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ABSTRACT 

The synthesis and molecular structure of prolame, N-(3-hydroxy-l,3,5(10) 
-estratrien-17B-yl)-3-hydroxypropylamine, is described. I t  was charac- 
terized by i r ,  nmr, mass spectrometry and chemical analysis. The crys- 
tal structure of this compound was determined by single-crystal x-ray 
diffraction. Prolame belongs tospace group P2:2:~:~ Cel 1 dimensions 
are: a = 8 356(2), b = 13.343(4) and c = 16.119(4) A. Z = 4; R = 4.1%. 

INTRODUCTION 

Recently a biphasic effect of estrone and estradiol-17B on blood 

clotting has been described (I) .  The ligand prodiame, N-(3-hydroxy-1,3, 

5(10)-estratrien-17B-yl)-1,3-propylenediamine (2) a diamino-estrogen 

synthetized by some of us has shown to have a prolonged anticoagulant 

effect, however i t  also increases the motor activity and at larger 

doses el ici ts convulsions (3). With the aim of obtaining a compound 

with prolonged anticoagulant activity similar to prodiame, but without 
/ 

convulsive activity, we have synthetized the monoamino-estrogen prolame, 

N-(3-hydroxy-1,3,5(lO)-estratrien-17B-yl)-3-hydroxypropylamine, and 

solved its crystal and molecular structure. 

V o l u m e  45,  N u m b e r  2 S T !., i o x x )  m, F e b r u a r y  1985 



152 

EXPERIMENTAL 

The melt ing point  obtained on a Fisher-Johns apparatus was uncorrected° 
The H-nmr spectrum was obtained on a Varian FT-80A spectrometer. The 
i r  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, analys is  was determined by Dr. E. 
Pascher (Bonn, W. Germany). The x- ray analys is  was performed on a 
Nico let  R3m d i f f rac tometer  equipped wi th a graphi te  monochromator crys-  
t a l .  Estrone (Syntex),  sodium borohydride and 3-amino-l-propanol both 
from A ldr ich  were used fo r  the synthesis.  

Synthesis 

Prolame N-(3-hydroxy-1 ,3 ,5(10) -es t ra t r ien-17~-y l ) -3-hydroxypropy lamine 
was obtained by the usual methods (4,5) react ing estrone and 3-amino-1- 
propanol fol lowed by reduct ion wi th sodium borohydride. A mixture of 
estrone (1.5 g) and 3-amino-l-propanol (2.5 n@_) in 150 mL of toluene was 
ref luxed for  12 h, using a Dean-Stark t rap.  The react ion mixture was 
concentrated u n t i l  i t  c r y s t a l l i z e d ,  and was f i l t e r e d .  The so l id  product 
was washed wi th cold toluene and dr ied wi th suct ion.  To t h i s  s o l i d ,  
d issolved in methanol (250 mL), sodium borohydride (400 mg) was added 
port ionwise and was ref luxed therea f te r  for  20 min. The so lu t ion  was 
poured in to  ice-water ,  and the obtained white c rys ta l s  were f i l t e r e d  and 
dr ied.  Rec rys ta l l i za t i on  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 114m/e 
(base peak). The H-nmr (DMSO-d6) spectrum shows s ignals  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 i r  spectrum (KBr wafer) shows bands 
at 3422 cm - I  (OH), 3272 cm - I  (NH). Elemental analys is  for  C21H3~O2N. 

