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Prostate Cancer and the Androgen
Receptor

* |In prostate cancer AR has a higher nuclear
concentration in the presence of androgens.
* Common treatments are through androgen

deprivation therapy:
* Surgery
* Radiation
* Chemical

* Androgen independence/hypersensitivity mutations
are the result of a low androgen environment.

* Eventually all patients progress to the lethal
castration resistant stage (CRPC).

 CRPCisresponsible for all prostate cancer deaths
making it the second leading cause of cancer deaths
in men in the US

* Current treatments of CRPC only extend patient life
by 4-6 months.
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The Androgen Receptor

e 110 KDa ligand-inducible nuclear receptor protein.

* Regulates male developmental and physiological
characteristics.

* Mutations can increase or decrease binding
affinity of androgens and augment transcriptional
activity.

e Changes in androgen expression or AR binding
affinity directly affect the physiology of the
prostate

* Current methods of inhibition involve the use of
antiandrogens to block nuclear translocation/AR
transcription.

PDB: 3RLJ
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Current FDA approved/preclinical
Treatments of Prostate Cancer
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Title Paper

* Improve potency.
e Addition of fluorine atoms to

improve pharmacological and
physiochemical.

* Decrease cytotoxic/off-target
effects.
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Synthe5|s of bicalutamide analogs
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Synthesis of enzalutamide analogs
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Compound Ar (B ring) X R (A ring) Absolute ICs (uM)
22Rv1 DU-145 LNCaP VCaP Geo.mean

3 (Bic.) 4-F-Ph SO, 4-CN, 3-CF, 49.58 49.20 4527 68.37 52.42
44e (S-Eno) 4-CN-Ph (0] 4-CN, 3-CF; 2477 44,55 20.90 2447 2741
45a (R-Bic.) 4-F-Ph SO; 4-CN, 3-CF, 46.25 4541 45.20 51.61 47.05
22b 4-CF3-Ph S 4-CN, 3-CF4 NA

22c 3-CF3-Ph S 4-CN, 3-CF, 5.56 10.58 5.03 923 7.23
22d 2-CF3-Ph S 4-CN, 3-CFa 5.06 773 491 7.51 6.16
22h 4-0CF3-Ph S 4-CN, 3-CF4 46,62 64.01 42.81 4033 4764
220 4-CF3-2-Pyridine S 4-CN, 3-CF3 53.91 84.10 80.72 89.27 75.60
23b 4-CF3-Ph S 4-NO;, 3-CF; 16.43 22.52 28.71 21.17 21.78
23c 3-CF5-Ph S 4-NO,, 3-CF, 5.07 873 6.44 8.64 7.04
23d 2-CF3-Ph S 4-NO;, 3-CF4 46 757 4.78 445 517
24a 4-F-Ph S 4-CN, 2-CF, 30.08 43.28 26.45 4548 3537
24b 4-CF3-Ph S 4-CN, 2-CF4 NA

