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Abstract 
The title compound, C19HesO2, has the 5~ configuration 
and a bowing angle of 71.76 (5) ° at the A/B ring junc- 
tion. The crystal structure is stabilized by weak inter- 
molecular C - - H . - . O  and van der Waals interactions. 

Comment 
The configuration at C5 is known to play an important 
role in the hormonal responses of steroids (Lawrence 
et al., 1986). The activity of steroid analogues and 
their ability to bind to the receptor varies depending on 
whether the configuration at C5 is o~ or ~, because of 
differences in the overall shape of the two epimers. The 
5o~ steroids are fiat, whereas the 53 epimers are bent at 
the A/B ring junction. 5c~- and 5/3-androstan-3,17-dione 
are important compounds in steroid metabolism and 
their biological activity has been studied extensively. 
In the Cambridge Structural Database (CSD, Allen & 
Kennard, 1993), two crystal structures of 5o,-androstan- 

(I) 

Ring A is in a half-chair conformation, rings B and 
C are in a chair conformation and ring D adopts the 
commonly found 14c~-envelope conformation (Duax & 
Norton, 1975; Paixio et al., 1998). The bowing angle 
in (I) [71.76(5) °] is comparable to the corresponding 
angles found in other 53-steroids reported recently 
[81.53(9) and 81.97(9) (Andrade et al., 1997) and 
58.91 (6) ° (Ramos Silva et al., 1996)]. There are three 
conformers of 5a-androstan-3,17-dione available for 
comparison with the 5~-epimer (I): ANDION 10 and two 
symmetry-independent molecules of ANDRDO. The 
overlay plot of (I) with the three 5a-androstandione 
conformers shows that the B, C and D rings overlap 
with very low r.m.s, deviations (0.082, 0.059 and 
0.066 A), while the conformational flexibility in ring A 
is considerable. 

('19 

O3 

~ j )  C12 Cl" O17 

('4 

Fig. 1. ORTEPII (Johnson, 1976) plot of the title compound. 
Displacement ellipsoids are drawn at the 50% probability level and 
H atoms are shown as spheres of an arbitrary radius. 

The crystal structure of (I) (Fig. 2) is stabilized 
by weak C - - H . . . O  hydrogen bonds (Desiraju, 1996). 
A hydrogen-bonded chain runs along [010], involving 
C7~--H and 03 atoms (H. . .O 2.68A, C- -H . - .O  
130 ° ) of translation-related molecules. Additionally, the 
C53--H and CI9 - -H  donors are hydrogen bonded 
along [001] to 03 of a screw-related molecule (2.73 ,~,, 
152°; 2.69,4,, 147°). The C3 carbonyl-O atom thus 
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A D D L A G A T T A  A N T H O N Y  et al. 1899 

b e h a v e s  as a t r i fu rca ted  accep to r ,  m a k i n g  two  h y d r o -  

gen  b o n d s  wi th  a 21- re la ted  m o l e c u l e  and  o n e  b o n d  
wi th  a t r ans la t ed  m o l e c u l e .  C 4 o ~ - - H  and  C 9 c ~ - - H  o f  
the  a n d r o s t a n e  are h y d r o g e n  b o n d e d  to O17  o f  a s c rew-  

re la ted  m o l e c u l e  ( 2 . 6 9 A ,  146°;  2.63,4, ,  165 °) l e ad ing  

to a b i fu r ca t ed  C - - H . . - O  m o t i f  a l ong  [001].  E v e n  
t h o u g h  the  C - - H . . . O  b o n d s  in (I) are  at the  l imi t  o f  
the  van  de r  Waals  radii  ( H . - . O  2.7,4,),  t hey  s h o u l d  be  

c o n s i d e r e d  in the  crys ta l  s t ruc tu re  ana lys i s  b e c a u s e  it 
has r ecen t ly  b e e n  s h o w n  that  m o s t  C - - H . . . O  c o n t a c t s  
exh ib i t  the  cha rac te r i s t i c s  o f  h y d r o g e n  b o n d s  and  c o u l d  

p lay  a s t r u c t u r e - d e t e r m i n i n g  role  e v e n  at l ong  d i s t ance s  

(S t e ine r  et al., 1998; S t e ine r  & Des i ra ju ,  1998). 

,~ ,,,,,7¢ TM , 
J,, -X~.. , ,  

: '~"2/ .~ t"%. 
.~ ",~7 ~'~ c 

f - (  
' ~ "  • '} ~ ' t l  

~ ' 1  

Fig. 2. Stereoview down [100], showing the bifurcated and trifurcated 
C- -H. . .O  hydrogen-bonding motifs at O17 and O3, respectively. 
Notice that the hydrogen bonds (shown as dashed lines) occur on 
the o~-face with O17 and on the /3-face with O3. The H and O 
atoms involved in hydrogen bonding are shown as empty circles. 

S ince  n o n e  o f  the  a t o m s  in the  m o l e c u l e  is a s t rong  

e n o u g h  a n o m a l o u s  sca t te re r  at the  Cu  Ko~ w a v e l e n g t h ,  
the  abso lu t e  c o n f i g u r a t i o n  was  not  d e t e r m i n e d  f r o m  
X- ray  data ;  the  ch i ra l i ty  a s s i g n e d  is as d e r i v e d  f r o m  
the  c h e m i c a l  syn thes i s .  

