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Novel nitration of estrone by metal nitrates
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Abstract—Nitration of estrone has been investigated with different types of metal salts in the presence of solid surfaces under various

conditions.
© 2007 Published by Elsevier Ltd.

1. Introduction

The usefulness of clay-mediated organic synthesis has
been documented in a large number of recent publica-
tions.! For example, commercially available montmoril-
lonite has shown considerable promise as a solid support
in carrying out different chemical reactions. Based on
our research on bismuth salt-induced reactions, we
became interested in exploring nitration of estrone in
detail.> These experiments have culminated in a facile,
remarkably simple and highly efficient synthetic method
of the nitration of estrone by various metal salts in the
presence of different solid surfaces. This study clearly
establishes that the nitration of estrone with metal salts
depends on the nature of the solid surfaces. Nitroestrone
derivatives have demonstrated several crucial biological
activities.?

We have been engaged in the development of aromatic
compounds such as anticancer and antibacterial agents.
Recently, structure—activity relationship studies from
our group have identified a few lead biologically active
compounds on which a polycyclic aromatic rings are
bound.*> The nitro compounds required for the synthe-
sis of these derivatives were prepared by using the con-
ventional nitric acid-sulfuric acid or nitronium
tetrafluoroborate. To avoid complication and associated
hazards, we set out to test the nitrating abilities of nitrate
salts with the most crucial female sex hormone, estrone.
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Montmorillonite clay impregnated with anhydrous cup-
ric nitrate was used for aromatic nitration reaction.® A
large excess of acetic anhydride was required when this
reagent combination was used as the nitrating agent.
The actual nitrating species was believed to be acetyl
nitrate. Clay with ferric nitrate was also used as the
reagent for the nitration of estrone in poor yield.”
Moreover, extreme precautions were necessary for the
preparation of this reagent.® Sulfuric acid supported
on silica gel catalyzed nonselective nitration of simple
aromatic compounds was reported.® In contrast, our
studies on metal salt-induced nitration on estrone are
simple and high yielding.

2. Results and discussion

Mixing estrone 1 with bismuth nitrate, montmorillonite
with tetrahydrofuran and evaporation of the solvent
using a rotavapor comprised the reaction conditions
for the successful nitration of estrone (Scheme 1). This
method produced a mixture of mononitro 2 and dinitro
derivative 3 in a ratio of 2:1 in 90% yield.

A comparison with other solid supports, such as silica
gel, alumina, ground molecular sieves and egg shells
was also carried out. The results by our method are
shown in Table 1. Interestingly, the sites of the electro-
philic attack were found to be identical to the conven-
tional nitric acid or acetyl nitrate mediated nitration
reaction. But, conventional method with corrosive
reagents yielded products 2 and 3 with a very low yield
(20%). Neutral alumina and molecular sieves in the pres-
ence of bismuth nitrate produced a product with high
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Scheme 1.

Table 1. Nitration of estrone with various metal salts
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Metal nitrate

Solid surface

NO,

HO

(0]

NO,

HO
NO,

Experiment number Method Nitrating agent Surface solid Product ratio (2:3)
1 Dean Stark®®bedef Bi(NOQ,);»0-edef Clay*P-edef 2:1
2 Dean Stark® Ca(NOs),® Clay® 2:1
3 Evaporation” Bi(NOs);" Clay" 2:1
4 Evaporationi Zn(NO3)2i Clatyi 2:1
5 Dean Stark’ LaNOy Clay 2:1
6 Dean Stark® NaNO;* Clay* 2:1
7 Dean Stark' Bi(NO;),' Silica Gel' 2:1
8 Dean Stark™ Bi(NO3),™ Florisil™ 5:1
9 Dean Stark” Bi(NO;)," Molecular Sieves” 5:1
10 Dry° Bi(NO;);° Alumina® 5:1
11 Dry® Zn(NO3),° Alumina® 5:1
12 Dry° Zn(NO3),° Silica gel® 51
13 Dry® Zn(NOs),° Molecular Sieves® 5:1
14 Dry° Ca(NOs),° Molecular Sieves® 5:1
15 Dry® Ca(NOs),° Alumina® 5:1
16 Dry® Ca(NOs),° Silica gel® 2:1
17 Wet? CAN/NaHCO,? NoneP No product
18 Evaporation CANA Clay 0.8:1.2
19 Dean Stark" CAN' Clay" 9.5:0.5

For every 100 mg estrone, 5 mL solvent and 1 g solid surface was used.

