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Synthesis and Evaluation of Estradiol Derivatives With
16a-(Bromoalkylamide), 16a-(Bromoalkyl) or
16a-(Bromoalkynyl) Side Chain as Inhibitors of
17p-Hydroxysteroid Dehydrogenase Type 1 Without Estrogenic
Activity
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Abstract—To develop inhibitors of 17B-hydroxysteroid dehydrogenase (17B-HSD) without residual estrogenic activity, the
synthesis of 16a-(bromoalkylamide) derivatives of estradiol was performed starting from a key intermediate aldehyde obtained
from commercially available estrone. In addition, series of 16a-(bromoalkyl) and 16a-(bromoalkynyl) derivatives of estradiol were
also prepared as model compounds. All new compounds inhibited human placental cytosolic 17B-HSD (type 1) with ICs, values
ranging from 1.7 to 10.6 pM. From these results, we observed that a primary bromide produces a greater inhibition of 17p-HSD
activity than secondary bromide, and that a shorter 16a-side chain increases the inhibiting activity. In the estrogen-sensitive
ZR-75-1 human breast cancer cell line, the 16a-(bromoalkylamide)-estradiol series had no estrogenic activity at 30 nM, and only
the compound with a shorter side chain length showed an estrogenic activity at 1000 nM. Interestingly, at this concentration, the
compound with an intermediate side chain length showed an antiestrogenic activity of 74%, whereas the compound with the
longer side chain length showed 34% of antiestrogenic activity. In this test, other 178-HSD inhibitors (without bromoalkylamide
side chain) were fully estrogenic. Among synthesized compounds, the estradiol derivative 4 (N-butyl, N-methyl,
9-[3',17'B-(dihydroxy)-1',3",5'(10")-estratrien-16’a-yl]-7-bromononamide) was the best compromise for a dual-action inhibitor.
This compound inhibited moderately and reversibly the 178-HSD type 1 activity, but possessed no estrogenic activity and
exhibited antiestrogenic activity in the ZR-75-1 cell line. Copyright © 1996 Elsevier Science Ltd

Introduction An alternate approach to the use of antiestrogens

is to inhibit the enzymes involved in the synthesis of

Estrogens are known to be involved in the growth of active steroidal hormones. Among these enzymes,
estrogen-dependent breast cancer. The action of estro- 17B-hydroxysteroid  dehydrogenase (17B-HSD) is
gens in target tissues requires binding to the estrogen responsible for the reversible transformation of
receptor; so a logical, now classic, approach to treating estrogen, as well as androgens. In humans, three
estrogen-dependent breast cancer is to use an anti- c¢DNAs encoding 17B-HSD have been cloned and
estrogen to block the interaction of estrogens with characterized. Type 1 (interconverting estrone and
their specific receptors." Recently, a new generation of estradiol)’'* and type 2 (interconverting estrone and
steroidal compounds was described as pure antiestro- estradiol as well as 4-androstenedione and testo-
gens. These compounds, represented by ICI 164384,** sterone)™* were purified, respectively, from the
EM-139,° RU 51625.° or ICI 182780,” contain a long cytosolic and microsomal fractions of human placenta,
side chain in the 7a- or 11B-position of an estradiol whereas type 3 (interconverting 4-androstenedione and
nucleus. The first two compounds have a long methyl testosterone) was found in human testis” and human
butyl alkylamide side chain on the 7a-position of the hyperplastic prostate.'” The 17B-HSD is expressed not
estradiol nucleus. The difference between EM-139 and only in classic steroidogenic tissues, such as the ovary,
ICI 164384 is the chloride on the 16a-position of testis, and placenta, but also in a large series of
EM-139. The RU 51625 has a propyl methyl alkyl- peripheral tissues,'”™" including normal and cancerous
amide side chain similar to that of ICI 164384, but at breast tissues.** Despite the fact that the formation
the 11B-position of the estradiol. For the last of estrone from estradiol (oxidative activity) is
compound, ICI 182780, a new pentafluoropentylsulfinyl predominant in most tissues, there is a higher level of
side chain is located in the 7a-position of the estradiol. 17B-HSD type 1 reductive activity in breast cancer
In all cases reported above, the long alkylamide or cells,”* which is responsible for the formation of
fluorosulphinyl side chain is essential to obtain a good mitogenic estradiol. Moreover, 17B-HSD activity has
antiestrogenic activity.® been reported to be higher in cancerous tissues
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Figuore 1. Interconversion of estrone (E,) and estradiol (E,) by
17B-hydroxysteroid dehydrogenase (17p-HSD) in the presence of
cofactors (NAD(P)H or NAD(P)*).

compared with normal breast tissues.***” It is therefore
attractive to lower the level of the most active
estrogen, estradiol, by blocking the 17B-HSD type 1
activity (Fig. 1). Thus, inhibition of 17B-HSD type 1
would be a useful complementary strategy to the use of
antiestrogen in the estrogen-dependent diseases.

Some work has been reported on the synthesis of
17B-HSD type 1 inhibitors. Chin et al.*** synthesized
the 16a-bromoacetoxy-estradiol 3-methyl ether and the
12f-bromoacetoxy-4-estrene-3,17-dione as irreversible
inhibitors, while Thomas et al.** developed 16-
methylene-estradiol as a suicide inhibitor. Recently,
our group synthesized a series of 16a- and 16p-(haloge-
noalkyl)-estradiol.*»** Iodo and bromo compounds
were revealed to be more potent irreversible inhibitors
than chloro or fluoro analogues,” and the optimal side
chain lengths were fixed to 3- and 4-carbons. Thus,
16a-(bromopropyl)-estradiol (1, Fig. 2), 16a-(bromo-
butyl)-estradiol, and 16-(bromobutyl)-estradiol were
the most potent inhibitors. Although the compounds
repoited above were good inhibitors of cytosolic
173-HSD type 1, they were not useful for the eventual
treatment of estrogeno-dependent diseases because of
their residual estrogenic activity. So we decided to
synthesize new compounds combining the two
functional groups on the 16o-side chain: the alkyl-
amide, which is responsible for the antiestrogenic
activity, and the bromoalkyl, which causes irreversible
inhibition of 17p-HSD type 1.

As we noted in our preliminary work,” the use of a
16a-(bromoalkylamide) side chain on an estradiol
nucleus is responsible for the total inhibition of
cytosolic 17p-HSD transformation of estrone to estra-
diol at 100 pM with an IC,, value of 10.6 pM. Conse-
quently, we considered this bromoundecanamide

- /\(,Br

R
HO

1 (R=H)

2  (R={(CH,);CONBuMe)

3,4 (R = (CH,),CONBuMe; n =3, 5)
57 (R=(CHy,CHyn=0,2,4)

8 (R = CEC(CHz)chJ)

Figure 2. Chemical structures of 16a-estradiol derivatives 1-8 used
in this study.

derivative (2, Fig. 2) to be a weak inhibitor of
178-HSD type 1. Interestingly, this compound showed
no estrogenic activity at a concentration of 30 nM
when tested in vitro in a ZR-75-1 cells proliferative
assay. Thus, it was possible to block the estrogenic
activity with a bromo alkylamide side chain on the
16a-position of estradiol. To optimize these results, we
considered the synthesis of two 16a-(bromoalkylamide)
derivatives of estradiol with shorter side chain lengths
(3 and 4, Fig. 2). We also synthesized a series of
16a-(bromoalkyl) and 16a-(bromoalkynyl) derivatives
of estradiol (5-8, Fig. 2) to show the influence of a
bromoalkyl side chain length and the effect of a
secondary bromide on the inhibition of 178-HSD

type 1.

