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Abstract—Several tetrahydrofluorenones with a triazole fused across C7-C8 showed high levels of ER B-selectivity and were found
to be potent ER-agonists. As a class they demonstrate improved oral bioavailability in the rat over a parent class of 7-hydroxy-
tetrahydrofluorenones. The most selective agonist displayed 5.7 nM affinity and 333-fold selectivity for ER.

© 2006 Elsevier Ltd. All rights reserved.

The diminishing levels of circulating estrogen that occur
during menopause leads to a variety of physiologic
changes including hot flashes, bone loss, and cognitive
impairment.! To relieve these symptoms, many women
have turned to hormone (estrogen) replacement therapy
(HRT) despite an increased risk of breast and uterine
cancer as well as coronary artery disease and stroke.’
The natural ligand, 17B-estradiol, for the two known
estrogen receptors, termed ERo and ERP, binds with
equal affinity to each. However, in both females and
males, the two receptors are expressed in differing
amounts throughout the body. The differing tissue dis-
tribution of the receptors suggests differing roles for
ERo and ERB.>* The potential that subtype-selective
compounds might lead to new therapies, as well as to
further the understanding of estrogen biology, has lead
a number of groups to pursue ERa-selective® and
ER B-selective agents.®1°

We have previously reported that compounds derived
from the phenolic tetrahydrofluorenone framework (I),
as exemplified by compound 1, are subtype-selective
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agonists of ERB.!” While many compounds of this class
performed well in vitro in receptor binding and cell-
based transactivation assays, as a class they displayed
poor pharmacokinetic properties characterized by rapid
clearance and low oral bioavailability. A likely explana-
tion for the observed poor pharmacokinetics is first pass
glucuronidation of the C7-phenol followed by rapid
elimination. One approach to address this liability has
been to replace the 7-hydroxy functionality with hetero-
cycles which might serve as phenol bioisosteres.'®
Recently, we have described tetrahydrofluorenones
upon which a pyrazole ring is fused at C7 and C8
(II)." In this report, we extend these efforts to the anal-
ogous triazolo-tetrahydrofluorenones, (IIN)*°  (See
Fig. 1).

Based on our results with phenolic analogs, we focused
our synthetic efforts on triazolo-tetrahydrofluorenones

Figure 1. ERp ligands based on tetrahydrofluorenones.
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Scheme 1. Reagents and conditions: (a) HNOs3, 0 °C, ~20% for desired regioisomer; (b) 6 N HCI, MeOH, 80 °C, quant.; (c) H,, 10% Pd/C, EtOH/
EtOAc, rt, ~90%; (d) aqg NaNO,, EtOH, HCI, 0 °C, ~95%; (¢) NaH, MOMCI or SEMCI, DMF, rt, ~85%; (f) DBU, methyl, ethyl or propyl vinyl
ketone, THF, rt, —55 °C, ~90%; (g) 6 N HCI, AcOH, 100 °C, ~75%; (h) pyrrolidine, AcOH, PhCHj;, 100 °C, ~75%; (i) Brp, NaHCO;, CCly, 0 °C,

25-70%.

to analogs where R' = Et, Pr, or Bu and limited our
exploration of R? to substituents with known effects in
the phenolic series. Several synthetic approaches to the
preparation of the requisite triazolo-tetrahydrofluore-
none were investigated. However, the majority of deriv-
atives described here were prepared by a route which
features early introduction of the triazole ring (Scheme
1). This route begins with alkylated 5-acetamido-inda-
nones 2-4 which were prepared in one step by reductive
alkylation from a commercial material.!® Nitrations of
2-4 were not selective, and the desired 4-nitro regioisom-
ers were isolated chromatographically.?! The acetyl
group was then removed under acidic conditions to give
5-7, respectively. Hydrogenation of the nitro group gave
8-10. Treatment with sodium nitrite in aqueous acid
gave the triazolo-indanones which were protected with
either MOMCI or SEMCI to give 11-13 each as a mix-
ture of N-regioisomers. Michael reaction with the
appropriate alkyl vinyl ketone (methyl, ethyl or propyl)
followed. The Robinson annulation was completed
under different conditions for compounds where
R*>=H than for compounds where R?=Me or Et.

Where R? = Me or Et (15, 16, 18, 19, 21, and 22), the
aldol condensation was best accomphshed under
strongly acidic conditions which also removed the pro-
tecting group §1V1ng triazolo-tetrahydrofluorenones 24—
29. Where R“"=H (14, 17, and 20), the aldol-type
condensation could be carried out under milder
conditions providing triazolo-tetrahydrofluorenones
30-32 with the protection intact. These three intermedi-
ates were further manipulated to give additional test
compounds The protio compound 30 was deprotected to
give 23. Bromination of compounds 30-32 gave 33-35
which were deprotected to give R*-bromo analogs 36-38.