X-Ray ana lys i s  

Single c rys ta ls  of prolame were grown by slow evaporation of a methanol- 
acetone so lu t ion  as co lor less  prisms, which proved su i tab le  for  x - ray-  
analys is .  I n i t i a l l y  photographic studies showed the m m m Laue symmetry 
and systematic absences in hO0 wi th  h = odd, OkO wi th k = odd and 001 
wi th 1 = odd, thus uniquely def in ing the space group as P2~2~2J. Unit  
ce l l  dimensions were obtained by least-square f i t  to the angular set- 
t ing  of 25 centered re f l ec t i ons .  Crystal data fo r  prolame, C21H3102N, 
molecular weight 329.48: a : 8.356(2),  b = 13.343(4), c = 16.119(4) ~, 
V = 1797.1(3) A3, dca~ = 1.222 gcm -1, Z = 4, space group P ~ ;  (Cu 
K~) = 5.65 cm - ] .  
The crys ta l  chosen fo r  i n t e n s i t y  measurement has the dimensions: 0.18 x 
0.20 x 0.21 mm, and was mounted approximately along the c ax is  on a 
glass f i be r .  I n t ens i t y  measurements were made wi th Cu Ks rad ia t ion  (~ = 
1.5418 ~) u t i l i z i n g  the m-scan technique; ind iv idua l  scan speeds were 
determined by a rapid scan at the pos i t ion  of  the calculated Bragg peak, 
and the rate of scanning var ied from 4.0 deg-min -~ ( less than 150 counts 
during the rapid scan) to 29.3 deg-min - I  (more than 2500 counts during 
the rapid scan). Two re f l ec t i ons  were rou t i ne l y  monitored at i n t e r va l s  
of 50 r e f l ec t i ons .  Al l  r e f l ec t i ons  in the hkl octant to 28 = l l5°were 
co l lec ted (sinS/~ = 0.550 ~ - i ) .  The to ta l  number of data co l lec ted 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 e(1) was derived from 
counting s ta t is t i cs .  Values gf ~(F) were determined from the equation 
(F) = (F/2)(102(I ) I / I  2 + 62) 112 , where 6 is estimated as the instrumen- 
tal uncertainty (6 = 0.020) obtained from the variat ion in measured 
intensi t ies in the periodical ly scanned standard ref lect ions. 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 ~proximately 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 ~ 1.20 and 9 reflections in the 
start ing set. The t r i a l  structure was refined by blocked cascade least- 
squares procedure with anisotropic temperature factors for the non-hydro. 
gen atoms and with a fixed isotropic temperature factor U = 0.06 ~2 for 
the hydrogen atoms bonded to ter t ia ry  CH, secondary CH2 and primary CH3 
carbon atoms; and the coordinates of the hydrogen, nitrogen and oxygen 
atoms were refined. The function minimized was Xw(IFol - IFc{) 2 with a 
weighting scheme w - I  = [a2(Fo) + G(F0)21, where ~ is the standard devia- 
t ion of the observed amplitudes based on counting s ta t is t i cs  and G, a 
variable to be adjusted after each cycle, f inal  G - 0.001; maximLLm sh i f t  
of parameters in the last cycle 0.2; no peaks > 0.3 e~-~; 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; f inal  R = 0.041, Rw = 0.045 where Rw = %wl/21F0[ 
IFcl zw I/2 (IFol). 
Al l  computations were performed in the labora tory  on a Nova 4S computer 
and p lo ts  were drawn on a Tekt ron ix  p l o t t e r  
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Figure i .  The molecular structure of prolame, N-(3-hydroxy-1,3,5(10)- 
estratrien-17B-yl)-3-hydroxypropylamine. 
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DISCUSSION 

The observed crysta l lographic  s t ructure of the molecule is shown in 

Figure 1. Posi t ional  parameters and anisotropic thermal parameters for  

non-H atoms of prolame are l i s ted  in Table I .  The hydrogen coordinates 

and iso t rop ic  temperature factors are given in Table 2. Intramolecular 

bond lengths and angles, together with estimated standard deviat ions, 

are given in Table 3. None of the values for  bonds and angles in the 

steroid nucleus are s i gn i f i can t l y  d i f f e ren t  from those observed in simi- 

la r  molecules (8-10). 

The presence of r ing A requires formal ly that  atoms C(1), C(2), C(3), 

C(4), C(5), C(6), C(9), C(I0) and 0( i )  be coplanar; th is  is found to be 

so, the maximun deviat ion from the plane being 0.051 ~ at C(6). The B 

r ing can best be described as hal f  chair  with a pseudo-diad passing 

through the C(5)-C(10) and C(7)-C(8) bonds. The C r ing conformation 

has normal chair  conformation with subst i tuent  at C(13) in axial posi- 

t i on ,  and the D r ing conformation is close to a perfect envelope. The 

D r ing /s ide  chain junct ion geometry is trans to C(13) and a u ~  to 

C(16). 

