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ABSTRACT
The synthesis and molecular structure of prolame, N-{3-hydroxy-1,3,5(10)
-estratrien-17g-y1)-3-hydroxypropylamine, is described. It was charac-
terized by ir, nmr, mass spectrometry and chemical analysis. The crys-
tal structure of this compound was determined by single-crystal x-ray
diffraction. Prolame belongs to space group P2,2,2,, Cell dimensions
are: a = 8.356{2), b = 13.343(4) and ¢ = 16.119%4§ R 7= 4; R = 4.1%.
INTRODUCTION
Recently a biphasic effect of estrone and estradiol-178 on blood
clotting has been described (1). The ligand prodiame, N-(3-hydroxy-1,3,
5(10)-esfratrien—178-y1)-1,3—propy1enediamine (2) a diamino-estrogen
synthetized by some of us has shown to have a prolonged anticoagulant
effect, however it also increases the motor activity and at larger
doses elicits convulsions (3). With the aim of obtaining a compound
with pro}onged anticoagulant activity similar to prodiame, but without
convulsive activity, we have synthetized the monoamino-estrogen prolame,
N-(3-hydroxy-1,3,5(10)-estratrien-178-y1)-3-hydroxypropylamine, and

solved its crystal and molecular structure.

Volume 45, Number 2 s TEHEROIDS February 1985



152 ’ll‘ TEROIDMS

EXPERIMENTAL

The melting point obtained on a Fisher-Johns apparatus was uncorrected.
The H-nmr spectrum was obtained on a Varian FT-80A spectrometer. The

ir spectrum was recorded on a Perkin-Elmer 283-B spectrometer. The mass
spectrum was obtained on a Hewlett-Packard Mod. 5985 quadrupole mass
spectrometer at 70 eV. The C,H,N, analysis was determined by Dr. E.
Pascher (Bonn, W. Germany). The x-ray analysis was performed on a
Nicolet R3m diffractometer equipped with a graphite monochromator crys-
tal. Estrone (Syntex), sodium borohydride and 3-amino-1-propanol both
from Aldrich were used for the synthesis.

Synthesis

Prolame N-(3-hydroxy-1,3,5(10)-estratrien-178-y1)-3-hydroxypropylamine
was obtained by the usual methods (4,5) reacting estrone and 3-amino-1-
propanol followed by reduction with sodium borohydride. A mixture of
estrone (1.5 g) and 3-amino-l-propanol (2.5 mL) in 150 mL of toluene was
refluxed for 12 h, using a Dean-Stark trap. The reaction mixture was
concentrated until it crystallized, and was filtered. The solid product
was washed with cold toluene and dried with suction. To this solid,
dissolved in methanol (250 mL), sodium borohydride (400 mg) was added
portionwise and was refluxed thereafter for 20 min. The solution was
poured into ice-water, and the obtained white crystals were filtered and
dried. Recrystallization from methanol-water gave 1.2 g of the pure
product, m p 152°C. The mass spectrum shows a M'= 329 m/e and 114 m/e
(base peak). The H-nmr (DMS0-d6) spectrum shows signals at 0.65 (s, C-
18), 1.15-2.25 (m), 2.62 (t, C-19), 3.15 (s, OH), 3.42 (t, C-21), 6.45
(d, C-4 and C-2), 7.0 (d, C-1). The ir spectrum (KBr wafer) shows bands
at 3422 cm™! (OH), 3272 cm™! (NH). Elemental analysis for C,iHs102N.

X-Ray analysis

Single crystals of prolame were grown by slow evaporation of a methanol-
acetone solution as colorless prisms, which proved suitable for x-ray-
analysis. Initially photographic studies showed the m m m Laue symmetry
and systematic absences in hOD with h = odd, OkO with k = odd and 00}
with 1 = odd, thus uniquely defining the space group as P212121. Unit
cell dimensions were obtained by least-square fit to the angular set-
ting of 25 centered reflections. Crystal data for prolame, C,;H3:0:N,
molecular weight 329.48: a = 8.356(2), b = 13.343(4), ¢ = 16.119{4) A,
V= 1797.1(3) A%, dgny = 1.222 gem™, Z = 4, space group P22 {Cu

