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(254 x 10-0/cC) being much  greater than in the a and b 
directions (33x I0 -0 and 2 8 x  10-6/°C, respectively). 
Thus, the length of the c axis is reduced by 3.0% when 
the temperature is decreased from room temperature 
to - 1 6 0 ° C  whereas the lengths of the a and b axes 
are reduced by only 0.4 and 0.3% respectively, during 
the same temperature span. On the other hand, 
the C ( 5 ) . . . N ( 2 )  separation remains essentially the 
same (3-30 A) at both temperatures. Fig.6 illustrates 
the packing of the sheets viewed down the b axis. 

We wish to acknowledge Miss T . G e n d r o n  and Mr 
John Vitko for their assistance in comput ing the ex- 
t inction corrections. 
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Oxido Steroids I: The Crystal Strueture of 
l ip,  12tt-Dibromo-3a, 9-oxidoeholanie Add Methyl Ester 
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The crystal structure of 11B, 120t-dibromo-3~,9-oxidocholanic acid methyl ester, C25H3803Br2, has been 
determined using three-dimensional X-ray diffraction data. This steroid crystallizes from acetone solu- 
tion in the orthorhombic space group P212121 with four molecules per unit cell with dimensions: 
a--14.472+ 0.003, b=20.587 +_ 0.005, and c= 7.990+_ 0.001/~. The A ring is boat shaped, and rings B 
and C are chair shaped. The mean plane through the atoms of the A ring is practically perpendicular 
(92 °) to the mean plane of the B ring and the mean planes of rings B, C, and D are all nearly parallel to each 
other. The atoms forming the side chain attached to C(17), with the exception of C(21), lie approximately 
in a plane which is inclined to the mean plane of the D ring at an angle of 104 °. Molecules are held 
together in the crystalline state by van der Waals forces. 

Introduction 

Investigation of the crystal structure of a variety of 
steroids, steroid derivatives, and steroid complexes 

* Present address: Material Science Laboratory, College of 
Engineering, Marquette University, Milwaukee, Wisconsin 
53233, U.S.A. 

~f Present address: The Medical Foundation of Buffalo, 
73 High Street, Buffalo, New York 14203, U.S.A. 

constitutes an integral part  of  the program underway 
in our laboratory to correlate the biological activity 
of steroids with their molecular  structures. In as much  as 
oxido steroids are known to be convenient intermedi- 
ates for passing from mono-subst i tuted to di-substi- 
tuted compounds  or vice versa, and that combinat ion  of 
these two processes can in some cases provide a means 
of transferring a substituent from one carbon atom to 
another,  it is reasonable to expect that certain biologi- 
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cal roles of steroids may be mediated by oxido 
bonds. 

The bile acid, 3~,9-oxido-Al~-cholanic acid methyl 
ester, may be brominated by careful addition of bro- 
mine to dry chloroform solution accompanied by 
cooling in a dry ice/acetone bath as described by 
Mattox, Turner, Engel, McKenzie, McGuckin & Ken- 
dall (1946 a, b, 1948). The yield consists of two isomers, 
an 1 lfl,12~-dibromo derivative (65%), and an 1 lfl,12fl- 
dibromo derivative (35%). Mattox et al., in their 
papers, mention the latter isomer as the l l~,12fl-di- 
bromo derivative; however, our X-ray structure in- 
vestigation (Gopalakrishna, Cooper & Norton, 1968) 
has established it as the l lfl,12fl-dibromo derivative. 
When the fl, c~ derivative is shaken with silver oxide or 
silver carbonate in aqueous acetone, the 1 lfl-bromine 
atom is replaced by a hydroxyl group producing 12~- 
bromo-llfl-hydroxy-3~, 9-epoxycholanic acid methyl 
ester. The fl, fl derivative, on the other hand, resists 
similar attempts to eliminate one of the bromine 
atoms. The structure of the fl, c~ derivative is reported 
in this paper. Fig. 1 shows a schematic representation 
of the molecule with the atoms numbered for reference 
in the text. 

Experimental 

Transparent, colorless, acicular crystals, elongated 
along the c axis, were grown by slow evaporation of a 
solution of I lfl, 12~-dibromo-3c~, 9-oxidocholanic acid 
methyl ester in acetone. The specimen used for X-ray 
analysis was 0.165 mm in length and was cut from a 
longer crystal of cross-section 0.09 x 0.3 mm. All X-ray 
measurements were made on a General Electric single 
crystal counter diffractometer unit using Cu K~ radia- 
tion. The crystal was mounted with its c axis parallel 
to the ~0 axis of the instrument. 

