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Synthesis of 4-substituted Androst-4-ene and 6-substituted Androstane
Derivatives, Aromatase Inhibitory Activity and Cytotoxicity
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Abstract The development of potent aromatase inhibitors is an important therapeutic strategy for the treatment of breast
cancer in postmenopausal women. Synthesized compounds that act as both an aromatase inhibitor and an anti-breast
cancer agent are especially effective. In this study, nine 4-substituted androst-4-ene derivatives were synthesized from
dehydroepiandrosterone via Jones oxidation, epoxidation, epoxy ring-opening, and dehydration reactions. Five 6-substituted
androstane derivatives were synthesized from dehydroepiandrosterone via epoxidation and epoxy ring-opening reactions.
Screening assays were used to assess the synthesized compounds for potential inhibitory effects against aromatase; results
showed that compared to other compounds, 2 uM of 4-azido-17,17-ethylenedioxyandrost-4-en-3-one (10) had the greatest
inhibitory effect (94.70%) against aromatase activity in human placental microsomes. A 3-(4,5-dimethylthiazol-2-yl1)-2,5-
diphenyltetrazolium bromide (MTT) colorimetric assay was used to analyze the activity of 13 compounds against two
human breast cancer cell lines (ER+ T47D and ER MDA-MB-231). Compounds 10 and 12 showed strong cytotoxic
activity against MDA-MB-231 (IC,;: 25.6 and 32.7 pM, respectively).

Keywords breast cancer, aromatase inhibitor, cytotoxicity, androstene, androstane
M  £(Introduction) el AR 4 3le A8 WL $EF AS, human
epidermal growth factor receptor2 (HER-2) 4 8¥H 2 3ets}
S A AA AZMA FEFE Xl EE o ol 7 e ol Atk #HA o|F g ke SE2E X7t
T FF doln Fo Abd A F oshdolth HA & FE olgdnh 2 A8AE A8 wEt =A Al 7HA
Y2 A4 F9 60-70%= AR oF WA FE U0l 2 FEE F AUtk A WAZE estrogen receptor antagonist® 2t
55 aromatase (CYP450, = CYP19Al, estrogen synthetase) — -£3}¢] estrogen®] 2H-8S Xdslh= 2O 2 selective estrogen
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receptor modulator (SERM)?] tamoxifen, raloxifene, toremifene
ol ATk o5 XA A= estrogens 2t A4
7 M ZH XM= estrogendt 22 ZES T F U Hd
NE fulvestrants= tamoxifen®.CF G2 o|m] -kl A FEol|A]
estrogenT8-A] ZAIAZ ZH&-SA T estrogen A A Q] 2HE-
£ glthY & HAZ progestin®| U Z-ETF estrogenS AR5
X 53l= W o]t} Progestin | A 2 megestrol acetate, medrox-
yprogesterone acetate® SF=2 71 A A fluoxymesterone”o] A-g-
2 4 9lom, F787F estrogen?] ethynyl estradiol®2 IYJFo =
AR kx| Sl = ARS-ETh K3 nonsteroidal compound
ol diethylstilbestrol”’] AFE 71sslh ol AAl= JdHo=z

o] AMER|E =t A HAIE estroned} estradiok- aromatase
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o 9]l 4-androstene-3,17-dione (4-AD) 2 testosterone > ZH-E 7 (ICy: 2.16 Mol i3l 7 =2 cytotoxic activityS HHAL
AFAEEEZ o5 Aol Todsts G491 aromataseE A3 W, )= cisplatin (IC,,: 9.63 pM)ETE $-53H0] R AF|ATE?
o fut %L—% 5‘13’3}-“— aromatase inhibitor} AF&E 3 Qo100 A7 & oA Rt X850 837} Y& aromatase

oA APEE ZHRolEde FEFS T4 2
&Vc‘-‘, X]“J‘, =5, 3 5o EA5l= aromataseS A A
o2 oJA|g). Aromatase inhibitor= 1 == 241 aminoglu-
tethimide, formestane ¥ fadrozole 5°| A=} F2kgog2 K
A15-# (adrenal insufficiency)®|v} dE2EHE JAIE o717 =
gt FAle 23F ekl FARgo] 7HAgk At FE
AFEE3L 91O anastrozole (Arimidex®), letrozole (Femara®),
formestane 2 exemestane (Aromasin®) 5°| 1FETE? Anastro-
zoled} letrozoleS W ZH|Zo|=A 7197 oA|A|o]x wWHAH,
formestane3} exmestane ~E| 20|54 AAZ v|7iH o2 =)
£3thY o]213} aromatase inhibitors F42] 71%°] §le #HA
T FG A= aAHY F Jdov HF d FAAM =
dae] 75o] FAIECRE Q3] JiERAN YHE S
4 Aol ARE-3517] oJHT} Antiestrogen 3! aromastase inhibitor=
tE oFERT iEn] 83e] Fo] \il HA4do] wAuk kg
HHFE HIES ZZAA S7el 7P WiweA A
= Sl Hroh ofm] QA v
th SR 742 FobeE st 2d AFe] HAHER A71H

FATFNAN TERXEA DdELH G HA/SEERE
Al BEES HAEES o WEEA o ZHFQA Y A
Ea7F A ST olAH Bk a3 e X
2A| 7NEke 218 aromatase A3 €375 71 steroid=4 9] 8}
FES -‘r’r‘ﬂ & Al 3t cytotoxicityS HESh= A7 B

