11)
113.2(3)

C(14)-C(10)-C(11)
110.0(4)

N(3)-C(10)-C(3)
115.7(3)

C(14)-C(10)-C(3)
114.4(3)

C(11)-C(10)-C(3)
103.0(3)

N(2)-C(11)-C(10)
107.3(4)

N(2)-C(11)-H(11A)
110.3

C(10)-C(11)-H(11A)
110.3

N(2)-C(11)-H(11B)
110.3

C(10)-C(11)-H(11B)
110.3

H(11A)-C(11)-H(11B)
108.5

N(2)-C(12)-C(3)
104.4(3)

N(2)-C(12)-H(12A)
110.9

C(3)-C(12)-H(12A)
110.9

N(2)-C(12)-H(12B)
110.9

C(3)-C(12)-H(12B)
110.9

H(12A)-C(12)-H(12B)
108.9

N(2)-C(13)-H(13A)
109.5

N(2)-C(13)-H(13B)
109.5

H(13A)-C(13)-H(13B)
109.5

N(2)-C(13)-H(13C)
109.5

H(13A)-C(13)-H(13C)
109.5

H(13B)-C(13)-H(13C)
109.5

O(2)-C(14)-N(4)
125.8(4)

O(2)-C(14)-C(10)
127.1(4)

N(4)-C(14)-C(10)
107.1(4)

N(3)-C(15)-N(4)
106.5(3)

N(3)-C(15)-S(1)
126.1(3)

N(4)-C(15)-S(1)
127.4(4)

N(4)-C(16)-C(17)
116.0(4)

N(4)-C(16)-H(16A)
108.3

C(17)-C(16)-H(16A)
108.3

N(4)-C(16)-H(16B)
108.3

C(17)-C(16)-H(16B)
108.3

H(16A)-C(16)-H(16B)
107.4

C(19)-C(17)-C(16)
112.7(3)

C(19)-C(17)-C(18)
109.9(4)

C(16)-C(17)-C(18)
111.8(4)

C(19)-C(17)-C(20)
108.3(4)

C(16)-C(17)-C(20)
107.2(4)

C(18)-C(17)-C(20)
106.7(4)

C(17)-C(18)-C(25)
110.9(4)

C(17)-C(18)-H(18A)
109.5

C(25)-C(18)-H(18A)
109.5

C(17)-C(18)-H(18B)
109.5

C(25)-C(18)-H(18B)
109.5

H(18A)-C(18)-H(18B)
108.0

C(17)-C(19)-C(23)
110.1(4)

C(17)-C(19)-H(19A)
109.6

C(23)-C(19)-H(19A)
109.6

C(17)-C(19)-H(19B)
109.6

C(23)-C(19)-H(19B)
109.6

H(19A)-C(19)-H(19B)
108.1

C(21)-C(20)-C(17)
109.7(5)

C(21)-C(20)-H(20A)
109.7

C(17)-C(20)-H(20A)
109.7

C(21)-C(20)-H(20B)
109.7

C(17)-C(20)-H(20B)
109.7

H(20A)-C(20)-H(20B)
108.2

C(22)-C(21)-C(26)
111.0(6)

C(22)-C(21)-C(20)
111.2(5)

C(26)-C(21)-C(20)
109.5(6)

C(22)-C(21)-H(21)
108.3

C(26)-C(21)-H(21)
108.3

C(20)-C(21)-H(21)
108.3

C(21)-C(22)-C(23)
108.5(5)

C(21)-C(22)-H(22A)
110.0

C(23)-C(22)-H(22A)
110.0

C(21)-C(22)-H(22B)
110.0

C(23)-C(22)-H(22B)
110.0

H(22A)-C(22)-H(22B)
108.4

C(24)-C(23)-C(22)
109.4(5)

C(24)-C(23)-C(19)
110.5(5)

C(22)-C(23)-C(19)
107.1(6)

C(24)-C(23)-H(23)
109.9

C(22)-C(23)-H(23)
109.9

C(19)-C(23)-H(23)
109.9

C(25)-C(24)-C(23)
110.0(5)

C(25)-C(24)-H(24A)
109.7

C(23)-C(24)-H(24A)
109.7

C(25)-C(24)-H(24B)
109.7

C(23)-C(24)-H(24B)
109.7

H(24A)-C(24)-H(24B)
108.2

C(24)-C(25)-C(26)
110.2(5)

C(24)-C(25)-C(18)
109.5(5)

C(26)-C(25)-C(18)
110.0(5)

C(24)-C(25)-H(25)
109.1

C(26)-C(25)-H(25)
109.1

C(18)-C(25)-H(25)
109.1

C(21)-C(26)-C(25)
107.8(4)

C(21)-C(26)-H(26A)
110.2

C(25)-C(26)-H(26A)
110.2

C(21)-C(26)-H(26B)
110.2

C(25)-C(26)-H(26B)
110.2

H(26A)-C(26)-H(26B)
108.5

_____________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

Table 7S.  Torsion angles [°] for shelx.