The systematic extinctions (h00 for h = 2 n +  1, 0k0 
for k = 2 n +  1, 001 for l = 2 n +  1) placed the crystal in 
the orthorhombic space group P2~2121. The unit-cell 
dimensions obtained are: a =  14.472+0.003, b=  
20.587 + 0.005, and c=7.990 + 0.001 A measured at 
20°C, Cu Kel = 1.54051 A). The density of the crystal 
calculated on the basis of four molecules per unit 
cell is 1.52 g.cm -3 as compared with the measured 
value of 1.49 g.cm -3 determined by the flotation 
method. 

Intensities were collected for 2040 independent re- 
flections within the 20 range 0 °-160 ° by the stationary- 
crystal stationary-counter method using balanced 
nickel and cobalt filters, and these intensities were cor- 
rected appropriately for Lorentz and polarization 
factors. The intensities of the reflections for the two 
planes (004) with 20 = 45.46 ° and (002) with 20 = 22.26 ° 
were studied for variation with q~-orientation due to 
absorption. The intensity of the (004) reflection varied 
up to a maximum of + 15% from the mean value, and 
that of (002) varied up to a maximum of + 9%. The 
crystal showed a gradual decay in intensities of about 
15% over the period of ten days during which the 

intensities were collected. The intensities were not cor- 
rected for absorption or for decay of the crystal. The 
observed structure amplitudes were placed on an ab- 
solute scale by Wilson's (1942) method and the scale 
factor so obtained was subsequently reduced by 7% 
during the least-squares refinement of the structure. 

Structure analysis 

The positions of the two bromine atoms in the asym- 
metric unit were obtained from the three-dimensional 
sharpened Patterson synthesis computed with the 
squares of the unitary structure factors. 

Calculation of structure factors with the contribu- 
tions from the bromine atoms alone gave an R value 
of 45% and the remainder of the atoms in the asymmet- 
ric unit were located by straightforward application 
of the heavy atom method. The structure so obtained 
was refined by least-squares using 4 x 4 matrix blocks 
for the positional and isotropic thermal parameters of 
the carbon and oxygen atoms and 9 x 9 matrix blocks 
for the positional and anisotropic thermal parameters 
of the bromine atoms. The scattering factor values 
given in International Tables for X-ray Crystallography 
(1962) were used throughout. The weights used in the 
refinement were 1/a2(lFol) where a(lFol) is the standard 
deviation in the observed structure amplitude (ob- 
tained from counting statistics alone). The quantity 
minimized was -rw(IFol- lEe]) 2. 

When the refinement of the structure was terminated 
the R value was 10.5% for the 1250 reflections whose 
intensities were greater than twice their respective 
estimated standard deviations, and 14.5% for all the 
2040 reflections whose intensities were measured. 

Up to this stage, Af~ r, the imaginary part of the 
anomalous dispersion factor for the bromine atom, 
was ignored and the scattering factors were corrected 
only for Af'B,, the real part of the anomalous disper- 
sion factor. To decide upon the absolute configuration 
of the molecule, two sets of structure factors were cal- 
culated, one with Afar= +1.46 and another with 
Afar= - 1.46. Since the two solutions obtained did not 
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Fig. 1. Schemat ic  r ep resen ta t ion  of  the molecule  wi th  the a t o m s  
n u m b e r e d  for  reference in text.  
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T a b l e  1. Obserced and calculated structure amplitudes 
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Table 2. Final positional and thermal parameters 
Standard deviations are given in parentheses. 