AndrostaneZ29] s} FolA 4-ADS] HAFA|IQI
dehydroeplandrosterone (DHEA)= S tidt chemopreventive
2 anti-proliferative 2H8-0] 9128 HISIATE>'O 6-Hydroxyim-
inoandrostenedione->- estrogen receptor positive (ER+) 1 Al
3 T47DS] S #AAI8] 12A7M!, 6-hydroxyiminocholesterol
A= ER+ 49 Al MCF-73} estrogen receptor nega-
tive (ER-) -3¢ AlZ<Q] MDA-MB-231¢]| cytotoxic activity'®&
UEFATE Sadekova 52 T47D % MCF-79lA4]  aromatase
mRNAZ} F3ES 85t} Djurendiz 52 17a-picolyl- 2 17-
picolylidene-androst-5-ene> MCF-73 MDA-MB-2319]] thgt anti-
cancer &4 ¥ T o2} aromatase AFNEAF ZG3IA ) 53]
4-hydroxy-17(Z)-picolinylidene-4,6-androstadien-3-one-> MDA-
MB-231 A2z disl] Zhest AlZ 54 (1C,: 93 uM)yS 2
AL, B3 =2 aromatase AEH (92 %)E LFERATE? Y Form-
estane> MDA-MB-231 (IC,,: 53.3 uM, 48417+ wjekyell thsl
cytotoxic activityS WERNY MCF-7 M= cytotoxic activity
= g A2 BHIHATY? 4-Amino-4,6-androstadiene-3,17-
dionef-=A+= formestaneZ}= ©2] MCF-7 1<k Al o] EH'H
242 YeReE® 179 carbonylZ]E bulkydHAl modifydt -

A FolA androstene-fused p-methoxyphenyl-hydrazoline> MCF-
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inhibitorE- 7|'&38}224} 2-X]3F androstene- =A<} 7-X12F andros-
tane FF=A5 TSI FAEA] = aromatase A3NEES A
SFN O™ WS steroid sulfataseS A S| TFHOZA] FHIRS X
21y androstane-3-O-sulfonate ®=+=  -sulfamate-f-=4] <]
4 2 BHE SAHATY & AFelx= DHEAE &9E
A2 A3l formestane = exmestane*]H C-4 9 C-6 913
72y X718 =Y F=AS FAd8IL, human ER+ breast
cancer cell T47D9} human ER- breast cancer cell?] MDA-MB-
2319 T/Ha cytotoxic activity & aromatase &4~ th3 A&
AE 27 38

_4

4HH (Experimental Methods)

AEI17]|

Ao AL&3F A]2-SSigma-AldrichA} (St. Louis, MO, USA) &
= TCIAF (Tokyo, Japan)oll X et ddch. &uil= Ha 3k 735 At
& Aol BABEAY AZAA ARESIATE H=72 Thomas-Hoover
melting point apparatus (Thomas Scientific, Swedesboro, NJ, USA)
& ARSsle] S5 Bl B2 31K .'H¥ "C
NMR spectra &7 Varian 400 MHz spectrometer (Agilent
Technologies, Santa Clara, CA, USA)E, &7 &vl= CDCLS}
DMSO-d, 2 A3t} Chemical shifts (Sy= W& %F Ed=
tetramethylsilaneS AF8-3}¢] parts per million (ppm)2-Z, cou-
pling constants (J)©= Hertz2 YERATE. GCMS (El) 5782
SHIMADZU QP 2010 model (Shimadzu, Kyoto, Japan)<,
fraction collector= EYELA fraction collector DC-1500 (Tokyo
Rikakikai, Tokyo, JapanyS AR&-3}T}h TLCE silica gel 60 F..,
plates (Merck, Kenilworth, NJ, USA)S ARE3SIR L, #2] &=
ethyl acetate/n-hexane mixtures &= methanol/dichloromethaneg- A}
83149t} Column chromatographys= Merck silica gel 9385 (Merck,
Kenilworth, NJ, USA) (230400 meshy2 AM&-ale] Ea] A5t

oo}
& AR

2t sighEel sy

4-Androstene-3,17-dione (1): DHEA (10g, 35 mmol)E ace-
tone (200 mL)°l| &3A171 &, R uE WS 583199 Jones
Al eK(CrO;+H,80,#H,0 Jones reagent 1.75mL T Cr* 2.67
mmol)E A&A < orange o] L& wf 7R 7psiar A-2olA
12A1ZF kst WheEE- oele] HAAdES AASIL
EZ A & 79 553t acetones A|ASIAL HE 7S
BFAI7] 2L ethyl acetate (3x70 mL)Z F&3ITh F&3 /7]
= —‘?-3,‘— MgSO,Z AZ, o3} 2 7} =319 crude product
3L ©]& column chromatography (ethyl acetate : #n-hexane =
1:3)5 Arlate] wsgAle] 3k A o= AT Yield: 70%
mp: 168-170°C (lit. 170°C)>
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4a,50-Epoxyandrostane-3,17-dione (2): 4-Androstene-3,17-dione
(1, 2 g, 7mmol)& methanol (100 mL)*l| §3A1Z1 & 5% NaOH-
MeOH (5 mL)} 30% H,0, (25 mL)Z 718l ALl 617+ wt
SAHTE TLCE whgo] RS dRlstal o3 4% &
% £S5 718kl dichloromethane (3x30 mL)2 F=3Fth
=92 F MgSOE 7hste] A=, o3 3 A%t 5%
column chromatography (ethyl acetate : n-hexane = 1:3)2 A| &}
o] Mol L2t Ao g AQT) Yield: 73% (1.54g), mp:
196-198°C, (lit. 197-198°C).*”
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4-Phenylthio-4-androstene-3,17-dione (3): Phenyl mercaptan
3 mL, 29.5mmol)°ll 4o,5a-epoxyandrostane-3,17-dione (2, 90
mg, 03 mmol)g 7Fsted &8lAIZl & F4 Na (15mgyS 2L
60°ColA 6A17F keRiet. Whg-els xp7he- Eofl 718kl ether
(B3x30mL)E FE3tL FE3 {715l FF MgSO.E 7t
Az ol oHAstaL S Y 5T F column
chromatography (methanol : methylene chloride = 1:49)5 2|5}
njulal o] =3 AAS AU Yield: 74% (87 mg), m.p: 174-
176°C (lit. 171-172°C).*"