Additional R’-variation was accomplished in good
yields by appropriate coupling reactions (Table 1).

Compounds 39 and 40 were prepared by a known triflu-
oromethylation reaction.?? The remaining compounds
(41-47) were prepared by palladium-catalyzed couplings
in toluene at 100 °C.

Chiral HPLC techniques allowed the resolution of many
of these triazolo-tetrahydrofluorenones into pairs of
enantiomers, generally as the final step.?*

In order to improve on the unfavorable nitration
selectivity observed with our initial procedures, sub-
sequent studies employed a different approach which
is summarized in Scheme 2 for the preparation of
29. This strategy begins by Robinson annulation of
4 to provide tetrahydrofluorenone 48. Bromination
of 48 proceeded regioselectively at the Co6-position
(in approx. 85:15 vs C8) thereby blocking this
position in the subsequent nitration step. A mild
nitration using tetrabromo-4-methyl-4-nitrocyclohexa-
dienone provided 49.2° The bromo protection was
removed and the nitro reduced to amine in one
pot by hydrogenolysis. The resulting diamino
compound 50 was resolved into enantiomers by
chiral HPLC. The synthesis was completed for each
enantiomer by treatment with sodium nitrite to give
29. This strategy worked well for compound 29
and was also used for the preparation of 25, both
where R? = Et.2°

All of the triazolo-tetrahydrofluorenone compounds
described above were tested in a primary binding assay
to measure affinity for the estrogen receptors.”’” Addi-
tionally, most were evaluated in a cell-based transactiva-
tion assay utilizing HEK 293 cells which were stably
cotransfected with human ERo or ER and an alkaline
phosphatase reporter gene.?® The transcriptional activi-
ty of triazolo-tetrahydrofluorenone analogs was
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Table 1. Conditions for C4 substituted compounds
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Scheme 2. Reagents and conditions: (a) propyl vinyl ketone, NaOMe,
MeOH, 70 °C, quant.; (b) 6 N HCI, AcOH, 100 °C, 72%; (c) NBS,
DMEF, —35 °C, 60%; (d) nitrating reagent,25 TFA, 0°, 61%; (e) H,, 10%
Pd/C, KOAc, EtOAc, EtOH, rt, 96%; (f) Chiralcel OJ, 25% EtOH/
heptane; (g) ag NaNO,, EtOH, HCl, 0 °C, 97%.

determined and compared as a percent response of 17p-
estradiol. The results for these two assays are summa-
rized in Table 2.

Several of the structure—activity trends previously ob-
served in the phenolic series!” are recapitulated in the
corresponding triazoles. While RZ-substitution is re-
quired for activity, there is a narrow window of substit-
uents which demonstrate potent ERp-agonism. While
the protio analog 23 (entry 1) is essentially inactive,
methyl, ethyl, bromo, and trifluoromethyl substitution
at R? gives analogs which are potent selective ER B-ago-
nists (entries 2, 3, 5, 9-12, 14, 15, 17, 19, and 20). How-
ever, certain larger substituents such as propyl (entries 6,
13, and 18), butyl (entry 7), and 4-hydroxyphenyl (entry
8) tend to diminish binding selectivity and ER-agonism.
An example of the particular requirement of R” is the
contrasting results for R = 2-furyl and R? = 2-thienyl.
While furyl analog 46 is a potent selective ER B-agonist,
the thienyl analog 47 showed diminished selectivity and

only partial agonism for ERP (entries 21 and 22). Gen-
erally, R!-butyl analogs display the greatest combina-
tion of potency, selectivity, and ERp-agonism.
Certainly it appears the ERpB-potency trend for R! is
Bu > Et > Pr, and selectivity Bu > Et > Pr. Several of
the triazolo-tetrahydrofluorenones shown in Table 2
are single enantiomers obtained by chiral HPLC separa-
tions. As had been seen in the phenolic-tetrahydrofluor-
enones, one enantiomer is much more active than the
other.!”?® A comparison of rac-25 to (+)-25 and
(—)-25, and of (+)-29 to (—)-29 (entries 3-5 and 16
and 17, respectively) illustrates this difference.

While generally less potent, the triazolo-tetrahydrofluor-
enones are more selective for ERB than the correspond-
ing phenolic analogs. Further, many display single-digit
nanomolar ERf affinity (entries 5, 17, 19, and 20-22).
Notably, several triazole analogs are greater than 100-
fold selective for ERB (entries 5, 10, 15, 19, 20, and
21). One of the most potent, selective compounds in
the binding assay (—)-38, which displayed 5.7 nM affin-
ity and 333-fold selectivity for ER, was also the most
potent, selective ERB-agonist in the transactivation
assay (entry 19).

