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Aromatase is a cytochrome P-450 enzyme responsible for the conversion of androgens to

estrogens. 2,2—Dimethylandrostenedione (5) is one of the powerful inhibitors of the

enzyme. To explore a metabolic switching in the aromatase-catalyzed biotransformation of

the 2,2-dimethyl steroid 5, possible switching metabolites, the 6 8-hydroxy and 6-ene

derivatives 9 and 14, as well as 2amethyl-6 -0l 12 were synthesized and. their inhibitory

activities of aromatase in human placental microsomes were determined. All of the steroids

synthesized were good competitive inhibitors of the enzyme with apparent Ki values ranging

from 23 to 110 nM.
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Fig. 1. Aromatatization Sequence of Androstenedione (AD) with Human Placental Aromatase.
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Fig. 2. Structures of Aromatase Inhibitors with a 2,2-Dimethyl Group.
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Fig. 3. Synthesis of Possible Metabolites of 2,2-DimethylAD (5). Reagents: i) orthomethylformate, H2SOs, MeOH,
CH:Cls; ii) sunlight, EtOH; iii) SeOq, dioxane; iv) CaCOs, DMF.
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Table 1. Aromatase inhibition by 2,2-dimethyl- and 2 q-methylandrostenedione analogs

Steroid ICso, nNM® Ki, nM® Inhibition®
2,2-Dimethyl-65-01 9 540 60 Competitive
2,2-Dimethyl-4,6,-diene 14 225 23 Competitive
2a-Methyl-653-01 12 1200 110 Competitive
For comparison
2,2-Dimethyl 5 89 8.8 . Competitive
2a-Methyl 10 690 55 Competitive

a) A concentration of 300 nM of [153H] androstenedione and 20xg of protein from human placental

microsomes were used.

b) Inhibition constant was obtained by Dixon plot. In these experiments, the apparent Km for the substrate

androstenedione was found to be about 33 nM.

¢) Inhibition type was determined by Lineweaver-Burk plot.
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Fig. 4. Lineweaver-Burk plot of inhibition of human placental aromatase by 2,2-dimethyl-4,6-diene steroid 14 with
AD as a substrate. Each point represents the mean of two determinations, which varied by less than 5% of
the the mean. The inhibition experiments performed with all of the other steroids gave essentially similar
plots (data not shown).
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Fig. 5. Time-dependent inactivation by 2,2-dimethyl-4,6,-diene steroid 14 in the presence of NADPH in air. The
aromatase activity remaining under 0-min preincubation and the no inhibitor samples equals 100% activity
(120 pmol/min/mg protein). Each point represents the mean of two determinarions that varied less than
5% of the mean.
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L, RHEF. RAXRMVIZKBrL v F& LT
Perkin-Elmer FT-IR 17256X AR hO XA — % —
(Norwalk, CT, USA) T, UVA~XRZ hVid95%
 EtOH&# T HIZL 150-200UV A7 b O A — 4 —
(Em) *Hv, #hFnfllE L7, 'H-NMR &
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B HAETJEOL EX270 (270 MH z ) AR
Jhax—%— (HFE) T, MSA~XZ bV,
HAREFJEOL JMS-DX303 AXZ T A —%—
TENENKRD/, BB /IO NS T 74—
(TLC) &, 0.25mmf& K silica gel 60F-254 %,
¥/, AL ua~ I T 74—, silica gel
60, 70-230 A v ¥z (E. Merck, Darmstadt,
German ; BRI, Wi b, hexane-EtOAc)
¥, TNENHNTTo /2.
2,2-Dimethyl-6 3-hydroxyandrost-4-en-17-one (9)
DERK

(A) 2,2-DimethylAD (5) (215mg, 0.68 mmol)
% CH2Cla (8mL) 22 L, Z OB dioxane
(1.4mL), dryMeOH (0.01mL), orthomethylformate
(0.36mL,3.29mmol) & H2S0s (2 drops) %MNZ,
C DREW R IKEG T 7.5 . £ D%, pyridine
(5 drops) Nz, B % T Tig#E. EtOAc
(100mL) THAM, Kk, NaSO.# ik, HER
F UMAERY (210mg) %1%, Z0b D, TLC
SHT3AKRY P ERTILEMDOREY TH o7
N, NEFECHREBBRTHHET A LD, &
B4 enolether 8 % HEE-E 3 IR D K12+ L7z,

HMAERY S (200mg) % EtOH (30mL) (Z#ED
L, BHLAF O ZoBEBREERTKERIC2H
ME6 L, £ 2LEYE AL, B xR
JEBF. BiE% acetone L ) RS LILEWO
(120mg,55 %) & EeastikiE & L TH. LEwo :
mp 216-220 °C; FT-IR v 3468 (0H), 1663 and 1738
(C=0)em™ ; UV Amax 237nm (e =13,200) ;'H-NMR
5 0.95(3H, s, 18-Me), 1.12 and 1.23 (3H each, s,
2-Mez), 1.49(3H, s, 19-Me), 4.44(1H, t, J=2.7Hz,
6-H), 5.80(1H, s, 4-H) ; MS m/z (relat. int.) 330
(M*, 48), 274(100), 256(18), 241(10), 178
(22). Anal. Caled for Ca1Hso0s: C, 76.32; H, 9.15.
Found: C, 75.98; H, 9.35.
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#11, 2,2-dimethylandrost-4-ene-3,6,17-trione
(7) (24mg,12%) % EIAERY L L TH. L&Y
7 . mpl92-195 C (lit.!Y 191-193C) ; 'H-NMR ¢
0.94 (3H, s, 18-Me), 1.16, 1.24, and 1.28 (3H
each, s, 2-Mez and 18-Me), 6.08 (1H,s, 4-H).