4-Benzylthio-4-androstene-3,17-dione (4): Benzyl mercaptan
(15mL, 1282 mmol)°ll 33H& 2 (300 mg, 1 mmol)S 7}5ke] &
a3t T F& Na (100me)S WL 60°CollA 6117 wHksliTt,
S A7FE Eoll & & ether (3x30 mL)E FE313L
4 MgSO,Z AZxsISith o5 ostal 749t 3
% column chromatography (methanol : methylene chloride =
11495 AAjate] mgAle] =3k A4S AATh Yield: 68%
(277 mg); m.p: 140-142°C (lit. 137-138°C).*"

—d

4-Phenylethylthio-4-androstene-3,17-dione  (5):  Phenylethyl
mercaptan (15mL, 111.7 mmol)*ll &%= 2 (300 mg, 1 mmol)S
7¥ste] g3 3 24 Na (100 mg)S ¥ 60°ColA 1047
Hhlgith TLC= Wheol 598 ol F 1t %
o] ¥& 3% dichloromethane (3x30 mL)Z
MgSO,E 7Fete] 71x813dtt. ol oFsial 24 H
< oily product® column chromatography (methanol : methylene
chloride = 1:49)5 Ao W&o =5k AS AJTE. Yield:
77% (325mg); m.p: 139-141°C; 'H-NMR (400 MHz, CDCL,)
8. 7.24-728 (2H, m, H-2'6"), 7.18-720 (1H, m, H-4"), 7.13-
7.15 (2H, m, H-3.5", 3.70 (1H, dt, /6.8, 14.8 Hz, Ha-6),
2.96-3.02 (2H, m, S-CH,-CH,-), 2.76-2.80 (2H, m, S-CH.-CH,-),
121 (3H, s, H-19), 0.92 (3H, s, H-18); "C-NMR (100 MHz,
CDCly) &: 220.5 (C-17), 195.0 (C-3), 173.6 (C-5), 140.6 (C-4),
129.0, 128.7, 128.6, 126.5, 54.5 (C-9), 51.0 (C-14), 47.7 (C-
13), 414, 36.8, 36.0, 35.1, 34.9, 34.6, 31.5, 31.0, 30.5, 21.9
(C-15), 21.6 (C-11), 183 (C-19), 13.9 (C-18); GC-Mass (EI)
m/z: 423 (M+1)".
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4-Cyclohexylthio4-androstene-3,17-dione (6): Cyclohexyl mercaptan
(150 mL, 1.23 mol)oll 813 2 (300 mg, 1 mmol)yS 7Fste] &3]
g & F4 Na (100me)S ¥l 60°ColA 12417 wukslsin),
WSS A 5535 & AR &l 718IaL ether (3%30mL)
2 FE3 B4 MgS0,E 7I8le] S AASIN o8 o
sl AdS A 53 F column chromatography (ethyl
acetate : n-hexane = 1: )5 AA|Ste] m&Falle] 45t A EF
< AU Yield: 62% (248 mg); 'H-NMR (400 MHz, CDCL,)
& 3.83 (IH, dt, J=6.4, 14.8 Hz, H-6), 3.02-3.09 (1H, m, H-
6), 129 (3H, s, H-19), 093 (3H, s, H-18); “C-NMR (100
MHz, CDCL,) & 220.5 (C-17), 1953 (C-3), 174.6 (C-5), 1284
(C-4), 546 (C-9), 51.0 (C-14), 47.7 (C-13), 45.1, 41.5, 36.0,
35.1, 35.0, 34.6, 33.6, 334, 315, 31.0, 30.7, 30.0, 26.0, 25.9,
219 (C-15), 20.6 (C-11), 184 (C-19), 13.9 (C-18); GC-Mass
(ED) m/z: 400 (M)'.

17,17-Ethylenedioxy-3p-hydroxy-5-androstene  (7): DHEA
(5g, 174 mmol)E benzene (150 mL)%ll |-3]A1715L p-toluene-
sulfonic acid (300 mg, 0.15mmol)Z} ethylene glycol (2mL)<
AolA 7k 3 12A17F dean-stark’gX| oA FFE . WS
TdES HA2og YR F benzenes THAIA AATIAL
2o JdEER SMAI F EGomL)S 7iete] A& HE
Al71aL oAztate] A EFS AUk ©]E silica gel column
chromatography (ethyl acetate : n-hexane=1:1)2 2] A5l
WAl gk Aoz AYTh Yield: 86% (3g); mp: 168-
170°C (lit. 164-166°C).*?

17,17-Ethylenedioxy-4-androsten-3-one (8): 3}3& 7 (3.5g,
10.5 mmol)E- toluene (240 mL)A]7]2. N-methylpiperidone (15mL,
132.2 mmol)#} aluminium isopropoxide (3.9 g, 18.9 mmol)S A&
oA 7kgt & A 717 stoll 5A1ZF 7HE SRSkt vEgt
S Y72 ¥ tolueneS Y FFH3I AAT § =(80mL)
3} ethyl acetate (S0mL)S 7}t & AL0A 1247+ wHblS]
o} WhSEE Y] =S ethyl acetate (3x15 mL)E F=313Th
289 5% HCL 10% NaOH % E= A|H3& % anhydrous
MgSO,Z 71ZAI7|AL oF3te] A& A3 ©]E column chro-
matography (ethyl acetate : n-hexane = 1:3)2 2] FA|slo] WA
o] =73k Aoz ATt Yield: 93% (2.8 g); m.p: 172-173°C;
'H NMR (400 MHz, CDCL) &: 5.74 (IH, s, H4), 3.84-3.93
(4H, m, OCH,CH,0), 1.1l (3H, s, H-19), 0.87 (3H, s, H-18);
BC NMR (100 MHz, CDCL) &: 199.7 (C-3), 171.5 (C-4),
1242 (C5), 1193 (C-17), 654 (CH,0), 647 (CH0), 538
(C-9), 499 (C-14), 458 (C-13), 388, 36.1, 359, 342, 34.1,
33.1, 314, 305, 228 (C-15), 20.6 (C-11), 17.6 (C-19), 14.4
(C-18); EI-MS (m%): 330 [M]".
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4a,50-Epoxy-17,17-ethylenedioxyandrostane-3-one (9): 3}3H&
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8 (1g, 3.03 mmol)2 methanol (50 mL)oll 88A1712L 5% NaOH
(G mL)t 30% H,0, (14 mL)E 7Fslal A2ox 8x7F wukalad
o 9ERES YR & methanol® 30% H,0,5 4 5
Foked AAG T 520 mL)E 7I3E T ethyl acetate (3x30 mL)
2 FEAT §715S 5% HCL, 10% NaOH 2 2= A% g
& anhydrous MgSO,Z2 7%, 54sle] A& AL °]& column
chromatography (ethyl acetate : n-hexane = 1:5)2 2] A3}
WAl =23 AAS AAh Yield 46% (500 mg); m.p: 124-
125°C; 'H NMR (400 MHz, CDCl)) &: 3.88 (4H, m,
OCH,CH,0), 298 (I1H, s, H-4), 1.16 (3H, s, H-19), 0.89 (3H,
s, H-18); "C NMR (100 MHz, CDCl,) &: 206.7 (C-3), 1192
(C-17), 704 (C-5), 654 (CH,0), 64.7 (CH,0), 62.8 (C-4),
499 (C-14), 46.5, 46.1, 374, 354, 342, 327, 303, 299,
293, 26.8, 22.8 (C-15), 21.1 (C-11), 19.1 (C-19), 14.5 (C-18);
EI-MS (m/): 346 [M]".