Results and Discussion

Chemical synthesis

Synthesis of 16a«-(bromoalkylamide) derivatives of
estradiol (3 and 4, Scheme 1). The synthesis of the
key aldehyde 9 was performed in six steps from
commercially available estrone following a procedure
already described.” For the synthesis of compounds 3
and 4, which have two different chain lengths, the same
reaction sequence previously reported for the prepara-
tion of compound 2* was used with few modifications.
The first step was the addition of a Grignard reagent to
the aldehyde 9 giving the secondary alcohols 10 and 11.
The next sequence of the reaction was the bromination
of alcohols (10 and 11) using the triphenylphosphine—
bromine complex, followed by deprotection of the
THP-protective group to afford the primary alcohols
14 and 15. Jones’ oxidation of the primary alcohol gave
the corresponding carboxylic acid. Without purifica-
tion, this acid was transformed to alkylamides 16 and
17 by tributylamine and iso-butylchloroformate (activa-
tion) and N-butylmethylamine (amidation). The alkyla-
mide side chain was easily observed by a duplication of
characteristic 'H and “C NMR signals (CONCH,,
CONCH,, and CH,; of the butyl group). The duplica-
tion of NMR signals for the protons and carbons
(Table 1) surrounding the amide group was explained
by the two preferred conformations of the amide bond,
and has already been observed for compounds with a
similar side chain.**** The last step was the deprotec-
tion of di-TBDMS protective groups by HCI in
methanol, leading to the final products 3 and 4. No
important differentiation of characteristic spectral
signals was observed between both chain-length deriva-
tives, except for the methyl-18 and CHBr. Indeed for
compound 3, the 'H NMR signal of 18-CH, and CHBr
was duplicated because of the rigidity resulting from
the shortest alkylamide side chain. This fixed arrange-
ment, combined with the presence of a chiral center on
the side chain (CHX), explains the duplication of both
signals. On the other hand, all intermediate (10-17)
and final (3 and 4) compounds described above were
obtained as a mixture of two isomers, at carbon
bearing the atom of bromine. Although both isomers
were not observed by '"H NMR data (except 3), their
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Scheme 1. Synthesis of 16a-(bromoalkylamide)-estradiols 3 and 4. The reagents are: (a) BrMg(CH,),OTHP (n=4 or 6); (b) (i) Ph;P, Br,,
imidazole, (ii) 10 or 11; (c) amberlyst resin; (d) Jones’ reagent; (e) (i) tributylamine, iso-butylchloroformate, (ii) N-butylmethylamine; (f)

HClY/MeOH (2:98).

presence was clearly shown by the NMR signals of
carbon surrounding the chiral center and particularly
the CHX signal (Table 1). Based on the "C NMR
signals of CHX, the proportions of both isomers were
estimated to ~50:50.

Synthesis of 16a-(bromoalkyl)-estradiol derivatives
(5-7, Scheme 2). From di-TBDMS aldehyde 9,
appropriate Grignard reagents were used to lead to the
formation of compounds 5-7, with three side chain
lengths (4, 6, and 8 carbons). Methylmagnesium iodide
was used for the formation of alcohol 18, propylmagne-
sium chloride for 19, and pentylmagnesium bromide
for 20. Bromination of the secondary alcohol using a
triphenylphosphine-bromine complex followed by the
cleavage of di-TBDMS-groups with 2% HCl in
methanol, provided the 16a-(bromoalkyl)-estradiol
derivatives 5-7 in moderate yields. The formation of
compounds 5-7 was confirmed by IR, 'H NMR, “C
NMR (Table 1), and MS data.

Synthesis of 16a-(bromoalkynyl)-estradiol derivative
(8, Scheme 3). The lithium reagent generated from
1-pentyne and MeLi was added dropwise to the
aldehyde 9, providing the alkynyl alcohol 24. The next
step was bromination of the secondary alcohol into
bromide 2§. For this transformation, a recently
described bromination agent (BBr;) was used success-
fully.** Without purification, the di-TBDMS protective
groups of the crude bromide 25 were cleaved by 2%
HCI in methanol. The formation of 16a-(bromoalk-
ynyl)-estradiol 8 was confirmed by IR, 'H NMR, “C
NMR (Table 1), and MS data. By heteronuclear corre-

lation experiment (HETCOR), the CHBr-proton signal
at 4.61 ppm was correlated with the signal of carbon
38.94 ppm (Table 1). This low *C NMR chemical shift
can be explained by the combined shielding effect of
the bromine atom and triple bond and confirms the
substitution of hydroxyl group by the bromine atom.

Inhibition of
(17B-HSD) type 1

17p-hydroxysteroid dehydrogenase

The 17B-HSD activity of human placental cytosol (type
1) was used to evaluate the ability of compounds 1-8
to inhibit the transformation of estrone to estradiol.
Since it is important to control the reduction of the less
potent hormone estrone to the more potent hormone
estradiol, we chose to observe the reductive sense of
the 17B-HSD transformation with NADH as cofactor.
In our enzymatic assay, increasing concentrations of
tested compounds were used to inhibit the transforma-
tion of [*H]-estrone to [*H]-estradiol and obtain the
inhibition curves. As can be seen for compounds 2-4
of the bromoalkylamide series (Fig. 3), a total inhibi-
tion of 17p-HSD type 1 was observed at a concentra-
tion of 100 pM. The IC,, values of 7.3, 10.4, and 10.6
uM for compounds 3, 4, and 2, respectively, suggested
that compound 3, with a shorter side chain, was the
most potent inhibitor of this series of the 16a-(bromo-
alkylamide) derivatives of estradiol (Table 2). The
inhibiting activity of compounds 2-4 were, however,
lower than that already reported for a good inhibitor of
17B-HSD type 1, the 16a-(bromopropyl)-estradiol (1,
IC50=0.5 ]J.M).31
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Table 1. "C NMR data for several intermediates and target estradiol derivatives

CARBONS*® COMPOUNDS**
10 11 14 15 16 17 3 4 5 6 7 8
1 12605 12597 12605 12598 126.01 12599 12628 12637 12646 12648 127.01 126.46
2 117.11  117.03 11712 117.07 11707 11705 11279 11276 112,67 112,65 113.60 112.66
3 15327 153.16 15330 15320 153.19 15320 15395 153.77 15335 15332 15595 153.32
4 11992 119.83 11993 11985 119.88 119.85 11531 11531 11525 11523 11598 115.22
5 137.52 13775 137.87 13775 137.84 13780 137.98 138.12 13824 13826 13844 138.25
6 2070 29.60  29.65  29.58  29.61 2958 2959  29.62 29.58  29.57 : 29.56
7 2726 2719 2725 279 2721 2719 2718 2721 2715 2715 2816 2715
8 3870 3860 3867 3860 3863 3861 3857 3863 3857 3858 39.86 3857
9 4406 4396 4403 4396 4400 4396 4393 4397 4393 4394 4504 4395
10 13320 13310 133.17 13310 133.14 133.10 13200 13231 132,63 13268 132.11 132.66
11 2632 2618 2629 2623 2626 2623 2618 2622 2618 2619 2717 26.18
12 3746 3742 3741 3735 3738 3735 3674 3677 3671 3672 3780 3671
13 4430 4420 4424 4423 4426 4425 4417 4429 4410 4414 4497 4420
14 4829 4820 4826 4819 4822  48.19 4831 4837 4836 4836 4927 4837
15 2938 2932 2929 2924 2921 2924 3000 3007 3001 3000 31.14 30.18
16 4378 4372 4370 4363 4373 43.66 4324 4334 4333 4341 4373 4302
(43.37)  (43.30) (43.26) (4327) (42.70) (42.78) (43.12) (43.21) (43.43)
17 8803 8796 8791 8784 8790 8783 8793 83.06 88.06 88.08 8823 8797
(87.88) (87.81) (87.81)
18 1224 1217 1221 1216 1218 1215 1190 1189 11.87 1186 1252  11.85
Si(CH,),-3 —438 —446 —438 —444 434 442 - - - - - -
Si(CH,;),-17  —4.00 —-408 —400 —407 —403 —4.03 - - - - - -
(—=3.93) (—4.00) (—3.90) (—3.94) (—3.89) (—3.97)
SiC(CH,),-3 1816 1807 1816 1808 1811  18.09 - - - - - -
SiC(CH,),-17 18.16  18.07 1816  18.08 1811  18.09 - - - - - -
SiC(CH.):-3 2597 2590 2597 2593 2595 2593 - - - - - -
SiC(CH.),-17 2572 2565 2572 2566  25.69  25.66 - - - - - -
a 3078 3070 3270 3258 3245 3246 3357 3362 3384 3366 3465 3327
(33.72) (33.60) (34.49)
b 3734 3742 3833 3824 3833 3837 3776 3802 4001 3803 39.01 3882
(36.94) (37.02) (38.12) (38.03) (38.12) (37.40) (37.40) (37.65) (39.77) (37.79) (37.79)
c 7210 7200 5858 5870 5856 5881 5836 5892 5206 58.69 6051 38.94
(71.81)  (71.79)  (58.39) (58.49) (58.29) (58.58) (58.04) (58.65) (60.44)
d 3639 3631 3897  39.05 3888 3897 3857 3890 2655 4133 3986 79.52
(36.29) (36.23) (38.67) (3883 (38.63) (38.75) (38.41) (38.63) (26.44) (41.23)
e 2240 2618 2393 2749 2347 2735 2317 2498 - 20.83 2798  88.38
(23.87) (2743) (23.11) (27.19) (22.94) (24.64)
f - 29.49 - 28.80 ~ 28.79 - 28.51 - 1347 3195 2093
g - 29.42 - 25.57 - 25.17 - 25.16 - - 2320 2191
(24.82) (24.83)
h 3078 3070 3214 3258 3278 3330 3274 3351 - - 1429  13.44
(32.13)  (32.69) (32.09) (32.72)
i 6754 6751 6272 6279 17210 172.61 172.63 173.01 - - - -
(172.00) (172.49) (172.40) (17291
j(c-2) 98.92  98.72 - - - - - ~ - - - -
k (c-3) 3043 3031 - ~ - - - - - - - -
1 (c-4) 1971 19.58 - - - - - - - - - -
m (c-5) 25.49 25.45 - - - - - - - - - -
n (c-6) 6239  62.19 - - - - - - - - - -
NCH, - - - ~ 3524 3524 3540 3540 - - - -
(33.33) (33.37) (3335) (33.34)
NCH, - - - - 49.71  49.68 4988  49.85 - - - -
(47.46) (47.37) (47.69) (47.59)
NCH,CH, - - - - 3061 3060 3056 30.64 - - - -
(29.40) (29.37) (29.43) (29.41)
N(CH,),CH, - - - - 2006 2003 2003  20.08 - - - -
(19.95) (19.92) ,(19.94) (19.98)
N(CH,),CH; - - - - 13.83 1383 1382  13.85 - - - -