x]a  y / b  z / c  B (•so) 
Br(1) 0-3672 (2) 0.1159 (1) 0-1213 (4) 5"37* 
Br(2) 0"0804 (2) 0.1981 (1) 0"0858 (4) 4"65* 
C(1) 0.4000 (15) 0"2798 (11) 0.2845 (28) 5.33 (71) 
C(2) 0.3220 (17) 0.3299 (12) 0.2396 (311 6.17 (79) 
C(3) 0.2479 (14) 0.3228 (11) 0.3685 (30) 4.85 (67) 
C(41 0.2848 (15) 0.3312 (11) 0.5388 (30) 5"38 (71) 
C(5) 0.3495 (141 0.2785 (10) 0.5894 (30) 5.27 (66) 
C(61 0.3156 (16) 0.2296 (12) 0.7198 (31) 6.77 (83) 
C(7) 0-2285 (131 0.1918 (10) 0.6844 (25) 3.58 (58) 
C(81 0-2425 (14) 0.1542 (10) 0.5219 (27) 3.88 (63) 
C(9) 0.2740 (13) 0-2036 (10) 0.3742 (28) 4.40 (59) 
C(10) 0"3753 (14) 0.2321 (10) 0"4252 (28) 4.40 (59) 
C(11) 0-2650 (14) 0.1765 (11) 0.1845 (27) 4.04 (64) 
C(12) 0"1751 (13) 0"1301 (9) 0"1508 (26) 2"88 (54) 
C(13) 0.1417 (15) 0-0917 (10) 0.3023 (26) 3-97 (61) 
C(14) 0.1417 (14) 0-1337 (9) 0.4672 (26) 3"35 (57) 
C(15) 0"0940 (141 0"0870 (10) 0"5945 (31) 5"34 (65) 
C(16) 0.0152 (15) 0.0492 (101 0.4866 (29) 4.27 (64) 
C(17) 0"0349 (12) 0.0658 (9) 0.2997 (24) 2.16 (50) 
C(18) 0-2030 (13) 0-0267 (9) 0-3110 (25) 2.60 (54) 
C(19) 0.4508 (13) 0-1805 (10) 0.4666 (27) 4.02 (63) 
C(20) 0.0119 (16) 0.0089 (11) 0.1844 (29) 4.85 (69) 
C(21) 0.0385 (13) 0.0182 (10) -0 .0015  (27) 3"35 (58) 
C(22) -0 -0977  (15) 0.0002 (11) 0.1889 (28) 4-74 (67) 
C(231 -0-1457 (14) 0"0560 (10) 0"1005 (30) 4.30 (58) 
C(24) - 0 . 2 4 9 6  (16) 0.0478 (11) 0.1290 (34) 6.33 (76) 
C(25) -0 -3952  (14) 0.1096 (10) 0.0992 (30) 5.33 (65) 
O(1) 0.2053 (9) 0.2562 (7) 0.3598 (19) 4.93 (43) 
0(2)  - 0 . 2 9 4 6  (12) 0-0058 (10) 0-2013 (24) 9-31 (66) 
0(3)  - 0 . 2 9 0 9  (9) 0-1038 (7) 0.0824 (21) 5-44 (41) 

* These are the equivalent isotropic temperature factors for the atoms Br(1) and Br(2). The anisotropic thermal parameters 
for these atoms, in the form of exp [ -  10-5(bl lh 2 + b22k 2 + b3312 + bt2hk + bl 3h l+  b23kl)] are given below. 

bt] b22 b33 b12 b13 , b23 
Br(1) 353 (14) 409 (10) 2431 (71) 42 (25) 533 (75) - 4 0  (58) 
Br(2) 450 (15) 360 (9) 1594 (54) 173 (24) - 9 1  (71) 384 (50) 

differ significantly from the earlier so lut ion either in 
R value (14.65% and 14.56% respectively) or in bond  
lengths and bond angles,  the absolute  configuration o f  

the molecule  was not  determined.  (The atomic  coordi-  
nates reported correspond to the configuration 
normally  observed in naturally occurring steroids.)  
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Table 1 is a listing of observed and calculated structure 
amplitudes, and the final atomic coordinates and 
temperature factors are given in Table 2. 

Description of the structure 

The bond lengths and bond angles are given in Fig. 
2(a) and (b), respectively. The standard deviations are 
in the range 0.02-0.03/~ for bond lengths and 1.5- 
2.0 ° for bond angles. Out of the twenty-six bond lengths 
obtained for C(sp3)-C(sp  3) single bonds, eight [C(5)- 
C(lO), c(8)-c(9), c(9)-C(lO), C(9)-C(ll), C(11)- 
C(12), C(13)-C(18), C(13)-C(17), and C(15)-C(16)] are 
larger than the expected value of 1-533 A (Bonham & 

I 1"23 
~ 1 5 5  ~ 1 5 2  j ~ . . . I - 3 5 ~  

6 0  52 
I _  

2'031 I 1153 

2 ~ 6  

1 56' I1.62 h .56 I1 "63 
1.57,~'561.634L,~1.62 / 1"56 ] 
/ 1 54"4/,'~ 47"-W 1.~8 