#Estrone (100 mg) and Bi(NO3)3 (250 mg) were refluxed in a Dean Stark with benzene.

® Estrone (200 mg) and Bi(NO3); (500 mg) were refluxed in a Dean Stark with benzene.

¢ Estrone (500 mg) and Bi(NOs); (1.25 g) were refluxed in a Dean Stark with benzene.

4 Estrone (100 mg) and Bi(NOs); (50 mg) were refluxed in a Dean Stark with benzene.

¢ Estrone (50 mg) and Bi(NO3); (62.5 mg) were refluxed in a Dean Stark with toluene.

Estrone (50 mg) and Bi(NO,); (125 mg) were refluxed in a Dean Stark with toluene.

€ Estrone (50 mg) and Ca(NO3), (44 mg) was refluxed in a Dean Stark with benzene.

" Estrone (100 mg) and Bi(NO3); (250 mg) were stirred with 10 mL THF, rotovapored, and left to dry overnight.

P Estrone (100 mg) and Zn(NOs3), (250 mg) were stirred with 10 mL THF, rotovapored, and left to dry overnight.

I Estrone (100 mg) and LaNO5 (250 mg) were refluxed in a Dean Stark with benzene.

X Estrone (100 mg) and NaNOj; (250 mg) were refluxed in a Dean Stark with benzene.

"Estrone (50 mg) and Bi(NO3); (125 mg) were refluxed in a Dean Stark with benzene.

™ Estrone (50 mg) and Bi(NOs); (125 mg) were refluxed in a Dean Stark with benzene.

" Estrone (50 mg) and Bi(NOs); (125 mg) were refluxed in a Dean Stark with benzene.

® CH,Cl, (5 mL) were added to the reaction mixture and solvent was evaporated. The solid mass was kept at room temperature for 30 min.
P Estrone (270 mg), ammonium cerium (IV) nitrate (658 mg), sodium bicarbonate (250 mg) and acetonitrile (5 mL) were added to a reaction flask and

stirred at room temperature for 24 h.

9 Estrone (100 mg) and ammonium cerium (IV) nitrate (243 mg) were stirred with 10 mL THF, rotovapored, and left to dry overnight.
"Estrone (100 mg) and ammonium cerium (IV) nitrate (243 mg) were refluxed in a Dean Stark using benzene for 3 h.

regioselectivity. The product was 2-nitro derivative (80%
yield). The reaction with bismuth nitrate produced a
mixture of 2-nitro and 2.4-dinitroestrones in a ratio of
2:1 in 90% yield in the presence of montmorillonite
and silica gel at room temperature and high temperature
under azeotropic distillation conditions. The nitration of
estrone with freshly prepared ferric nitrate using benton-
ite K-10 as the solid support demonstrated the produc-
tion of 2-nitroestrone in 55% yield by stirring the
reaction mixture in toluene overnight. However, a mix-
ture of 2-nitro and 2,4-dinitro estrones was obtained in
90% yield (12 h) when excess bismuth nitrate was used
as the nitrating agent. Zinc nitrate and calcium nitrate

also afforded a mixture of 2- and 2,4-dinitro products
in 80-90% yield when montmorillonite was used as the
surface. In contrast, these salts mainly afforded the 2-ni-
tro compound in the presence of molecular sieves and
alumina with 80% yield. Interestingly, egg shells failed
to yield products. Sodium nitrate and lanthanum nitrate
gave products 2 and 3 in low yield (20%), irrespective of
the nature of the surfaces. By following a recent litera-
ture method,!” we repeated the nitration of estrone with
ammonium cerium (IV) nitrate (CAN) under various
conditions (Table 1). However, the reaction also pro-
duced a mixture of 2 and 3 (entry 18). On the other
hand, CAN/NaHCO; mixture failed to produce
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nitroestrones (entry 17). The mixture of estrone with
CAN in the presence of refluxing benzene produced 2
in low yield. Unreacted estrone (approximately 30%)
was recovered from the reaction mixture.