24c¢ 3-CF3-Ph S 4-CN, 2-CF, 15.16 21.05 11.26 2348 17.04
24d 2-CF3-Ph S 4-CN, 2-CF5 11.64 18.42 10.72 18.27 1432
25a 4-F-Ph S 4-NO;3, 2-CF, 17.63 26.40 11.93 21.10 18.50
25b 4-CF3-Ph S 4-NO;, 2-CF4 14.63 19.20 8.66 17.07 14.28
25¢ 3-CF3-Ph S 4-NO;, 2-CF4 12.58 14.35 10.07 16.51 13.16
25d 2-CF3-Ph S 4-NOz, 2-CFa 11.97 17.53 11.66 12.79 13.30
25f 3,4-F-Ph S 4-NO;, 2-CF4 83.59 100 83.04 100 91.28
25g 2,4-F-Ph S 4-NO;, 2-CF, 14.93 2143 11.00 16.64 15.56
25h 4-0CF3-Ph S 4-NO;, 2-CF4 61.92 69.59 100 100 81.02
25i 3-0CF5-Ph S 4-NO;3, 2-CF, 15.80 21.63 9.15 15.88 1493
251 2-0CFs-Ph S 4-NO3, 2-CF4 464 6.57 3.31 527 480
250 4-CF3-2-Pyridine S 4-NO;, 2-CF, 13.58 19.74 11.06 17.18 15.02
25p 5-CF3-2-Pyridine S 4-NO;, 2-CF4 11.52 14.03 5.52 17.36 11.15
26¢ 3-CF3-Ph S 4-CF; 18.57 30.71 22.56 19.50 2244
26d 2-CF3-Ph S 4-CF3 5.20 8.76 7.22 5.86 6.63
26i 3-0OCFs-Ph S 4-CF3 15.90 27.84 13.88 18.82 18.44
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AR o NN,
onH
Compound Ar (B ring) X R (Aring) Absolute IC5o (uM)
22Rv1 DU-145 LNCaP vCaP Geo.mean
27b 4-CFy-Ph 0 4-CN, 3-CFy 6.91 16.28 6.45 9.65 9.15
27¢ 3-CFy-Ph 0 4-CN, 3-CFy 5.89 10.84 831 9.04 832
27d 2-CF3-Ph 0 4-CN, 3-CF; 11.55 17.32 9.68 16.60 1339
27f 34-F-Ph 0 4-CN, 3-CF; 3554 45.19 18.98 2564 29.73
27g 24-F-Ph 0 4-CN, 3-CF; 34.00 4426 37.30 38.69 3839
27h 4-0OCFs-Ph 0 4-CN, 3-CFs 17.20 18.36 13.56 17.59 16.57
27i 3-0CF;-Ph 0 4-CN, 3-CF; 9.79 16.36 9.83 991 1117
270 4-CF3-2-Pyridine 0 4-CN, 3-CF; 100 100 100 100 100
28b 4-CF3-Ph 0 4-NOg, 3-CF3 16.19 2593 17.24 1091 16.76
28¢ 3-CFs-Ph 0 4-NO;, 3-CF; 8.58 10.02 9.91 10.28 9.68
28d 2-CF3-Ph 0 4-NO2, 3-CF3 20.16 35.20 22.60 27.16 25.69
28e 4-CN-Ph 0 4-NO,, 3-CF; 3092 3268 18.69 26.88 26.69
28f 34-F-Ph 0 4-NO;,, 3-CF; 18.54 21.61 14.50 18.92 18.21
28g 24-F-Ph 0 4-NO;,, 3-CF; 20.16 2239 10.06 2092 17.56
28h 4-OCFs-Ph 0 4-NO,, 3-CF; 753 1043 17.66 19.55 12.83
28i 3-OCF;-Ph 0 4-NO,, 3-CF; 931 13.14 9.95 9.60 10.40
281 2-0CF5-Ph 0 4-NO,, 3-CF; 6.60 9.88 7.04 961 8.15
28m 4-CN2-CF3-Ph 0 4-NO,, 3-CF; 555 7.65 5.69 838 6.71