1. J;% 11.5  
51 . ~ 5 1  

(a) 

I 1161107 - 
,00!,10 

~10111~g"1OTIN510a~ 

_ 1~6116116 1121102 1051 
,~__i i'~115~111. I~09 1 0 3 ~  13 
1107 105[_102 1101104 
I 113~,-I" 

.. ^L1_11-(OlldlO3 lO81 
11z I 0 ~ ~  

(b) 

Fi8.2. (a) Interatomic distances. Standard deviations are in 
the range 0.02-0.03 ,~. (b) Bond angles. Standard deviations 
are in the range 1.5-2.0 ° 

Barteli, 1959) by more than twice the estimated 
standard deviations. The two bonds C(3)-O(1) and 
C(9)-O(1) with lengths 1.51 and 1.47 A, respectively, 
are in good agreement with the expected value of 
1-47 A ( Internat ional  Tables,  1962) for strained carbon- 
oxygen single bonds in epoxides. The bonds C ( l l ) -  
Br(1) and C(12)-Br(2) have lengths 2.00 and 2.03/~ 
respectively, and are consistent with the values ob- 
tained for similar bonds (Gopalakrishna et al., 1968). 

Out of the fifty bond angles obtained in this steroid, 
eight deviate from the usually expected values by as 
much as three times their estimated standard devia- 
tions. The two angles Br(I)-C(l l ) -C(12)  and Br(2)- 
C(12)-C(11) with values of 101 o and 100 ° respectively, 
are smaller than expected. This distortion is apparently 
the result of the axial substitution of the two bromine 
atoms at C(11) and C(12). The angle O(2)-C(24)-C(23) 
with a value of 132 ° is large. The three angles C(9)- 
C(lO)-C(5), c(4)-c(5)-c(6) and C(5)-C(6)-C(7) with 
values of 102, 118, and 119 ° respectively, deviate from 
tetrahedral angles and this may be result of the oxido 
bridge between C(3) and C(9). The deviations of the 
two angles O(2)-C(24)-C(23) and C(24)-O(3)-C(25) 
with values of 132 ° and 119 ° respectively, appear to be 
related to the shortening of the bond lengths about 
atom 0(3). 

All the important torsional angles calculated for 
this steroid are listed in Table 3, in which the sign con- 
vention used is that of Klyne & Prelog (1960). The two 
torsional angles in the B ring, 0(10,9) with a value of 
- 6 9  ° and 0(7, 8) with a value of - 5 4  °, deviate to a 
certain extent from the normal staggered configura- 
tion value of 60 °. This distortion in the B ring is due to 
the transmission of the distortion in the C ring, arising 
from the heavy atom substitution in the two adjacent 
axial positions. In the C ring, 0(9,10), 0(11,12), and 
0(13,12) with values of +37  ° , - 2 9  ° , and +42  ° re- 
spectively, reveal the extent distortion of. Two of 
these angles are approximately halfway between stag- 
gered and eclipsed configurations. The torsional angles 
in the D ring are practically the same as those in the 
D ring of 2fl,3c~-dichloro-5a-cholestane (Brutcher & 
Leopold, 1966), where the D ring is also a distorted 
half-chair. The angle 0(15,16) is + 11 ° and the angle 
0(16,17) is +18 °, whereas in 2fl,3~-dichloro-50c- 
cholestane, they are + 10 ° and + 18 ° respectively. (In 

Table 3. Torsional  angles in the rings 

OA - B is the torsional angle about the A - B bond, in which the other two atoms required to define the angle are those attached 
to either end of the bond and are in the ring in question. 

A Ring B Ring C Ring 

Bond O A  - B Bond O A  - B Bond O A  - B 

C(1)-C(2) 83 C(5)-C(6) - 645 C(8)--C(9) - 53.2 
C(2)-C(3) 55-6 C(6)-C(7) 5 8 - 3  C(9)--C(11) 36"6 
C(3)-C(4) - 66"8 C(7)-C(8) - 53.9 C(11)-C(I 2) - 29"4 
C(4)-C(5) 9"8 C(8)-C(9) 65"3 C( 12)-C(13) 42-4 
C(5)-C(10) 47.8 C(9)-C(10) -68.9 C(13)-C(14) - 65.5 
C(1)-C(10) - 57-7 C(5)-C(10) 6 5 . 1  C(8)--C(14) 67.2 

D Ring 
, ,  

Bond OA - B" 
C(I 3)-C(14) 47"4 
C(14)-C(15) -36"6 
C(I 5)-C(16) 11-0 
C(16)-C(17) 18.1 
C(I 3)-C(17) -40"6 

A C 25B - 10" 
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a regular half-chair, 0(15, 16) will be equal to 0(16, 17) 
and will be approximately + 16 ° (Brutcher & Leopold, 
1966]. 