Data collection 

Kuma KM-4 diffractometer 
w/20 scans 
Absorption correction: none 
1835 measured reflections 
1835 independent  reflections 
1608 reflections with 

I > 2o-(1) 

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.032 
wR(F z) = 0.093 
S = 1.049 
1833 reflections 
191 parameters 
H atoms fixed 
w =  1/[cr2(Fo 2) + (0 .0407Pf  

+ 0.2105P] 
where P = (F2 + 2F,2)/3 

(A//cr)m.x < 0.001 

0m,x = 70.09 ° 
h =  0 - - ,  9 
k = 0 --, 10 
1 = 0 - - - - , 3 0  
2 standard reflections 

every 100 reflections 
intensity decay: <2 .5% 

Apm,x = 0.109 e ,~- 3 
Apmin = - 0 . 1 0 6  e ,&-3 
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0025 (4) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Table  1. Hydrogen-bonding geometry (,4, °) 

D--H. • -A D--H H. - -A D. • .A D--H. • -A 
C4---H41 • • .O 17' 0.97 2.69 3.535 (3) 146 
C5--H5 I. - -03" (I.98 2.73 3.624 (3) 152 
C7--H72- • .03'" 0.97 2.68 3.392 (3) 130 
C9--H91. • .O 17' (/.98 2.63 3.585 (2) 165 
C15--HI51. • -O17 '~ 0.97 2.91 3.594 (3) 129 
C 19--1-t 192. • • 03" 0.96 2.69 3.536 (4) 147 

Symmetry codes: (i) x - ~,~ - ~  - .v, -z;  (ii) - 2  - x, { + .v, - ~ - z; (iii) 
x, 1 + y, Z; (iv) x - {, - ~ - y, -z.  

Data collection: Kuma KM-4 User's Guide (Kuma, 1989). 
Cell refinement: Kuma KM-4 User's Guide. Data reduction: 
Kuma KM-4 User's Guide. Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to re- 
fine structure: SHELXL93 (Sheldrick, 1993). Molecular graph- 
ics: ORTEPII (Johnson, 1976) and PLUTO (Motherwell & 
Clegg, 1978). Software used to prepare material for publica- 
tion: SHELXL93. 

Experimental 

The title compound  was obtained by hydrogenation of androst- 
4-ene-3,17-dione with 5% Pd/C catalyst in ethyl acetate at 
ambient temperature and pressure. The structure of (I) was 
confirmed by IR and ~H NMR. Crystals for X-ray diffraction 
were obtained by slow evaporation of the steroid from a 
mixture of  ethyl acetate and hexane. 

Crystal data 

CI9H2802 Cu Ka  radiation 
Mr = 288.41 A = 1.54178 ,~ 
Orthorhombic Cell parameters from 50 
P2j 2~ 2~ reflections 
a = 7.9475 (5) ,4, 0 = 15-76 ° 
b = 8.3767 (7) .A /,z = 0.561 mm -I 
c = 25.019 (2) ,4, T = 293 (2) K 
V = 1665.6 (2) ,~3 Prism 
Z = 4  0.4 x 0.4 x 0 . 4 m m  
Dx = 1.150 Mg m -3 Colourless 
O,, not measured 

A A  t h a n k s  the  C S I R  for  f e l l o w s h i p  suppor t .  A N  

and  G R D  a c k n o w l e d g e  f inancia l  s u p p o r t  f r o m  the  
D S T  ( S P / S 1 / G - 2 5 / 9 1 ) .  Th i s  w o r k  was  m a d e  p o s s i b l e  

in par t  by  the  I n d o - P o l i s h  C o o p e r a t i o n  P r o g r a m m e  

( I N T / P O L / P O C / P - 2 2 / 9 6 ) .  MJ  t h a n k s  P r o f e s s o r  U. Wrze -  
c i o n o  and  Dr  A. Gze l l a  at the  K. M a r c i n k o w s k i  Un ive r -  
si ty o f  M e d i c a l  S c i e n c e s ,  P o z n a n ,  for  m a k i n g  the i r  X- ray  
l abo ra to ry  ava i lab le .  T h e  r e sea rch  o f  MJ  was  s u p p o r t e d  
by the  H H M I .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1287). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
A novel dihydrated form of 2,9-dimethyl-l,10-phenan- 
throline (neocuproine), CI4H12N2.2H20, is described. 
The molecule is very similar to that already reported in 
the literature, the main differences being in the packing. 
The positioning of the H atoms had a great influence 
in the convergence of the refinement process. This was 
performed in C2/m,  though there were some suggestions 

N2 C11 " ~  

C12~ 

, ° ,  

C5 

C4 

N I C3 

Fig. 1. The molecular diagram of (2) showing the numbering of 
atoms. Note the cluster of four hydration water molecules with 
disordered H atoms which build up around the twofold symmetry 
axis. Displacement ellipsoids are drawn at the 40ok probability level. 
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