________________________________________________________________

C(8)-N(1)-C(2)-O(1)
176.4(4)

C(8)-N(1)-C(2)-C(3)
-1.4(4)

O(1)-C(2)-C(3)-C(9)
-175.9(4)

N(1)-C(2)-C(3)-C(9)
1.9(4)

O(1)-C(2)-C(3)-C(12)
61.9(5)

N(1)-C(2)-C(3)-C(12)
-120.4(4)

O(1)-C(2)-C(3)-C(10)
-47.9(5)

N(1)-C(2)-C(3)-C(10)
129.8(3)

C(9)-C(4)-C(5)-C(6)
-1.4(7)

C(9)-C(4)-C(5)-Cl(1)
-178.2(3)

C(4)-C(5)-C(6)-C(7)
-0.1(7)

Cl(1)-C(5)-C(6)-C(7)
176.7(4)

C(5)-C(6)-C(7)-C(8)
-0.6(7)

C(2)-N(1)-C(8)-C(7)
179.1(4)

C(2)-N(1)-C(8)-C(9)
0.3(5)

C(6)-C(7)-C(8)-N(1)
-176.0(4)

C(6)-C(7)-C(8)-C(9)
2.7(7)

C(5)-C(4)-C(9)-C(8)
3.5(6)

C(5)-C(4)-C(9)-C(3)
175.4(4)

N(1)-C(8)-C(9)-C(4)
174.7(4)

C(7)-C(8)-C(9)-C(4)
-4.3(6)

N(1)-C(8)-C(9)-C(3)
1.0(5)

C(7)-C(8)-C(9)-C(3)
-177.9(4)

C(12)-C(3)-C(9)-C(4)
-54.3(6)

C(2)-C(3)-C(9)-C(4)
-174.4(4)

C(10)-C(3)-C(9)-C(4)
66.1(6)

C(12)-C(3)-C(9)-C(8)
118.4(4)

C(2)-C(3)-C(9)-C(8)
-1.7(4)

C(10)-C(3)-C(9)-C(8)
-121.2(4)

C(15)-N(3)-C(10)-C(14)
-4.6(4)

C(15)-N(3)-C(10)-C(11)
112.8(4)

C(15)-N(3)-C(10)-C(3)
-128.6(4)

C(9)-C(3)-C(10)-N(3)
76.7(5)

C(12)-C(3)-C(10)-N(3)
-156.8(3)

C(2)-C(3)-C(10)-N(3)
-40.5(4)

C(9)-C(3)-C(10)-C(14)
-39.9(5)

C(12)-C(3)-C(10)-C(14)
86.6(4)

C(2)-C(3)-C(10)-C(14)
-157.1(3)

C(9)-C(3)-C(10)-C(11)
-159.3(4)

C(12)-C(3)-C(10)-C(11)
-32.8(4)

C(2)-C(3)-C(10)-C(11)
83.5(4)

C(12)-N(2)-C(11)-C(10)
11.2(5)

C(13)-N(2)-C(11)-C(10)
138.3(4)

N(3)-C(10)-C(11)-N(2)
140.1(4)

C(14)-C(10)-C(11)-N(2)
-108.0(4)

C(3)-C(10)-C(11)-N(2)
14.4(4)

C(11)-N(2)-C(12)-C(3)
-32.9(4)

C(13)-N(2)-C(12)-C(3)
-160.8(4)

C(9)-C(3)-C(12)-N(2)
171.2(3)

C(2)-C(3)-C(12)-N(2)
-73.2(4)

C(10)-C(3)-C(12)-N(2)
40.6(4)

C(15)-N(4)-C(14)-O(2)
-173.9(4)

C(16)-N(4)-C(14)-O(2)
-5.8(6)

C(15)-N(4)-C(14)-C(10)
6.2(4)

C(16)-N(4)-C(14)-C(10)
174.2(4)

N(3)-C(10)-C(14)-O(2)
179.1(4)

C(11)-C(10)-C(14)-O(2)
59.3(6)

C(3)-C(10)-C(14)-O(2)
-56.0(5)

N(3)-C(10)-C(14)-N(4)
-1.0(4)

C(11)-C(10)-C(14)-N(4)
-120.7(4)

C(3)-C(10)-C(14)-N(4)
123.9(3)

C(10)-N(3)-C(15)-N(4)
8.4(4)

C(10)-N(3)-C(15)-S(1)
-171.1(3)

C(14)-N(4)-C(15)-N(3)
-9.0(4)

C(16)-N(4)-C(15)-N(3)
-176.9(4)

C(14)-N(4)-C(15)-S(1)
170.6(3)

C(16)-N(4)-C(15)-S(1)
2.6(6)

C(15)-N(4)-C(16)-C(17)
-101.5(5)

C(14)-N(4)-C(16)-C(17)
91.9(4)

