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carbonyl carbon in the phenacyl moiety [1.468 (8) and 
1.493 (8)/k are the observed C - C  distances in both the 
ligands]. The C=O distances, however, remain the 
same in both ligands [1.225 (7) and 1.212 (8)A], since 
the electron drift from C=O to the Se atom is probably 
compensated by the electron drift towards C=O from 
the phenyl ring. 

The bond lengths and angles around the C atoms 
have normal values. The C=O bond distance in both 
ligands is close to the double-bond distance of 1.19 A. 
The bond lengths in the phenyl rings range from 
1.353 (12) to 1.406 (11)A. The torsional angles in the 
rings show the planarity of the rings to be 
within + 2.8 o. 
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Structure of ( IR*, 13R*, 14S*)- 14-Hydroxy-6-methoxy- 1,14- 
dimethyltetracyclo[ 11.3.1.02,1 x.05,X°]heptadeca-2( 11),5( 10),6,8-tetraen- 17-one, C20H240 3 
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Abstract. M r = 3 1 2 . 4  , triclinic, P1, a =  10.710(6), 
b = 10.905 (2), c =  7.609 (3)A, ct= 91.70 (2), t =  
93.14 (4), y =  68.69 (4) °, V =  826.4 (8) A 3, Z = 2, 
D x = 1.26, D m = 1.24 (1) gcm -3, 2(Mo Ka) = 
0.71073 A, 12 = 0.896 cm -l, F(000) = 336, T =  291 K. 
Final R = 0.046 with 1850 observed reflections. The 
structure consists of isolated molecules separated by 
ordinary van der Waals distances. The A ring exists in 
the chair conformation with the methyl group 
equatorial and the hydroxy group axial. The B ring 
approximates a sofa conformation. The carbon of the 
methoxy group is coplanar with the D ring. 

Introduction. In comparing the activity and structure of 
natural steroids such as estrone and progesterone to 
those of bridged homosteroids a well-defined 
sterochemistry is essential. The subtle differences in 
these two groups of compounds are well documented in 
the literature (Lednicer & Mitscher, 1977). To under- 
stand better the conformational influences on activity of 
estrone derivatives (Johnson, David, Dehm, Highet, 
Warnoff, Wood & Jones, 1958) and the equivalent 
homologous compounds, one of us (TAB) has begun to 
investigate several fused and bridging homosteroid 
structures (Cargill, Bryson, Krueger, Kempf, McKenzie 
& Bordner, 1976). A classic synthon (1) used for 

t To whom correspondenceshouldbeaddressed. 
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preparing hydrochrysenone compounds (Johnson, 
Korst, Clement & Dutta, 1960) is an obvious point for 
initiating such a study since there is no stereochemistry 
in the B,C-ring junction and this compound has a 
bridging aldol A ring. A crystal-structure determination 
of (1) was considered essential to the futher synthetic 
development of this ring system. 

H3C~H 3 
(1) 

Experimental. Title compound synthesized by known 
literature methods (Johnson et al., 1960) and 
diffraction-quality crystals grown by slow evaporation 
of a secondary butanol solution over a period of a 
week; an approximately parallelepiped-shaped crystal 
of --0.70 x 0.35 x 0.63 mm mounted in a__glass capil- 
lary, faces (202), (202), (102), (102), (010), (101); 
Enraf-Nonius CAD-4 diffractometer, graphite mono- 
chromator, 0 =  6.1°; 25 general reflections used in 
orientation matrix (checked every 24 h) and used for all 
parameter measurements; absorption corrections made, 
max. and min. transmission factors 0.983 and 0.957 
(Frenz, 1980); variable scan speed with preliminary 
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scan speed 4 ° min -~ (20), co-20 scan mode, 20ma x = 
60 °, hkl r a n g e = - 1 7 - 1 7 ,  -17 -17 ,  0-12; three 
standard reflections monitored every 100 reflections, 
decay < 0 . 0 2 I ;  3500 independent hkl's measured, 
1850 used in structure solution and refinement, 
unobserved = 72 >Fmi n = 3.6, data considered non- 
zero if F2> 4tr(F2), P fac tor=0.030  in O(Fo2)= 
[t7 (Iraw) 2 + ( P  x Iraw)2] l /2 /Lp.  

