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Synthesis and anti-breast cancer activity of azole derivatives
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[Abstract] Objective To design and synthesize a new series of efficient, low toxicity azole derivatives using antifungal
drug ketoconazole as the lead compound and to explore their anti-breast cancer activity. Methods Based on the docking mode of
ketoconazole with estrogen receptor, We designed and synthesized eleven derivatives, whose 2, 4-dichlorophenyl and triazole
ring were retained and the side chains were modified. Then the in vitro anticancer activities against breast cancer cells MDA-
MB-231 and MCF-7 were determined by MTT using tamoxifene as the positive control drug. Results and Conclusion The
synthesized compounds have been reported for the first time and they have been confirmed by 'HNMR and ®*CNMR. The

synthesized azole derivatives have greater inhibitory effects than tamoxifene against breast cancer MDA-MB-231 cells.
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Fig 1 Structure chart of ketoccnazole(A), docking of ketoconazole with ERp (B)

and superposition of ketoconazole with raloxifene (C)
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Fig 2 Synthesis route of compound 5

TsCl: 4-Toluene sulfochloride; DCM: Dichloromethane; DMF: N, N-Dimethylformamide; TBAI. Tetrabutylammonium; rt: Room

temperature

2.1 2-(U-FRPO-FAHP)-T8H () ¥9b&m 1E
1000 mL =S H , AR5 B 1 (40. 0 g,
200 mmol) . 2-J Z B (52. 6 g, 420 mmol) . 77 I
200 mL, B f#EIG A 1 mol/L & ALK 7 K 240
mL, ¥ il Sl 80°C N 8 h, N 45 o i 25 bR A
i A 400 mL 7K, 5 H6E 600 mL X2 ZEHL. &

AR AT K SRR T, Yk H b 8 ok
45, AW ESS L 18] 42, 0 g FEBARARE AL
AW 2, %k 86% . HNMR (300 MHz, CDCly) .
7.35~7.49 (m, 5H), 6.97 (d, J= 9.0 Hz, 2H),
6.91 (ds J= 9.0 Hz, 2H), 5.07 (s, 2H), 4. 07~
4,10 (m, 2H), 3.97~4.00 (m, 2H),
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DMSO: Dimethyl sulfoxide

2.2 2-((4-FRIO-FEI)-THEA-F IR R AR By
(3) #94-p%  AE 1000 mL A, A b A 4 2
(20. 00 g, 82 mmol), — 44 Bl & 200 mL, ML IE 50
mL . ARG VKV T 0% A R G F e 7 R g e HY
FEWEWESA (31, 2 g, 164 mmol) .40 min N 52, i%
BEZEE VR, RV A 1 mol/L
PRV 2 IR M PN AR/ MR e 1 IR, oK AR
FR4h T 1. Wk H 2o U VR 4 R R AL 2 AT 1R
31. 94 g IRLL A By AR 44 3, i 9826, HNMR
(300 MHz, CDCl;):7. 82 (d, J= 6.0 Hz, 2H),
7.33~7.44 (m, TH), 6. 87 (d. J= 9. 0 Hz,
2H), 6.72 (d, J= 9.0 Hz, 2H), 5.01 (s, 2H),
4,32~4.35 (m, 2H), 4.08~4. 11 (m, 2H), 2.45
(s, 3H),

2.3 (1-(2-(4-CF RO XA TH) kw430
FE (D) 894 £ 25 mL B A R A
3 (300 mg, 0. 75 mmol) R lg-4-FL FHEE (172 mg,
1.5 mmoD) . 57K DMF 5 mL Flffia 4 (487 mg,
1. 5 mmoD) , I HE T I AL &= U T I fb &2,
Pl AN 80°C 4k S W 2 he P45 SIS A 50
mL 7K, & BE 60 mL X2 ZLH, & JF @ W e i
W A TC KGR R AN T8, T H 1o U8 M4 v R0 1 4
P HERAT T R .