4-Azido-17,17-ethylenedioxy-4-androsten-3-one  (10):
Epoxy-17,17-ethylenedioxyandro

4o,50-
0.58
mmol)S ethanol: water (8:1, 18 mL)°ll £33} sodium azide
(225mg, 3.46 mmol)¥} ammonium chloride (91 mg, 1.71 mmol)
S AeoA 7Hek & 5AIZE SR wwkeigith WReEES W
ZIA 713 10% HCIZ 58} AlZ] & ethanolS Z SHAIA A
o Aol E& 7}5}aL ethyl acetate (3x10mL)E
L FEAE TP MeSO,E xR, st ofHg 74t
column chromatographyE (methanol : methylene chloride
= 11495 AAIEt] myAle] =48t A S AATE Yield: 52%
(100 mg); m.p: 161-163°C; 'H NMR (400 MHz, CDCL,) &:
3.85-3.43 (4H, m, OCH,CH,0), 1.18 (3H, s, H-19), 0.839 (3H,
s, H-18); C NMR (100 MHz, CDCL) &: 193.4 (C-3), 155.3
(C-5), 128.7 (C-17), 1193 (C-4), 654 (CH,0), 64.7 (CH,0),
542 (C9), 499 (C-14), 458 (C-13), 39.3, 35.7, 34.6, 343,
33.9, 30.8, 305, 263, 22.8 (C-15), 20.6 (C-11), 17.8 (C-19),
14.5 (C-18); EI-MS (m/%): 343 [M-N,]".

stane-3-one (9, 200 mg,

4-Azido-17,17-ethylenedioxy-33-hydroxy-4-androstene ~ (11):
10 (50 mg, 0.13 mmol)E absolute ethanol (5mL)dll 8-3lA]7]13L
sodium borohydride (10 mg, 0.26 mmolyS 7}5}3 AL-0A 14]
7+ anbesith, WHEEE S Y 53 ethanolS A|A3IAL
2 AFE =& Tkt AAS HE AlA LoR crude
compoundE ethanolz} E2 A4 3te] wlae] &3t AHo=
AT Yield: 56% (27mg); mp: 172-174°C; 'H NMR (400
MHz, CDCl) &: 4.38-446 (1H, m, H-3), 3.89 (4H, m,
OCH,CH,0), 1.06 (3H, s, H-19), 0.85 (3H, s, H-18); "“C
NMR (100 MHz, CDCL) & 147.6 (C-5), 123.7 (C-17), 119.5
(C4), 68.1 (C-3), 653 (CH,0), 64.7 (CH,0), 53.5 (C-9), 50.1
(C-14), 46.0 (C-13), 38.5, 36.1, 34.3, 33.1, 31.7, 30.7, 29.,
246, 228 (C-15), 20.9 (C-11), 198 (C-19), 14.5 (C-18); El-
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Mass (EI) m/z: 345 [M-N,]".

4-Cyano-17,17-ethylenedioxy-4-androsten-3-one (12): 9 (200
mg, 0.58 mmol)S ethanol: water (8:1, 18mL)°ll &3)|A|7]3L
sodium cyanide (130 mg, 2.67 mmol)?} ammonium chloride (85
mg, 1.5mmol)y& A0X 7lelar 12417 7+E SRt Ht
SEGES A 57310] ethanote AABIEL B2 713F & ethyl
acetate (3x15mL) $Z3laL anhydrous MgSO, 7%, o33l o
ANE 7HF F53t] crude products A3 ©]Z column chroma-
tography (methanol : methylene chloride = 1:49)& AlA]3le] v
Aol =43 ARE AU Yield: 38% (80mg); mp: 153-
156°C; 'H NMR (400 MHz, CDCl) &: 3.84-3.42 (4H, m,
OCH,CH,0), 121 (3 H, s, H-19), 085 (3H, s, H-18); “C
NMR (100 MHz, CDCl,) &: 1859 (C-3), 1753 (C-5), 108.6
(C4), 1139 (CN, C-17), 654 (CH,0), 64.6 (CH,0), 49.9 (C-
14), 45.7 (C-13), 43.8, 40.3, 36.1, 34.0, 31.9, 30.8, 30.3, 29.8,
255, 22.6, 209 (C-11), 18.0 (C-19), 143 (C-18); EI-MS (m/
2): 355 [M]".