Initial pharmacokinetic evaluation was conducted in the
rat on a selection of triazolo-tetrahydrofluorenones
(Table 3).3° Generally the triazoles demonstrate modest
to excellent oral bioavailability resulting in good system-
ic exposure albeit with relatively high plasma clearances.
The analog with the best overall PK profile was the
direct comparator to 1, compound (—)-38 where
R! = Bu and R?= Br. Interestingly, while the racemic
analog (+)-29 (where R' = Bu and R? = Et) showed an
encouraging profile, the individual enantiomers showed
strikingly different pharmacokinetics.

The less ER-active enantiomer (+)-29 accounts for
nearly all of the desirable PK profile observed for the
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Table 2. Human estrogen receptor binding and selectivity and transactivation data for triazolo-tetrahydrofluorenones
R 9
HN O. R
NEN A+
Entry Compound Stereo R! R? Binding assay ICso nM Transactivation assay ECso nM
(% ag.)
hERa hERp o/f hERo hERB o/

1 23 rac Et H >10,000 3041 3 1233 (10%) 475 (71%) 3

2 24 rac Et Me 1900 24 79 671 (62%) 20 (86%) 34

3 25 rac Et Et 1322 18 76 460 (88%) 7.3 (90%) 63

4 25 R-(+) Et Et >10,000 1524 7 ND* ND

5 25 S-(-) Et Et 647 5.7 113 140 (85%) 5.8 (99%) 24

6 41 rac Et Pr 352 11 31 794 (76%) 14 (78%) 57

7 45 rac Et Bu 1127 43 26 681 (45%) 60 (39%) 11

8 44 rac Et HOC¢H, 81 11 7 901 (37%) 4.3 (24%) 210

9 36 rac Et Br 5170 60 87 1267 (61%) 46 (90%) 28
10 39 S-(—) Et CF; 1678 11 151 241 (78%) 4.9 (76%) 49
11 26 rac Pr Me 6173 81 76 449 (84%) 17 (89%) 26
12 27 rac Pr Et 612 18 35 120 (74%) 7.7 (90%) 16
13 42 rac Pr Pr 344 23 15 ND ND
14 37 rac Pr Br 3301 43 77 561 (93%) 18 (82%) 32
15 28 rac Bu Me 5982 27 218 ND 20 (96%)
16 29 R-(+) Bu Et 4753 242 20 391 (29%) 28 (88%) 14
17 29 S-(—) Bu Et 220 5.1 43 30 (78%) 0.4 (91%) 75
18 43 rac Bu Pr 1249 58 22 1178 (52%) 96 (77%) 12
19 38 S-(—) Bu Br 1906 5.7 333 519 (80%) 5.5 (85%) 94
20 40 S° Bu CF; 896 3.2 279 169 (81%) 2.3 (83%) 73
21 46 rac Bu 2-Furyl 1119 7.4 151 870 (44%) 6.5 (82%) 134
22 47 S-(—) Bu 2-Thienyl 34 2.3 15 79 (23%) 0.96 (55%) 82
23 Estradiol 1.3 1.1 1
24 1 rac Bu Br 141 1.8 76 94 (68%) 4 (81%) 24

2ND, not determined.

® Rotation not obtained for this compound, but compound is a single enantiomer.

Table 3. Rat pharmacokinetic parameter for selected compounds
Compound iv AUC (uM h) CL, (mL/min/kg) Ty (h) F (%)

(—)-25 1.0 64.8 0.3 70
(—)-39 0.6 108 0.4 59
(+)-29 1.7 31.6 29 85
(+)-29 3.0 18.3 1.2 99
(—-)-29 0.9 62 0.4 28
(—)-38 1.9 24.4 29 36
(+)-1 0.5 102 L5 0

racemate. In contrast the more ERB-active enantiomer
(—)-29 displays a much higher clearance, much lower
bioavailability, and generally worse PK than the data
for the racemate would suggest.3!

In conclusion, we have prepared a series of triazolo-tet-
rahydrofluorenones in an effort to address the pharma-
cokinetic shortcomings of the corresponding phenols.
Indeed, many of these triazole analogs displayed
improved oral bioavailability, and in addition yielded
a number of analogs with excellent and selective ER[}
affinity, while retaining full ER f-agonism. For example,
compound (—)-38 combined potent affinity for ERf
(IC5p=5.7nM) and excellent selectivity versus ERa
(>300-fold) with a substantially improved PK profile
over the parent compound 1.
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