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The Crystal and Molecular Structure of ( 4- )-3-Methoxy-B-nor-91]-estra-l,3,5 (10)-trien-17-one 
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(Received 24 June 1974; accepted 2 October 1974) 

The compound (+)-3-methoxy-B-nor-9p-estra-l,3,5(10)-trien-17-one, a synthetic, modified estrogen, 
crystallizes in space group P21/c with a=8.792 (3), b=5.760 (3), c=28.84 (4) A, /3=94.31 (7) °, and 
Z=4.  Data were obtained about two different axes on a two-circle diffractometer. The structure was 
solved by direct methods and refined by block-diagonal least-squares calculations to an R value of 0.060 
for 1783 observed reflections. As a result of the unnatural eis B-C ring junction the molecular skeleton 
IS bent, with the C-D part approximately 60 ° out of the plane of the A and B rings. 

Introduction 

Experiments with halogenated or otherwise chemically 
modified estrogens have led to the conclusion that the 
feminizing and the anti-arteriosclerotic effects of these 
compounds are not necessarily tied to one another, and 
that anti-arteriosclerotic drugs without feminizing side- 
effects might be found among chemically modified 
estrogens (Applezweig, 1962). 

As part of a program of introducing chemical modi- 
fications into the steroid skeletons of estrogens Burck- 
halter & Sciavolino (1967) synthesized the compound 
9fl-B-norestrone methyl ether, or 3-methoxy-B-nor-9fl- 
estra-l,3,5(10)-trien-17-one (I), hereinafter referred to 
as BNE. The modifications were twofold: a five- 
instead of six-membered B-ring, and a cis instead of a 
trans junction between the B and C rings. 
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The X-ray crystallographic structure determination 
was undertaken in order to verify the stereochemical 
structure assignment (I), especially the B/C ring junc- 
tion, and to determine the geometry of the modified 
steroid skeleton. 

Experimental 

A sample of BNE was kindly supplied by Dr J. H. 
Burckhalter of the University of Michigan. Single 
crystals suitable for X-ray work were obtained from 
methanol solution by slow evaporation at room tem- 
perature. 

* Present address: Thomas C. Jenkins Department of Bio- 
physics, The Johns Hopkins University, Baltimore, Maryland 
21218, U.S.A. 

The cell parameters a, c and fl were calculated by a 
least-squares procedure (Burnham, 1964) from dif- 
fractometer measurements of the 20 values of 12 equa- 
torial layer hOl reflections obtained with Cu Ks (2= 
1.5418 A) radiation. The value of b was obtained from 
Weissenberg and precession photographs. 

Crystal data 

C18H2202, M.W. 270"4. Monoclinic, space group P21/c; 
a=8.792 (3), b=5.760 (3), c=28.84(4) A, fl=94.31 (7) °, 
V= 1456.4 ,&. 3, Z = 4 ;  Dx= 1.233 g cm -3, F(000) = 584, 
# for Cu Ks (2= 1.5418 A)=7 .4  cm -x 

Intensity data were collected with a Supper-Datex 
automatic diffractometer of Weissenberg geometry 
using Cu Kc~ radiation, balanced-filter monochromati- 
zation, and pulse-height analysis. Two crystals of 
nearly equal size were used. Both were between 0.4 and 
0.5 mm in all three dimensions. The first crystal was 
mounted on the b axis and yielded data for the nets 
hKl (K=0-6) ;  the second was mounted on a and was 
used to collect data for Okl, Ikl, and 6kl. 

The diffractometer was operated in the moving- 
crystal stationary-counter mode with two distinct 
procedures for accumulating the counts. 

Initially hKl (K=0-5)  data were collected by the 
conventional background-scan-background procedure. 
Each background count was made for 50 s. Scans were 
made over a 2.0 ° range at a crystal speed of 1 o min- l .  
These scans were carried out with each of the two 
filters e(Co) and fl(Ni). If the accumulated counts for 
the two scans are S(e) and S(fl), and the four 50 s 
background counts BI(~), B2(e), Bl(fl), and B2(fl), the 
peak intensity can be taken as 

I= S ( f l ) -  S(cO -(1-2)  [B1 (fl) + B2(fl) - B1 (~) 
-B2(~)]. 