4-Cyano-17,17-ethylenedioxy-3p-hydroxy-4-androstene ~ (13):
4-Cyano-17,17-ethylenedioxy-4-androsten-3-one (12, 100 mg, 0.28
mmol)< absolute ethanol (20 mL)oll 341713 sodium borohy-
dride (21 mg, 0.56 mmolyg 7}3laL A2eA 1A1ZF §HEAI AT
WS EFES Y SRS ethanols A|ASIAL ES 7het &
ethyl acetate (3x20 mL)Z FZ3}3L anhydrous MgSO, 7%, &
st NS 7Y FF3I crude productE: AT ol E
column chromatography (methanol : methylene chloride =1:49)%
AABte] nEA o] =gt AAS ATk Yield: 38% (80 mg);
m.p: 174-176°C; 'H NMR (400 MHz, CDCL,) &: 4.13 (1H, m,
H-3), 3.86-343 (4H, m, OCH,CH,0), 121 (3 H, s, H-19),
0.87 (3H, s, H-18); “"C NMR (100 MHz, CDCL) &: 171.6
(C-5), 1226 (C4), 1193 (CN, C-17), 654 (CH,0), 64.7
(CH,0), 60.7 (C-3), 49.9 (C-14), 45.8 (C-13), 43.8, 40.3, 363,
34.8, 312, 30.8, 30.3, 29.9, 25.5, 22.6, 21.2 (C-11), 19.5 (C-
19), 14.4 (C-18); EI-MS (m/%): 356 [M-1T".

4-Chloro4-androstene-3,17-dione (14): 9 (100 mg, 0.32 mmol)
< acetone 2mL)°| &3A7]Z WL oA conc. HCl (0.46
mL, mmol)& 78kl 4x)7F wwlelgitt. vhS-EE-S 10% NaOH
g0 ZHAA A ANES Q3 olgstel I 2
S A} oF ethyl acetate9} n-hexaneQ 2 A A A|A W
Ao] &g=3l ARG AT}, Yield: 43% (45 mg); mup: 177-180°C
(lit. 175°C).»®

3B,5a,6B-Trihydroxyandrostan-17-one (16): 5o.,60-Epoxy-3f3-
hydroxyandrostan-17-one®® (15, 100 mg, 0.3 mmol)°ll acetone (2
mL)¢} HF (0.3 mL, 17.25 mmol)E 7}3}3L 0°CollA 2A]7F 2wk



ohzvteb) A3y 9 AmEA ©

N

stk TLCE WHgo] T5¥S Rl & 10% NaOHZE F3}

sle] AEE W] AHES AT E2 AFSHEA Ty o

Fsle] AT} ©]= column chromatography (ethyl acetate : n-

hexane = 1:5)2 2] AAte] WAlo] gt AA o= A}
Yield: 53% (58 mg); m.p: 298-302°C (lit. 301°C)

603-Bromo-33,5c-dihydroxyandrostan-17-one (18): So,60-Epoxy-
3B-hydroxyandrostan-17-one (15, 100 mg, 0.3 mmol)°ll acetone
(2mL)?} HBr (0.2 mL, 3.6 mmol)& 7}3lal 0°Coll 2417+ wigt
g F TLCE "Hgo] T8HS 2RIskal 10% NaOHE F3}513
o oolw A Aol JHES A ER AFSHHA, 1
¢t AFE F35k] D2 crude productE column chromatography
(ethyl acetate : n-hexane = 1:3)2 F2] AA|3}e] WlAle] 55 4
Hoz A} Yield: 58% (76 mg); m.p: 384-386°C; 'H-NMR
(400 MHz, DMSO-d,) &: 445 (IH, br s, C,-OH), 3.26-3.45
(IH, m, H-3), 2.80 (1H, d, J=3.6 Hz, H-6), 0.95 (3H, s, H-
19), 0.66 (3H, s, H-18); "C-NMR (100 MHz, DMSO-d,) &:
220.1 (C-17), 67.6, 65.8, 58.5, 51.9 (C-14), 47.6 (C-13), 433
(C9), 359, 352, 33.0, 31.6, 29.6, 27.9, 21.9 (C-15), 202 (C-
11), 162 (C-19), 13.9 (C-18); GC-Mass (EI) m/z: 384 (M-1)".

Aromatase inhibitory assay

Placental microsome®] A|=: Yoshida®} Osawadll ]3] Rle
9S EUlZ Cepa 5°] modifydt WMo 7 A2 ¥
Aol A ErE & @2 Q17 BNk 1% KCIE ke A7k
67mM potassium phosphate buffer (pH 7.4)%°A] cotyledon
tissueS 2|33 0.25M sucrose 2 0.5mM dithiothreitol (DTT,
1:1 wA)S 33 67mM potassium phosphate bufferS A&
3}e] homogenize 31T} Polytron homogenizerS A}-8-5}¢
5,000 gollA] 308 B9 U4l E2sial supernatantE 20,000 gollA]
308 B9k 54,000 goll A 458 o 94 EEl5k] microsome
pelletS AUt} Microsome pelletS A2 &3 025M sucrose,
20% glycerol ¥ 0.5mM DTTS X&3l= 67mM potassium
phosphate buffer2 AN HAEA|A -80°CollA H3s] FiL T Q A
o ARg-sk3iT.

Aromatase assay ': Aromatase &4 =72 Thompson
Siiteri®® % Heidrich $°”¢] B33 ol w2} aromatization}
ZJell4 [1B-’H]androstenedione (PerkinElmer Life Sciences, Bos-
ton, MA, USA)ZHE W&EF °H09 4oz A3t BE
313HES DMSO9| £3]A] 7122 67mM potassium phosphate
buffer (pH 742 34 3t 74 WS 7Hds] Qoksid,
20 ug microsome protein (1 mL), 40nM [1B-’H]androstenedi-
one (1uCi) 2 2uM sx=2] A4 sFES ARESIATE Aro-
matase &4 B8-S NADPH (150 yM)Z H718F 3 37°CollA
15% 5<%t shaking water bathollX BJAIZ] & 20% trichloroace-
tic acid (250 uL)S FH7Fste] FE3IATE EF=S charcoal-

dextran pellet2 ¥-3-3}= microcentrifuge tubeZ %7]3L, vortex-

3
ingstal 1A1ZF FF viFaATE 14,000 goll A 102 B <A
] 3 &, supernatantE M2 charcoal-dextran pellet®-Z <
132 102 &< wieket 3 A4 2283k *H0S Efshe
supernatantZ- liquid scintillation cocktail®} &35l liquid scintil-
lation counter (Beckman LS3801, Irvine, CA, USA)E ©|&3}
Al BTt HlolHE *H,090 BAFEH%) o2 UERion A3
A7F Sl dEEE 100%2 3t AlPSgEe] A& (%) A
Ahalit. e AR 33 Arlsiitt. FItiEEE R formestane