2.4 4-(2-U-(FTFHOvmz-1-4) TR E® (5)
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RILE ) 5. B4 IO B e 57% " HNMR (300
MHz, CD;OD); 6. 69~6. 79 (m, 4H), 4. 04 (t,
J=15.6 Hz, 2H), 3.40 (d, J= 6.4 Hz, 2H),
3.08 (d, J= 11.8 Hz, 2H), 2.81 (t, J= 5.6
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13.0 Hz, 2H), 1. 45~1.56 (m, 1H), 1.28~1.37
(m, 2H),

2.5 (1-(2-(4-(((2S,4R)-2-((1H-1, 2, 4-=vk-1-
FOWH)-2-(2, =& FH)-1. - =& KRHF4-H)
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Tab 1 Physical data of title compounds
LC-MS
Compound  Yield (%) THNMR (300 MHz, CDCl;, X1076) BCNMR (75 MHz, CDCly, X107%)
[M+H]"
Al 63 8.19 (s, 1H), 7.87 (s, 1H), 7. 56 (d, J= 8.0 Hz, 152. 95, 152. 65, 151. 31, 144. 90, 563. 3
1H), 7.46 (d, J= 2.0 Hz, 1H), 7. 23-7. 25 (m, 1H), 136. 06, 134. 03, 133. 12, 131. 43,
6.73-6. 84 (m, 4H), 4. 72-4. 86 (m, 2H), 4. 30-4. 38 129. 62, 127. 25, 115. 63, 115. 53,
(m, 1H), 4.18 (t, J= 6.0 Hz, 2H), 3. 88-3. 93 (m., 107.63, 74.69, 67.88, 67.38,
1H), 3.74-3. 81 (m, 2H), 3. 50 (d, J= 6.0 Hz, 2H), 67.05, 65.56, 57.12, 53.77,
3.44-3. 47 (m, 1H), 3. 21 (d, J= 12. 0 Hz, 2H), 53.61, 37.65, 27.78
2.96 (t, J= 6.0 Hz, 2H), 2.31-2. 38 (m, 2H), 1. 82
(d, J= 12.0 Hz, 2H), 1. 48-1.56 (m, 3H)
A2 50 8.19 (s, 1H), 7.88 (s, 1H), 7.56 (d. J= 9.0 Hz, 1H). 153. 06, 152. 61, 151. 35, 144. 90, 519.2
7.46 (d, J= 3.0 Hz, 1H). 7. 22-7. 26 (m, 1H), 6. 73- 136. 05, 134. 05, 133. 12, 131. 42,
6.85 (m, 4H), 4. 71-4. 86 (m, 2H), 4. 30-4. 38 (m, 129. 61, 127. 24, 115. 63, 115. 51,
1H), 4. 16 (t, J= 6.0 Hz, 2H), 3. 81-3. 90 (m, 1H), 107. 63, 74.70, 67.87, 67.40,
3.75-3.79 (m. 2H), 3. 44-3. 49(m. 1H), 3. 04 (t, J= 66. 62, 54. 81, 54. 58, 53.62, 23.41
6.0 Hz, 2H), 2. 84 (s, 4H), 1.88-1.92 (m, 4H)
A3 48 8.18 (s, 1H), 7.85 (s, 1H), 7.54 (d, J= 9.0 Hz, 153. 11, 152. 55, 151. 22, 144. 89, 549. 5
1H), 7.43 (d, J= 3.0 Hz, 1H). 7.20-7. 26 (m, 1H)., 136. 03, 134. 02, 133. 10, 131. 40,