Two perspective views of the steroid molecule are 
shown in Fig. 3(a) and (b) which show the main stereo- 
chemical features of the molecule. Rings A and B are 
cis-fused, and rings B and C, as well as C and D, are 
trans-fused. Ring A, as expected, is boat-shaped to 
facilitate the oxido bridging between C(3) and C(9); 
rings B and C are chair-shaped, and the D ring is a 
distorted half-chair. With the exception of C(21), all 
atoms in the side-chain attached to C(17) are coplanar 
to within 0.17 A. Fig. 3(c) shows a perspective view of 
the side-chain as viewed in a direction parallel to this 
plane. The side chain is attached to C(17) in a fl-con- 
figuration. 

Equations of the least-squares planes of important 
portions of the molecule are given in Table 4(a) and 
perpendicular distances of atoms from these planes are 
given in Table 4(b). The A ring reveals very little 
distortion or strain. The four atoms, C(1), C(2), C(4) 
and C(5) lie in their mean plane, A2, within + 0.04 A, 
and this plane is practically parallel to, and at a distance 
of 0.25 A from, the mean plane of the A ring. Atoms 
C(1), C(2), C(4), and C(5) are at an average perpen- 
dicular distance of 0.23 A from the mean plane of the 
A ring, whereas atoms C(3) and C(10) are each at a 
distance of 0.46 A from this plane, and on the other 
side. The A ring, along with the oxido oxygen atom, 
form a regular three-ribbed cage as shown in Fig. 3(d). 
The B ring deviates slightly from an ideal cyclohexane 
ring: atoms C(9) and C(10) are farther away (0.36 A) 
from the mean plane of the ring than the other atoms 
and C(7) is only 0.18 A. from that plane. As mentioned 
earlier, this is due to the transmission of the distortion 
in the C ring. The C ring is highly distorted as compared 
with an ideal cyclohexane ring: atoms C(11) and C(12) 
are only 0"08 A from the mean plane of the C ring, 
compared with the usual distance of 0.26 A in a strain- 
free cyclohexane ring. The D ring has a distorted half- 
chair conformation. 

Table 4(c) gives the interplanar angles between the 
various least-squares planes. The mean plane of the A 
ring is almost perpendicular (92 ° ) to the mean plane 
of the B ring. The angle between the B and C rings is 
9 ° and that between the C and D rings is 6 °. In other 
words, the mean planes of the B, C, and D rings are all 
nearly parallel to each other. The mean plane of the 
atoms in the side chain, with the exception of C(21), is 
inclined at an angle of 104 ° to the mean plane of the D 
ring and at 102 ° to the mean plane of the atoms C(5) 
through C(17). The two bonds C(10)-C(19) and C(13)- 
C(18) are inclined to each other at an angle of 16 °. 

Packing and hltermolecular contacts 
Fig. 4 shows the crystal structure as projected down 

the c axis of the unit cell. The molecules which are 
related by the screw axes parallel to c, are packed with 
their nuclei parallel to each other. All the intermolec- 

ular distances are greater than the sum of the van der 
Waals radii of the two atoms at the intermolecular 
contact. There are only seventeen intermolecular con- 
tacts with distances less than 4.0 A and only two less 
than 3.5 A. The shortest contacts are between 0(3) of 
one molecule and the A ring of the neighboring mol- 
ecule 3.34 A with C(2) and 3.49 A with C(4)]. Of the re- 
maining fifteen contacts less than 4.0 A, six are be- 
tween 0(2) of one molecule and the carbon atoms of 
the neighboring molecules. All these intermolecular 

(a) 

< 
(bl 

,co 51 

c03)~c07) 

c ( 2 0 ) ~  
~(2~;"' 0~3)c(24)°(3) 0(25) 

