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Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.04 
wR(F 2) = O. 11 
S = 1.03 
1987 reflections 
118 parameters 
H atoms riding 
w = 1/[cr2(Fo z) + (0.043Pf- 

+ 0.245P] 
where P = (Fo 2 + 2F~2)/3 

(Z~/O')max = 0.002 
Apm~ = 0.27 e ,~-3 
Z~pmin = - 0 . 3 6  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table  1. Selected geometric parameters  (,4, 

C11---C3 
OI---C7 
O2--C8 
CI--C7 
CI---C6 
C5--C6 
C1--C2 
C2--C 1--C6 
C 1 ---C6---C5 
C4--C5--C6 
C2--C I ---C7 
O2--C7--C 1 
O 1 --C7--O2 
C8--O2~C7 

o) 

.723 (2) C12--C6 1.713 (3) 

.185 (3) O3--C8 1.186 (3) 

.389 (3) O2--C7 1.393 (3) 

.478 (3) C2--C8 1.477 (3) 

.380 (3) C2~C3 1.376 (3) 

.384 (4) C3--C4 1.389 (3) 
1.380 (3) C4--C5 1.376 (4) 
121.1 (2) C3--C2--C1 121.3 (2) 
117.6(2) C2--C3--C4 117.9 (2) 
121.5 (2) C5--C4--C3 120.6 (2) 
107.9 (2) C I--C2--C8 107.8 (2) 
106.8 (2) O2---C8--C2 107.0 (21 
120.9 (2) O3--C8--O2 121.0 (2) 
110.5 (2) 

Data collection: CAD-4 Operations Manual (Enraf-Nonius, 
1977). Cell refinement: CAD-4 Operations Manual. Data 
reduction: TEXSAN (Molecular Structure Corporation, 1985). 
Program(s) used to solve structure: TEXSAN. Program(s) used 
to refine structure: SHELXTL (Sheldrick, 1995). Molecular 
graphics: SHELXTL and TEXSAN. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BKI4091. Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

The  crystal  s t ructures  o f  17 ,17 -e thy lened ioxyandros t -  
4 - e n e - 3 , 6 - d i o n e ,  C2tH2804,  and 17 ,17-e thy lened ioxy-  

a n d r o s t a - l , 4 - d i e n e - 3 , 6 - d i o n e ,  C21H2604, in te rmedia tes  
in the synthes is  o f  h e t e r o a n d r o g e n i c  a romatase  in- 
hibitors,  have  been  de te rmined .  Both  s t ructures  are sta- 
b i l ized  by C - - H . . . O  h y d r o g e n  bonds ,  h igh l igh t ing  the 
impor t ance  of  w e a k  in terac t ions  in in f luenc ing  pack ing  
mot i fs  in genera l  and the c o n f o r m a t i o n  o f  the f lexible 
d ioxo lane  r ing in particular.  

C o m m e n t  

The  p re sence  of  a 4 - e n e - 3 , 6 - d i o n e  mo ie ty  in the 
A/B r ings o f  a s teroid ske le ton  is k n o w n  to en-  
hance  the b io logica l  act ivi ty  of  such steroids,  notably  
as a romatase  inhibi tors  for  the t r ea tment  o f  es t rogen-  
d e p e n d e n t  breast  c ance r  ( N u m a z a w a  et al., 1993). The  
title c o m p o u n d s ,  17 ,17 -e thy lened ioxyandros t -4 -ene -3 ,6 -  
d ione ,  (I), and 17 ,17-e thy lened ioxyandros ta -  1 ,4-diene-  
3 ,6-dione,  (II), we re  syn thes i sed  for  e labora t ion  to more  
c o m p l e x  A/B/D r ing and rogens  and A-r ing he te roandro -  
gens  (Nang ia  & Anthony ,  1996, 1997). The  con juga t ion  
in the e n o n e  (or  ened ione )  por t ion of  the m o l e c u l e  plays  
an impor tan t  role  in d e t e r m i n i n g  the stabil i ty of  var ious  
A-r ing c o n f o r m a t i o n s  and in turn is able to inf luence  
the s t e r o i d - r e c e p t o r  in terac t ions  that control  h o r m o n a l  
responses  (Duax  et al., 19941. 

