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The crystal structure of 3/~, 17ct-dihydroxy-16#-bromo-5~-pregnan-11,20-dione (C21H3104Br, M= 427.37) 
has been determined by three-dimensional X-ray analysis and refined to a final R value of 0.045. Unit- 
cell constants are a=  11.946/~, b= 11.011/~, c= 7.837 A,/~= 107.39 °, space group P2]. Standard devia- 
tions for bond lengths and angles are in the ranges of 0.007-0.012 A and 0-5-0.8 °, respectively. There 
are two hydrogen bonds, 3fl-hydroxyl to 11-keto oxygen (2.77/~) and 17~-hydroxyl to 3fl-hydroxyl 
oxygen (2.84/~). The molecules are ~-B (bottom to top) oriented, and arranged in sheets perpendicular 
to the b axis of the unit cell. Packing of the molecule as influenced by the position of heavy atoms 
and side chain substituents is discussed. 

Introduction 

The structural details of a series of 5e-pregnane adreno- 
cortical metabolites are being investigated to ascertain 
features which are significant in the determination of 
biological function at the molecular level. The crystal 
and molecular structures of 3fl-acetoxy-177-hydroxy- 
16fl-bromo-5~-pregnan-ll,20-dione (Fig. 1, II) and 
3fl, 17~-dihydroxy-21-bromo-5c~-pregnan-ll,20-dione 
(Fig.l ,  III) have already been reported (Ohrt, Cooper, 
Kartha & Norton, 1968; Ohrt, Haner, Cooper & Norton, 
1968). This paper reports the crystal and molecular 

structure determination of 3fl,17ct-dihydroxy-16fl- 
bromo-5~-pregnan-ll ,20-dione (Fig. 1, I) and com- 
pares the architecture of the molecules and their pack- 
ing as influenced by the position of attachment of the 
heavy atom and of side chain substituents. 

Experimental 

Crystals of 3fl, 17ct-dihydroxy-16fl-bromo-50~-pregnan- 
l l,20-dione (C21H3104Br, M=427.37)  were grown 
from methanol solution by slow evaporation at room 
temperature. The crystal data are: 

1" Present address' The Medical Foundation of Buffalo, a =  11.946+0.002, b =  11.011 +0.002, c=7 .837+ 
73 High Street, Buffalo, New York 14203 0"001 A, f l= 107"39 ° +0.01 (at 20°C, CuK~I= 1.54051 
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,/k), Vo = 983"73A 3, Dm = 1 "450 + 0"002 g.cm -3, De = 1.444 
g.cm -3 Z = 2 ,  F(000)=448.  Space group P2~ (C~ 
No. 4) (0k0 absent for k odd). 

The intensities of 2142 independent X-ray spectra 
were measured on a General Electric single crystal 
orienter by the stationary crystal/stationary counter 
method, using Cu Kc( radiation monochromatized by 
balanced nickel and cobalt filters (ten second count 
with each filter). Thirty-one reflections regarded as 
'weak', for which the measured intensity was less than 
two standard deviations, were rejected. The intensities 
were corrected for Lorentz and polarization effects, 
but no absorption corrections were applied (/~cu K,-- 
33 cm-X). The crystal used was cubic shaped, of side 

0"l mm, and the corners were rounded off so that ab- 
sorption was approximately isotropic. 

A three-dimensional Patterson synthesis was com- 
puted using I Fol 2 values modified to represent point 
atoms with thermal motion, and the bromine atom was 
located from the Harker section. The positions of the 
carbon and oxygen atoms in the steroid molecule were 
determined by routine application of the heavy atom 
method. 

Three cycles of block-diagonal least-squares refine- 
ment ( 4 x 4  matrices for x,y,z, and B) using these 
twenty-six atoms and isotropic temperature factors, 
reduced the R value (defined as Z ]lFol- IFcl ]/S IFol) 
to 0.19. All 2111 reflections, all with equal weights, 
were included in this refinem~.nt. At this point the 

Table 1. Final refined positional and thermal parameters 
Standard deviations are given in parentheses for the last two digits of each number. The thermal parameters are of the form" 

exp [ - 2 ~ z z ( U l  l h Z a  * z  + 2 U ~ 2 h k a * b *  + . . . ) ] .  