2For chemical structures, see Schemes 1-3.

*The numbers 1-18 correspond to steroid numerotation of carbons; the carbons of TBDMS group are directly represented; the letters a to i
correspond to carbons of side chain moiety, starting from carbon connected to steroid and letters j to n correspond to THP group; the carbons of
butyl methy! amide moiety are directly represented.

<CDCl, was used for all NMR spectra except for compound 7 which was taken in acetone-d,.

dAssignments of carbons may be reversed when the chemical shifts are very similar.

“The duplication of a signal is represented by a second value indicated in parenthesis.

The signal of C-6 is included in the solvent peaks.
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Scheme 2. Synthesis of 16a-(bromoalkyl)-estradiols $-7. The reagents are: (a) MeMgBr, PrMgCl, or PnMgBr; (b) (i) Ph,P, Br,, imidazole, (ii)

18. 19, or 20; (c) HCI/MeOH (2:98).

When compound 4, at a concentration of 10, 50, or 100
M, was incubated with 17B-HSD type 1 and cofactor,
no inactivation of enzyme activity was observed (Fig.
4). Indeed, enzymatic activity is restored after the
removal of inhibitor, suggesting that compound 4 (and
probably compounds 2 and 3) acts as a reversible
inhibitor, In a similar experiment, we have previously
observed that compound 1 acts as an irreversible
inhibitor.* This result indicate that, contrary to
primary bromine of compound 1, the secondary
bromine of compounds 2-4 does not inactivate
178-HSD type 1. Another factor explaining the weak
activity of this series of inhibitors is that a bulky alkyla-
mide side chain decreases markedly the affinity of
inhibitor for enzymatic active site.

OTBDMS

- CHO .
B ey
TBOMSO

9

OH
Br

C=C(CH2),CHs c

HO
8

To examine the influence of side chain, we synthesized
four additional compounds: three 16a-(bromoalkyl)-
estradiols 5-7 and the 16a-(bromoalkynyl)-estradiol 8.
The IC,, values of compounds 5-8 were determined as
described above from the inhibition curves. As shown
in Table 2, the compound with the shorter side chain
(5, R=methyl) causes a greater inhibition of 17B-HSD
type 1 than the other compounds with longer side
chains (6, R=propyl and 7, R =pentyl). For compound
with a bromo alkynyl side chain (8, R=pentyn), the
enzymatic assay gave an IC,, value of 2.9 pM. When
comparing 8 with 7 with the same side chain length but
saturated, we observed a slightly better inhibiting
potency for the bromoalkyny! derivative (2.9 and 44
uM, respectively, for 8 and 7; Table 2). The rigidifica-

OTBOMS
OH
L]
C=C(CH,),CH3
TBDMSO
24
b
OTBDMS
Br
ostg
C=C (C Hg)zCHa
TBDMSO
25

Scheme 3. Synthesis of 16a-(bromoalkynyl)-estradiol 8. The reagents are: (a) PrC=CMgBr; (b) BBr;; (c) HCI/MeOH (2:98).
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% Transformation [3H]E1 to [3H]E2
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Figure 3. Inhibition of partially purified 178-HSD type 1 by
16a-(bromoalkylamide)-estradiols 2-4, 16a-(bromopropyl)-estradiol
1 and estrone (E,). See Experimental for the conditions of enzymatic
assay.

9
o
<
<
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_ A 4 (10pM)
204 0O 4(s0pMm)
| O 4(100pM)
0 ) 1 1
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Figure 4. Inactivation of partially purified 178-HSD type 1 by
compound 4. At, enzymatic activity at time t, and A, initial activity.
See Experimental for the conditions of enzymatic assay.

Table 2. IC;, values obtained for compounds 1 to 8
OH

‘_'/\(F:Br

HO

No R IC;, (UM)*
3 (CH,),CONBuMe 73+2.1
4 (CH,);CONBuMe 10.4+1.0
2 (CH.),CONBuMe 10.6+ 1.4
1 H 0.49+0.05
5 CH, 1.740.3
6 (CH,),CH, 54408
7 (CH.),CH, 44403
8 C=C(CH,),CH, 29408

“Transformation of estrone to estradiol by the cytosolic 178-HSD of
human placenta (178-HSD type 1). See Experimental for the condi-
tions used in this enzymatic assay and to calculate the IC;, values.

tion of side chain or activation of secondary bromine
by a triple bond could explain the weak increase of
17B-HSD inhibition. However, these 16a-(bromoalkyl/
alkynyl)estradiol derivatives 5-8, including the primary
bromide 1, were weaker inhibitors than estrone (no
16a-side chain). Indeed, when estrone was used as a
competitor of a tritiated substrate estrone), an ICs,
value of 0.4 uM was obtained compared with 0.5 uM
for 1 and 7.3 uM for 3 (Fig. 3). In view of these results,
we concluded that 17B-HSD inhibition decreases with
the side chain length of inhibitors.

Estrogenic and antiestrogenic activity

The ability of 16a-bromoalkylamide estradiol deriva-
tives 2-4 to stimulate the proliferation (estrogenic
effect) or to inhibit the estradiol (0.1 nM)-induced
proliferation (antiestrogenic effect) was evaluated on
the estrogen-sensitive human breast cancer ZR-75-1
cells. The bromoalkylamide series (compounds 2-4)
was especially synthesized to eliminate the antiestro-
genic activity observed for the compounds (1 and 5-8)
of the bromoalkyl series (results not shown).
Compounds 2-4 were tested at two concentrations: 30
and 1000 nM. As shown in Figure 5, no proliferative
effect was observed at a concentration of 30 nM for all
tested compounds; a weak effect was observed only for
compound 3 at 1000 nM (36%, related to estradiol
stimulation). At this step, we could see that compound
3, with a shorter bromoalkylamide side chain, was less
interesting, taking into account this estrogenic activity.
The antiestrogenic activity was also studied for those
three compounds. At a lower concentration (30 nM) of
compounds 2-4, no antiestrogenic activity was
observed. Interestingly, at a higher concentration of
1000 nM, compound 4, with an intermediate side chain
length, showed 74% antiestrogenic activity, whereas
compound 2, with the longest side chain, showed a
moderate antiestrogenic activity of 34%. As expected,
because of its estrogenic activity, compound 3 showed
no antiestrogenic activity. Thus, the compound showing
no estrogenic activity and the highest antiestrogenic
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activity (74%) was compound 4, with an optimal side
chain length of five carbons between the carbonyl of
the amide and the carbon-bearing an atom of bromine.
The antiestrogenic potential of 16a-(bromoalkylamide)
side chain of compound 4 is, however, lower than the
potential of 7a-undecanamide side chain of EM-139
and ICI 164384 (data not shown). This result was in
accordance with ER-binding affinity obtained for
compound 4 (Fig. 6). Indeed, the binding affinity of
compound 4, with a 16a-bromoalkylamide side chain,
was 430-fold lower than ICI 164384, with a
7o-undecanamide side chain, and 950-fold lower than
estradiol (without side chain).