oA? 
° ° 

o o 
(I) (II) 

In c o m p o u n d  (I) (Fig. 1), r ing A adopts  the 1-a  sofa 
con fo rma t ion ,  r ing B adopts  a ha l f -cha i r  con fo rma t ion ,  
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while rings C and D are in chair and envelope con- 
formations, respectively. In ring A, the C4-----C5 dou- 
ble bond is polarized towards the C3 carbonyl rather 
than towards the C6 carbonyl atom [C3--O3 1.214(3), 
C3--C4 1.469 (4), C4--C5 1.330 (4), C5--C6 1.502 (4) 
and C6---O6 1.197 (3),~]. In ring D, C13 is 0.674 (4) A 
above the plane containing the four remaining atoms 
(C14-C17). The dioxolane ring is in an envelope con- 
formation, with C21 lying 0.548 (5),~, away from the 
plane containing the other four atoms (020, C17, 023 
and C22). 

023 ('22 

I t_~ t. 14(}) C15~O20 

03 06 
Fig. 1. ORTEPII plot (Johnson. 1976) and numbering scheme 

for cnedione (I); displacement ellipsoids are drawn at the 50% 
probability level for non-H atoms. 

In compound (II) (Fig. 2), ring A adopts a planar 
conformation with the weighted average absolute torsion 
angle being 1.3 (6) °. The conformations of rings B, C 
and D in (II) are similar to those in (I). In (II), atoms 
C13 and C21 are located 0.686 (6) and 0.208 (11) ,~, 
away from the planes of the four remaining atoms of 
the D and dioxolane rings, respectively. In contrast to 
(I), the C4---C5 double bond in (II) is polarized towards 
the C6 carbonyl atom, while the C 1 ~ C 2  double bond 
is polarized towards the C3 carbonyl atom [C1--C2 
1.313(5), C2--C3 1.444(6), C3--O3 1.220(5), C3- -  
C4 1.466(6), C A C5 1.331 (5), C5--C6 1.491 (5) and 
C6---O6 1.207 (5),~]. The angle formed by the mean 

C 19 -C 18r'-~ 
0 023 

03 06 
Fig. 2. ORTEPII plot (Johnson. 1976) and numbering scheme for 

dienedione (II): displacement ellipsoids are drawn at the 50% 
probability level for non-H atoms. Compare the larger displacement 
of C21 and C22 with those in Fig. 1. 

plane of ring A with the mean plane passing through 
rings B, C and D is 34.95 (9) ° in (II), while it is 
20.75 (9) ° in (I), suggesting that the molecular skeleton 
is more bent in (II) than in (I). 

There are no strong hydrogen-bonding groups in (I) 
and (II); the crystal structures are stabilized by weak 
C - - H . . . O  hydrogen bonds (Desiraju, 1996; Steiner, 
1996), some of which are listed in Tables 2 and 4. 
The molecules in enedione (I) are oriented along [001], 
pack in the crystal in a head-to-tail fashion and are 
connected by C - - H . . . O  hydrogen bonds (Fig. 3). C4 
H connects to one of the dioxolane O atoms (H..-O 
2.57,~) forming a chain along [100] between screw- 
related molecules. Another hydrogen-bonded chain runs 
along [001], formed by C - - H . . . O  bonds between C2- -  
H and 03 (H. . .O 2.75 A). 

Fig. 3. Packing diagram of (I) down [1001 showing the zigzag C- -  
H.--O hydrogen-bonded chain along [001]. Another C - - H . . . O  
hydrogen bond (not shown) runs along [100] between the C4--- 
H and the 023 atoms. The hydrogen bonds are shown as dashed 
lines. 