(c) 

c(5) ~-c--£L(I°) co, 

C(9)% ~ .>.~C(2) 
~C(3) 

(d) 
Fig. 3. Perspective view of the molecule as seen from (a) 

the top (b) the side. (c) Perspective view of the side chain 
and the D ring, showing the extent of planarity of the side 
chain. (d) Perspective view of the A ring and the oxido-bond, 
showing the 3-ribbed cage structure. 
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T a b l e  4(a) .  Equations for  the least-squares planes* 

Plane Atoms included I m n 
AI C(2), C(3), C(4) 0.1842 -0 .9815  0"0519 
A2 C( 1 ), C(2), C(4), C(5) - 0"6705 - 0"7204 - 0-1774 
A 3 B 1 C( I ), C(5), C(6), C(10) - 0"9474 0.0634 - 0" 3136 
B2 C(6), C(7), C(9), C(10) 0.4275 -0"9006 0.0786 
B3Ci C(7), C(8), C(9), C(I I) -0 -9604  0"2376 -0 -1456  
C2 C(8), C(I 1), C(12), C(14) 0"4492 -0"8934 0"0003 
C3DI C(12), C(13), C(14), C(15) -0"9116 0-3503 -0"2152  
D2 C(13), C(15), C(16), C(17) 0-4306 - 0"9021 0-0281 
A4 O(I) ,  C(9), C(I),  C(2) -0"1358 -0"3484  -0 -9274  
A5 O(I) ,  C(9), C(4), C(5) -0 -5797  -0"3381 0"7413 
A C(1), C(2), C(3), C(4), C(5), C(10) -0"6877 -0"7040  -0"1773 
B C(5), C(6), C(7), C(8), C(9), C(10) - 0 . 7 0 7 2  0-6817 -0"1876  
C C(8), C(9), C(I 1), C(12), C(13), C(14) 0-6672 - 0 . 7 4 3 7  0.0425 
D C(13), C(14), C(15), C(16), C(17) 0"5942 -0"8005 0"0781 
E C(20), C(22), C(23), C(24), C(25), O(2), 0(3)  -0 -0508  -0"4323 -0"9003 
C5-CI 7 0"6379 - 0.7629 0-1051 

* Equat ions  to the least-squares planes are of  the form IX+mY+nZ+p=O,  where X, Y, Z and p are in ]k 
the crystal lographic  axes. 

P 
5"710 
8-397 
5"869 
1-782 
3"136 
1 "393 
1.675 
0"824 
4"839 
1 "439 
8" 147 
0"857 
0-162 
0"406 
1 "282 
0"186 

units, referred to 
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T a b l e  4(b).  Perpendicular distances o f  atoms f rom least-squares planes (/k) 

B2 B3CI C2 C3DI D2 B C D 

- 0 " 1 0  -0"13  
0-14 

- 0 " 1 4  

- 0"04 
0"05 
0"03 

- 0.04 

0"07 

- 0"07 
0-11 

-0"11 

- 0 " 3 0  
0-23 

- 0 . 1 8  
0-24 0.32 

- 0 . 3 5  -0"18  
0"36 

0"08 
- 0"09 

0"23 
- 0 . 3 6  

0"30 
-0"29  

0"15 
0"03 

-0"19  
0"13 
0"01 

-0"17  
- 0 " l i  

0"12 
0"00 
0"02 

E C(5)-C(17) 

- 0"47 
0.10 

-0"14  
0"44 

-( ; -17 
0.36 
0"02 

--0.11 
0"31 

--0.21 
0-19 

-0"04  
-0"27  

b 
2, ) a 2a 

i 

Fig.4. Projection of two unit cells down the c axis. Open circles 
are oxygen atoms,  closed circles are bromine  atoms. 

T a b l e  4(c) .  Interplanar angles 
Plane 1 Plane 2 Angle 

A B 92 ° 
B C 9 
C D 6 
A C(5)-C(17) 95 
B C(5)-C(17) 8 
C C(5) -C(17) 4 
D C(5)-C(17) 4 
E D 104 
E C(5)-C(17) 102 
AI A2 125 
A2 A3BI 130 
A3BI B2 119 
B2 B3CI 129 
B3 CI C2 130 
C2 C3DI 136 
C3D 1 D2 136 
A2 A4 60 
A4 A5 61 
A5 A2 60 
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distances are listed in Table 5. These distances indicate 
that the molecules are all held together in the crystal- 
line state mainly by van der Waals forces. 