In order to overcome certain drawbacks in the above 
procedure a variable step scan technique was subse- 
quently devised. In this technique each reflection is as- 
signed an individual scan range depending on the ex- 
pected width of the peak. Furthermore, each scan 
range is broken up into ten equal parts, whose ac- 
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cumulated counts are individually recorded on the 
punched output tape. With crystal angle scans ranging 
from 2.5 to 6 ° several of  the ten partial scans will rep- 
resent readings of the I background on each side of the 
peak. The recognition of the presence of a statistically 
significant peak, the assignment of 'peak'  and 'back- 
ground'  steps, and the evaluation of the integral under 
the peak are done by means of an appropriate data 
reduction program (Hanson, 1969). 

Data  for the nets hKl ( K =  2-6), Okl, and 6kl were col- 
lected with this variable step scan technique, repeating 
some of the nets previously recorded. A comparison of 
the two counting procedures showed, as expected, that 
the variable step scan method gave better results at 
very low 20 values. The variable step scan technique 
was also found to give more reliable results for very 
weak reflections. Consequently, in combining the data 
gathered by the two methods, the intensities of  strong 
or moderately strong, medium-angle reflections were 
averaged, after being placed on a common scale, while 
for weak or low-angle reflections only the variable step 
scan intensities were used. 

The raw intensities from the different nets were 
placed on a common scale by means of a least-squares 
procedure which minimizes the departure from zero 
of the logari thms of all ratios of  values for equivalent 
reflections from different nets. A description of the 
scaling procedure has been given by Schilling (1968). 
The scale factors within each series of  zero and upper 
level nets measured with the same crystal and scan 
technique were essentially constant, i.e., no trend was 
observed in going from low to high levels. Of  the 2306 
unique reflections scanned, 1801 (78 %) were judged to 
be of measurable intensity. Lorentz-polarizat ion and 
counting-loss corrections were applied, but absorption 
corrections were not. 

The structure was solved by direct methods (Karle & 

Karle, 1966) using the P H A S E  program in the X - R A Y  
67 system of  programs (Stewart, 1967, 1970). Atom 
coordinates obtained from the E map were verified and 
refined by means of a difference Fourier  synthesis. The 
coordinates from this synthesis were used as the 
starting model for the least-squares refinement. 

Following block-diagonal refinement of  C and O 
parameters to R=ZllFol-IFcll/ZlFol=O.13 all hydro- 
gen atoms were found in a difference synthesis. The 
refinement was continued with 9 × 9 blocks for the C 
and O parameters and 4 × 4 blocks for the H param- 
eters. Since evidence of secondary extinction was 
found, 18 strong, low-angle reflections were excluded 
from the final refinement. The excluded reflections 
were those for which the expected effect of  secondary 
extinction was the greatest (Zachariasen, 1967). For  
the remaining 1783 observed reflections the final R 
value was 0.060. 

The refinement minimized the quanti ty ~,w(IFol- 
klFcl) z, where w is the weight of  an observed structure 
factor, taken as (8/Fo) 2 if  Fo > 8, and as unity otherwise. 
The atomic scattering factors of  Berghuis, Haanappel ,  
Potters, Loopstra, MacGil lavry & Veenendaal (1955) 
were used for carbon and oxygen, those of Stewart, 
Davidson & Simpson (1965) for hydrogen. The least- 
squares calculations were done with the CLS program 
of Schilling (1970). Fourier  calculations were carried 
out with the X-RAY system (Stewart, 1967). 

Tables 1 and 2 give the final atomic parameters and 
their s tandard deviations, the latter obtained from the 
diagonal elements of the inverse least-squares matrix.* 

* A table of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30713 (13 pp., 1 microfiche). Copies may be ob- 
tained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CHI 1NZ, Eng- 
land. 

Table 1. Fractional atomic coordinates and an&otropic thermal parameters (× 103) of  the nonhydrogen atoms 

The estimated standard deviatio n, given in parentheses, refers to the last significant place. The thermal parameters U~j (A 2) are 
those of the temperature factor exp [ -  2rc2(Ulla*2h 2 + . . .  2 U~2a*b*hk + . . .  )]. 