In (II), molecules are close-packed along [100] and 
utilize the bent shape of the skeleton in such a way 
that the head and tail portions of one molecule fit into 
the concave cavities of adjacent screw-related molecules 
(Fig. 4). Molecules related by translation along [100] 
are connected by a chain of C - - H . . . O  hydrogen bonds 
between C12--H and 06  atoms (H. . .O 2.69 ,~). In 
effect, the 06  atom is hydrogen bonded to ring C in 
(II), while it is bonded to the A and dioxolane rings in 
(I). 
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H atom of C22 is bonded to 0 6  ( C 2 1 - - H . . . 0 3  2.78, 
C 2 1 - - H . . . 0 2 3  2.77 and C 2 2 - - H . . . 0 6  2.80,~,). In (II), 
on the other hand, there is only a v e ~  long contact be- 
tween C 2 2 - - H  and 03  ( H . . . O  2.99 A). A comparison 
of the crystal structures of steroids (I) and (II) under- 
scores the importance of weak hydrogen bonding in the 
conformation and hence the binding characteristics of 
these biomolecules (Wahl & Sundaralingam, 1997). 

Fig. 4. Packing diagram of (II) down [100] showing the head-to- 
tail orientation of the bow-shaped molecules in a close-packed 
arrangement. C--H..-O hydrogen bonds are shown as dashed lines. 

A change in the A-ring functionality in (I) and (II) 
was found to have little effect on the conformation of 
rings B, C and D. The B/C/D ring system of the two 
compounds could be superimposed on each other with 
a very small r.m.s, deviation (0.029 ,~,). The conforma- 
tional flexibility in the dioxolane ring portion of the mol- 
ecules was examined computationally (Cerius2; Molec- 
ular Simulations, 1998). A 'systematic search' of the 
possible conformations in (I) and (II) was carried out 
by the breaking and recomposition of one bond, cho- 
sen arbitrarily, in each of the five rings (CI -C2 ,  C6-  
C7, C 11-C 12, C 15-C 16 and C21-C22) (Guarna et al., 
1997). The overlay plots (100 conformations, A E  < 
13 kJ mol-~; Fig. 5) show that the dioxolane ring has 
far greater flexibility in conformational space compared 
with the rest of the steroid skeleton. Furthermore, it 
appears that ring A can adopt more conformations in 
enedione (I) than in dienedione (II); this could be rel- 
evant in binding to the receptor (Duax et al., 1994). 
That the conformations adopted by the dioxolane ring 
in (I) and (II) are different could be a result of the low 
energy barrier to conformational changes and the dif- 
ferent packing motifs in the two structures. The atomic 
displacement parameters of the C20 and C21 atoms are 
larger in (II) compared with those in (I); this is as- 
cribed to differences in their hydrogen-bonding patterns 
(Steiner, 1997). In (I), both the H atoms of C21 are 
hydrogen bonded to the 03  and 023  acceptor atoms of 
distinct screw-related molecules and, additionally, the 

(a) 

(b) 

Fig. 5. Conformations of (a) (I) and (b) (II) generated through the 
"systematic search" module in Cerius 2 (Molecular Simulations. 
1998). Notice that a large number of dioxolane ring conformations 
are possible in both molecules. 

Experimental 

Compounds (I) and (II) were prepared according to the 
literature procedures of Nangia & Anthony (1997). 

Compound (I) 
Co'stal data 

C21 H2sO4 Mo Ka radiation 
Mr = 344.43 A = 0.71073 ~, 
Orthorhombic Cell parameters from 52 
P2~ 2~ 2~ reflections 
a = 8.162 (2) ,~, 0 = 7.5-22.9 ° 
b = 9.919 (2) ,~, p = 0.087 mm- 
c = 22.021 (4) ,~ T = 293 (2) K 
V = 1782.8 (7) ,~3 Prism 
Z = 4  0.6 x 0.5 x 0.4mm 
D, = 1.283 Mg m -3 Light yellow 
O,,, not measured 

Data collection 

Kuma KM-4 diffractometer 
~-20 scans 
Absorption correction: none 
1929 measured reflections 
1929 independent reflections 
1466 reflections with 

I > 2o-(/) 

0m~ = 25.54 ° 
h = 0 ~ 9  
k = 0 ---~ 12 
/ = 0 4 2 6  
2 standard reflections 

every 100 reflections 
intensity decay: < 1.7% 
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Refinement 