6.71-6. 82 (m, 4H), 4. 69-4. 83 (m, 2H), 4. 28-4. 36 129. 61, 127. 24, 115. 62, 115. 50,
(m, 1H), 4.09 (t, J= 6.0 Hz, 2H), 3. 88 (t, J= 107.59, 74.68, 67.86, 67.35,
6.0 Hz, 1H), 3. 70-3. 79 (m, 3H), 3. 42-3. 48 (m, 65.99, 56.92, 53.60, 51.12,
1H), 2.91-2. 97 (m, 2H), 2. 86 (t, J= 6.0 Hz, 2H). 33.55,29. 65
2.44 (t, J= 9.0 Hz, 2H), 1. 94-1. 98 (m, 2H), 1. 61-
1.71 (m, 2H)
A4 75 8.18 (s, 1H), 7.86 (s, 1H), 7.55 (d, J= 9.0 Hz. 153. 21, 152. 57, 151. 36, 144. 90, 535.4
1H), 7.45 (d, J= 2.0 Hz, 1H). 7. 21-7. 25 (m, 1H). 136. 06, 134. 06, 133. 13, 131. 43,
6.72-6. 83 (m, 4H), 4. 70-4. 84 (m, 2H), 4. 29-4. 37 129. 61, 127. 25, 115. 64, 115. 50,
(m, 1H), 4.08 (t, J= 5.6 Hz, 2H), 3. 87-3. 92 (m, 107. 64, 74.70, 67.89, 67.41,
1H), 3.82-3.80 (m., 6H). 3.43-3.48 (m. 1H). 2. 82 66. 58, 66.08, 57. 64, 53.95, 53.61
(t, J= 5.6 Hz, 2H), 2.60-2. 63 (m, 4H)
AS 86 8.18 (s, 1H), 7.85 (s, 1H), 7.54 (d, J= 8.4 Hz, 153. 04, 152. 59, 151. 38, 144. 90, 547.2
1H), 7.44 (d, J= 2.0 Hz, 1H), 7. 21-7. 24 (m, 1H), 136. 06, 134. 06, 133. 13, 131. 43,
6.72-6. 82 (m, 4H), 4. 70-4. 84 (m, 2H), 4. 29-4. 36 129. 61, 127. 24, 115. 61, 115. 52,
(m, 1H), 4.17 (¢, J= 5.5 Hz, 2H), 3. 86-3. 91 (m., 107.64, 74.70, 67.88, 67.41,
1H), 3.72-3.80 (m, 2H), 3.44-3.49 (m, 1H), 3. 15 65.74, 57.19, 54.17, 53.63,
(d, J= 11. 3 Hz, 2H), 2. 94 (¢, J= 5.5 Hz, 2H), 33.21, 30.08, 21.53
2.32 (t, J=10.7 Hz, 2H), 1. 44-1. 70 (m, 5H), 0. 94
(t, J= 4.6 Hz, 3H)
A6 27 8.19 (s, 1H), 7.88 (s, 1H), 7. 56 (d, J= 8.4 Hz, 153. 03, 152. 59, 151. 35, 144. 89, 533.2
1H). 7.46 (d, J= 2.0 Hz, 1H), 7. 22-7. 26 (m, 1H). 136. 05, 134. 05, 133. 12, 131. 42,
6.73-6.83 (m, 4H), 4. 72-4. 86 (m, 2H), 4. 30-4. 38 129. 61, 127. 24, 115. 60, 115. 51,
(m, 1H), 4.10 (t, J= 5.8 Hz, 2H), 3. 88-3. 93 (m, 107.63, 74.70, 67.88, 67.40,
1H), 3.74-3.81 (m, 2H), 3.45-3.50 (m, 1H), 2. 83 65.64, 57.54, 54.74, 53.62,

(t, J= 5.8 Hz, 2H), 2. 60 (s, 4H), 1. 63-1. 70 (m,
4H), 1. 46-1. 50 (m, 2H)