N(4)-C(16)-C(17)-C(19)
53.7(5)

N(4)-C(16)-C(17)-C(18)
-70.6(5)

N(4)-C(16)-C(17)-C(20)
172.8(4)

C(19)-C(17)-C(18)-C(25)
58.0(5)

C(16)-C(17)-C(18)-C(25)
-176.0(4)

C(20)-C(17)-C(18)-C(25)
-59.2(6)

C(16)-C(17)-C(19)-C(23)
179.0(5)

C(18)-C(17)-C(19)-C(23)
-55.5(6)

C(20)-C(17)-C(19)-C(23)
60.7(6)

C(19)-C(17)-C(20)-C(21)
-58.0(6)

C(16)-C(17)-C(20)-C(21)
-179.8(5)

C(18)-C(17)-C(20)-C(21)
60.3(6)

C(17)-C(20)-C(21)-C(22)
59.8(7)

C(17)-C(20)-C(21)-C(26)
-63.2(7)

C(26)-C(21)-C(22)-C(23)
60.4(6)

C(20)-C(21)-C(22)-C(23)
-61.8(7)

C(21)-C(22)-C(23)-C(24)
-58.2(7)

C(21)-C(22)-C(23)-C(19)
61.6(7)

C(17)-C(19)-C(23)-C(24)
56.5(7)

C(17)-C(19)-C(23)-C(22)
-62.6(6)

C(22)-C(23)-C(24)-C(25)
58.8(6)

C(19)-C(23)-C(24)-C(25)
-58.9(7)

C(23)-C(24)-C(25)-C(26)
-60.7(6)

C(23)-C(24)-C(25)-C(18)
60.3(6)

C(17)-C(18)-C(25)-C(24)
-60.3(6)

C(17)-C(18)-C(25)-C(26)
60.9(6)

C(22)-C(21)-C(26)-C(25)
-61.4(7)

C(20)-C(21)-C(26)-C(25)
61.8(7)

C(24)-C(25)-C(26)-C(21)
60.6(7)

C(18)-C(25)-C(26)-C(21)
-60.2(7)

________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

Table 8S.  Hydrogen bonds for shelx [Å and °].

____________________________________________________________________________

D-H...A
d(D-H)
d(H...A)
d(D...A)
<(DHA)

____________________________________________________________________________

 N(1)-H(1)...O(1)#1
0.86
2.43
3.019(4)
126.0

 N(1)-H(1)...N(2)#1
0.86
2.16
2.951(5)
152.8

 N(3)-H(3)...S(1)#2
0.86
2.65
3.487(4)
165.9

 N(3)-H(3)...O(1)
0.86
2.62
3.064(5)
113.2

 C(4)-H(4)...O(2)
0.93
2.58
3.240(5)
128.2

 C(7)-H(7)...O(1)#1
0.93
2.64
3.240(5)
122.9

 C(12)-H(12A)...S(1)#3
0.97
2.96
3.907(4)
166.3

 C(13)-H(13A)...O(1)#4
0.96
2.58
3.348(6)
136.7

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 -x+1,y-1/2,-z+3/2    #2 -x+1,-y+1,-z+1    #3 x,-y+3/2,z+1/2 

#4 -x+1,y+1/2,-z+3/2 

Biology

MTT test. The MTT assay was carried out according to [J. Immunol. Methods 131:165-172] with few modifications. 3000 Cells (for HEK293T, A549 and MCF7 cell lines) or 4000 cells (for VA13 cell line) were seeded in each well of a 96-well plate. After 20 h incubation, the tested compounds diluted in culture medium was added to the cells and incubated 72 h at 37ºC under CO2 (5%) atmosphere. Assays were performed in triplicates. The MTT (3-[4,5-dimethylthiazol2-yl]-2,5-diphenyl-tetrazolium bromide) reagent was then added to the cells up to final concentration of 0.5 g/l (10X stock solution in PBS was used) and incubated for 2 h at 37ºC (5% CO2). The MTT solution was then discarded and 140 µl of DMSO was added. The plates were swayed on a shaker (60 rpm) to solubilize the formazan. The absorbance was measured using a microplate reader at a wavelength of 565 nm. The analysis of cytotoxicity and the estimation of IC50 values were carried out with the built-in functions in the GraphPad Prism program (GraphPad Software, Inc., San Diego, CA). 
P53 activation. The β-Galactosidase reporter construction equipped with the p53 promotor frame [Proc Natl Acad Sci U S A. 2008 Apr 29;105(17):6302-6307] was used to assess the p53 expression level in p53wt A549 cell line. The compounds were tested in the concentration range of 0.56-100 ϻM with triple dilution steps. The incubation time was 24 h. To take into account the toxic effect of the molecules, the output signal was normalized considering the number of the cells estimated by MTT test with the same incubation tome (24 h). The output was considered as statistically significant if the background signal was exceeded two or more times.
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