In conclusion, the synthesis of 16a-(bromoalkylamide,
16a-(bromoalkyl), and 16a-(bromoalkynyl) derivatives
of estradiol (2-8) were performed in 3-6 steps from
the key intermediate aldehyde 9. All new compounds
inhibited human placental cytosolic 178-HSD (type 1),
with IC,, values ranging from 1.7 to 10.6 uM. In the
ZR-75-1 cell assayed, the 16a-(bromoalkylamide)
derivatives of estradiol 2-4 had no estrogenic activity

[ | Control

F= Compound (30 nM)

1] Compound (1000 nM)
U/ E2 (0.1nM)

E2 + Compound (30 nM)

E2 + Compound (1000 nM)

67A _
1Compound 3 (n=4) 7=
4 -
2 - v
0 Z
5 18 =
a Compound 4 (n=6) Z
< . A
5 1
2
0
371C
1 Compound 2 (n=8)
2 4 7
1 T o r
CONTROL  E2 (0.1nM)

Figure 5. Effects of compounds 2-4 on the proliferation (estrogenic
activity) and inhibition of estradiol (E,) (0.1 nM)-induced prolifera-
tion (antiestrogenic activity) of estrogen-sensitive human breast
cancer ZR-75-1 cells. Three days after plating, the cells were
incubated for 9 days with the indicated concentrations of compounds
2—4 in the presence or absence of E, (0.1 nM). Media were changed
every second day. Results are expressed as the mean +SEM of
triplicate.
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Figure 6. Competition for binding of estradiol to rat uterine
estrogen receptor by compound 4 (O), pure antiestrogen ICI 164384
(®), and unlabeled estradiol (0). The ICs, values calculated by linear
regression analysis were 2870, 6.7, and 3.0 nM, respectively, for
compound 4, ICI 164384, and estradiol (E.).

at 30 nM, and only compound 3, with its shorter side
chain length, showed estrogenic activity at 1000 nM.
Interestingly, at this concentration, compound 4, with
its side chain of intermediate length, showed antiestro-
genic activity. This compound can bind to estrogen
receptor, but its 16a-bromoalkylamide side chain
decreased markedly its ER-binding. A bulky
16a-bromoalkylamide side chain abolished also the
ability ot bromine atom to form a covalent bond with
178-HSD type 1 and, consequently, compound 4 was a
reversible inhibitor. Thus, this later compound
inhibited moderately 178-HSD type 1, showed no
estrogenic activity, and possessed antiestrogenic activity
in the in vitro test used, and can be considered as a
dual-action inhibitor. Since it was not possible to
decrease the alkylamide side chain length, which was
optimized regarding the estrogenic and antiestrogenic
activities, two strategies could be considered to restore
the alkylating potential of bromine atom and to
improve the 17f-HSD type 1 inhibiting potency of
compound 4: (1) to develop a good activation of
secondary bromine or (2) to include a primary bromine
group in the alkylamide side chain. The later strategy is
under progress.

Experimental

Chemical synthesis

General procedure. Chemical reagents and starting
steroid estrone were purchased from Aldrich Chemical
Company (Milwaukee, Wisconsin) or Sigma Chemical
Company (St Louis, Missouri); solvents were obtained
from BDH Chemicals (Montréal, Canada) or Baker
Chemicals (Montréal, Canada). Flash-column chroma-
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tography were performed on silica gel 60 (230-400
mesh ASTM), and TLC were performed on 0.20 mm
silica gel F,, plates. IR spectra were recorded on a
Perkin—-Elmer 1600 (series FTIR) spectrophotometer
and expressed in cm~'. "H and "C NMR spectra were
recorded, respectively, at 300 and 7547 MHz on a
Bruker AC/F 300 and are reported in ppm (9)
downfield from residual CDCl, as reference (7.26 and
77.00 ppm). Low-resolution mass spectra (LRMS) were
obtained from electron impact (EI) and recorded with
a V.G. Micromass 16F or Hewlett—Packard spectro-
meter. High-resolution mass spectra (HRMS) obtained
from electron impact (EI) or fast-atom bombardment
(FAB) were recorded at the Centre Régional de
Spectrométrie de Masse (Université de Montréal,
Montréal, Canada).

Synthesis of 16a-(bromoalkylamide)-estradiol deriva-
tives 3 and 4 (Scheme 1)

The sequence of reactions used for the synthesis of
16a-(bromoalkylamide) estradiol derivatives 3 and 4
was previously reported by Pelletier et al.* for
compound 2. Herein we briefly described the experi-
mental procedure, with an indication of modifications,
and we fully characterized the new synthesized inter-
mediates and final compounds.

Synthesis of alcohols 10 and 11 from aldehyde 9
(Grignard reaction)

To reduce the possibility of a secondary reaction
(reduction of aldehyde to corresponding alcohol), the
solution of Grignard reagent was added dropwise to a
solution of aldehyde 9 in dry THF.* Purification by
chromatography (hexane:EtOAc, 95:5) gave alcohols
10 (25%) and 11 (46%) with starting aldehyde 9 (35
and 10%, respectively).

7-[3,17' - (Di-tert-butyldimethylsilyloxy)-1',3',5' (10’)-
estratrien-16’a-yl)]-5-hydroxy-1-[ (tetrahydro-2’ H-py-
ran-2’-yl)oxy]-heptane (10). Colorless oil; IR (film):
3450 (OH, alcohol); 'H NMR (CDCl,): 0.06 [s, 6H,
17'B-Si(CHs,),], 0.19 [s, 6H, 3'-Si(CH,),], 0.78 (s, 3H,
18'-CH;), 0.90 [s, 9H, 17'B-SiC(CH,);], 0.98 [s, 9H,
3'-SiC(CH,);], 2.78 (m, 2H, 6'-CH,), 3.24 (d, J="7.2
Hz, 1H, 17’a-CH), 3.41, 3.51, 3.76, and 3.88 (4m, 4H,
2x CH,O of THP and side chain), 3.61 (m, 1H,
CHOH), 4.58 (t, J=4.0 Hz, 1H, CH of THP), 6.54 (d,
J=2.2 Hz, 1H, 4'-CH), 6.60 (dd, J,=2.6 Hz and J,=8.4
Hz, 1H, 2’-CH), 7.11 (d, J=8.5 Hz, 1H, 1’-CH); LRMS
(EI) m/e (relative intensity): 714 (M*, 0.5), 630 (9.8),
574 (7.3), 555 (13), 481 (68), 273 (36), 85 (100).

9-[3',17' B-(Di-tert-butyldimethylsilyloxy)-1',3",5' (10’)-
estratrien-16'«-yl)]-7-hydroxy-1-[ (tetrahydro-2' H-py-
ran-2’-yl)oxy]-nonane (11). Colorless oil; IR (film):
3450 (OH, alcohol); 'H NMR (CDCl,): 0.07 [s, 6H,
17'B-Si(CH,),], 0.19 [s, 6H, 3'-Si(CH,).}, 0.79 (s, 3H,
18'-CH,), 091 [s, 9H, 17'B-SiC(CHs,),], 0.98 [s, 9H,
3’-SiC(CH,),], 2.79 (m, 2H, 6’-CH,), 3.24 (d, J=72
Hz, 1H, 17'a-CH), 3.39, 3.50, 3.74, and 3.84 (4m, 4H,

2xCH,O of THP and side chain), 3.59 (m, 1H,
CHOH), 4.58 (t, J=4.1 Hz, 1H, CH of THP), 6.56 (d,
J=2.4Hz, 1H, 4'-CH), 6.61 (dd,J,=2.5 Hz and J,=8.4
Hz, 1H, 2'-CH), 7.11 (d, /=8.5 Hz, 1H, 1’-CH); LRMS
(EI) m/e (relative intensity): 658 (M*-THP, 4.2), 641
(4.8), 599 (6.2), 584 (43), 510 (72), 253 (61), 85 (72), 73
(100).

Synthesis of bromides 14 and 15 (bromination of
alcohol following by THP deprotection)

The next step was the bromination of the secondary
alcohol of compounds 10 and 11 by triphenyl
phosphine—bromine complex to give bromides 12 and
13 Afterwards, the selective hydrolysis of the THP
group (without hydrolysis of di-TBDMS groups) was
performed with amberlyst-15 resin. After purifica-
tion of the crude compounds by chromatography
(hexane:EtOAc, 98:2), the corresponding primary
alcohols 14 and 15 were obtained in the same yield
(35%, two steps).