28n 4-CN3-F-Ph 0 4-NO,, 3-CF; 1.77 16.39 7.71 1239 11.65
280 4-CF53-2-Pyridine 0 4-NO,, 3-CF; 35.22 100 36.51 100 59.88
29b 4-CF3-Ph 0 4-CN, 2-CF; 2991 3239 28.61 23.02 28.26
29¢ 3-CF;-Ph 0 4-CN, 2-CF; 18.70 32.12 1523 2159 21.08
29d 2-CF3-Ph 0 4-CN, 2-CF; 19.60 33.17 14.03 2193 21.15
29e 4-CN-Ph 0 4-CN, 2-CF3 42935 100 34722 61.370 55.00
29f 34-F-Ph 0 4-CN, 2-CF; 37.03 41.93 3480 47.18 3995
29g 24-F-Ph 0 4-CN, 2-CF3 60.92 99.48 30.64 50.62 55.37
2%h 4-0CF5-Ph 0 4-CN, 2-CF; 2799 3464 2765 2237 27.83
29i 3-0CF3-Ph 0 4-CN, 2-CF3 28.65 35.86 63.39 5634 43.76
291 2-0CF3-Ph 0 4-CN, 2-CF5 16.68 27.09 3383 4385 28.61
29m 4-CN2-CF3-Ph 0 4-CN, 2-CF3 1845 27.52 939 17.70 17.04
29n 4-CN3-F-Ph 0 4-CN, 2-CF; 4534 68.78 7827 77.20 65.89
2% 4-CF3-2-Pyridine 0 4-CN, 2-CF3 100 100 100 100 100
30b 4-CF3-Ph 0 4-NO,, 2-CF; 1893 22.08 13.57 18.56 18.01
30c 3-CFs-Ph 0 4-NO,, 2-CF; 15.17 18.14 1293 1934 16.20
31c 3-CF;-Ph 0 4-CF; 25.68 2745 18.16 18.64 22.100
31d 2-CF5-Ph 0 4-CF3 642 26.41 6.98 1149 10 10.80
31 3-OCF;-Ph 0 4-CF5 1543 2940 2.16 428 8.05
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Compound Ar (B ring) X R (A ring) Absolute 1Csp (uM)
22Rv1 DU-145 LNCaP VCaP Ceo.mean
32b 4-CF4-Ph SO, 4-CN, 3-CF;3 21.54 32.84 20.05 29.11 25.345
32c 3-CF3-Ph SOz 4-CN, 3-CF3 20,954 39.112 1494 39.66 26.40
32d 2-CF4-Ph SO, 4-CN, 3-CF; 46.55 55.03 42.74 58.55 50.32
32h 4-0CF5-Ph SO, 4-CN, 3-CF; 17.02 27.28 31.64 3281 26.35
320 4-CF4-2-Pyridine SO, 4-CN, 3-CF; 100 100 100 100 100
33b 4-CF43-Ph SO, 4-NO;,, 3-CF5 18.66 2468 17.94 31.53 22.59
33c 3-CF3-Ph SO, 4-NO,, 3-CF3 16.14 31.62 16.20 30.83 2247
33d 2-CF3-Ph SO, 4-NO,, 3-CF3 18.56 37.51 25.70 27.55 26.50
34a 4-F-Ph SO, 4-CN, 2-CF; 77.00 100 91.59 65.22 82.36
34b 4-CF4-Ph SO, 4-CN, 2-CF; 27.87 4456 32.93 4329 36.48
34c 3-CF3-Ph SOz 4-CN, 2-CF3 3435 4594 32.08 4492 38.83
34d 2-CF4-Ph SO, 4-CN, 2-CF; 98.82 100 74.02 100 92.48
35a 4-F-Ph SOz 4-NO2, 2-CF3 46.67 60.73 38.65 58.21 50.25
35b 4-CF4-Ph SO, 4-NO,, 2-CF3 25.39 40.91 29.30 46.89 34.56