(B) 1A% 5 (52mg, 0.16mmol) @ dioxane
(BmL) 12 SeO2 (7T4mg, 0.67mmol) % Nx
100 CT32h k. ERWZ A%, EtOAc
(100mL) THMR LKL Na:SOs THIE. B
EMETEE LY (50mg) %1%, Z0b o
AT LU ST T4 —ICTHEL, 1bE
9 (9mg, 17%) %75, mp 217-220°C. A dhid,
FlAR L b D EfEA XY MU —F LT,
2 @-Methyl-6 5-hydroxyandrost-4-ene-3, 17-dione
(12) DA

2a-MethylAD (10) (150mg, 0.50mmol) % &ij ik ?
L& 5 ORI DA & FRE I orthmethylformate
THKE TALEE L 72 [CH2Ci2, 2.1mL; dioxane,
0.98mL; MeOH, 10xL; orthomethylformate,
0.31mL, 2.38mmol; H2SO4, 2 drops; 4h]. FUGH#
T1%, pyridine (5 drops) Z AR &F L & 9 12
By L CHARY11 (180mg) 215, 20
W xR T 52 & CROIGIZA7Z.

LA 11 (120mg) % EtOH (10mL) (22
L, BiREFRERTRELCICZHMS S LA,

ATL7UTNTT T4 —CTHEE, DWT
acetone-hexane TH ML LILE®W12 (50mg,
43%) %1, {LE®12 © mp 153-156 C; FT-IR v
3449 (0H), 1660 and 1738 (C=0)cm?; UV Amax
236nm (e =11,700) ; 'H-NMR 6 0.95 (3H, s, 18-
Me), 1.12 (8H, d, J= 6.6 Hz, 2a-Me), 4.41 (1H, s,
6a-H), 5.82(1H, s, 4-H). Anal. Caled for CzoHzsOs
:C,77.90; H, 6.54. Found: C, 77.56;H, 6.77.
2,2-Dimethylandrosta-4,6-diene-3,17-dione (14)
DERK

2,2-Dimethyl-6 8-bromoAD (13) (58mg, 0.15
mmol) O DMF (2.5mL) #&i#!Z CaCOs (39mg,
0.39mmol) % BIZ 1.5h INEEFE L7z, R %
EtOA ¢ (50mL) THMEAKLE, e (Na2S0.)
L, BlEEE. BonimikWr o0
7T 74 —=DWTacetone 75 DEHRKICT
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L, 1L&W14 (20mg, 44%) 15, {LE&W
14 .mp 168-170°C; FT-IR v 1656 and 1736
(C=0) em; UV A max 282nm (e =24,800) ; 'H-
NMR & 0.97 (3H, s, 18-Me), 1.16 and 1.23 (3H
each, s, 2-Mez), 1.27(3H, s, 19-Me), 5.68 (1H,
s, 4-H), 6.11-6.23 (2H, m, 6- and 7-H); MS m/z
(relat. int.) 312(M*, 37), 284(27), 269(28),
256(100), 171(10) . Anal. Caled for CaiHzsOs: C,
80.73; H, 9.03. Found: C, 80.52;H, 9.14
7Ov 42— EBREOFHR

v MBI 70— 41%, Ryan 5D (2
fEvy, 105,000xg, 60-minE DXL v h& LT
FEL L, 0.05mM dithiothreitol C ¥k & 1% o ¥ 15
L20CTIHRAELY. ZO&MTH6er A7
v & —ViHHid RN,
7OV 2 —tiERE

Tuwy —YiEHIL, Siiteri & Thompson
B, 0 Fhbt, [1°HIADZHEE L TA
Fax—F §hHEE, frFarx—-TaVRE
WIS SRS M) F o aKREREE LTl
T L7, WA S ONIEFERAER - ASE Y
NEEACRIEE, A S iE L&t B
Wiz, ) IR B L, 20ug EH DR
I 0y — LA ENADPH & & b IZERD D L T,
67mM V) ¥ BARE T (pH,7.5, 0.5mL) O THE
A AHEAGFETA v F 2~ b, BEHK
FHANEHALERTIE, 200ugI 70V — 4K

HEHW, 4, 8 12mnD LA yFax— 3

Yk, FOUI0EBRET U Y — BIEHOHIE
2L 7.

BE ORI, CHREAREMIREICC
—HEME ST, ¢ MEBROMG 2 TEV -4
RERANHER (iedh) - KESREHKIC
EHT 5.
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