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Abstract. The molecular and crystal structure of Pentolame, a 17β-
aminoestrogen (17β-(5’-hydroxy-1’-pentylamino)-1,3,5(10)-estra-
trien-3-ol), has been determined by single crystal X-ray diffraction as
its monohydrate. The structure was used to determine the absolute
configuration of the newly formed stereogenic centre (C17), which
could not be established unambiguously by NMR spectroscopy. This
study confirms the absolute configuration as 17S by internal reference
with the starting material, estrone [(8R,9S,13S,14S)-3-Hydroxyestra-
1,3,5(10)-trien-17-one]. Pentolame monohydrate crystallizes in the
triclinic system, space group P 1 with Z = 1. The B ring adopts the
typical conformation of a distorted 7α,8β-half-chair. In crystal
packing, the water molecule plays an essential role joining adjacent
infinite chains, made up by head to tail hydrogen bonded steroid
molecules.
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Resumen. En este trabajo se determinó por difracción de rayos X, la
estructura molecular y cristalina del 17β-aminoestrógeno Pentolame.
Su estructura se investigó a fin de determinar sin ambigüedades la
configuración absoluta del nuevo centro estereogénico (C17) formado
durante su obtención. Los resultados obtenidos mediante referencia
interna al material de partida, estrona [(8R,9S,13S,14S)-3-
Hidroxiestra-1,3,5(10)-trien-17-ona], confirman la asignación 17S
hecha en base a los datos de espectroscopía de Resonancia Magnética
Nuclear. El monohidrato de pentolame cristaliza en el sistema triclíni-
co, en el grupo espacial P 1 con una molécula por celda. El anillo B
de la molécula, adopta la conformación típica 7α,8β de media silla
observada en este tipo de esteroides. En el empacado cristalino la
molécula de agua desempeña un papel esencial uniendo cadenas infi-
nitas adyacentes, formadas por interacciones de puente de hidrógeno
entre la “cabeza” y la “cola” de dos moléculas del esteroide.
Palabras clave: Pentolame, 17-amino estrógeno, análisis por rayos
X.

Introduction

As part of our studies directed towards the preparation of com-
pounds as alternative therapeutic agents for prostatic cancer,
the menopausal syndrome, and estrogenic components of oral
contraceptives, we prepared the 17β-aminoestrogen pentolame
(1) [17β-(5’-hydroxy-1’-pentylamino)-1,3,5(10)-estratrien-3-
ol] (Figure 1). Pentolame produced sustained anticoagulant
effects opposite to that showed by estradiol upon blood coagu-
lation in rodents [1]. The estrogenic activity of pentolame on
endometrial, pituitary and gonadotropin release [2] is similar
to that of estradiol with lower potency. The aim of the present
work was to carry out the X-ray analysis of this compound in
order to ascertain its molecular structure, to confirm structural
assignment made mainly by NMR and to establish unambigu-
ously stereochemical relationships. The crystal structural data
presented here will be useful for the improvement of structure-
activity studies related to the design of new agonistic and/or
antagonistic analogues of sex steroids with tissue specific
actions and disease-prevention benefits.

Results and Discussion

Although the strict and demanding criteria of Flack and
Bernardinelli [3] are not met in this study, it confirms the
absolute configuration by internal reference to the starting
material (estrone). The stereochemistry of the title compound
was determined by as (17S)-17β-(5’-hydroxy-1’-penty-
lamino)-1,3,5(10)-estratrien-3-ol.

All bond lengths and bond angles of the compound corre-
late well with the average values observed for 1,3,5(10)-estra-
triene steroids [4].

The molecule (excluding the axial methyl group and 5’-
hydroxy group) may be regarded as being represented by
essentially planar surface, lying almost parallel to the (001)
crystal face, with the r.m.s, deviations of the atoms from the
respective plane being 0.275 Å (1) The molecule is slightly
twisted about the long axis, as shown by the angle which has
the methyl bond, C13⎯C18, with the nuclear plane, angle
observed 3.2 °. The B/C and C/D inter-ring junctions have
been flattened from 120º (for cyclohexane) to around 130 °
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(Table 2), thus producing an overall nuclear length, C3⎯C16,
of 8.978 Å that agrees with the usual slight downward bowing
found in steroids.