(Sigma Co., St. Louis, MO, USA)S AH&-&}3iTH

N

Breast cancer cell 2| HiF ¥ A2 M=

2 Agof AME-E §9 AlX2S= human ER+ breast cancer
cell line (T47D)9} ER breast cancer cell line (MDA-MB-231)
< Ao Al EFEolA EF ol ARSI Al
EF9] S 10% fetal bovine serum (FBS)©] *E3He RPMI
medium 1640°] penicilline/streptomycin 100 pg/mLE 3 718+
A7 miR = AL, 37°C, 5% CO,2 21E& 2+ CO, incu-
batoroll A Wittt A E7F S5t A dEiE o] R i
UAS A ABIL PBSE 23] AlH B tripsin/0.02% EDTAS ©]
83t MEE flaskil=toZHE ZYA 3, AX FH

NS AA L, A wiAE B AE Ff{as whEe] 132
2 A v shlek

zF Nge] Alxe 7F e F 0.1 moldl| sidshe

3te] DMSOE 34 &= ARE-3le] 100 pME FHEITE. ©]
710 % ste] DMSOE 3]4{ste] 100, 50, 20, 10, 5, 1 uM
THET 34 Al 4uLE 196 uL RPMI 1640 (10% FBS)ell
54 ste] ARE-3ISATE

o M of

Cytotoxicitye] &

MTT A2 Hirg W»e] Fsto] dAjsislon gaofsha
o3 2t} 96-Well cell culture plate] ™4~ 521719] breast
cancer cellS ZF welld 3,000 cellS 23, 199 welldl= AlE
Fl oAl wiARE Yol 53% 574 Al blank® ARS-SIATE
|2 EZ 2= estrogen antagonist$! tamoxifen (Sigma Co., St.
Louis, MO, USA)Z positive controlZ, DMSOE negative con-
trol2 ARE3IIEE 37°C, 5% CO,2] A& 7HE CO, incubator
oA 24A17F HiFSIAL 1, 5, 10, 20, 50, 100 uM T2 AR 5
uLiwells 7FFAT) A8 7FskaL, 48A17F <t CO, incubator
ol A wiFEE & 2mg/mL MTTE 50 pLiwells B2, THA] 4
AZv wieksiT), A aS 23] A7 s, DMSO 150 pl/well
< A7etaL A20lA Fgste] dokle MlE7F 3-(4,5-dimeth-
ylthiazol-2-y1)-2,5-diphenyl-2 H-tetrazolium bromide (MTT, Sigma
Co., St. Louis, MO, USA)$} wh-g-ste A | wepde] 584
formazang E31A17]3 #Y3A BHE F 540nmelX FREE

7VERSAmaxE ©|-&3sly] =431t}
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43} Y 13K (Results and Discussion)

=

)

4-23}  androst-4-ene-3,17-dione FE=A 3-69
scheme 19 A|A|EIA T DHEAS 2822 A8-35l Jones
reagent® AFSIRESS AlA 4-AD (1) F/33HATE? oldf 4-
androstene-3,6,17-trione”t AAE = 317] wlitol
3hEA] FEE JonesA o] ARSI AIZF T WHERIS A
sl I3E 12 5% NaOH-MeOHe| 971Z71914 30% H,0,
o ZABIAA 4a,5a-epoxyandrostane-3,17-dione (2)5 LM a-
epoxy L2]¢] YA stetol] disir= olw] gk up QUch o]
epoxidation 3= Mann 5°]°° 3}3= 125H 4M NaOH &
fA FolA 30% H,0,Z ANZFABAA a:B=1:42] epoxide
mixtureS H2 A= €] a-isomerS diastereoselectiveS|A|
A3t s1gkE 29} phenyl mercaptan, benzyl mercaptan, phenyl-
ethyl mercaptan, & cyclohexyl mercaptan 52 F<Na 75132
60014 REEAIA epoxy LEle] JHEHF G WhES AXA 4-
phenylthio-4-androstene-3,17-dione ~ (3)*"),
(4"Y,  4-phenylethylthio-4-androstene-3,17-dione
(5) 2 4-cyclohexylthio-4-androstene-3,17-dione (6)2 ¥4 3+3tt.
33 59 'H NMR spectrum®] 3.70 ppmellA downfield shift¥l
32U A% proton peak’} double triplete 2 FHzo] Elom o]
peakE HSQC spectrum®. 2 3213k A3} 27 carbon] protond
< & F AATE 2HEZ T proton peaks C-69] equatorial
proton®] S| A} EA al 25 downfield shiftel HoZ
AZFE AT o]# 3§ 4t peak W SIHE 3, 4 ¥ 6ollA B
F sk #FEEAY 228]2 'H NMR spectrumol| A= ©]5
Aol dlFdh= 4 peake HolX] 24O}, PC NMR spec-
trumol| A1 140.6 ppm34} 173.6 ppmoll Al = 7|<] o|F A7 ol 3l
sl 497} 59 A peakrt TEAEEZ SIRHE ol o]FAH
o] ZAFE &+ AUATH

B 95l aromatase A3 E4-S VeR=dl C-39 car-
bonyl7|7} B olA = o™ steroid=Z 4] A, B ringd] pla-
narity$} Sa-YA| 3}8to] aromatase®] binding pocketol] &%
D ringd] 7&2%= #AES AASAT 13 2E androstene?]
4 9IX e X271e] =PI TlEO] Frank 59 Hi»of ujz}

T e

4-benzylthio-4-andros-
tene-3,17-dione

DHEA

D ring®] 179 carbonyl”]E ethylenedioxy ring®= modifyst
E=AIE A8 Scheme 290 4-azido- 2 4-cyano group”} X]
2+l 17,17-ethylenedioxy-4-androstene =4 10-132} 17H9] eth-
ylenedioxy2.2]7} 718kl 4-chloro-4-androstene-3,17-dione (14)2]
S HE ARSI