The structure was solved with direct methods via 
MULTAN78 (Main, Hull, Lessinger, Germain, De- 
clercq & Woolfson, 1978; see also Main, 1976) in which 
the overall molecular geometry was utilized to generate 
starting phases. Without the molecular geometry the 
structure was not readily apparent, regardless of 
various levels of sin 0 data truncations. Initially, it 
appeared that there were two slightly different 
molecules in the unit cell, but they ultimately refined to 
one molecule in the asymmetric unit of P 1. Structure 
refined by full-matrix least squares including aniso- 
tropic temperature factors for non-H atoms, absorption 
corrections and anomalous-dispersion corrections with 
weights based upon intensity statistics (Frenz, 1980), 
f u n c t i o n  m i n i m i z e d  = ~. i  w i (  I Fo l i - -  I F c l i )  2 w h e r e  
w i = 1/a(Fo) 2 (I); H atoms found from difference maps 
except for those on C(20) which were calculated 
(BONDAT, Stewart, 1979), H positional and thermal 
parameters not refined; final least squares (208 vari- 
ables) performed on Amdahl V6 (CRYLSQ,  Stewart, 
1979) with f,  f '  and f "  from International Tables for  
X-ray Crystallography (1974) with weighting scheme 5 
and Fmin as above; final R = 0.046, R w = 0.056; largest 
shift at end of refinement = 0.02 a, av. < 0.01 tr; error 
of observation of unit weight (EOUW)= 4.85;* final 
difference Fourier map qualitatively featureless. 

D|seusslon. The non-H atomic coordinates are listed in 
Table 1.t Important bond distances and angles are in 
Table 2, together with least-squares planes and dis- 
placements from these planes and relevant torsion 
angles. An ORTEP (Johnson, 1970) drawing of the 
structure is shown in Fig. 1 and an OR TEP packing 
diagram is shown in Fig. 2. 

The structure may be described as isolated molecules 
of (1), Fig. 1, separated by ordinary van der Waals 
distances, reflecting only non-bonded interactions be- 

* Although this EOUW is somewhat high, it is not an uncommon 
situation with only light atoms and Mo radiation, i.e. a substantial 
number of weak reflections at high 20 values which are beyond the 
Cu sphere. This refinement was carried out with unit weights, 
weighting scheme (I) and weighting scheme 5. The latter gave the 
best results in terms of R, R w and EOUW. 

"I" Lists of structure factors, anisotropic thermal parameters, 
H-atom positional and thermal parameters and bond distances and 
angles involving H atoms have been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
38349 (14 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CHI  2HU, England. 

tween molecules, Fig. 2. The bond distances and angles 
are normal for this type of compound and show no 
unexpected values. 

Table 1. Positional and equivalent isotropic thermal 
parameters for  the non-H atoms with their e.s.d.'s in 

parentheses 

Beq=Syr2 ' , * ~'i~.jUijai a) ai.aj. 
x y z Beq(/~ 2) 

O(1) 0.5285 (2) -0.8722 (2) 0.3752 (3) 4.8 (1) 
O(2) 0.1544 (2) -0.0727 (2) 0.2135 (3) 4.3 (1) 
0(3) -0.1333 (2) -0.0893 (2) 0.0763 (3) 3.91 (7) 
C(1) 0.4972 (3) -0.7917 (3) 0.2326 (4) 3.3 (1) 
C(2) 0.5505 (3) -0.8298 (3) 0.0681 (4) 3.8 (1) 
C(3) 0.5096 (3) -0.7407 (3) -0.0674 (4) 3.9 (1) 
C(4) 0.4181 (3) -0.6143 (3) -0.0429 (4) 3.3 (1) 
C(5) 0.3644 (3) -0.5749 (3) 0.1225 (4) 2.70 (7) 
C(6) 0.4052 (3) -0.6646 (3) 0.2609 (4) 3.0 (1) 
C(7) 0.3401 (3) -0.6266 (3) 0.4350 (4) 3.9 (1) 
C(8) 0.2997 (3) -0.4800 (3) 0.4740 (4) 3.8 (1) 
C(9) 0.2339 (3) -0.3954 (3) 0.3169 (4) 2.86 (7) 
C(10) 0.2642 (3) -0.4409 (3) 0.1526 (4) 2.71 (7) 
C(I 1) 0.2027 (3) -0.3597 (3) -0.0096 (3) 2.93 (7) 
C(12) 0.0933 (3) -0.2245 (3) 0.0255 (4) 2.72 (7) 
C(13) 0.1294 (3) -0-1723 (3) 0.1991 (4) 2.9 (1) 
C(14) 0.1322 (3) -0.2581 (3) 0.3540 (4) 3.2 (1) 
C(15) -0.0099 (3) -0.2648 (3) 0.3615 (4) 4.0 (!) 
C(16) -0.0607 (3) -0.3058 (3) 0.1870 (4) 3.9 (1) 
C(17) -0.0521 (3) -0.2222 (3) 0.0349 (4) 3.1 (1) 
C(18) -0.1046 (4) -0.2619 (4) -0.1385 (5) 4.4 (1) 
C(19) 0.1700 (4) -0.1974 (3) 0.5252 (4) 4.8 (2) 
C(20) 0.6225 (4) -1.0038 (3) 0.3552 (6) 5.7 (2) 