Nevertheless, the 5-amino-1-pentanol side chain shows an
orientational disorder involving the carbon atoms C21 and
C22; the major contributor displays an extended conformation
except for the hydroxyl group orientation, which is evidently

Table 1. Crystal data and structure refinement for Pentolame mono-
hydrate.

Empirical formula C23 H37 N O3

Formula weight 375.54
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system Triclinic
Space group P 1
Unit cell dimensions a = 6.225(1) Å α = 92.45(1)°

b = 7.241(1) Å β = 98.85(1)°
c = 12.036(1) Å γ = 101.58(1)°

Volume 523.63(12) Å3

Z 1
Density (calculated) 1.191 Mg/m3

Absorption coefficient 0.077 mm-1

F(000) 206
Crystal size 0.56 × 0.40 × 0.18 mm3

θ range for data collection 1.50 to 29.99°.
Index ranges 0 ≤ h ≤ 8, -10 ≤ k ≤ 9, -16 ≤ l ≤ 16
Reflections collected 3296
Independent reflections 3296
Data / restraints / parameters 3296 / 4 / 279
Goodness-of-fit on F2 1.028
Final R indices [I >2σ(I)] R1 = 0.0544, wR2 = 0.1322
R indices (all data) R1 = 0.0804, wR2 = 0.1505
Absolute structure parameter -1.5(19)
Largest diff. peak and hole 0.235 and -0.201 e.Å-3

Table 2. Selected bond lengths (Å) and torsion angles (°) for
Pentolame monohydrate.

O(sp3) ⎯C(sp2) 1.3780 ± 0.0040
O(sp3) ⎯C(sp3) 1.4190 ± 0.0050
N(sp3) ⎯C(sp3) 1.4715 ± 0.0045
C(sp2) ⎯C(sp2) 1.3907 ± 0.0050
C(sp2) ⎯C(sp3) 1.5080 ± 0.0050
C(sp3) ⎯C(sp3) 1.5339 ± 0.0047
C(sp3) ⎯C(sp2) 1.5230 ± 0.0040

C7⎯C8⎯C9⎯C10 49.1(3)
C14⎯C8⎯C9⎯C11 -57.0(3)
C12⎯C13⎯C14⎯C8 -59.4(3)
C17⎯C13⎯C14⎯C15 48.0(3)
C19⎯N1⎯C17⎯C13 -168.6(3)
C17⎯N1⎯C19⎯C20 174.1(3)
N1⎯C19⎯C20⎯C21 -166.9(4)
C19⎯C20⎯C21⎯C22 175.1(5)
C20⎯C21⎯C22⎯C23 -163.3(5)
C21⎯C22⎯C23⎯O2 -63.0(6)

Fig. 1. Numbering scheme and ellipsoids at the 30% level. H atoms are represented by circles of arbitrary radius.
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influenced by the hydrogen-bond interactions in the crystal
(vide infra).

The A ring shows typical aromatic character with a π
electrons delocalization to produce an average bond length of
1.391 Å.

The B ring has a half chair conformation, with C8 lying
0.41 Å above, and C7 0.37 A below the plane of atoms C5,
C6, C9 and C10 carbon atoms. The distortion in the B ring is
mainly the result of a twist about the C7⎯C8 bond to
accommodate the strong interaction between the aromatic
hydrogen atom H(1) and the equatorial hydrogen atom H11B
of the C ring; the distance between these two hydrogen is
2.141 Å.

The C ring is in an ideal chair conformation and the D
ring of Pentolame has a 13β-envelope conformation.