X y z Ull /-/22 0"33 U12 U13 U23 
C(1) -0.0628 (4) 0.2756 (7) 0"5434 (1) 45 (2) 60 (2) 34 (2) 16 (2) 7 (1) 8 (2) 
C(2) -0"1754 (4) 0"1050 (7) 0.5360 (1) 54 (2) 56 (2) 34 (2) 17 (2) 2 (1) --2 (2) 
C(3) -0-2822 (4) 0"0716 (6) 0"5688 (1) 38 (2) 52 (2) 40 (2) 8 (2) - 4  (1) 1 (2) 
C(4) -0.2778 (4) 0.2106 (7) 0.6085 (1) 34 (2) 64 (2) 38 (2) 9 (2) 3 (1) - 3  (2) 
C(5) -0.1674 (4) 0.3798 (6) 0.6149 (1) 32 (2) 58 (2) 36 (2) 13 (2) - 3  (1) - 2  (2) 
C(6~ -0.1475 (4) 0.5576 (7) 0.6532 (1) 38 (2) 69 (2) 45 (2) 10 (2) 1 (1) - 13 (2) 
C(8) 0.0178 (4) 0-6471 (6) 0.6488 (1) 41 (2) 47 (2) 43 (2) 11 (2) -1  (1) - 1  (2) 
C(9) 0.0419 (4) 0.6189 (6) 0.5959 (1) 43 (2) 54 (2) 40 (2) 7 (2) - 2  (1) 8 (2) 
C( IO)  -0.0591 (4) 0.4133 (6) 0.5822 (1) 37 (2) 55 (2) 33 (2) 14 (2) - 2  (1) 8 (2) 
C(11) 0.2088 (4) 0.6074 (7) 0.5824 (1) 45 (2) 68 (2) 39 (2) 1 (2) 2 (1) 18 (2) 
C(12) 0-3153 (4) 0.4634 (7) 0.6154 (1) 44 (2) 60 (2) 36 (2) 3 (2) 8 (1) 6 (2) 
C(13) 0.2989 (4) 0.5405 (6) 0.6652 (1) 35 (2) 41 (2) 36 (2) - 3  (1) 0 (1) 4 (2) 
C(14) 0.1335 (3) 0.5009 (6) 0.6774 (1) 32 (2) 42 (2) 34 (2) 0 (1) - 1 (1) - 2  (2) 
C(15) 0.1440 (4) 0.5168 (7) 0.7307 (1) 47 (2) 63 (2) 34 (2) - 3  (2) 6 (1) - 7  (2) 
C(16) 0-2915 (4) 0-3886 (7) 0.7449 (1) 50 (2) 58 (2) 35 (2) 0 (2) 2 (1) 7 (2) 
C(17) 0.3873 (4) 0.4067 (6) 0.7032 (1) 40 (2) 45 (2) 36 (2) 2 (1) - 1 (1) 6 (2) 
C(18) 0.3528 (4) 0.7960 (7) 0.6729 (1) 75 (2) 62 (2) 56 (2) 7 (2) - 4  (1) - 1 0  (2) 
C(19) -0.3978 (5) -0.2535 (8) 0.5281 (1) 54 (3) 52 (3) 61 (2) - 1 2  (2) - 4  (1) 8 (2) 
0(3) -0.3968 (3) -0.0904 (5) 0.5650 (1) 59 (2) 70 (2) 53 (2) - 6  (1) 4 (1) -13  (2) 
O(17) 0.5153 (3) 0-3304 (5) 0.7014 (1) 47 (2) 79 (2) 52 (1) 17 (1) - 0  (1) 10 (2) 
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Discussion of the structure 

The results of the determination as illustrated in Fig. 1 
confirm the predicted structure (I). The main differences 
from the natural estrogens are the sharp bend at the 
cis B/C ring junction, and the five-membered B ring. 
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Fig. 1. (a) Thermal ellipsoid plot of the BNE molecule with 
ring torsion angles (°). 50 % probability ellipsoids are used 
for C and O atoms; hydrogens are represented as spheres 
of 0.1 A radius. (b) Schematic view of the molecule at ap- 
proximately right angles to that of (a). The hydrogen atoms 
have been omitted for clarity. 
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Fig. 2. Bond distances (A) in the BNE molecule. Where two 
values are given, the lower one is corrected for rigid-body 
thermal motion. Estimated standard deviations are 0.005 A. 
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Fig. 3. Bond angles (o) in the BNE molecule. Estimated stan- 
dard deviations are 0.3 ° . 