Table 5. Intermolecular contacts less than 4.0 ,~ 
Contact Position* Distance 

C( 1 )-- Br(2) 4/000 3.97 
C(2)--C(23) 4/000 3.63 
C(4)--C(23) 4/001 3.84 
C(4)--C(241 4/001 3' 67 
C(I 6)-C(25t 2/i00 3.81 
C( 16)-Br( 1 ) 2/000 3-95 
C(18)-Br(I) 2/000 3.98 
C(22)-C(25) 2/100 3"98 
C(23)-C(2) 4/]-00 3.63 
C(23)-C(4) 4/]-01 3-84 
C(24)-C(4) 4/]'01 3.67 
C(25)-C(16) 2/TOT 3.8 I 
C(25)-C(22) 2/TOT 3-98 
O(2)--C(16) 2/-i-0T 3.80 
O(2)--C(23) 2/T00 3.54 
O(2)--C(24) 2/11100 3.66 
0(2)--0(3) 2/T00 3-99 
O(2)--C(2) 3/0-i-0 3.68 
O(2)--C(3) 3/0T0 3-87 
O(3)--C(2) 4/T00 3.34 
O(3)--3C() 4/]-00 3.95 
O(3)--C(4) 4/]-01 3-49 

* Equivalent position nomenclature: C(23)-C(4) 4/11101 is 
taken to mean that C(4) is at equivalent position 4, translated 
- 1,0 and + 1 unit cells in the a, b and e directions, respectively. 
The equivalent positions are: l=(x,y,z); 2=(½-x ,  fi,½+z); 
3=(2 ,~+y,  ½-z ) ;4=(½+.v ,~-y ,5 ) .  
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The Identification and Crystal Structure of a Hydroperieardium-Producing 
Factor: 1,2, 3, 7, 8, 9-Hexachlorodibenzo-p-dioxin 

BY J. S. CANTRELL,* N.C. WEBB AND A.J. MAreS? 
The Procter & Gamble Company, Miami Valley Laboratories, Cincinnati, Ohio 45239, U.S.A. 

(Received 4 December 1967) 

A crystalline material, isolated from a contaminated animal feed fat, and capable of producing hydro- 
pericardium in chicks, was shown by solution of its crystal structure to be 1,2, 3, 7, 8,9-hexachlorodi- 
benzo-p-dioxin (C1202H2CI6). The triclinic unit cell has the dimensions a =  7.952+_ 0.005, b=  9.379 
+_0.01, c=9.433+_0.01 A, ~.=92.35°+0.20 °, ,8= 92.39:" + 0-20 °, 7=109.92°+0.30 °. The calculated 
density is 1.958 g.cm -3 for Z = 2, compared with 2.01 g.cm-3 measured for the bulk material. A statistical 
treatment of the 1158 measured reflections indicated a center of symmetry; the space group was there- 
fore assumed to be Pi .  The structure was solved by the symbolic addition method of Karle & Karle. 
The nearly planar molecules are almost parallel to the (0II)  crystallographic planes. No unusual bond 
lengths or angles were found. The structure was refined to R=  10.5%. 

Introduction 

The isolation, chemical analyses, and spectroscopic 
data on the hydropericardium toxic factor (HPTF) 
material have been described by Wootton, Artman & 
Alexander (1962), and by Wootton & Courchene 

* Present address: Miami University, Department of Chem- 
istry, Oxford, Ohio, U.S.A. 

"t" Reprint requests should be addressed to this author at the 
Procter & Gamble address. 

(1964). One of the active fractions of material isolated 
was tha t  called ct-3.17, where this nomenc la tu re  refers 
to the vapor  phase c h r o m a t o g r a p h i c  behav io r  as de- 
scribed by W o o t t o n  et al. (1962). W o o t t o n  and  his col- 
leagues p roposed  tha t  H P T F  was a ch lor ina ted  hexa- 
h y d r o p h e n a n t h r e n e  with the empir ical  fo rmula  
CI4H10C16. Fol lowing  the molecu la r  ident i f icat ion 
herein reported,  W o o t t o n  (1966) showed tha t  a syn- 
thet ic  hexach lor ina ted  dibenzo-p-dioxin,  whose phys- 
ical proper t ies  are r emarkab ly  similar  to the isolated 