.~c(13) ,~,  

Fig. 1. An OR TEP drawing of the title molecule including H atoms. 
The non-H-atom thermal ellipsoids are drawn at the 50% 
probability level. The H atoms were drawn with an arbitrary 
radius of 0.1/~.  The notation is consistent with the tables in the 
text. The numbering is sequential starting from the D ring with 
C(1) bound to the methoxy group. The translation to the 
numbering of Johnson et al. (1960) is as follows: C(1 )=I ' ;  
C(2)=2' ,  C(3)=Y, C(4)=4' ,  C (10 ) -5 '=3 ,  C ( 9 ) = 6 ' - 2 ,  C(7)=8' ,  
C(8)=7' ,  C(14)=1, C(13)=9, C(12)=5, C(11)=4, C(17)=6, 
C(16)-7 ,  C(15)~-8. It is somewhat arbitrary at which end one 
should start naming this molecule as a steroid. One could (Duax, 
Weeks & Rohrer, 1976) name the anisole the A ring etc. The 
numbering translation would then be: C(1) -4 ,  C(2)=3, C(3)=2, 
C(4) -1 ,  C(6)=5, C(5)=10, C(7) -6 ,  C(8)=--7, C(9)--8, C(10)=9, 
C ( I I ) = l l ,  C(12)=12, C(13)=13, C(14)=14, C(15)=15, 
C(16)~16, C(17)=17. 
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Table 2. Molecular  geometry  

Bond distances (A) 
C(1)--C(2) 
C(2)--C(3) 
C(3)--C(4) 
C(4)--C(5) 
C(5)--C(6) 
C(6)-C(1) 
C(6)-C(7) 
c(7)-c(8) 
c(8)-c(9) 
c(9)-c(1o) 
c(io)-c(5) 
C(10)-.C(I 1) 
C(11)-.C(12) 

C(6)-C(1)-C(2) 
C(6)--C(1)--O(I) 
C(2)--C(1)-O(l) 
C(1)--C(2)-C(3) 
C(2)--C(3)-C(4) 
C (3)---C (4)-C (5) 
C(4)-C(5)-C(6) 
C(4)-C(5)-C(I0) 
C(6)-C(5)-C(10) 
C(5)--C(6)-C(1) 
C(5)-C(6)-C(7) 
C(1)-C(6)-C(7) 
C(6)--C(7)-C(8) 
C(7)-C(8)-C(9) 
C(8)-C(9)-C(10) 
C(8)-C(9)-C(14) 
C(10)-C(9)-C(14) 
C (9)-.C ( l 0)-C (5) 
C(9)-C(lO)-C(l I) 
C(5)-C(10)-C(l 1) 
C(lO)-C(l 1)-c(12) 

and angles (o) with e.s.d.'s in parentheses 
1.395 (5) C(12)-C(13) 
1.377 (5) C(13)-C(14) 
1.386 (4) C(14)-C(9) 
1.405 (4) C(14)-C(15) 
1.398 (4) C(15)-C(16) 
1.397 (4) C(16)-C(17) 
1-510 (4) C(17)-C(12) 
1.522 (5) C(17)-C(18) 
1.507 (4) C(14)-C(19) 
1.345 (4) C(l)-O(1) 
1-486 (3) 0(1)-C(20) 
1.512 (4) C(I 3)--0(2) 
1.541 (3) C(17)-O(3) 

120.9 (3) C(11)-C(12)-C(13) 
115.2 (3) C(l 1)-C(12)-C(17) 
124.0 (2) C(13)--C(12)-C(17) 
118.9 (3) C(12)-C(13)-C(14) 
121.4 (3) C(I 2)-C(13)--O(2) 
120.0 (3) C(14)-C(13)-O(2) 
119.0 (2) C(13)-C(14)-C(9) 
121.5 (2) C(13)-C(14)-C(15) 
119.5 (2) C(13)-C(14)--C(19) 
119.8 (3) C(9)-C(14)--C(15) 
119-3 (2) C(9)-C(14)-C(19) 
120.7 (3) C(15)--C(14)-C(19) 
112. l (3) C(14)-C(15)-C(16) 
113. l (3) C(15)-C(16)--C(17) 
120-6 (2) C(16)-C(17)-C(12) 
116.9 (2) C(16)-C(17)-C(18) 
122.5 (2) C(16)-C(17)-O(3) 
120.7 (2) C(12)-C(17)-C(18) 
122.8 (2) C(12),,--C(17)-O(3) 
116.4 (2) C(l 8)-C(17)-O(3) 
115.1 (2) C(1)-O(1)-C(20) 