7-[3',17' - ( Di-tert-butyldimethylsilyloxy)-1’,3',5'(10')-
estratrien -16’ a-yl)]- 5 -bromoheptanol (14). Colorless
oil; IR (film): 3375 (OH, alcohol); 'H NMR (CDCl,):
0.08 and 0.09 [2s, 6H, 17'B-Si(CH.),], 0.19 [s, 6H,
3'-Si(CH,),], 0.79 (s, 3H, 18-CH;), 0.92 [s, 9H,
17'B-SiC(CHs);}, 0.98 [s, 9H, 3’-SiC(CH,),], 2.79 (m,
2H, 6'-CH,), 3.25 (d, J=7.2 Hz, 1H, 17'4-CH), 3.67 (t,
J=5.7 Hz, 2H, CH,OH), 4.04 (m, 1H, CHBr), 6.55 (d,
J=25 Hz, 1H, 4'-CH), 6.62 (dd, J,=2.6 Hz and J,=84
Hz, 1H, 2’-CH), 7.12 (d, J=8.4 Hz, 1H, 1’-CH); LRMS
(El) m/e (relative intensity): 695 (M™, 1.8), 693 (M~*,
2.0), 636 (5.0), 634 (4.3), 611 (11), 555 (100), 480 (45),
275 (59), 73 (93).

9-[3',17'p-(Di-tert-butyldimethylsilyloxy)-1',3',5' (10')-
estratrien-16" a-yl)]- 7 -bromononanol (15). Colorless
oil; IR (film): 3400 (OH, alcohol); 'H NMR (CDCl,):
0.09 and 0.11 [2s, 6H, 17'B-Si(CH,),], 0.20 [s, 6H,
3'-Si(CH,),], 0.80 (s, 3H, 18-CH,), 0.93 [s, 9H,
17'B-SiC(CHa);], 1.00 [s, 9H, 3'-SiC(CH,),], 2.80 (m,
2H, 6'-CH,), 3.26 (d, J=7.2 Hz, 1 H, 17’«-CH), 3.65 (t,
J=6.4 Hz, 2H, CH,OH), 4.04 (m, 1H, CHBr), 6.56 (d,
J=23 Hz, 1H, 4'-CH), 6.63 (dd, J,=2.6 Hz and J,=8.3
Hz, 1H, 2'-CH,), 7.12 (d, J=8.5 Hz, 1H, 1'-CH);
LRMS (El) m/e (relative intensity): 723 (M*, 0.4), 721
(M, 0.6), 665 (3.7), 663 (3.3), 640 (7.1), 583 (55), 509
(16), 273 (50), 73 (100).

Synthesis of bromoalkylamides 16 and 17 (oxidation
of alcohol to carboxylic acid followed by amide
formation)

Two steps were used to transform the primary alcohol
to the methylbutylamide group.™ The first step was the
oxidation of primary alcohol by Jones’ reagent to give
the corresponding acid. The last step was the amide
formation using tributylamine, isobutylchloroformate,
and N-methylbutylamine. The bromoalkylamides 16
and 17 (52 and 77% yield, two steps) were obtained
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after final purification by chromatography (hexane:
EtOAc, 9:1).

N-Butyl, N-methyl,7-[3’,17'p- (di-tert-butyldimethylsil-
yloxy)-1',3',5' (10’)-estratrien-16’x-yl]-5-bromoheptan-
amide (16). Colorlessoil; IR (film):1650(C=0,amide);
'H NMR (CDCl,): 0.07 and 0.08 [2s, 6H, 17'B-
Si(CH,),}, 0.18 [s, 6H, 3’-Si(CH,),], 0.77 (s, 3H,
18’-CH,), 0.90 [s, 9H, 17'B-SiC(CH,);], 0.93 (m, 3H,
CH; of butyl group masked under two singlets of
di-TBDMS groups), 0.97 (s, 9H, 3'-SiC(CH;);), 2.78
(m, 2H, 6-CH,), 2.91 and 2.97 (2s, 3H, CH,NCO),
3.24 (d, J=5.9 Hz, 1H, 17'a-CH), 3.28 and 3.36 (2t,
J=7.4 Hz, 2H, CH,NCO), 4.04 (m, 1H, CHBr), 6.54
(d, J=2.1 Hz, 1H, 4'-CH), 6.60 (dd, J,=2.2 Hz and
J,=84 Hz, 1H, 2’-CH), 7.10 (d, /=84 Hz, 1H,
1’-CH); LRMS (EI) m/e (relative intensity): 720
[M*-C(CHj;)s, 2.7], 696 (9.4), 638 (100), 569 (81).

N-Butyl, N-methyl, 9-[3',17’B-(di-tert-butyldimethylsil-
yloxy) -1',3',5’ (10’) - estratrien-16’ a-yl]- 7 - bromonon-
amide (17). Colorless oil; IR (film): 1645 (C=0,
amide); 'H NMR (CDCl,): 0.07 and 0.08 [2s, 6H,
17'B-Si(CH,),], 0.18 [s, 6H, 3'-Si(CH,),], 0.78 (s, 3H,
18’-CH,), 0.91 [s, 9H, 17'B-Si-C(CHj,),], 0.94 (m, 3H,
CH, of butyl group masked under two singlets of
di-TBDMS groups), 0.97 [s, 9H, 3'-SiC(CH.),], 2.78
(m, 2H, 6’-CH,), 2.91 and 2.96 (2s, 3H, CH,NCO),
324 (d, J=74 Hz, 1H, 17’a-CH), 3.25 and 3.36 (2t,
J=17.4 Hz, 2H, CH,NCO), 4.02 (m, 1H, CHBr), 6.54
(d, J=2.5 Hz, 1H, 4'-CH), 6.60 (dd, J,=2.4 Hz and
J,=84 Hz, 1H, 2’-CH), 7.10 (d, J=85 Hz, 1H,
1’-CH); LRMS (EI) m/e (relative intensity): 748
[M"-C(CH;);, 0.6], 746 [M*-C(CHj;);, 1.6], 725 (8.7),
666 (100), 591 (23).

Synthesis of dihydroxy bromoalkylamides 3 and 4
(cleavage of di-TBDMS groups)

Di-TBDMS groups were cleaved under acidic condi-
tions. Briefly, di-TBDMS amides 16 and 17 were
dissolved in a methanolic solution of HCl (2%, v/v),
and the resulting solution was stirred at room tempera-
ture. After standard work up (addition of water, partial
evaporation of MeOH and extraction), the crude
products were purified by chromatography (hexane:
EtOAc, 5:5) to lead to dihydroxy compounds 3 and 4
(82 and 89% yield, respectively).

N-Butyl,N-methyl,7-[3’,17'p-(dihydroxy)-1',3’,5' (10’)-
estratrien-16’a-yl]-5-bromoheptanamide (3). Color-
less oil; IR (film): 3360 (OH, alcohol and phenol), 1620
(C=0, amide); '"H NMR (CDCl,): 0.78 and 0.79 (2s,
3H, 18'-CH,, two isomers), 0.91 and 0.95 (2t, J=7.3
Hz, 2H, CH, of butyl group), 2.78 (m, 2H, 6'-CH,),
292 and 298 (2s, 3H, CH,NCO), 3.27 (m, 2H,
17'a-CH and 1H of CH,NCO), 3.36 (t, /=7.4 Hz, 1H
of CH,NCO), 4.08 and 4.32 (2m, 1H, CHBr, two
isomers), 6.58 (d, J=2.3 Hz, 1H, 4'-CH), 6.65 (dd,
Ji=2.4 Hz and J,=8.4 Hz, 1H, 2'-CH), 7.11 (d, J=8.5
Hz, 1H, 1’-CH); LRMS (EI) m/e (relative intensity):

467 (M*-HBr, 36), 449 (6.7), 398 (15), 380 (35), 80
(100).

N-Butyl,N-methyl,9-[3’,17'B-(dihydroxy)-1',3',5'(10')-
estratrien-16’a-yl]-7-bromononamide (4). Colorless
oil, IR (film): 3340 (OH, alcohol), 1622 (C=O0,
amide); 'H NMR (CDCL): 0.80 (s, 3H, 18'-CH,), 0.92
and 0.95 (2t, J=7.2 Hz, 2H, CH; of butyl group), 2.80
(m, 2H, 6’-CH,), 2.92 and 2.97 (2s, 3H, CH,NCO),
3.28 (m, 2H, 17'a-CH and 1H of CH,NCO), 3.36 (t,
J=7.6 Hz, 1H of CH,NCO), 4.11 (m, 1H, CHBr), 6.58
(d, /=25 Hz, 1H, 4'-CH), 6.64 (dd, J,=2.6 Hz and
J,=84 Hz, 1H, 2'-CH), 7.13 (d, J=84 Hz, 1H,
1'-CH); LRMS (EI) mf/e (relative intensity): 495
(M*-HBr, 37), 477 (28), 88 (100); HRMS (FAB): calcd
for C;,H,,NO,”Br (M* + H) 576.3052, found 576.3035.