Table 2. Fractional coordinates and bsotropic thermal 
parameters of the hydrogen atoms 

The numbering follows that of the carbon atoms to which the 
hydrogens are attached. 

x y z B (A 2) 
H(1) 0"007 (4) 0"293 (7) 0"520 (1) 4"6 (9) 
H(2) -0.180 (4) 0.013 (7) 0.508 (1) 3-8 (7) 
H(4) --0.348 (4) 0.170 (7) 0.633 (1) 4-8 (9) 
H(6) -0.231 (6) 0.690 (9) 0.645 (2) 7.5 (13) 
H'(6) -0.157 (5) 0.486 (8) 0.685 (2) 6.1 (10) 
H(8) 0.035 (4) 0.823 (6) 0.661 (1) 4.1 (8) 
H(9) -0.001 (4) 0-765 (7) 0.581 (1) 4.7 (9) 
H(11) 0.216 (4) 0.543 (7) 0.550 (1) 4.8 (9) 
H'(ll) 0.252 (4) 0.771 (7) 0.581 (1) 4-7 (9) 
H(12) 0-295 (4) 0.307 (6) 0.614 (1) 3.0 (7) 
H'(12) 0.428 (4) 0.479 (7) 0.606 (1) 4-4 (9) 
H(14) 0.104 (5) 0-332 (7) 0.667 (2) 5.1 (10) 
H(15) 0.052 (4) 0.436 (6) 0.742 (1) 3.7 (8) 
H'(15) 0.144 (4) 0.676 (6) 0.742 (1) 3.3 (7) 
H(16) 0.287 (5) 0.226 (9) 0.750 (2) 6.4 (11) 
H'(16) 0.351 (4) 0.457 (7) 0.775 (1) 4.4 (8) 
H(18) 0.359 (5) 0.847 (7) 0.709 (2) 6.0 (11) 
H'(18) 0.446 (5) 0.810 (8) 0-660 (2) 5.8 (10) 
H"(18) 0.281 (5) 0.903 (7) 0.656 (1) 5.0 (9) 
H(19) -0.299 (5) -0.355 (7) 0.531 (2) 5.3 (9) 
H'(19) -0.410 (4) -0.167 (7) 0.497 (1) 4.8 (9) 
H"(19) -0.491 (7) -0.384 (12) 0.538 (2) 11.3 (19) 

The A ring and all atoms attached to it are nearly 
planar, as expected. The methoxy carbon, C(19), is 
within 0.14 A of this plane. The B ring is an ~ envelope 
with C(8) 0.50 A below the plane of C(5), C(6), C(9) 
and C(10). [The designation e implies displacement 
from the molecule away from angular methyl C(18); fl 
implies displacement in the same direction as angular 
methyl C(18)]. The C ring is an unsymmetrical chair 
with C(8), C(11), C(12) and C(14) very nearly coplanar. 
C(9) is 0.49 A below, and C(13) 0.73 A above the plane. 
The D ring is an envelope with C(14) 0.63 A below the 
plane of C(13), C(15), C(16) and C(17). 

The non-hydrogen valence distances are given in 
Fig. 2 and the corresponding angles in Fig. 3. The 
estimated standard deviations of the angles and 
distances were calculated (Busing, Martin & Levy, 
1964) from the variances of the fractional coordinates 
and the estimated standard deviations of the lattice 
parameters. 

The thermal motion of the steroid nucleus can be 
reasonably described in terms of rigid-body thermal 
motion treatment of Schomaker & Trueblood (1968). 
The root mean square difference between the observed 
Uij and those calculated from the T, L, and S tensors is 
0.004 A 2. This compares well with the average e.s.d, of 
the input Utfs, which is 0.002 A 2. The eigenvalues of 
the libration tensor, 4.4, 1.9 and 1.7 °, correspond to 
anisotropic libration with the axis of the largest libra- 
tion amplitude nearly parallel to the long axis of the 
molecule. The bond distances corrected for this motion 
are given below the uncorrected distances in Fig. 2. 
The corrections are seen to be small, amounting to 
approximately one standard deviation. 

AC31B-I1  
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There are no unusual  carbon-carbon  or carbon-oxy-  
gen bond distances or angles in the molecule. The mean 
C - H  distance is 1.02 A, which is as expected in X-ray 
measurements.  

More detailed analyses of the geometry of the BNE 
molecule are given by Hanson (1969) and by Duax & 
Norton (1975). 

The authors are indebted to Mrs Yuan-Yuan  Hsiu 
for prel iminary crystallographic work and to Dr Jesse 
W. Schilling for helpful discussions and advice on com- 
puting. The research was supported in part by Research 
Grant  GM15259 from the Nat ional  Institutes of  
Health, U.S. Public Health Service. 

References 

APPLEZWEIG, N. (1962). Steroid Drugs, chap. 11. New 
York: McGraw-Hill. 

BERGHUIS, J., HAANAPPEL, IJ. M., POTTERS, M., LOOPSTRA, 
B. O., MACGILLAVRY, C. H. & VEENENDAAL, A. L. 
(1955). Acta Cryst. 8, 478-483. 