• 509 (4) 
• 519 (4) 
• 528 (4) 
• 554 (5) 
• 521 (5) 
• 522 (5) 

1.554 (5) 
1.516 (5) 
1-542 (5) 
1.364 (4) 
1.430 (4) 
1.210 (4) 
1.430 (3) 

108.2 (2) 
116.3 (3) 
107.2 (2) 
113.1 (3) 
123.4 (3) 
123.5 (3) 
107.0 (2) 
107.7 (2) 
109.4 (3) 
109.5 (3) 
112.2 (2) 
110.8 (3) 
113.0 (3) 
112.2 (3) 
110.4 (2) 
ll2.1 (3) 
106.5 (2) 
112.3 (3) 
106.1 (3) 
109.2 (2) 
118.1 (3) 

Least-squares planes with 
Equation of the plane of the 

b c  

Fig. 2. An OR TEP drawing of the contents of the unit cell. 
Individual atoms are drawn as in Fig. I. The origin of the unit cell 
is as indicated in the lower right-hand corner. 

exists in the chair conformation with the C(17) methyl 
group equatorial [anti to C(19)] and the hydroxy group 
axial. The B ring approximates a sofa or half boat and 
the C ring approximates a half chair (see torsion angles 
in Table 2). The B C  ethylenic ring juncture with its 
associated bonded atoms suffers a slight twist of 
0.5 (1) ° about the double bond. However, this approxi- 
mate plane C(5), C(10), C( l l ) ,  C(9), C(8), C(14) is 

e.s.d.'s (all atoms weighted equally) tilted by ~4°  away from the phenyl ring. 
form Px + Qy + Rz = S 

Plane Atoms 

(1) C(1)...C(6) 

(2) C(5),C(9),C(10),C(1 I) 
(3) C(8),C(9),C(10),C(14) 

Max. deviation Atoms out of plane 

0.004 (3) A C(20) -0.03 (1) A 
0(1) -0.02 (l) 

-0.009 (6) 
0.002 (2) 

Angle between (2) and (3) is 0.46 (2) ° 

Torsion angles (6) with e.s.d.'s in parentheses 

Ring A 
C(17)-C(12)-C(13)-C(14) -63.5 (5) C(14)-C(15)-C(16)-C(17) 52.1 (6) 
C(12)-C(13)-C(14)-C(15) 59.7 (5) C(15)-C(16)-C(17)-C(12) -54-9 (5) 
C(13)--C(14)-C(15)--C(16) -52.3 (5) C(16)-C(17)-C(12)-C(13) 58.9 (4) 

Ring B 
C(14)-C(9)-C(10)-C(11) 1.4 (4) C(11)-C(12)-C(13)--C(14) -62.8 (5) 
C(9)-C(10)-C(I 1)--C(12) -5.0 (4) C(12)-C(13)-C(14)-C(9) 58.1 (5) 
C(lO) C(ll) C(12) c(13) 33.8(4) c(13)-c(14)-c(9)-c(10) 26.4(4) 

Ring  C 
c(10)-c(5)-c(6)-c(7) 
c(5)-c(6)-c(7)--c(8) 
c(6)-c(7)-c(8)-c(9) 

3.9 (4) C(7)-C(8)-C(9)-C(10) -28.6 (5) 
-32.5 (5) C(8)-C(9)-C(10)--C(5) -0.8 (4) 

43.6 (6) C(9)-C(10)-C(5)-C(6) 14.2 (4) 

The relative stereochemistry and conformation of  the 
A ring is of  particular concern to the synthetic chemist 
in that the aldol and Michael processes used to form (1) 
are reversible and the most stable bridged system was 
initially anticipated. However,  it was not clear to us 
whether the A ring would preferentially exist in either a 
chair conformation with the C(17)  methyl group anti to 
the C(14)  methyl group or a boat conformation with 
the corresponding C(17)  methyl group syn to the C (14) 
methyl  group. It is clear from Fig. 1 that the A ring 

We wish to thank the University of South Carolina 
for funds to purchase the diffractometer. 
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