- -1
Ka) = 5.65 an™*.
The crystal chosen for intensity measurement has the dimensions: 0.18 x
0.20 x 0.21 mm, and was mounted approximately along the c axis on a
glass fiber. Intensity measurements were made with Cu Ka radiation (A =
1.5418 R) utilizing the w-scan technique; individual scan speeds were
determined by a rapid scan at the position of the calculated Bragg peak,
and the rate of scanning varied from 4.0 deg-min~! (less than 150 counts
during the rapid scan) to 29.3 deg-min~! (more than 2500 counts during
the rapid scan). Two reflections were routinely monitored at intervals
of 50 reflections. Al1l reflections in the hkl octant to 26 = 115°were
collected (sin8/x = 0.550 R-'). The total number of data collected was
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1416, of which 1249 reflections had I > 2.0 o(I); these formed the basis
of the structural solution and refinement, where o{I) was derived from
counting statistics. Values 9f a(F) were determined from the equation
(F) = (F/2)(|a®(I)|/1% + §2)Y' 2, where § is estimated as the instrumen-
tal uncertainty (6 = 0.020) obtained from the variation in measured
intensities in the periodically scanned standard reflections. The 1249
reflections and their associated standard deviations were corrected for
Lorentz and polarization effects: no absorption correction was applied.
The data was adjusted to an Bproximate]y absolute scale K = 0.5699 and
an overall U value of 0.050 A“. The crystal structure was solved by
direct methods using the program package SHELTX (6). The program SOLV
was employed using 114 phases with E 2 1.20 and 9 reflections in the
starting set. The trial structure was refined by blocked cascade Teast-
squares procedure with anisotropic temperature factors for the non-hydro.
gen atoms and with a fixed isotropic temperature factor U = 0.06 A% for
the hydrogen atoms bonded to tertiary CH, secondary CH, and primary CH,
carbon atoms; and the coordinates of the hydrogen, nitrogen and oxygen
atoms were refined._ The function minimized was Iw(|Fo| - [Fc|)? with a
weighting scheme w™" = |02(F,) + G(F,)?|, where o is the standard devia-
tion of the observed amplitudes based on counting statistics and G, a
variable to be adjusted after each cycle, final G = 0.001l; maximum shift
of parameters in the last cycle 0.2; no peaks > 0.3 eA-3; anomalous
dispersion corrections were applied to the scattering factors from Inter-
national Tables for X-ray Crystallography (7); isotropic extinction pa-
rameter x = 0.005; final R = 0.041, Ry = 0.045 where Ry = Iw!/2|F,| -
[Fc| zw'/2 (|Fo]).

A1l computations were performed in the laboratory on a Nova 4S computer
and plots were drawn on a Tektronix plotter

Figure 1. The molecular structure of prolame, N-(3-hydroxy-1,3,5(10)-
estratrien-178-y1)-3-hydroxypropylamine.
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DISCUSSION

The observed crystallographic structure of the molecule is shown in
Figure 1. Positional parameters and anisotropic thermal parameters for
non-H atoms of prolame are listed in Table 1. The hydrogen coordinates
and isotropic temperature factors are given in Table 2. Intramolecular
bond lengths and angles, together with estimated standard deviations,
are given in Table 3. None of the values for bonds and angles in the
steroid nucleus are significantly different from those observed in simi-
Tar molecules (8-10).

The presence of ring A requires formally that atoms C(1), C(2), C{3),
c(4), C(5), c(6), C(9), C(10) and 0(1) be coplanar; this is found to be
s0, the maximun deviation from the plane being 0.051 A at C(6). The B
ring can best be described as half chair with a pseudo-diad passing
through the C(5)-C(10) and C(7)-C(8) bonds. The C ring conformation
has normal chair conformation with substituent at C(13) in axial posi-
tion, and the D ring conformation is close to a perfect envelope. The
D ring/side chain junction geometry is trans to C(13) and gauche to
C(16).

The molecules are connected by hydrogen bonds between hydroxyl groups
and between a hydroxyl and the N atom of the substituent at C(17),
forming a continuous ribbon along the b-axis direction. The 0(1) links
to 0(2)" at (0.5+x, 1.5-y, 2-z)| 0(1)...0(2)' = 2.767(4), O(1)-HIA =
0.76(3), 0(2)'...H1A = 2.03(3) A and the angle O(1)-H1A...0(2)"' is
165(3)°]. The 0(2) links to N' at (0.5+x, 2.5-y, 2-z)| 0(2)...N' =
2.861(4), 0(2)-H2A = 0.86(3), N'...H2A = 2.04(3) K and the angle
0(2)-H2A...N is 162(3)°].
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Table 2
Table 3
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Hydrogen coordinates
factors (x10%) of Prolame.

(x10*) and isotropic temperature
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The biological studies of prolame are reported in the following paper
of this issue.
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APPENDIX
The following trivial names have been used:
Estradiol-178: 1,3,5(10)-estratriene-3,178-diol
Estrone: 3-hydroxy-1,3,5(10)-estratrien-17-one
Prodiame: y-(3-hydroxy-1,3,5(10)-estratrien-17s-y1)-1,3-propy1enediam-
ne

Prolame: N-(3-hydroxy-1,3,5(10)-estratrien-17g8-y1)-3-hydroxypropylamine