35c 3-CF3-Ph SO, 4-NO,, 2-CF3 18.14 32.01 16.77 38.66 2477
35d 2-CF4-Ph SO, 4-NO,, 2-CF3 28.33 46.09 20.46 38.58 31.86
35f 34-F-Ph SO, 4-NO,, 2-CF3 33.58 48.09 19.47 37.26 32.90
35g 24-F-Ph SO, 4-NO,, 2-CF3 30.24 46.58 17.92 57.96 3478
35h 4-0CF5-Ph SO, 4-NO,, 2-CF3 100 100 100 100 100
35i 3-0OCF5-Ph SO, 4-NO,, 2-CF3 17.96 27.72 12.23 20.27 18.74
351 2-0OCF5-Ph SO, 4-NO;,, 2-CF5 28.79 38.97 17.77 51.74 31.87
350 4-CF3-2-Pyridine SOz 4-NO2, 2-CF3 100 100 100 100 100
35p 5-CF4-2-Pyridine SO, 4-NO,, 2-CF3 46.46 57.66 45.03 58.47 51.54
42b (R) 4-CF3-Ph S 4-CN, 3-CF3 9.75 17.18 14.45 9.28 12.24
42c¢ (R) 3-CF3-Ph ) 4-CN, 3-CF; 13.14 19.45 14.31 8.91 13.43
42d (R) 2-CF3-Ph S 4-CN, 3-CF3 5.30 7.69 7.90 295 5.55
42g (R) 24-F-Ph S 4-CN, 3-CF; 17.15 28.46 25.19 18.29 21.78
42h (R) 4-0CF5-Ph S 4-CN, 3-CF; 28.81 29.78 19.83 17.39 23.32
43a (R) 4-F-Ph S 4-CN, 2-CF; NA
45b (R) 4-CF4-Ph SO, 4-CN, 3-CF; 20.19 26.76 17.47 31.42 23.34
45c (R) 3-CF3-Ph SO, 4-CN, 3-CF;3 25.66 45.19 13.17 39.92 27.95
45d (R) 2-CF4-Ph SO, 4-CN, 3-CF; 34.75 4431 32.23 37.30 36.89
45g (R) 24-F-Ph SOz 4-CN, 3-CF3 4225 60.20 42.26 60.90 50.58
45h (R) 4-0CF5-Ph SO, 4-CN, 3-CF; 18.82 31.56 18.91 31.195 2433
46a (R) 4-F-Ph SOz 4-CN, 2-CF3 100 100 85.55 100 11 96.17
52 2-CF4-Ph ) 4-NO;,, 3-CF3 1.28 240 0.72 2.78 157
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Compound R, R, IC50 (uM)
22Rv1 DU-145 LNCaP VCaP Ceo.mean
61b 4-CN, 3-CF2 4-CF3 63.58 100 937 30.06 36.58
62b 4-NO3, 3-CF3 4-CF4 100 100 212 73.13 3528
62c 4-NOz, 3-CF2 3-CF3 100 100 15.16 100 6240
63b 4-CN, 2-CF4 4-CF4 100 100 836 100 53.78
63c 4-CN, 2-CFa 3-CF3 5931 100 183 100 5740
64b 4-NO;, 2-CF4 4-CF4 16.39 100 373 100 27.96
64c 4-NO3, 2-CF4 3-CF, 5.01 7.88 407 13.26 6.80
65b 3-CFs 4-CF4 100 100 5.95 7240 4556
65¢ 3-CF; 3-CF3 60.68 100 5.61 7566 40.05
71b 4-CF3 3-CF4 9247 100 16.59 100 5734
71d 2-CF5 3-CF; 100 100 28.28 100 77.79
5 (Enzal.) - - 31.76 32.27 1147 53.04 28.10
12
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Compound Antagonistic effect (%)* Agonistic effect (%)** 1Csp (uM)***

