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Tetrahydroisoquinolines as subtype selective estrogen
agonists/antagonists
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Abstract—Two series of 6-hydroxy and 7-hydroxy tetrahydroisoquinolines were prepared. Evaluating a range of C-1, C-4, and
N-substituents led to the discovery of ER a and ER b selective analogs.
� 2004 Elsevier Ltd. All rights reserved.
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The major endogenous ligands that act at the estrogen
receptors (ER) a and b are 17-b estradiol and estrone.1

These two estrogen receptors are members of the nuclear
hormone receptor superfamily,2 which mediate a num-
ber of physiological processes such as bone mineral
density and lipid levels as well as female reproductive
systems.3 Post-menopausal women have severely de-
creased levels of endogenous estrogens and as such are
often treated with HRT (hormone replacement ther-
apy).4 HRT though, is not without risk. It is associated,
for example, with an increased incidence of both breast
and uterine cancers.5 Due to the side effects of HRT, the
estrogen receptor(s) have been a target of considerable
interest for the pharmaceutical industry.6 Compounds
targeted initially at ER a (at the time ER b was un-
known),7 have been found to retain some of 17-b
estradiol’s positive effects, while overcoming some of the
side effects. Molecules that have this mixed agonist/
antagonist profile are referred to as SERMs (Selective
Estrogen Receptor Modulators).8 Tamoxifen was the
first clinically approved SERM, for the treatment of
breast cancer.9 Tamoxifen however, is associated with
an increased incidence of uterine cancer10 and second
generation SERMs have managed to overcome this in-
creased risk. Examples from this class include raloxi-
fene11 (clinically approved for the treatment of
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osteoporosis) as well as lasofoxifene 1,12 currently in
advanced clinical trials for osteoporosis. Since the dis-
covery of these SERMs, major advances in the under-
standing of estrogens have occurred, not the least of
which is the discovery of a second estrogen receptor, ER
b.7 With the discovery of this second subtype it is hoped
that compounds can be found with new pharmacology
compared to the previously described SERMs. In our
search for new agents, we chose to investigate the tet-
rahydroisoquinoline (THIQ) scaffold 2. As can be seen
from Figure 1, the THIQ scaffold is structurally similar
to the tetrahydronaphthalene scaffold of lasofoxifene 1,
but incorporation of the nitrogen atom allows for the
rapid synthesis of analogs. The first report of THIQs
analogs as estrogenic compounds was made by Naga-
rajan et al.,13 who described their use as anti-implanta-
tion agents. More recently the Novartis group has
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Figure 1. THIQs derived from lasofoxifene.
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released their results describing THIQs as possible
SERMs.14

The THIQs were synthesized using standard chemical
transformations, starting from the appropriate 3-meth-
oxy phenethylamine 3 (Scheme 1). Treatment of 3-
methoxy phenethylamine (R1 ¼H or Ph)13 with the
appropriate R2 containing carboxylic acid in the pres-
ence of the coupling agents such as 1-propane phos-
phonic acid cyclic anhydride (PPAA) for R1 ¼Ph and
EDC/HOBt for R1 ¼H provided the desired amides 4.
The amide 4 underwent a Bischler–Napieralski cyclization
in the presence of POCl3 (CAUTION), that after
reduction with NaBH4, gave the corresponding 6-
methoxy tetrahydroisoquinoline 5. When R1 ¼ phenyl,
the methoxy protecting group was removed using BBr3
to unmask the phenol giving the desired analogs 6a–f
and intermediate 6g. The amines 7a–e were capped with
trifluoroacetic anhydride (TFAA) and the resultant
intermediates 8a–e were then subjected to BBr3 to reveal
the desired phenolic analogs 9a–e. Examples 10a–b were
prepared from the THIQ 6g via a Heck reaction with the
appropriate acrylamide.