Ref inemen t  on F 2 
R[F 2 > 20"(F2)] = 0.033 
wR(F 2) = 0.098 

S = 1.064 
1926 ref lect ions 
226 parameters  
H a toms  fixed 
w : 1/[a2(F2) + (0.043P) 2 

+0 .3994P]  
where  P = (F( 2 + 2F,2)/3 

T a b l e  1. Selected geometric 

(A/0")m,~x < 0.001 
Apma× = 0.174 e ,~ -  3 

Apmin = - 0 . 1 3 8  e ,~-3 
Ext inc t ion  correct ion:  none  
Scat ter ing factors  f rom 

International Tables for 
Crystallography (Vol. C) 

parameters (A, °) for  (I) 
C 1 - -C2  1.527 1,4)  C ~ 5  1.3301,4) 
C 1 ~ 1 0  1.531 (4) C 5 ~ 6  1.502 1,4) 
C2--C3 1.480 (4) C5---C 10 1.514 1,4) 
C3--O3 1.214 (3) C 6 ~ O 6  1.197 13) 
C3---C4 1.469 (4) C ~ 7  1.488 (3) 

C 2 ~ 1 - - C I 0  114.4 (2) C 5 ~ 4 - - C 3  122.9 (3) 
C3---C2---C I 112.5 (2) C4---C5--C6 II 7.8 (2) 
O 3 ~ C 3 - - C 4  120.9 (3) O6- -C6- -C7  121.8 (3) 
O 3 ~ 3 ~ 2  122.91,3) O6--C6---C5 121.0 (2) 
C 4 - - C 3 ~ C 2  116.2 (2) C7---C6---C5 117.0 (2) 

T a b l e  2. Hydrogen-bonding geometry (,4, °) for  (I) 

D--H- • .A 
C I--H 11. • .O6' 
C2--H21- • .03" 
C4---H41. • -020'" 
C16--HI61. .03" 
CI6--H 162. .03'" 
C19--H193. .03" 
C21--H211. -03' 
C21--H211. .023" 
C22--H22 I- -06" 

D - - H  H. - -A D. • .A D--H- 
0.97 2 . 7 1  3.3451,4) 124 
0.97 2.75 3.681 (3) 162 
0.93 2.57 3.480 (4) 167 
0.97 2.88 3.682 (4) 141,) 
0.97 2.79 3.603 (4) 14 I 
0.96 2 . 8 7  3.6071,2) 134 
1,).97 2.78 3.556 1,5) 138 
0.97 2.77 3.459 1,4) 128 
0.97 2.81,) 3.551 ( 1 ) 135 

. .A  

3 m  . Symmetry codes: (i) l+x,y,  -" (ii) 1 - x , y -  ½, ½ - z ;  ( i i i )x -  ½, _~ 3, - z ;  
(iv) ~ - x , l  - v , z -  i . (v)  i +x,  ~ 1 i - . 7. ~ _ ~ - y , - z ; ( v i )  l - x , ~ + y , - ~ -  

C o m p o u n d  ( I I )  

Crystal data 

C21 H2604 
Mr = 342.42 
Or tho rhombic  
P212121 
a = 9.854 (2) ,~, 
b = 10.860 (2) ,~, 
c = 16.524 (3) ~, 
V = 1768.3 (6) ,~3 
Z = 4  
Dx = 1.286 M g  m -3 

D,, not  measu red  

Data collection 
K u m a  K M - 4  d i f f r ac tomete r  
w - 2 0  scans 
Absorp t ion  correct ion:  none  
1810 measu red  ref lect ions 
1810 independen t  ref lect ions  
1097 ref lect ions wi th  

I > 20"(/) 

M o  Ko~ radia t ion 
A = 0 .71073,4 ,  
Cel l  parameters  f rom 53 

ref lect ions 
0 = 7 . 5 - 2 1 . 5  ° 
p = 0.088 m m -  
T = 293 (2) K 
Pr ism 
0.55 × 0.40 × 0.25 m m  
Ligh t  ye l low 