The molecules are connected by hydrogen bonds between hydroxyl groups 

and between a hydroxyl and the N atom of the subst i tuent  at C(17), 

forming acont inuousr ibbon along the b-axis d i rec t ion .  The 0( I )  l inks 

to 0(2) '  at (O.5+x, 1.5-y,  2-z) 1 0 ( 1 ) . . . 0 ( 2 ) '  = 2.767(4), O(1)-HIA = 

0.76(3),  O(2) ' . . .HIA = 2.03(3) ~ and the angle O(1)-HIA.. .O(2) '  is 

165(3)°I .  The 0(2) l inks  to N' at (O,5+x, 2.5-y,  2-z) I O(2) . . .N '  = 

2.861(4), O(2)-H2A = 0.86(3),  N'. . .H2A = 2.04(3) ~ and the angle 

O(2)-H2A...N is 162(3)°I .  
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Table 2 Hydrogen coordinates (xlO ~) and isotropic temperature 
factors (xlO 3) of Prolame. 

atom x ~ ,. z U (.~2,) . . . .  

H 5217445)  1 1 1 9 2 ( 2 3  ~ 1 0 0 0 4 : 2 2 ;  60 
H', 1 a ) 1J~2 t. 40 ) 31g~< 2 I  ) 8170:20 ) 6e 
H<2a) 81.~3(39) 13025'.23> 1 1 0 0 4 ( 1 9 )  60 
H< 1 ) 611 7038 777P EO 
H< 2 ) -422 5448 7625 ~.TO 
H', 4 ) 3661 423.4 844~ 6L~ 
H<6a) 6066 5319 8393 60 
H / 6b ) 5494 5222 9257 60 
H< ?a ) 7215 6996 8759 60 
H( 7b ) 6343 6908 7889 60 
H(8 ) 4839 7501 9358 60  
H< 9) 3788 7954 7713 60 
H(lla) 1463 84~9 9214 60 
Hr, llb) 2dl@ 8290 9128 60 
H(12a)  37"39 9,"19 805S 60 
H"12b ) 2395 93.47 83~1 60 
H"14 ) 5960 925~ 81$2 60 
H'.IS~) 8279 8671 8972 60 
H< 15b .) 7424 $5E2 9737 60 
H< 164 ) 7627 10231 91~ I 60 
H< 165 ) 3255 1032S S94d EO 
HCI7) 5766 10557  $452 60 
W 184) .~255 936~ 1dES2 CO 
I-I(l'.:b) 3785 8707  10119 60 
H': I $c ) 355'0 9F.g5 1,.'232 60 
H " l g a )  7392 11972 9492 {O 
H< IPb ) 62~{ 12E39 E729 60 
H<203 ) 45?5 ! 7359 9599 60 
H', 200 ) 670I 13649 96. T-4 ¢L* 
H~ 21iJl) 502~. "~ 12612 10756 : ~* 
~', 21b > 571~.? 17700 10941 60 

Table  3 Bond lengths (~) and angles (°) of Prolame. The 
standard deviations are given in parenthesis. 

~4-C617 ) 1. 496(4 ;" W-f(19) I. 480(q 
0(I;-({3) 1.371(4) 0(2)-6(21 ) 1.421(#) 
661 ; -6 ' (2)  1 . 3 7 5 ( 5 )  6(1 ; -C( IO)  I. 4 1 0 6 5 )  
6 ' ,2 } -C(3 )  I .  326(5 > C(3 }-C(4 ) I .  378¢5.  
C:4~-C:5~ 1.383(5> 6 ( 5 ) - C ( 6 .  ~ 1 . 5 1 3 : C '  
C, 5 ) - ( : I 0 )  1 . 4 1 2 : 5 7  6 6 6 2 - C ( 7 )  1.51~:5)  
C(7 ',- C: :~ , 1. 519( 5 > C¢ 8 )-C<9) ~. Sad(  5 .; 
£(p~;-C~14~ I . $ 2 2 ( 4 )  t " , 9 ; -C~ I~>  1 . 5 1 8 ( 5 )  
C<9>-C(11 ) 1.529(5~ 6 < 1 1 ) - £ : 1 2 ;  1 . 5 3 2 ( 5 }  
6<12)-C, 13; 1 . 5 3 1 4 5 ;  C<13)-C, 14) 1.518(5) 
C; 13)-C<17) I .  523(5)  t ' ( 13 ) -C (18 )  1. 549(4 , 
C'14)-C(15) 1.53~(5) 6(15',-t"162 1.539(5} 
C, 16)-C,.17) 1.550(5) 6:19)-C{20) 1,526(5~ 
C<20)-C<21 ) I .  504( 5 ) 