Compound 11a was prepared using the chemistry de-
picted in Scheme 1 using 4-phenyl-(2-pyrollidin-1-yl
ethoxy) benzoic acid. Compounds 11b–k were synthe-
sized as depicted in Scheme 2. Starting with the differ-
entially protected THIQ 12 (synthesized as for 8a–e in
Scheme 1 using 4-benzyloxy carboxylic acid), the benzyl
ether was selectively removed via hydogenolysis and the
resulting phenol was alkylated under basic conditions
with 1-(2-chloroethyl) pyrrolidine hydrochloride to give
13. The 6-methoxy group was removed and replaced as a
benzyl ether to give 14 in order to facilitate analog
synthesis. The trifluoroacetamide group in 14 was re-
moved via basic hydrolysis with K2CO3 in MeOH to
reveal the secondary amine 15, which was capped with
either an acid chloride, a sulfonyl chloride or a chloro-
formate to produce the corresponding amide, sulfon-
amide, or carbamate followed by transfer
hydrogenolysis of the benzyl ether group to give the
analogs 11b–i. The basic amines 11j and 11k were syn-
thesized from 15 via transfer hydrogenolysis followed by
reductive amination using the appropriate aldehyde in
the presence of NaCNBH3.

The 7-hydroxy THIQs analogs were synthesized as
depicted in Scheme 3. The bromoketone 17 was con-
verted into the amino-ketone 18 upon treatment with
benzyl amine. The amino-ketone underwent reductive
amination with 3-methoxy benzaldehyde, followed by
reduction of the keto group with NaBH4, to give 19. The
amino-alcohol 19 underwent an acid mediated cycliza-
tion to give the 7-methoxy THIQ 20, which upon
hydrogenolysis of the N-benzyl group gave the inter-
mediate 21. The amide and sulfonamide analogs were
prepared by treating the secondary amine 21 with the
appropriate acid or sulfonyl chlorides or with TFAA to
give 22, which upon exposure to BBr3 furnished the
analogs 23a–d. Compound 23e was prepared directly
from 20 by treatment with BBr3.



Table 1. Estrogen receptor binding affinities (IC50) for compounds
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Compd R1 X R2 Binding affinity

(nM)a

ER a ER b

6a Ph –– Ph 30.7 48.8

6b Ph –– 2-Thienyl 50.0 26.3

6c Ph –– Cyclohexyl 29.8 99.0

6d Ph –– i-Pr 42.7 180

6e Ph –– CH2–cyclohexyl 53.1 295

6f Ph –– CH2Ph 6.70 66.4

9a CF3 CO 2-Thienyl 385 63.5

9b CF3 CO Ph 235 27.4

9c CF3 CO p-C6H4–Br 165 22.0

9db CF3 CO p-C6H4–OH 53.6 8.90

9ec CF3 CO p-C6H4–OH >3200 >3200

10a Ph ––

N

O
8.00 8.70

10b Ph ––

N

O

O

5.90 4.80

aValues are means of at least three experiments.
b Single enantiomer. Tentatively assigned as the R-enantiomer.
c Single enantiomer. Tentatively assigned as the S-enantiomer.
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(ix) BBr3CH2Cl2, )78 �C to rt.
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We initially chose to keep R1 ¼ phenyl analogous to
lasofoxifene 1 and explore the space described by R2.
We found that the space defined by R2 was tolerant of a
wide variety of substitutents. As can be seen in Table 1,
the introduction of just a simple phenyl group 6a pro-
duces a reasonably potent analog. Interestingly,
replacement of the phenyl group with a 2-thienyl group
produced compound 6b, which demonstrated modest
selectivity (2·) for ER b. The addition of the dimethyl
acrylamide 10a or the morpholino acrylamide 10b
groups to the phenyl ring, improved potency at ER a by
up to 10·. An aromatic group at R2 was not necessary
to retain potency, as evidenced by compounds 6c–e.
Introduction of a methylene spacer group at R2 pro-
duced analogs 6e–f with modest (up to 10·) selectivity
for ER a. The R1 phenyl group could be effectively re-
placed with a trifluoroacetamide group. The introduc-
tion of this group allowed us to access analogs 9a–e that
displayed modest selectivity for ER b. Compounds 9d
and 9e were separated by chiral HPLC and as can be
seen, the biological activity resides in one isomer only.
Compound 9d was putatively assigned as the R-enan-
tiomer based on the stereochemistry of lasofoxifene 1.