DHEAE &% &4d=E AREsto] ethylene glycol? WHEAIA
ethylenedioxy 3}5HE 72 43Il N-methylpiperid-4-oneZ=A|] 3}
oA aluminium isopropoxide® AFS}A|A 17,17-ethylenedioxy-4-
androsten-3-one (8)= AL °]& 30% H,0,.9} WHSAIA 4B,5p-
epoxy-17,17-ethylenedioxy-androstan-3-one (9)2 4d3lsitt. 313
& 92 NaN, ¥ NaCNS EtOH :H,0 (8:1) &vf Folr Whg-A)
2 A3} 4-azido- & 4-cyano-17,17-ethylenedioxy-androstan-3-one
10z 12)& AL ©]2 NaBH,Z HUAIA 3B-hydroxy=
A 1134 128 ARk SFE 95 cone. HOIF wHSAIZ A
33HE 103} 123 2] 17909 ethylenedioxy 27} 7H E3l
® AAE9] 4-chloro-4-androstene-3,17-dione (14)7} Aoxt}.

Estrone 3-O-sulfate®l] steroid sulfatase”} ZH&3te] A4 E
estrone® 2 ¥ &3 estrogen®] H7H T oA kel F 9l
o] B2 steroid sulfatasesNA|2] 7t A=l -85}
ot} 28 BER A2} 5] steroid sulfatase A&A 7S £}k
o] 343 6-%]3F androstane-3-O-sulfonate % -sulfamate %A
7F &4 2R o3 AdE ¢ de AT =290 3-hydroxy
EAE2] aromataseo] 3k A3 S FEGA ] tiE
cytotoxicityS A E IR s th 6B-%] #-3p,5a-dihydroxyan-
drostan-17-one-F =49 4 W& Scheme 3] A|AIsIATE C-
oW f1Xo A&71E =9dst7] $lste] ®MA] 3-hydroxyandrost-5-
ene (DHEA)E 30% H,0,= WHEAIA o5 A%l diastereoselec-
tived}Al  Sa,60-epoxidation®  3B-hydroxy-5a,6a-epoxyandrostan-
17-one (15)5 43192 Sa6a-epoxy 2] YA}k o]
u] RYERITE® 35S 155 HF, conc. HCI, HBr, sodium cya-
nide ¥ sodium azide®} WHS-AIA 3B,50,6B-trihydroxyandrostan-
17-one (16)*”, 6p-chloro-3p,5a-dihydroxyandrostan-17-one (17)*”,
63-bromo-3,5a-dihydroxyandrostan-17-one (18), 6f3-cyano-3f,50.-
(19)*",  6B-azido-3p,5a-dihydroxyan-
drostan-17-one (201”2 Ao A FAHL g2 wpHo g &
et 39tE 163 AFsgHEQ] 189 AlA STt 39k 17,19

dihydroxyandrostan-17-one

.,,I‘b

0o o 0 0]
/d;@ a J/ijig:tg b J/i:'é:tg C
—_— _— —_—
HO O O O
1 ) SR

3:R= 'CGHS

4: R=-CH,CgHs

5. R= -CH20H2C6H5
6: R= -Cyclohexyl

Scheme 1. Synthesis of 4-substituted 4-androstene-3,17-dione derivatives 3-6. Reagents and conditions: a. Jones reagent (CrO,+ H,SO, +
H,0), Acetone, RT, 6 h; b. 30% H,0,, 5% NaOH-MeOH, RT, 2 h; c. RSH, Na metal, 60°C, 6-12 h.
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Scheme 2. Synthesis of 4-substituted 17,17-ethylenedioxy-4-androstene-3-one and -3-ol derivatives 10-14. Reagents and conditions: a. p-
Toluenesulfonic acid, Ethylene glycol, Reflux, 12 h; b. Aluminium isopropoxide, N-Methylpiperidone, Toluene, Reflux, 5 h; c. 30% H,0,, 5%
NaOH-MeOH, MeOH, RT, 2 h ; d. NaN,, NH,CI, EtOH:H,O (8:1), Reflux, 5 h; e. NaBH,, EtOH, RT, 1 h; f. NaCN, NH,Cl, EtOH:H,0 (8:1),

Reflux, 6 h; g. conc. HCI, Acetone, RT, 4 h.
0]
C@Eﬁ |
—_—
HO (3‘

HO

DHEA

HO
R

15 16: R=0H,17: R=ClI

18: R=Br, 19:R=CN,

20:R = N3

Scheme 3. Synthesis of 6-substituted 3,5-dihydroxyandrostane-17-one derivatives 16-20. Reagents and condition: a. 30% H,0,, 5% NaOH-
MeOH, MeOH, RT, 8 h; b. 16: HF, Acetone, 0°C, 2 h, 17: conc. HCI, Acetone, 0°C, 2 h, 18: HBr, Acetone, 0°C, 2 h, 19: NaCN, NH,CI,
EtOH:H,O (8:1), Reflux, 24 h, 20: NaN;, NH,CI, EtOH:H,0 (8:1), Reflux, 24 h.