25.00, 23.54
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Compound  Yield (%) THNMR (300 MHz, CDCls» X 10%) 5CNMR (75 MHz, CDCls» X 10°%) pes
[M+H]
A7 10 8.18 (s, 1H). 7.86 (s, 1H). 7.54 (d. J= 8.4 Hz. 152. 80, 152. 46, 151. 30, 144. 88. 599. 1
1H), 7.45 (s, 1HD, 7.23 (d, J= 8.4 Hz, 1H), 6. 69- 136. 04, 134. 04, 133. 12, 131. 41,
6.86 (m, 4HD, 4. 71-4. 85 (m, 2HD, 4. 32-4 34 (m, 129. 61, 127. 23, 115, 82, 115. 50,
3HD, 3.90 (t, J= 7.5 Hz, 11D, 3.72-3. 80 (m, 2HD), 107. 64, 74.68, 67.90, 67.41,
3.45 (t. J= 4.4 Hz. 1H). 3.21 (t. J= 5.7 Hz. 2H). 64.17. 57.12. 53.67. 38.94.
2.11 (sy 3HD, 2.00 (s, 6HD, 1.66 (s, 6H) 35.65. 33.79. 31.90. 29.67.
29,33, 29. 11, 22.66, 14,08
A8 24 8.19 (s, 1H), 7.87 (s, 1H), 7.56 (d, J= 8.4 Haz, 152. 78, 151. 35, 144. 90, 136. 07, 549. 3
1H), 7. 46 (s, 1H). 7.23 (s, 1H), 6. 74-6. 83 (m. 134,05, 133. 13, 131. 43, 129. 61,
4H). 4.72-4.86 (m. 2H). 4.31-4. 38 (m. 1H). 4.18 127. 25, 115. 60, 115. 48, 114. 05.
(t, J= 5.1 Hz, 2HD, 3. 91 (t, J= 7.5 Hz, 1D, 107. 65, 74.68, 67.87, 67.38,
3.74-3.82 (m, 2H), 3. 45-3. 50 (m, 1H), 3. 10 (s, 55.73, 53.62, 52.30, 29.67,
2H), 2.71-2.76 (m. 4H), 1. 62-1.72 (m, 4H), 0. 93 22.67, 18.46.,14. 09, 11. 49
(t. J= 7.3 Hz, 6H)
A9 49 8.19 (s, 1H), 7. 87 (s, 1H), 7. 56 (d, J= 8.4 Haz, 153.09, 152. 57, 151. 34, 144. 89, 521. 1
1H), 7.45 (s, 1HD, 7.24 (d, J= 8.6 Hz, 1H), 6.73- 136. 05, 134. 06, 133. 12, 131. 41,
6.83 (m. 4H), 4. 71-4. 85 (m. 2H). 4. 30-4. 38 (m. 129. 61, 127. 24, 115. 52, 115. 51,
1H). 4. 11 (t. J= 5.7 Hz, 2H). 3.90 (t. J= 7.5 Hz, 107. 64, 74.70. 67.90, 67.40,
1H), 3.73-3.81 (m, 2FD, 3. 453,50 (m, 1H), 2.99 66. 03, 53. 63, 51.49, 47. 62, 10,92
(t. J= 5.7 Hz, 2H). 2.75-2. 83 (m, 4H). 1. 16 (1.
J=7.1 Hz. 6H)
Al10 15 8.19 (s, 1HD, 7.87 (s, 1H), 7.56 (d, J= 8.4 Hz, 152. 97, 152. 67, 151. 34, 144. 91, 493. 3
1H), 7.46 (s, 1HD, 7.24 (d, J= 9.0 Hz, 1H), 6. 74- 136. 05, 134. 05, 133. 12, 131. 42,
6.85 (m, 4H), 4. 71-4. 85 (m, 2H), 4. 32-4. 36 (m, 129. 61, 127. 24, 115. 61, 115. 53,
1H). 4.13 (t. J= 5.0 Hz. 2H), 3.90 (1, J= 7.4 Hz. 107. 64, 74.70. 67.88, 67.39.
1H), 3.73-3.81 (m, 2H), 3.45-3. 50 (m, 1H), 2.93 65. 61, 57. 80, 53.62, 45. 18, 29. 67
(t. J= 4.8 Hz, 2H), 2.51 (s, 6H)
All 28 8.18 (s, 1D, 7.85 (s, 1HD, 7.54 (d, J= 8.4 Hz, 11D, 152. 90, 152. 65, 151. 27, 144. 90, 577. 2
7.44 (s. 1H). 7.22 (d. J= 8.4 Hz. 1H). 6. 72-6. 82 136. 04, 134. 03, 133. 11, 131. 41,
(m. 4H). 4. 70-4. 84 (m. 2H). 4. 31-4. 34 (m. 1H). 129. 61, 127. 24, 115. 62, 115. 53,
4.16 (t, J= 4.8 Hz, 21D, 3.89 (t, J= 7.4 Hz, 1D, 107. 61, 77.52, 77.30, 77.10,
3.72-3.80 (m, 2HD, 3.65 (t, J= 5.4 Hz, 2HD, 3. 44- 76.67. 74.68. 67.87. 67.35.
3.49 (m. 1H). 3.16 (d. J= 11. 1 Hz, 2H). 2. 93 (1. 65.46. 59.91. 57.09. 54.08.
J= 4.8 Hz, 2HD), 2.282.38 (m, 2HD, 1. 75 (d, J= 53.61, 38.78, 31.52, 31.04
10.1 Hz, 2HD, 1.52 (s, 41D, 1.23-1.26 (m, 1HD)
3 W ® R T I (IG5 = 26. 01 pmol/L) , AT fE 1 T