In Table 2 the results of our investigations into different
R1 groups can be seen where R2 was kept constant as the
phenyl alkoxyamine moiety found in lasofoxifene 1. The
direct THIQ analog 11a� of lasofoxifene was found to be
� In Ref. 14 the selectivity for compound 11a was found to be ca. 8·
for ER a, whereas we found the selectivity to be ca. 2·. This

difference in selectivity may be due to differing assay conditions.
a good binder, but upon inserting an amide linker into
the molecule 11b, a considerable loss of potency was
observed. Not all amides were impotent, as the trifluo-
roacetamide derivative 11c exhibited improved potency.
Interestingly, this analog showed a slight preference for
ER a over ER b (ca. 3·) in contrast to analogs 9a–d.
This bias for ER a may result from the increased steric
bulk of R2, which is consistent with ER b having a
smaller ligand binding pocket than ER a.16 Upon
replacing the amide linkage with a sulfonamide 11d or a
methylene linker 11j, potency at both the receptors was
restored. We also found that carbamate linkers were
also well tolerated as seen with compound 11e. We
further investigated the scope of the sulfonamide linker
and found that para-substitution of the phenyl sulfon-
amide led generally to less potent compounds 11f–h than
when compared to the parent sulfonamide 11d. The 1-
napthyl sulfonamide 11i, however, was almost as potent
as the phenyl sulfonamide 11d indicating that reason-
able steric bulk could be tolerated if appropriately
positioned. Interestingly, the two analogs that contain a
methylene linker, 11j and 11k, both show ca. 10–20·
selectivity for ER a over ER b.

The binding affinities of the 7-hydroxy THIQs 23a–e are
shown in Table 3. The 7-hydroxy THIQ scaffold is tol-
erant of the amide 23a, sulfonamide 23b, and methylene
23e linkers. The potency of the amide 23a is particularly



Table 3. Binding affinities of 7-hydroxy THIQs

N
HO

OH

X
R1

Compound X R1 Binding affinity (nM)a

ER a ER b

23a CO Ph 160.0 27.9

23b SO2 Ph 120.0 41.7

23c SO2 1-napthyl 28.0 10.7

23d CO CF3 122.7 11.4

23e CH2 Ph 20.1 13.1

aValues are means of at least three experiments.

Table 4. MCF-7 cell proliferation data for selected compounds17

Compd Agonist (nM) Antagonist (nM)

EC50 % act.a IC50 % inh.a

6c 11.1 93 n/a n/a

11c n/a n/a 86.6 83

11f n/a n/a 29.8 66

11i n/a n/a 51.3 96

n/a: Not applicable.
a Percent activation and inhibition are calculated from highest dose

(1 lM).

Table 2. Estrogen receptor binding affinities (IC50) for compounds 1

and 11a–k

N
X

R1

O
N

HO

Compd X R1 Binding affinity (nM)a

ER a ER b

1 n/a n/a 0.50 1.21

11a –– Ph 11.5 22.2

11b CO Ph 562 2250

11c CO CF3 28.7 93.3

11d SO2 Ph 5.20 18.5

11e CO2 Et 44.3 293

11f SO2 p-Tolyl 24.8 71.2

11g SO2 p-C6H4-nPr 29.4 133

11h SO2 2-Napthyl 112 1080

11i SO2 1-Napthyl 5.60 21.3

11j CH2 Ph 4.70 42.2

11k CH2

O

O
9.20 220

n/a: Not applicable.
a Values are means of at least three experiments.
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interesting when contrasted to the 6-hydroxy THIQ
benzamide 11b. As with the 6-THIQs, the 1-napthyl
sulfonamide 23c was also reasonably potent. The tri-
fluoroacetamide analog 23d proved to be the most ER b
selective (ca. 10·) analog found during this investiga-
tion. In general we found the 7-hydroxy THIQ template
to be selective for ER b over ER a.

A few select compounds were advanced into the MCF-7
cell proliferation assay as shown in Table 4. The MCF-7
cells are derived from breast tumors that predominantly
express ER a.17 As anticipated, compounds that lack the
phenyl alkoxy-amino sidechain at R2, (e.g., compound
6c) were found to be agonists.18 Compounds contain-
ing the phenyl alkoxy-amino sidechain at R2, such as
11c, 11f, and 11i, were found to antagonize the prolif-
erative action of 17-b estradiol in this cell line thus
confirming that this series could antagonize the estrogen
receptor.

In summary, the THIQ scaffold has proved to be a
versatile scaffold. It has allowed the identification of
novel analogs that can act as ER agonists or antagonists
in MCF-7 cells and also has led to the identification of
ER a and ER b selective ligands. Through subtle
changes of the R1 and R2 substituents, as well as the
location of the phenolic group of the THIQ scaffold,
compounds that are up to 20· selective for ER a, as well
as compounds that are up to 10· selective for ER b have
been identified.
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