0m~x = 25.04 ° 
h = 0 ---, 11 
k = 0 --, 12 
l = 0 ---~ 19 
2 s tandard  ref lect ions 

every  100 ref lect ions 
in tensi ty  decay:  < 1% 

Refinement 

Ref inemen t  on F 2 
R[F 2 > 20.(F2)] = 0.038 
w R ( F  2) = 0.115 

S = 1.035 
1807 ref lect ions 
226 parameters  
H a toms  fixed 
w =  1/[0.2(F(~) + (0 .0474P)  2 

+ 0 .4925P]  
where  P = (/7,,2 + 2F,2)/3 

( A / a ) m , x  < 0.001 
Aprnax = 0.153 e ~ - 3  

/~prnin = - 0 . 1 4 1  e ,~-3 
Ext inc t ion  correct ion:  none  
Scat ter ing factors  f rom 

International Tables for 
Co'stallography (Vol. C) 

T a b l e  3. Selected geometric parameters (A, °) for  (H) 
C 1----C2 1.3131,5) C4--C5 1.331 (5) 
CI~CI1,) 1.487 (5) C5~(_'6 1.491 (5) 
C 2 ~ 3  1.444 (6) C 5 ~ 1 0  1.507 (5) 
C 3 ~ 3  1.220 (5) C ~ - O 6  1.207 (5) 
C3--C4 1.466 (6) C6- - ( ' 7  1.488 1,5) 

C 2 - - C I ~ 1 0  125.91,4) C2---C3~C4 116.01,4) 
C I - - C 2 ~ 3  121.9(4) C5---C4--C3 121.61,4) 
O3- -C3- -C2  122.5 1 ,4)  C4---C5----C6 119.5 (3) 
O 3 - - - C 3 ~ 4  121.5 (4) C 4 - - C 5 - - C  I1,) 124.3 1,4) 

T a b l e  4.  Hydrogen-bonding geometry jr,  o)for (H) 

D--H.  • .A D - - H  H, • .A D. - -A D--H. • .A 
C 4 ~ H 4 1 -  • -020 ~ 0.93 2.90 3.795 (5) 161 
C 7 - - H 7  I- • .03"  1,).97 2.77 3.682 1,6) 157 
C 11- -H I 12- - .03 ' "  0.97 2.82 3.732 1,6) 156 
C 12- -H 122. - -O6" 0.97 2.69 3.522 (5) 144 
C I ~ - H  14 I. • -03" 1).98 2.78 3.675 (5) 153 
C 19--H 19 I. • • 023' 1,}.96 2.72 3.499 1, 5 ) 139 
C22--H221- • .03" 1,).97 2 . 9 9  3.5961,8) 122 

Symmetry codes: (i) - I - x, 3 - ~, - ½ - z; (ii) - 1 - x, ~ + y, - ½ - z; 
Off) ~ + x , - ~ -  - 3 ' , - 1  - z : ( i v )  l + x , y , z ; ( v ) x -  ~ , - ~ - 3 , - 1  - z ;  
(vi) l-+x, 1 +y ,z .  

For  both  c o m p o u n d s ,  da ta  col lect ion:  KM-4 User's Guide 
(Kuma ,  1989); cell re f inement :  KM-4 User's Guide; data  
reduct ion:  KM-4 User's Guide; program(s)  used to solve 
structures:  SHELXS86 (Sheldr ick,  1990); p rogram(s)  used  to 
refine structures:  SHELXL93 (Sheldr ick,  1993); mo lecu la r  
graphics:  ORTEPII ( Johnson,  1976) and PLUTO (Mothe rwe l l  
& Clegg ,  1978); so f tware  used to prepare  mater ia l  for 
publ icat ion:  SHELXL93. 

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

a n d  G R D  a c k n o w l e d g e  f i n a n c i a l  s u p p o r t  f r o m  t h e  

D S T  ( S P / S 1 / G - 2 5 / 9 1 ) .  T h i s  w o r k  w a s  m a d e  p o s s i b l e  

in  p a r t  b y  t h e  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 ) .  T h e  r e s e a r c h  o f  M J  w a s  s u p -  

p o r t e d  b y  t h e  H H M I .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1285). Services for accessing these 
data are described at the back of the journal. 
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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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