BURCKHALTER, J. H. & SCIAVOLINO, F. C. (1967). J. Org. 
Chem. 32, 3968-3973. 

BURNHAM, C. W. (1964). An IBM 7090 Program for Least- 
Squares Refinement of Crystallographic Lattice Con- 
stants. Geophysical Laboratory, Carnegie Institute of 
Washington, Washington, D.C. (Unpublished report). 

BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1964). 
ORFFE. Oak Ridge National Laboratory Report 
ORNL-TM-306. 

DUAX, W. L. & NORTON, D. A. (1975). Atlas of Steroid 
Structure, Vol. I. New York: Plenum Press. To be pub- 
lished. 

HANSON, J. C. (1969). Ph.D. Thesis, Univ. of Michigan, 
Ann Arbor, Michigan. 

KARLE, J. & KARLE, I. (1966). Acta Cryst. 21,849-859. 
SCHILLING, J. W. (1968). Ph.D. Thesis, Univ. of Michigan, 

Ann Arbor, Michigan. 
SCHILLING, J. W. (1970). Crystallographic Computing, 

edited by F. R. AHMED, pp. 201-209. Copenhagen: 
Munksgaard. 

SCHOMAKER, V. & TRUEBLOOD, K. N. (1968). Acta Cryst. 
B24, 63-76. 

STEWART, J. M. (1967). X-RAY 67. TR 67-58, Univ. of 
Maryland, College Park, Maryland. 

STEWART, J. M. (1970). Crystallographic Computing, edited 
by F. R. ARMED, pp. 71-84. Copenhagen: Munksgaard. 

STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). 
J. Chem. Phys. 42, 3175-3187. 

ZACHARIASEN, W. H. (1967). Acta Cryst. 23, 558-564. 

Acta Cryst. (1975). B31, 496 

T h e  C r y s t a l  a n d  M o l e c u l a r  S t r u c t u r e  o f  

( 4 - ) - 2 , 3 - D i r n e t h o x y - 1 8 - n o r - 8 , 1 3 - d i a z a - l , 3 , 5 ( 1 0 ) - e s t r a t r i e n - 1 7 - o n e  

BY ARTHUR J. OLSON,* JONATHAN C. HANSON'~ AND C. E. NORDMAN 

Department of Chemistry, The University of Michigan, Ann Arbor, Michigan 48104, U.S.A. 

(Received 24 June 1974; accepted 25 September 1974) 

The synthetic steroid, (+)-2,3-dimethoxy- 18-nor-8,13-diaza-l,3,5(10)-estratrien-17-one, crystallizes in 
space group P2dn with a =  7-531 (4), b=29.82 (1), c= 7.637 (4) ,~, ,8= 116-92 (3) ° and Z=4 .  The struc- 
ture was solved by the Patterson search procedure and was refined by block-diagonal least-squares cal- 
culations to a final R value of 0-06. The molecular conformation is very similar to that found in the 
natural estrogens with the largest deviation in the D ring, which contains a nearly planar amide group. 
The thermal motion is best described in terms of two rigid groups, one composed mainly of rings A and 
B, the other of ring D. The largest amplitude of libration is in the latter group. 

Introduction 

Modification of estrogens to their aza analogs has been 
suggested as a way to enhance their desirable medicinal 
properties while reducing unwanted side effects (Mar- 
t in-Smith & Sugrue, 1964). As described in a prelimi- 
nary report (Burckhalter, Abramson,  MacConnell ,  

* Present address: Department of Chemistry, University of 
California, Berkeley, California, 94720, U.S.A. 

t Present address: Thomas C. Jenkins Department of Bio- 
physics, The Johns Hopkins University, Baltimore, Maryland 
21218, U.S.A. 

Thill, Olson, Hanson & Nordman,  1968), the azaestro- 
gen ( + )-2,3-dimethoxy- 18-nor-8,13-diaza- 1,3,5(10)-es- 
tratrien-17-one (I) has a structure which is very similar 
to that of 4-bromoestrone (Norton, Kar tha  & Lu, 
1963). The lack of pharmacological  evaluation pre- 
cludes any discussion of these properties in relation to 
the structure at the present time. However, there are 
two related azaestrogens whose crystal structures are 
known;  both show low estrogenic activity. The com- 
pounds 8-azaestrone hydrobromide ( M a j e s t e &  Tre- 
fonas, 1969) and 8-azaestradiol (Brown & Trefonas, 
1972) also have structures which are similar to the cor- 