C¢ I 7)-H-C~ 29 )  110.9< 3~ C< 2 ) - 6 : 1  )-C< ! 0 > 
C(I  ; -C62 , ) -C(2 )  1 1 9 . 9 {  1 )  0< I )-C( 3 ) - C ( 2 )  
0,1 ) -C(3 ) -£<4  > 1 2 1 . 5 ( 7 )  C(2 )-C< 2 ) - C ' 4  ) 
C; 3) -C(4 )-C: 5 ) 1 2 1 , 9 ( 3 )  0 4  >-C(5. ; -C(6)  
C:4 ) - C < 5 ) - ( ( 1 0 )  1 1 9 , 7 6 3 )  C 6 6 ) - ( ( 5 ) - ( : 1 0 )  
C ( 5 ) - C " 6 > - C ( 7 )  1 1 2 . 7 ( 3 )  C< 6 ) - C 6 7 ) - C t  9> 
C'; 7)-C',8)-C<9) 109.9<3) C/7)-C( ~ )-C; 14 } 
C(9)-C{8 :)-C: 14 ) 108, 4($) C( ~ )-C'. 9 )-C( 10 ) 
t ' , ¢ ) - C , : 9 ) - C ( I 1  ) I I 1 , 3 6 3 )  C< ! O ) - C ( 9 ) - C < l  I ) 
C(I  ) - C ( ' 1 0 ) - C ( 5 )  t 1 ~ . ~ ( E . )  t'~l )-C(lt*.>-C,19) 
C<5)-¢('I0)-C(9) 121,6(3) C(9 ;-E( I I ",-C~ 12) 
t'(11)-C<[12)-C(12) 112.3<3)  C:12)-C(IY.)-t'tI4) 
C(12)-C(13)-C(17) I16,9(3) C:I'I.)-C(13~-C(17) 
C: 12)-C('13)-C('I~) 109.2<3) 6(14 ;-C( 1 3 ) - ( ( 1 9  ; 
C < 1 7 ) - t ' 6 1 3 ) - C ( 1 8 )  1 0 9 . ~ ( 3 )  C ~ 9 ) - C ( 1 4 ) - C ( 1 3 )  
C(~?)-C(14 )-C(15.)  115`. 142)  C< t 2 ) - ( ; 1 4  )~~':15 ) 
C<14)-C,.15.)~t:(16) 103.1<3~ t ' < I S ) - 6 : 1 6 > - C < I ? )  
H-C'.17)-C<13) I15 .9<3> N-C,.17)-Z(16) 
C~.122-C<17)-C<16) I03.823) N-C,.lg)-C<20) 
C<19)-C:20.'-C<21 ) 115.0(3) 0(2)-C<21)-C(20) 

estimated 

1 2 2 . 3 ( 3 )  
1 1 9 . 3 ( 3 )  
1 1 5 ` . 3 ( 3 /  
1 1 9 , 9 : 3 ;  
1 2 1 . 4 (  2 : 
1 0 ~ , S ( Y ' ,  
I 1 4 . 9 ( 3  ; 
I I I .  5 ( 3  > 
1 1 4 . 9 ( 2  > 
I 2 1 . 5 ( 3  ) 
1 1 2 . 3 ( 3 ~  
1 0 5 . 5 ( 3 2  
99.9(5; 

1 1 2 . 4 ( i >  
| 1 4 . I 4 3 )  
1e4.2< 3} 
11~{. 4( 3 ; 
115.'63) 
1 1 4 . 0 ( 3 "  
t 1 4 . 1 ( 5 )  
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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 tr ivial names have been used: 
Estradiol-17B: 1,3,5(10)-estratriene-3,17B-diol 
Estrone: 3-hydroxy-1,3,5 (lO)-estratrien-17-one 
Prodiame: N- (3-hydroxy-1,3,5(10)-estratrien-17B-yl)-l,3-propylenediam- 

Imm 
Prolame: N- (3-hydroxy-l,3,5 (10)-estratrien-17B-yl)-3-hydroxypropyl amine 