45a (R-Bic.) 83 5 0.490
44e¢ (S-Enob.) 59 26 0.0364
5 (Enzal.) 95 N.E. 0.361
22d 93 11 0.425
23c 93 N.E. 0.625
23d 91 4 0.280
25d 94 2 0.332
28d 94 7 0.183
28h 96 - 0.625
28i 106 - 0.407
281 103 N.E. 0.198
28m 108 N.E. 0.0722
28n 65" N.E. 0.0492
29m 99 - 0.736
33d 85 1 0.811
33c 104 - 1.07
42b 92 9 2.170
45b 93 - 0.775
45h 61" N.E. 0.777
52 110 - 0.245
62b 91 - 0.0803
63b 96 - 0.402
64b 102 - 0.265
64c 87 - 0.111
65c¢ 100 - 0.123

13
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L 14
Superposition between the crystal structure of the AR in the closed form (PDB ID: 1Z95) (pink) and the new open AR model (light blue).
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Docking of (R)-bicalutamide (carbon atoms in pink) in the AR homology model (light blue) >
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Compound Ar (B ring) X R (A ring) Metabolic stability
CLine (L/min/mg protein)* SE CLint™* t1;2 (min)

45a (R-Bic.) 4-F-Ph SO, 4-CN, 3-CF; 6.48 252 214
44e (S-Eno) 4-CN-Ph 0 4-CN, 3-CF3 Metabolically Stable***
22c 3-CF3-Ph S 4-CN, 3-CF3 232 5.89

5.97
22d 2-CF3-Ph S 4-CN, 3-CF3 379 128

3.66
23c 3-CF3-Ph S 4-NO,, 3-CF3 202 233

6.87
23d 2-CF3-Ph S 4-NO,, 3-CF3 409 46.8

339
27b 4-CF3-Ph 0 4-CN, 3-CF3 Metabolically Stable***
28m 4-CN,2-CF3-Ph 0 4-NO,, 3-CF; 2.59 245

534
33d 2-CF3-Ph SO, 4-NO,, 3-CF3 Metabolically Stable***
42b 4-CF4-Ph S 4-CN, 3-CF4 248 118

5.60
42c 3-CF3-Ph S 4-CN, 3-CF; 302 5.66

459
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Caco-2 cell permeability test

2
Ar i /@
\X/%N AN i
on H

Compound Ar (B ring) X R (Aring) Permeability data
Mean P,,, (A — B) (x 10 cm s)* Mean P,,, (B — A) (x 10 ®cm s~ )™ Efflux ratio BA/AB***
45a (R-Bic.)’ 4-F-Ph SO; 4-CN, 3-CF3 32.0 38.1 1.19
44e (S-Eno.)’ 4-CN-Ph 0 4-CN, 3-CF3 315 26.7 0.848
22¢ 3-CF;-Ph S 4-CN, 3-CF; 3.92 473 1.21
22d 2-CF3-Ph S 4-CN, 3-CF3 3.08 7.12 231
23c¢ 3-CF3-Ph S 4-NO,, 3-CF; 5.00 427 0.853
23d 2-CF3-Ph S 4-NO,, 3-CF; 3.44 290 0.843
27b 4-CF3-Ph 0 4-CN, 3-CF; 5.09 4.80 0.943
28m 4-CN,2-CF3-Ph 0 4-NO,, 3-CF;3 435 349 0.803
33d’ 2-CF3-Ph SO; 4-NO3, 3-CF; 133 17.2 1.29
42b 4-CF53-Ph S 4-CN, 3-CF; 5.80 474 0.817
42c 3-CF;-Ph S 4-CN, 3-CF; 6.84 12.2 1.78
MTT assay Ar. YL
X R
OH
Compound Ar (B ring) X R (A ring) Antiproliferative data
MEC (pM)* ACso (uM)™ Abs. ICso (uM)™*
45a (R-Bic.) 4-F-Ph SO, 4-CN, 3-CF5 19.2 543 47.05
44e (S-Eno.) 4-CN-Ph 0 4-CN, 3-CF3 218 328 27.41
22c 3-CF3-Ph S 4-CN, 3-CF3 184 36.6 723
22d 2-CF;-Ph S 4-CN, 3-CF; 14.7 258 6.16
23c 3-CF3-Ph S 4-NO3, 3-CF3 132 26.1 7.04
23d 2-CF53-Ph S 4-NO3, 3-CF3 1.71 273 517
27b 4-CF3-Ph 0 4-CN, 3-CF3 113 239 9.15
28m 4-CN,2-CF5-Ph 0 4-NO,, 3-CF; 106 20.2 6.71
33d 2-CF53-Ph SO, 4-NO3, 3-CF3 227 326 26.50
42b 4-CF3-Ph S 4-CN, 3-CF3 496 61.2 1224 20
42c 3-CF3-Ph S 4-CN, 3-CF3 26.6 346 1343
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Conclusions

Synthesized several new antagonists of AR

New analogs show increased potency to
enzalutamide resistant cell lines.

Compounds still show cytotoxicity.

Prepared a homology model of AR to predict
future structural modifications.

Possible new mechanism of antagonism of AR
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