9 209] 6Bl Fshs YA TR oln] RAFHYSH AlZo] g2 XJ|7F A Gl Hjps oz HAth ¢ AHE
WdE 6-hydroxy- 2 B-bromo-X& F=A 163 18% 1D- ¢  ®FF3I androst-4-ene®] 4% #13]el N,, CN ¥ CIZ X]|8HA]7]
2D-NOESY spectra 52 72+ WPHO 2 B-configurationdS & 2 17H YXZ modifydt 4-X18F 17,17-ethylenedioxy-4-andros-

el &t} 739 tene-3-one (10, 12 2 14)3} 35HE 103+ 128 NaBH,ZE 3HA]
A A& 3p-hydroxy 54 113 139 aromatase A 3HE&(%)S
Aromatase A3l &4 2439 ). 4-Azido-17,17-ethylenedioxyandrost-4-en-3-one (10)°]

1352 43 33HE9] aromatase A3 A2 screeningdlsl AT FFE T M ES AL 9470%S UElWLe
3L 2 A3E Table 191 #A|AISHATE [1B-H]androststenedione 40 formestane (99.45%)2} +A}SFAth.  4-chloroandrost-4-ene-3,17-
nM3} human placental microsome TH¥ & 20 ugat 3HEE 2uM  dione (14) 92.85%2] AdHE-S el o, 6-218F 3B,5a-dihy-
FTEAA T4 wkgo R AAFE ‘H,09) YO =Z aromatase A3 droxyandrostanefr=A| 17-209] A& =7 AI= 6-chloro- E
()2 S0 P NREZZE formestaneS ARESINCE 6-bromofF=A (17 2 18)7F ZH7} 88.33% 2 90.49%2] Asl&

SIHE 3-62 phenylthio-7} X|#E SHE 30] =2 Asl& & HAoh
7534%%5 YEROH o] A#E uFo] 4 91Xl bulkysHAl
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Table 1. Aromatase inhibition of synthesized compounds at 2 pM
in human placental microsomes

Compounds Aromatase inhibition (%)+SEM*
3 75.34+2.12
4 12.1340.19
5 7.87+0.11
6 21.44+1.07
10 94.70+3.21
11 61.34+2.15
12 78.55+2.20
13 70.23£2.23
14 92.85+3.18
16 NT
17 88.33+3.28
18 90.49+3.79
19 65.33£2.16
20 45.3542.11

Formestane 99.45+1.15

*Concentration of 40 nM (1B-’H)androstenedione, 20 ug of protein
from human placental microsomes, 2 uM of the synthesized compounds,
and 15 min of incubation were used. The experiments were done in
triplicate. The results represent the meantSEM of three different
experiments. NT: No test

Table 2. In vitro cytotoxic activity of the synthesized compounds
against human breast cancer cell lines T47D and MDA-MB-231

Compound No. 1Cso (WM
T47D MDA-MB-231
3 81.3 75.2
4 >100 >100
5 >100 >100
6 >100 >100
10 89.1 25.6
11 574 54.3
12 90.6 327
13 482 67.1
14 >100 41.8
16 NT NT
17 >100 >100
18 >100 >100
19 >100 >100
20 >100 >100
Tamoxifen 9.75 13.7

*Seven different concentrations (0, 1, 5, 10, 20, 50, 100uM) of the
compounds and 48 h of incubation were used. NT: No test

Vol. 64, No. 6, 2020

Cytotoxic Activity

H7 & e SAollA aromatase AHAIE Folshs A
seta A Fojo] Hwdte] WA FARgo] S Ho E]'
I8 22 aromatase AIA|Z Z-E-SPHA] cytotoxic activityE 2}
E IFES A7) Y8 cytotoxicityS ZF A AT 4-%]
3 androst-4-ene 2 6-X3 3B,5a-dihydroxyandrostane-f- =3 13
3 4 U EZZ tamoxifens ARSI 5 cell line (T47D
2 MDA-MB-231)°] thale] 48A17F vl 3 MTT testS AA|
stal 1 A3E Table 20 AASHATE

SERMC.2 Z}-8-3]5= non-steroid-%2] tamoxifen T47D cell
(IC,, 9.75uM) ¥ MDA-MB-231 cell (IC,, 13.7 uM)°ll dis}e

3 ot g7= el Brol olsPd formestaneS T47D
celll = cytotoxic activity’F $1.21} MDA-MB-231 cellol|&= <Fst
AEZ5A FIIC,, 533 uM)PE YERLE S48
3HELS tamoxifen 2T} cytotoxic activityZ} WQATh 41 9]
thio®] X375 71X 313H=E 3-69] T47D$F MDA-MB-231 cell
o gk cytotoxicity 58 A7 3I¥hE 3] IC,, 813 ® 752 uM
o] ke HAth 4-X3}F 4-androstenefF=A] 10-142] A3 AFE
B 4-azido- % 4-cyano-17,17-ethylenedioxyandrost-4-en-3-one
(10 ¥ 12)7} T47DlE 2 cytotoxicity (IC,, 89.1 Z 90.6
uM)E HoJu MDA-MB-231 cellel thste] zHzF IC,, 256 &
32.7 uMe] S UERJ O] formestaneR T £ AlX =4 T3}
£ B} 6-X8 3B,5a-dihydroxyandrostanef-=A4] 17-20:= cyto-
toxic activitys YERIA 94Tt

= =
243 BE

& £(Conclusion)

H7 F estrogen &4 Y AEA NS FHOE 4
%3} androst-4-ene-=A] 2 6-X]3+ 3B,5a-dihydroxyandrostane-f+
=AE St T4 aromatase] TS #3 &3} human ER+
2 ER breast cancer cell lined] T47D % MBA-MB-231¢] ti3}
o] cytotoxic activityE A3 4-Azido-17,17-ethylene-
dioxyandrost-4-en-3-one  (10)7}F 7} ¥ aromatase A3l &
94.70%S H3oH, SIHE 149 182 92.85% 90.49%°] A
&S YEPATE 7 0 AlESl thE cytotoxic activity=
2E 3gtEo] PAHUREZDR ARS-S tamoxifentth W9kt 4
H A9 thio’| & B3 X375 7K 4-ene-3,17-dione Ad
o] 3}3E 3-6 Fol= phenylthio”]7} X$He 33HE 30] 813
2 752 uMe] 3HS BSH) 17,17-ethylenedioxy rings 7F 4-%]
% 4-en-3-one system3} 3pB-hydroxy-4-ene systemS 713 33HE
(10-13) F°lA 1034 127F MBA-MB-231 cell &2 cytotoxicity
(ICy, 25.6 & 32.7uM)E YERTE 6-X13F 3B,5a-dihydroxy sys-
temS 7H S{HE (172002 F UG HE Z5F cytotoxic

activity7} §1SATh.
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