Synthesis of 16a-(bromoalkyl)-estradiol derivatives
5-7 (Scheme 2)

Synthesis of di-TBDMS alcohols 18-20.

Synthesis of 4-[3',17'B-(di-tert-butyldimethylsilyl-
oxy)-1',3',5' (10')-estratrien-16’ca-yl]-2-hydroxybutane
(18). To a stirred solution of 255 mg (0.458 mmol) of
aldehyde 9™ dissolved in 100 mL of dry THF, 0.458 mL
(1.375 mmol) of methylmagnesium iodide (3.0 M) was
added dropwise at 0°C. The resulting mixture was
stirred for 85 min under argon before the addition of a
satd aq soln of NH,Cl. The crude compound was
extracted by EtOAc dried over MgSO, and purified by
column chromatography with hexane:EtOAc (95:5) as
eluent to give 207 mg (79% yield) of alcohol 18. Light
yellow oil; IR (film): 3340 (OH, alcohol); '"H NMR
(CDCly): 0.07 [s, 6H, 17'B-Si(CH;),], 0.19 [s, 6H,
3'-8i(CH,),], 0.78 (s, 3H, 18'-CH,;), 091 [s, 9H,
17'B-SiC(CHj;)5], 0.98 [s, 9H, 3'-SiC(CH,),], 1.21 [d,
J=6.1 Hz, 3H, CH(OH)CH,], 2.79 (m, 2H, 6'-CH,),
324 (d, J=73 Hz, 1H, 17'a-CH), 3.82 [m, 1H,
CH(OH)], 6.55 (d, /J=2.1 Hz, 1H, 4'-CH), 6.61 (dd,
Ji=2.5 Hz and J,=8.4 Hz, 1H, 2'-CH), 7.10 (d, J=8.5
Hz, 1H, 1’-CH); LRMS (EI) m/e (relative intensity):
572 (M*, 1.3), 554 (4.6), 515 (13), 497 (39), 423 (55),
273 (33), 73 (100).

Synthesis of 6-[3',17'B-(di-tert-butylmethylisilyloxy-
1',3',5' (10’)-estratrien-16’a-yl]-4-hydroxyhexane (19).
The procedure described above for the synthesis of 18
was used with minor modifications. Thus, 0.607 mL
(1.21 mmol) of propylmagnesium chloride (2.0 M) was
added to a stirred solution of 225 mg (0.405 mmol) of
aldehyde 9. After the usual work up, the crude
compound was purified by column chromatography
with hexane:EtOAc (96:4) as eluent to give 158 mg
(65% yield) of alcohol 19. Light yellow oil; IR (film):
3420 (OH, alcohol); 'H NMR (CDCL,): 0.09 [s, 6H,
17'B-Si(CH,),), 0.21 [s, 9H, 17'B-Si(CH;),], 0.80 (s, 3H,
18'-CH;), 0.93 [s, 6H, 3'B-SiC(CHs;),}, 0.97 (CH, signal
of butyl masked under two singlets of di-TBDMS
groups), 1.00 (s, 9H, 3'-SiC(CH.);), 2.79 (m, 2H,
6'-CH,), 3.26 (d, /J=7.1 Hz, 1H, 17'a-CH), 3.62 (m,
1H, CHOH), 6.56 (d, J=2.5 Hz, 1H, 4'-CH), 6.63 (dd,
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J,=2.6 Hz and J,=8.3 Hz, 1H, 2’'-CH), 7.12 (d, /=8.6
Hz, 1H, 1’-CH); LRMS (EI) m/e (relative intensity):
600 (M™, 1.2), 582 (5.5), 543 (13), 525 (40), 451 (69),
273 (36), 73 (100).

Synthesis of 8-[3',17'f-(di-fert-butyldimethylsilyl-
oxy)-1',3’,5' (10')-estratrien-16’a-yl]-6-hydroxyoctane
(20). (a) Preparation of Grignard reagent (solution
stock: ~0.38 M): A solution stock of Grignard reagent
(pentylmagnesium bromide) was prepared under an
argon atmosphere by the dropwise addition of
8-bromopentane (1.1 g, 7.17 mmol) dissolved in 5 mL
of dry THF on 183 mg of magnesium (7.55 mmol) and
15 mL of dry THF. The magnesium was firstly
activated by iodine and heat. The solution was stirred
at room temperature for 2 h before use.

(b) The addition of Grignard reagent to aldehyde: To a
stirred solution of aldehyde 9 (400 mg, 0.72 mmol)
4.0 mL of the solution stock (1.52 mmol) was added
dropwise at room temperature. The resulting mixture
was stirred for 25 min and quenched by the addition of
a satd aq soln of NH,CI before extraction with EtOAc.
The organic phase was washed with a satd aq soln of
NaCl and dried over MgSO,. After evaporation, the
crude compound was purified by column chroma-
tography with hexane:EtOAc (98:2) as eluent to give
334 mg (74% yield) of alcohol 20. Light yellow oil; IR
(film): 3420 (alcohol); '"H NMR (CDCl,): 0.07 [s, 6H,
17'B-Si(CHs),], 0.19 [s, 6H, 3’-Si(CH;),], 0.79 (s, 3H,
18’-CHs), 0.89 (t, J="7.0 Hz, 3H, CH, of butyl), 0.91 [s,
9H, 17'B-SiC(CH,);], 0.98 [s, 9H, 3’'-SiC(CHj;),], 2.79
(m, 2H, 6'-CH,), 3.24 (d, J=7.2 Hz, 1H, 17'a-CH),
3.65 (m, 1H, CHOH), 6.55 (d, J=2.5 Hz, 1H, 4'-CH),
6.61 (dd, J;=2.4 Hz and J,=8.4 Hz, 1H, 2'-CH), 7.11
(d, J=8.4 Hz, 1H, 1’-CH).

Synthesis of bromides 5-7 (bromination of alcohol
following by hydrolysis of di-TBDMS groups)

The bromination of alcohols 18-20 was carried out
following the procedure described by Pelletier et al.”
After 45 min, the crude compound was purified by
column chromatography (hexane:EtOAc, 99:1) to give
a mixture of the corresponding bromides 21-23
containing triphenylphosphine oxide. Without addi-
tional purification, this mixture was used for the next
step (hydrolysis of di-TBDMS groups). Di-TBDMS
bromides 21-23 were dissolved in a methanolic
solution of HCl (2%, v/v), and the resulting mixture
was stirred at room temperature. After standard work
up (addition of water, partial evaporation of MeOH
and extraction), the crude bromides 5-7 were purified
by chromatography (hexane:EtOAc, 8:2).

4-[3',17'p-(Dihydroxy)-1',3',5'(10')-estratrien-16"a-yl] -
2-bromobutane (5). Colorless oil (31% yield, two
steps); IR (film): 3300 (OH, alcohol and phenol); 'H
NMR (CDCL): 0.80 (s, 3H, 18'-CH,), 1.73 (d, J=6.6
Hz, 3H, CHBrCH,), 2.81 (m, 2H, 6’-CH,), 3.30 (d,
J=70, 1H, 17'a-CH), 4.14 (m, 1H, CHBr), 6.56 (d,
J=2.7 Hz, 1H, 4'-CH), 6.63 (dd, J,=2.7 Hz and J,=8.3

Hz, 1H, 2’-CH), 7.15 (d, J=8.4 Hz, 1H, 1’-CH); LRMS
(EI) m/e (relative intensity): 408 (M*, 18), 406 (M*,
18), 326 (60), 111 (100); HRMS (EI): caled for
C,,H;,0,”Br (M*) 406.1507, found 406.1514.

6-[3',17'p-(Dihydroxy)-1’,3’,5' (10')-estratrien-16'a-yl] -
4-bromohexane (6). Colorless oil (30% yield, two
steps); IR (film): 3400 (OH, alcohol and phenol); 'H
NMR (CDCl,): 0.80 (s, 3H, 18'-CH,), 0.93 (t, J=17.3
Hz, 3H, CH,CH,), 2.81 (m, 2H, 6'-CH,), 3.30 (d,
J=6.5 Hz, 1H, 17'a-CH), 4.07 (m, 1H, CHBr), 4.59 (s,
1H, OH phenol), 6.56 (d, J=2.6 Hz, 1H, 4'-CH), 6.62
(dd, J,=2.8 Hz and J,=84 Hz, 1H, 2’-CH), 7.15 (d,
J=8.5 Hz, 1H, 1’-CH); LRMS (EI) m/e (relative inten-
sity): 436 (M*, 31), 434 (M*, 31), 354 (55), 339 (35),
213 (76), 159 (100); HRMS (EI): caled for
C,.H:50,”Br (M*) 434.1820, found 434.1813.

