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Abstract—An efficient protocol for the preparation of novel estrieno[2.3-5] and [3.4-c]pyrroles 1 and 2 using Pd(0)-catalyzed
amination and Bischler indole synthesis is described. © 2003 Elsevier Science Ltd. All rights reserved.

Steroids bearing heterocycles fused to the A-ring of the
steroid nucleus have been of pharmaceutical interest.
There are a number of reports on the preparation of the
steroids with the pyrazole, isoxazole or pyrimidine ring
fused in the 2,3-position of the nucleus.! Many of these
steroidal heterocycles have been found to possess
potent biological activities, such as anti-microbial, anti-
inflammatory hypotensive, hypocholesterolemic and
diuretic activities.> An ongoing program in our labora-
tory is directed at the design and synthesis of novel
estrogen receptor ligands for the treatment or preven-
tion of disorders and diseases mediated by an estrogen
receptor or as components of oral contraceptive regi-
mens. In the course of our studies, we became inter-
ested in constructing novel estrieno[2.3-b] and [3.4-c]-
pyrroles (1 and 2 in Fig. 1) as targets to investigate the
ability of the fused pyrrole group to function as a
bioisostere of the phenol group of estradiol. Herein, we
report a short and efficient synthetic pathway to regio-
isomers 1 and 2 through a Pd(0)-catalyzed amination—
Bischler indole synthesis strategy.

The traditional transformation of estrone (3) into 3-
aminoestrone (5b), a key intermediate for the prepara-
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Figure 1.
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tion of 1 and 2, is accomplished in three steps using
either a Smiles® or Chapman-like* rearrangement in the
key step. Since both of these pathways suffered from
some drawbacks, such as high reaction temperature,
long reaction time, poor yield and low product purity,
it becomes desirable to develop a simple and efficient
way to overcome these drawbacks. 3-Aminoestrone (5b)
is a versatile precursor of a number of biologically
active compounds containing nitrogen moiety. These
N-containing compounds are found to exhibit a large
spectrum of activities. During the last decade, the
Pd(0)-catalyzed amination process has proven quite
valuable because of the ease with which a variety of
complicated N-containing heterocycles or carbocycles
can be rapidly constructed in good yields utilizing mild
reaction conditions.® Recently, Poirier and co-workers
reported an efficient method for the preparation of
3-aminoestrone from estrone through a three-step
sequence with a Pd(0)-catalyzed amination as the key
reaction. ¢ Given the distinct advantages of the Pd(0)-
catalyzed amination reaction, we initiated our investi-
gations by carrying out the transformation of phenol to
aniline using the aryl triflate 4a as the starting material
(Scheme 1). Triflate 4a was subjected to the standard
Pd(0)-catalyzed amination condition [Pd(OAc),,
BINAP, NaO-7-Bu in toluene 100°C, 24 h] using
BnNH, as a NH, equivalent. However, the reaction
resulted in very low yield of the desired aniline 5a
(~15%) with mostly recovering estrone (3), generated
by the hydrolysis of the triflate 4a under the alkaline
reaction conditions. Due to the difficulty of handling a
large scale reaction under strictly anhydrous conditions,
we then abandoned the aryl triflates route in favor of
the corresponding aryl nonaflates route.” These non-
aflates, maintain the same chemical properties as aryl
triflates but possess stronger stability toward base
hydrolysis and are more reactive toward Pd(0)-insertion
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Pd(OAc),, BINAP,
NaO-t-Bu, NH,R
toluene, 100 °C

RHN

5a, R =Bn, ~15% (Rg = CF3)
5a, R = Bn, 65% (R = CF3(CF3)3)
Ha, PdIC Csb, R=H, 82%

5¢, R = CH,CH(OEt),, 57% (Rg = CF3(CFy)3)

1) NaBH,4, MeOH
2) 5% KOH in EtOH, reflux
1

80% for 2 steps

1) NaBH,4, MeOH
2) 5% KOH in EtOH, reflux 2

85% for 2 steps

6a: 6b = 2:1, ~ 70% for 2 steps
Separation by column chromatography
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due to their greater electron withdrawing capacity. Aryl
nonaflate 4b was readily prepared by the reaction of
estrone (3) with commercially available CF;(CF,);SO,F
in the presence of Et;N in 88% yield. Applying this
strategy to our system, we were pleased to find that the
nonaflate 4b was smoothly transformed into the aniline
5a in 65% yield without either starting material 4b or
the estrone (3) (Scheme 1). The reaction was conducted
in toluene at 80-100°C for 2-6 h and could be readily
scaled up to ~20 g without strictly anhydrous condi-
tions. 3-Aminoestrone (5b) was then obtained by
hydrogenation of the Bn protected aniline 5a in 82%
yield. In contrast to most previously described proce-
dures, the present method allows lower temperatures,
shorter reaction times and less strictly anhydrous sol-
vents to 3-aminoestrone (5b) in good yield and high
purity (>98% by HPLC).