The crystal packing is illustrated in Fig. 2; it shows a pro-
jected view downward b. The steroid molecules are hydrogen
bonded head to tail: O2 . . . O1 (x, y+2, z+1) with O . . . O =
2.790 (4) Å and O-H...O = 174 (5) °, and form infinite chains
parallel to c. The water molecule plays an essential role join-
ing adjacent chains by forming hydrogen bonds with the
amino group: O3 . . . N1 (x, y, z-1) with O . . . N = 2.873 (4) Å
and O-H...N = 177 (5) °; with the hydroxyl group: O3 . . . O2)
(x+2, y-1, z-1) with O . . . O = 2.827 (4) Å and O-H...O = 174
(6) ° and with the phenolic hydroxyl group: O(1) . . . O(3)(x, y-
1, z) with O . . . O = 2.642 (4) Å and O-H...O = 167 (6)°.

Experimental

All solvents and reagents were analytical reagent grade and
were used without further purification. Estrone was obtained

from Syntex, and 5-amino-1-pentanol, and lithium borohy-
dride from Aldrich. Proof of chemical purity was established
by normal spectral (IR, NMR, MS) and analytical (TLC, and
chemical analysis) techniques. Melting points were deter-
mined on an Electrothermal capillary melting point apparatus
(Mod 9100), and are uncorrected.

Synthesis of 17β-(5’-Hydroxy-1’-pentylamino)-1,3,5(10)-
estratrien-3-ol (pentolame). A mixture of 1.5 g (5.5 mM) of
estrone and 1 g (9.7 mM) of 5-amino-1-pentanol and 10 mL
of isopropyl ether were heated until dissolution. The solvent
was evaporated and the reaction mixture was kept at 80-85 °C
for 4 h. It was cooled to room temperature and the solid
formed, triturated with acetone (30 mL). The resulting white
solid obtained was filtered and dried in vacuum to give 1.87 g
(98 % yield) of product, mp 178-180°C. This product (4.5
mM) was dissolved in ethanol (20 mL), and lithium borohy-
dride (1.0 g) was added portion wise over 30 min. The reac-
tion mixture was heated at reflux for 30 min. After cooling the
solution with an ice bath, water was added (100 mL); the
formed precipitate was filtered, washed thoroughly with
water, and dried. Pentolame was crystallized several times
from methanol-water by an evaporation method. Its spectro-
scopic properties were similar to those reported previously
[5]. This material was used both, in biological assays [1] and
for the crystallographic study.

Crystals suitable for X-ray analysis were grown from
methanol-water solution by slow evaporation. The data were
collected on a Siemens P4/PC diffractometer [6], with
graphite monochromated Mo-Ká. The accurate unit cell
dimensions were obtained by the least-squares method by set-
ting angles of 35 reflections (5º < θ < 12.5º). The θ/2θ scan
method and a variable scan speed, depending on reflection

Fig. 2. The crystal packing of Prolame viewed down the b axis.



intensity, were used. Three control reflections were measured
after every 97 reflections and showed no systematic changes
during data collection. Intensity data were corrected for the
Lorentz and polarization effects [6]. The structure was deter-
mined by direct methods and refined by the full matrix least-
squares method with the SHELXTL program [7]. Refinement
was carried on F2 with scattering factors incorporated in
SHELXL97. The function Σw( |Fo |2 – |Fc |2)2 was minimized
with w–1 = [σ2(Fo)2 + (0.0745 P)2 + 0.80 P]. All non-hydrogen
atoms were refined with anisotropic thermal parameters. The
coordinates of the hydrogen atoms involved in hydrogen
bonds OH· · ·O, were found in difference Fourier syntheses
and their positional parameters were refined. The coordinates
of the other hydrogen atoms were calculated from the geome-
try and refined as a riding model with their displacement para-
meters calculated as 1.2 times Ueq that of the carrier carbon
atom. The crystallographic data, together with data collection
and structure refinement details are listed in Table 1. Selected
bond lengths and torsion angles for the compound are listed in
Table 2.

The displacement ellipsoid representation of the mole-
cule, together with the atomic numbering scheme and the
crystal packing, are shown in Figure 1. Additional crystallo-
graphic data have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publications
No CCDC- 252511.
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