8-[3',17'B-(dihydroxy)-1',3',5’ (10’)-estratrien-16'a-yl] -
6-bromooctane (7). Colorless oil (51% yield, two
steps); IR (film): 3420 (OH, alcohol and phenol); 'H
NMR (acetone-d,): 0.82 (s, 3H, 18-CH;), 0.90 (t,
J=6.5 Hz, 3H, CH,CH,), 2.76 (m, 2H, 6'-CH,), 3.27
(d, /=6.8 Hz, 1H, 17'a-CH), 4.18 (m, 1H, CHBr), 6.52
(d, /=23 Hz, 1H, 4'-CH), 6.59 (dd, J,=2.6 Hz and
J,=83 Hz, 1H, 2’-CH), 7.09 (d, /=84 Hz, 1H,
1’-CH); LRMS (EI) m/e (relative intensity): 464 (M*,
11), 462 (M*,13), 382 (67), 367 (43), 270 (36), 213
(59), 159 (100); HRMS (EI): caled for C,H,,0,”Br
(M™*) 462.2133, found 462.2163.

Synthesis of 16a-(bromoalkynyl)-estradiol derivative 8
(Scheme 3)

Synthesis of 8-[3',17'B-(di-tert-butyldimethylsityloxy)-
1',3',5'(10')-estratrien-16'c«-yl]-6-hydroxy-4-octyne (24).
To a solution of 0.72 mL (1.15 mmol) of BuLi (1.6 M)
in 20 mL of dry THF, 145 pL (1.47 mmol) of 1-pentyne
was added dropwise at —78 °C. The resulting mixture
was stirred 1 h before the addition of 458 mg (0.824
mmol) of aldehyde 9** dissolved in 12 mL of dry THF.
After 3 h at -78 °C, the reaction mixture was quenched
by the addition of a satd aq soln of NH,Cl. The
compound was extracted with EtOAc, dried over
MgSO,, and purified by column chromatography
(hexane:EtOAc, 98:2) to give 397 mg (77% yield) of
alcohol 24. Colorless oil; IR (film): 3360 (OH, alcohol),
2250 (C=C, alkyne); 'H NMR (CDCl,): 0.08 [s, 6H,
17'B-Si(CHs;),], 0.20 [s, 6H, 3'-Si(CH,),], 0.80 (s, 3H,
18’-CH;), 0.91 [s, 9H, 17'B-SiC(CH;);], 0.99 [s, 9H,
3'-SiC(CH,)], 1.00 (t, J=7.4 Hz, 3H, CH,CH.), 2.20 (t,
J=5.5 Hz, 2H, C=CCH,), 2.80 (m, 2H, 6'-CH,), 3.27
(d, /=7.1 Hz, 1H, 17'«-CH), 4.38 (m, 1H, CHOH),
6.56 (d, J=2.2 Hz, 1H, 4'-CH), 6.62 (dd, J,=2.4 Hz
and J,=84 Hz, 1H, 2’-CH), 7.12 (d, /=8.5 Hz, 1H,
1’-CH); LRMS (FAB) m/e (relative intensity): 625
(M™ +H, 27), 607 (7.8), 583 (16), 567 (9.0), 511 (11),
509 (10), 493 (19), 475 (32), 273 (100), 271 (66).

Synthesis of 8-[3',17'B-(dihydroxy-1',3",5'(10")-estra-
trien-16'a-yl]-6-bromo-4-octyne (8). Two steps were
used to transform di-TBDMS-alcohol 24 to bromide 8.
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First was the bromination of the secondary propargylic
alcohol; the second step was the cleavage of
di-TBDMS groups. A solution of 73 mg (0.117 mmol)
of alcohol 24 in 60 mL of dry CH,Cl, was stirred at
0 °C under argon, and 276 pL (0.276 mmol) of BBr; (1
M) was added dropwise. After 45 min of stirring, a satd
aq soin of NaHCO,; was added and the crude
compound was extracted with CH,Cl,, dried over
MgSO,, and filtered on silica gel with hexane as eluent.
Without purification, the crude di-TBDMS bromide 25
(45 mg) was dissolved in 70 mL of a methanolic
solution of HCI (2%, v/v) and stirred at room tempera-
ture. After 1.5 h, the reaction mixture was evaporated,
and the residue was extracted with EtOAc and dried
over MgSO,. After evaporation of solvent, the crude
compound was purified by column chromatography
(hexane:EtOAc, 95:5) to give 17 mg (32% yield, two
steps) of the corresponding dihydroxybromide 8. White
solid; IR (film): 3350 (OH, alcohol and phenol), 2250
(C=C, alkyne); 'H NMR (CDCL): 0.80 (s, 3H,
18’-CH,), 0.99 (1, /=73 Hz, 3H, CH,CH,), 2.23 (t,
J=4.9 Hz, 2H, C=CCH,CH,), 2.81 (m, 2H, 6'-CH,),
3.31 (d, J=7.0 Hz, 1H, 17'a-CH), 4.61 (m, 1H, CHBI),
6.56 (d, J=2.2 Hz, 1H, 4’-CH), 6.62 (dd, J,=2.7 Hz
and J,=84 Hz, 1H, 2'-CH), 7.15 (d, J=84 Hz, 1H,
1’-CH); LRMS (FAB) m/e (relative intensity): 460
(M™, 11), 458 (M, 10), 443 (5.5), 441 (6.0), 378 (25),
213 (28), 159 (100); HRMS (FAB): caled for
C,6H,s0,”Br (M) 458.1820, found 458.1832.

Inhibition of human placental cytosolic 178-hydroxy-
steroid dehydrogenase (type 1)

The partially purified 17B-HSD activity found in
cytosolic fractions of human placenta (type 1) was used
to evaluate the ability of compounds 1-8 to inhibit the
transformation of [*H]-estrone to [*H]-estradiol.

Partial purification of 178-HSD type 1. Human
placentas were obtained immediately upon delivery
from Department of Obstetrics, St-Sacrement Hospital
(Québec, Canada) and stored on ice during transporta-
tion to the laboratory. All manipulations of placental
tissues were performed at 4 °C. Placental tissue was
homogenized in two volumes of buffer (40 mM Tris—
HCI, pH 7.5, 0.25 M sucrose, 5 mM EDTA, 7 mM
B-mercaptoethanol, 1 mM PMSF) before centrifuga-
tion at 1000 xg for 15 min. The supernatant from this
centrifugation step was brought to 10,000 xg for 30
min, and then the new supernatant was centrifuged at
100,000 xg for 1 h. From this supernatant, a fraction
precipitating between 30 and 50% saturation
(NH,),SO, was diluted with buffer as described above
and used as a source of 17B-HSD type 1 activity in
enzymatic assay.

Enzymatic assay (inhibition of 178-HSD type
1). Assay for the determination of 17B-HSD inhibi-
tors was performed in a final volume of 1 mL of buffer
(20% glycerol, 1 mM EDTA, 50 mM KH,PO,, pH 7.4)
containing between 2 and 6 nM of [*H]-estrone, 1 uM
NADH, 100 pL of partially purified 178-HSD activity

and 10 pL of ethanolic solution of tested inhibitor.
Several concentrations ranging from 1 nM to 10 mM
were used to obtain the inhibition curves from which
the 1C,, value was determined. Tubes were incubated
for 30 min at 37 °C with shaking. After incubation, the
reaction was stopped by cooling the tubes in a mixture
of ice and water and by immediately adding unlabeled
estrone and estradiol as carriers. The tubes were then
extracted twice with diethyl ether. After the evapora-
tion of organic solvent, the extract was dissolved in 50
uL of CH,Cl, and applied on TLC plates (Kieselgel
60F 254) for chromatography. The plates were
developed in a mixture of toluene:acetone (4:1).
Iodine vapor or UV light were used to locate estrone
and estradiol, which were cut from the plates, and the
radioactivity of the labeled steroids was counted in
liquid scintillation cocktail (9 mL) after the addition of
ethanol (1 mL). The percent of transformation of
estrone into estradiol was calculated for each inhibitor
concentration as follows: %  trans.=100 x [*H-
E,J/A['H-E,] + [’H-E,]), where [’'H-E,] and ['H-E,] are
the concentrations of labelled estradiol and labelled
estrone expressed in cpm. The inhibition curves were
plotted using the percent of transformation versus the
concentration of inhibitor. From these curves, the 1Cs,
values (the concentration that causes 50% of enzymatic
inhibition) were calculated using an iterative least
square regression method.*>*

Inactivation of 178-HSD type 1 by compound 4. A
solution containing the preparation of enzyme, NADH
(100 pM), and ethanol (control) or ethanolic solution
of compound 4 (test compound, final concentration of
10, 50, and 100 uM) was prepared and used for the
inactivation test. Then the tubes containing 100 pM of
this stock solution were incubated at 37 °C. At specific
intervals, the sample tubes (duplicate) were diluted
20-fold with 1.9 mL of phosphate buffer solution (as
above) containing [*H] estrone (5 nM), and an
enzymatic assay was performed as described in the
previous section. The data were plotted according to
Kitz and Wilson."