With a reliable method to synthesis the 3-amino
analogs of estrone secured, we turned our attention to
the preparation of estrieno[2.3-b] and [3.4-c]pyrroles 1
and 2. Bischler indole synthesis is a practical method
for the synthesis of various substituted or unsubstituted
indoles.® Applying our palladium-catalyzed amination
of 4b with NH,CH,CH(OEt), as amine source afforded
5¢ in 57% yield.® The aniline derivative 5S¢ was then
protected as the sulfonamide and subjected to the acid-
catalyzed Bischler condition (PPA, toluene, reflux, 1 h)
to afford the protected estrieno[2.3-b]pyrrole 6a and its
regio-isomer [3.4-c]pyrrole 6b in ~2:1 ratio (Scheme 2).
The regio-isomers 6a and 6b could be easily separated

by column chromatography and reduction of the sepa-
rated isomers by NaBH, in MeOH at 0°C followed by
deprotection of the sulfonamide by 5% KOH in EtOH
afforded the final products estrieno[2.3-b]pyrrole 1
(80% for two steps) and estrieno[3.4-c]pyrrole 2 (85%
for two steps).!°

In conclusion, we have reported a mild, efficient and
straightforward method for the synthesis of the
estrieno[2.3-b] and [3.4-c]pyrroles, 1 and 2. The Pd(0)-
catalyzed amination utilizing the aryl nonaflates as the
precursors provides a reliable way in the preparations
of some pharmaceutically useful amino steroids.
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. Typical procedure for Pd(0)-catalyzed amination of the
aryl nonaflate—the preparation of 5c. A three-necked flask
was charged with Pd(OAc), (0.655 mmol, 148 mg),

10.

BINAP (0.72 mmol, 432 mg) and NaO-t-Bu (45.86
mmol, 4.39 g). The reaction mixture was stirred in tolu-
ene (400 mL) for 10 min at 80°C. A mixture of
NH,CH,CH(OEt), (39.31 mmol, 5.72 mL) and 4b (32.76
mmol, 18.0 g) in toluene (20 mL) was then slowly added
dropwise via syringe to the reaction mixture. After addi-
tion, the mixture was heated at 80°C with stirring for 2 h.
The reaction mixture was cooled to room temperature.
Et,O and water were added and the solution was parti-
tioned between Et,O and water. The Et,O layer was
washed with brine, dried over anhydrous Na,SO, and
concentrate to yield 5S¢ as a crude solid. The crude
product was purified by column chromatography using
4:1 hexanes/EtOAc to yield 5c as a colorless oil (7.16 g,
57%). "H NMR (300 MHz, CDCl,) § 7.12 (d, J=8.8 Hz,
1H), 6.53 (d, /=8.8 Hz, 1H), 6.38 (s, 1H), 4.68 (t, J=6.0
Hz, 1H), 3.80 (br, s, 1H), 3.75 (m, 2H), 3.60 (m, 2H), 3.22
(d, J=6.0 Hz, 2H), 2.91 (m, 2H), 2.50 (dd, J=18.0, 8.8
Hz, 1H), 2.42 (m, 1H), 2.35 (m, 1H), 2.20 (m, 1H),
2.15-1.94 (m, 3H), 1.72-1.38 (m, 6H), 1.25 (t, /J=7.6 Hz,
6H), 0.98 (s, 3H); MS (m/z) 408, [M+Na]*.

Spectral data for 1 and 2. 1: white solid; '"H NMR (300
MHz, CDCly) 6 8.01 (br, s, 1H), 7.68 (s, 1H), 7.14 (s,
1H), 7.12 (m, 1H), 6.45 (m, 1H), 3.75 (t, /=8.5 Hz, 1H),
3.05-2.95 (m, 2H), 2.52 (m, 1H), 2.43 (m, 1H), 2.15 (m,
1H), 2.05-1.88 (m, 2H), 1.80-1.58 (m, 2H), 1.55-1.28 (m,
6H), 0.85 (s, 3H); MS (m/z) 318, [M+Na]*; 296, [M+H]".
Anal. caled for C,yH,sNO" 0.2 H,O: C, 80.33; H, 8.56; N,
4.68. Found: C, 80.46; H, 8.42; N, 4.61. 2: white solid; 'H
NMR (300 MHz, CDCl;) ¢ 8.05 (br, s, 1H), 7.15 (d,
J=6.0 Hz, 1H), 7.13 (d, J=6.0 Hz, 1H), 7.12 (m, 1H),
6.45 (m, 1H), 4.65 (t, J=9.5 Hz, 1H), 3.10-2.90 (m, 2H),
2.40-2.28 (m, 2H), 2.20-2.08 (m, 1H), 1.98 (m, 1H), 1.85
(m, 1H), 1.78 (m, 1H), 1.65 (m, 1H), 1.60-1.28 (m, 6H),
0.85 (s, 3H); MS (m/z) 318, [M+Na]".
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