MG PSSR AT LA Y B AS ShiA Hirfk
A W%t LN 40 i MDA-MB-231 [ 4 35 Mt F
BAEXT R 2B S5 . (LB AT 3G PRl X7
Ji3m A0 i MDA-MB-231 F1 MCF-7 574 #5451 40 il
T S ELGH R B AR 2 (IG5 = 4. 41 pmol/L)

WA B X A0 M A — 5 13 P 4 B W B i
il B M R AZ B 5 2 (LG PRt — 2P . 730, i
W B PRSI S ) AL A2 AL B, D

I3 0 A3 CREWRIESLFN 48 FBLOR IE HE I 15 ML T
VU SEUMHE % 15 B 5 9 A0 58 ) X o7 3% 1 i P S i
SESRAL A PIII T 5 DR A 00 SR 1) 55 M 0 5 8



+ 354 -

BRI 2016 4R 3 1.5 3T

BRR WIS A A W6 MR A R R, B iRk
AW LR 4 MDA-MB-231 {4 {4 &1 334 5 15
PO T FLIR S 40 i MCF-7. K 28 Hinfb & W )G
AR T 1 b B X R 2 At B 2 25, 5T
HHBh 2T IO 25 A — o 22 A TR — 2
W,

*2 BEFE4E&%3 MDA-MB-231 1 MCF-7 4HBff 1Cs
Tab 2 IG;s of target compounds against breast cancer
MDA-MB-231 and MCF-7 cells

L‘]J,/(‘umol <L

Compound MDA-MB-231 MCF-7
Al 15. 61 >100
A2 17.03 >100
A3 20. 89 =100
A4 22.54 =100
AS 29.17 >100
A6 20. 04 =100
A7 4. 41 11. 75
A8 20. 04 >100
A9 21.03 =100
A10 20. 98 =100
All 14. 82 >100
Tamoxifen 26. 01 13.03

ARG H bR AL G Yr0s 7L 20 MDA-MB-231
T PE P 45 2R T AWI AP A5 R e R FL IR 1L
EYIRIROOC R RIS R 2, 4-— 5%
FEFN 1. 2. A-=ZWEER RS 98 AL G Yy Bt 2L i 4
AR s 51 FR AR A0 5 T LA 3 1k 5 0 LR
8 2 S O 4355 P EL R 5 M M0 5 14 X A7 A A
A R 8 55 0 AR 5 2R 1 P R 2 18]
(18 32 40 Dy R G £ R A e e

(£ % x #k]
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