These results indicate that the nitration strongly depends
on the nature of the solid support. Based on a publica-
tion,!! we believe that the binding of metal nitrates to
the free hydroxyl group of the multi-metallic montmoril-
lonite is important and that this complex produces the
nitronium ion. Clearly, the success of bismuth nitrate,
calcium nitrate and zinc nitrate to produce mostly a sin-
gle product with alumina and molecular sieves strength-
ens the importance of the composition of the solid
support. It is noteworthy to observe a successful nitra-
tion of estrone with calcium nitrate and zinc nitrate
using montmorillonite and other solids. These experi-
ments have suggested that excess nitrate salts in the pres-
ence of acidic surface (at room temperature to reflux
temperature) are the choices to produce 2- and 2,4-dini-
troestrones. Nonacidic surfaces are necessary to direct
the reaction to the mononitration side. This also sug-
gests that the temperature of the reaction is not an
important factor in this method. Concentrated nitric
acid is not an effective reagent for the nitration of
estrone. Because of the presence of a phenolic hydroxyl
group, estrone may undergo a variety of oxidations with
nitric acid. These experiments have indicated that the
amount of solid supports is not crucial. For example,
nitration of estrone proceeds equally well with 1 g or
5 g of montmorillonite. But, the presence of solid sur-
faces is important (either in dry or wet form). Nitration
of estrone is not possible with these salts without a solid
adsorbent. The presence of water retards nitration dra-
matically. A reaction without Dean Stark under an iden-
tical condition proceeds much slowly than a reaction
that has been performed under azetropic distillation. It
has also been found that the reaction proceeds much
better if the mixture is dry enough. Keeping the solid
reaction mixture in the presence of clay gives the prod-
uct, but it takes 24 h to complete the reaction. Drying
the same reaction mixture under a vacuum pump accel-
erates the speed of the reaction (30 min).

In summary, we have demonstrated a simple, rapid and
convenient method for the aromatic nitration of estrone
with bismuth nitrate, calcium nitrate and zinc nitrate in
the presence of different solid surfaces. The superiority
of this method over others includes a very rapid reaction
with readily available non-corrosive reagents. Further,
our method requires no strong acid for the preparation
of the surface, no acetic anhydride for the reaction and it
can be applied to the most important sex hormone and
results in a high overall yield. Nitro estrones are excel-
lent substrates for the preparation of advanced inter-
mediates that can be used as steroids.

Compound 2: mp 178-180 °C;'2 IR (CH,Cl,): 3320,
1740, 1525, 1310 cm™'; '"H NMR (CDCls) 8: 10.40 (s,
1H), 7.95 (s, 1H), 6.82 (s, 1H), 3.0-1.4 (m, 15H), 0.95
(s, 3H) >C NMR (CDCly) §: 220, 153, 149, 133, 131,

122, 119, 50, 48, 42, 37, 36, 31, 29, 26, 21, 14; MS:
mfe 315 (M™).

Compound 3: mp 185-188 °C;'? IR (CH,Cl,): 3622,
2255, 1917, 1817, 1793, 1635, 1558 cm™'; '"H NMR
(CDCls) 6: 10.65 (s, 1H), 8.20 (s, 1H), 2.98-1.45 (m,
15H), 0.97 (s, 3H) '°C NMR (CDCls) d: 220, 145, 140,
134, 132, 122, 50, 47, 42, 36, 35, 32, 27, 26, 25, 22, 13;
MS: m/e 360 (M").!13
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