Estrogenic and antiestrogenic activity

The proliferation of estrogen-sensitive human breast
cancer cells ZR-75-1 permits assessment of the in vitro
estrogenic/antiestrogenic activity of 16a-(bromoalkyla-
mide)-estradiol derivatives 2-4. The ability of tested
compounds to stimulate the proliferation of ZR-75-1
cells shows estrogenic activity, and their ability to
inhibit the 0.1 nM estradiol induced proliferation
shows antiestrogenic activity. The compounds were
tested at two concentrations: 30 and 1000 nM. The
procedure of this assay has been described recently.™*

Estrogen receptor binding affinity

As described by Asselin and Labrie," the binding
affinity for the rat uterine estrogen receptor of
compound 4 and unlabeled estradiol (E,) was deter-
mined by competition of the binding of labeled estra-
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diol (['H]-E,). The incubation was performed at 25 °C
for 3 h.

Acknowledgements

We thank the Medical Research Council of Canada
(MRC) and Le Fonds de la recherche en santé du
Québec (FRSQ) for operating grants. We are grateful
to the Laboratory of Molecular Endocrinology (Dr
Fernand Labrie, Director) for providing the chemical
and biological facilities. We thank Mr Serge Auger,
Mrs Diane Michaud, and Mr Gilles Leblanc for
performing respectively the 178-HSD type 1, the
ZR-75-1 cell, and ER-binding assays.

References

1. Dickson, R. B.; Lippman, M. E. Endocrine Rev. 1987, 8,
29.

2. Jordan, V. G.; Murphy, C. S. Endocrine Rev. 1990, 11, 578.

3. Wakeling, A. E.; Bowler, J. J. Steroid Biochem. 1988, 30,
141.

4. Bowler, J.; Lilley, T. J.; Piltam, J. D.; Wakeling, A. E.
Steroids 1989, 54, 71.

5. Lévesque, C.; Mérand, Y.; Dufour, J. M.; Labrie C;
Labrie, F. J. Med. Chem. 1991, 34, 1624.

6. Claussner, A.; Nédelec, L.; Nique, F.; Philibert, D;
Teusch, G.; Van De Velde, P. J. Steroid Biochem. Mol. Biol.
1992, 41, 609.

7. Wakeling, A. E.; Bowler, J. J. Steroid Biochem. Mol. Biol.
1992, 43, 173.

8. von Angerer, E. In Molecular Biology Intelligence Unit; R.
G. Landes Company: Austin, 1995.

9. Ryan, K. J.; Engel, L. L. Endocrinology 1953, 52, 287.
10. Langer, L. S; Engel, L. L. J. Biol. Chem. 1958, 233, 583.

11. Lin, S. X.; Yang, F.; Jin, J. Z.; Breton, R.; Zhu, D. W,
Luu-The, V.; Labrie, F. J. Biol. Chem. 1992, 267, 16182.

12. Luu-The, V.; Labrie, C.; Zhao, H. F; Couét, J;
Lachance, Y.; Simard, J.; Leblanc, G.; Coté, J.; Bérubé, D.;
Gagné, R.; Labrie, F. Mol. Endocrinol. 1990, 3, 1301.

13. Bloomquist, C. H.; Lindemann, N. J.; Hakanson, E. Y.
Arch. Biochem. Biophys. 1985, 239, 206.

14. Wu, L.; Einstein, M.; Geissler, W. M.; Chan, H. K.;
Ellison, K. O.; Andersson, S. J. Biol. Chem. 1993, 268, 12964.

15. Geissler, W. M.; Davis, D. L.; Wu, L.; Bradshaw, K. D,
Patel, S.; Mendonca, B. B.; Elliston, K. O.; Wilson, J. D,
Russell, D. W.; Andersson, S. Nature Genet. 1994, 7, 34.

16. Carre, J. L.; Quemener, E.; Amot, Y.; Simon, B;
Berthou, F.; Mangin, P.; Floch, H. H. Abalain, J. H,;
J. Steroid Biochem. Mol. Biol. 1993, 46, 265.

(Received in U.S.A. 27 November 1995; accepted 4 June 1996)

17. Luu-The, V.; Lachance, Y.; Simard, J.; Labrie, C.; Zhao,
H. F.; Couét, J.; Leblanc, G.; Labrie, F. Mol Endocrinol.
1990, 4, 268.

18. Martel, C.; Rhéaume, E.; Takahashi, M.; Trudel, C.;
Couét, J.; Luu-The, V.; Simard, J.; Labrie, F. J. Steroid
Biochem. Mol. Biol. 1992, 41, 597.

19. Labrie, C; Martel, C.; Dufour, J. M.; Lévesques, C,;
Mérand, Y.; Labrie, F. Cancer Res. 1992, 52, 610.

20. Prudhomme, J. F.; Malet, C.; Gompel, A.; Lalardrie, J.
P.; Ochoa, C.; Boue, A.; Mauvais-Jarvis, P.; Kuttern, F.
Endocrinology 1984, 114, 1483.

21. Tait, G. H.; Newton, C. J.; Reed, M. J.; James, V. J. Mol.
Endocrinol. 1989, 2, 71.

22. Miller, W. R; Telford, J.; Shivas, A. A. Br. J. Surg. 1976,
63, 153.

23. Thériault, C.; Labrie, F. Ann. NY Acad. Sci. 1990, 595,
419.

24, Adams, J. B.; Phillips, N. S.; Hall, R. Mol. Cell. Endoc-
rinol. 1988, 58, 231.

25. Thériault, C.; Labrie, F. J. Steroid Biochem. Mol. Biol.
1991, 38, 155.

26. Bonney, R. C.; Reed, M. J.; Davidson, K.; Beranek, P.
A.; James, V. H. T. Clin. Endocrinol. 1983, 19, 727.

27. Vermeulen, A.; Deslypere, J. P.; Paridaens, R.; Leclercq,
G.; Roy, F.; Heuson, J. C. Eur. J. Cancer Clin. Oncol. 1986,
22, 515.

28. Chin, C. C.; Warren, J. C. J. Biol. Chem. 1975, 250, 7582.

29. Warren, J. C.; Mueller, J. R.; Chin, C. C. Am. J. Obstet.
Gynecol. 1977, 129, 788.

30. Thomas, J. L.; LaRochelle, M. C.; Covey, D. F.; Strickler,
R. C.J. Biol. Chem. 1983, 258, 11500.

31. Sam, K. M.; Boivin, R. P.; Auger, S.; Poirier, D. Bioorg.
Med. Chem. Lett. 1994, 4, 2129,

32. Tremblay, M. R.; Auger, S.; Poirier, D. Bioorg. Med.
Chem. 1995, 3, 505.

33. Pelletier, J. D.; Labrie, F.; Poirier, D. Steroids 1994, 59,
536.

34. Pelletier, J. D.; Poirier, D. Tetrahedron Lett. 1993, 35,
1051.

35. Marquardt, D. W. . Soc. Indus. Appl. Math. 1963, 11,
431.

36. Rodbard, D. Endocrinology 1974, 94, 1427.
37. Kitz, R;; Wilson, 1. B. J. Biol. Chem. 1962, 237, 3245.

38. Poirier, D.; Auger, S.; Mérand, Y.; Simard, J.; Labrie, F.
J. Med. Chem. 1994, 37, 1115.

39. Poirier, D.; Labrie, C.; Mérand Y.; Labrie, F. J. Steroid
Biochem. Mol. Biol. 1991, 38, 759.

40. Asselin, J.; Labrie, F. J. Steroid Biochem. 1978, 9, 1079.