ATOM X/A Y/B Uli U22 U33 U12 U13 

C 1 0.53915(51 
C 2 0.h0880(52 
C 3 0.55622(~9 
C k 0.37~60(51 
C 5 0.50575(~9 
C 6 0.53117(53 
C 7 0.66291(53 
C 8 0.73032(~9 
C q 0.69715(~8 
C I0 O.5631k(k8 
C II 0.77378(50 
C 12 0.90590(~8 
C 13 0.93~53(~7 
C I~ 0.86310(~8 
C 15 0.91762(53 
C 16 1.0~8~7(53 
C 17 1.0622~(~9 
C 18 0.9102~(60 
C 19 0.51~01(5~ 
C 20 1.15387(55 
C 21 1.22261(71 
0 3 0.23218(3~ 
O 11 0.73k80(37 
0 17 1.08h19(38 
O 20 
BR 

Z/C 

0.265~5(66) 0.~3315(75) 
0.28736(6~) 0.~0~35(82) 
0.56158(57) 0.2~099(80) 
0.3028~(60) 0.07826(80) 
0.28199(59) 0.10k66(76) 
0.23725¢72) -0.06336(76) 
0.23638(76) -0,05817(77) 
0.16095(5k) 0.12687(73) 
0.20hh6(52) 0.29587(72) 
0.20293(52) 0.26977(75) 
0.139~0(633 0.~6086(75) 
0.1~828(70) 0.~9517(76) 
0.10373(513 0.32615(76) 
0.17703(56) 0.16~57(733 
0.1~53~(70) 0.0168~(80) 
0.135~2(62) 0.11556(87) 
0.151h9(60) 0.32266(813 

-0.03k96(55) 0.30196(98) 
0.0715~(60) 0 .2~69 (97 )  
0.0~911(75) 0.~76~(99) 
0.10122(99) 0.62~99(99) 
0.38120(k23 0.21381(59) 
0.0807~(~73 0,56153(58) 
0.25562(~5) 0.37896(6~) 

0.~1350(97) 
0.01876(123 

1.16709(573 -0.05k66(59) 
I.I172k( 8) 0.00000(i~) 

o 0268(28) 
o o28k(29) 
o 0222(27) 
o 0253(28) 
o 0231(26) 
0 0277(29) 
0 O275(30) 
0 0272(27) 
0.026k(27) 
0.02k7(26) 
0.0266(27) 
0.0203(27) 
0.0221(26) 
0.023~(26) 
0.0306(30) 
0.0310(30) 
0,0228(27) 
0.0390(3~) 
0.0302(30) 
0.02~6(29) 
0.0~07(39) 
0.0220(20) 
0.0315(223 
0.0321(223 
0.0606(36) 
0 . 0 7 0 ~ ( ~ )  

0.0~78(38) 
0.04~1(39) 
0.0291(313 
0.0368(35) 
0.035q(3~) 
0 . 0 5 8 8 ( ~ )  
0.066~(~7) 
0.0285(31) 
0.02~0(28) 
0.02~0(293 
O.OkO0(3~) 
0.05k1(~1) 
0.0201(27) 
0.051~(50) 
0,0517(k2) 
0.0326(33) 
0.0317(31) 
0.0220(32) 
0.0252(32) 
0.0652(k8) 
0.0955(71) 
0.0563(2k) 
0.0527(30) 
0.0366(25) 
0.0600(38) 
0.06~0(~) 

0.0223(28 
0 0318(31 
0 0335(31 
0 0289(29 
0 02~6(27 
0 0190(27 
0 0206(27 
0 0217(25 
0.0210(25 
0.0263(27 
0.02k5(27 
0.0252(27 
0.0323(29) 
0.021~(25 
0.0268(29) 
0.0~11(5~) 
0.0350(30) 
0.0556(~0) 
0.0532(58) 
0.05~8(~1) 
0.0~k5(~1) 
O.Ok25(2k) 
0.0369(23) 
0,0k72(25) 
0.0881(~k) 
0 . 0 7 1 ~ ( k )  

0.00~5(28) 
0.0066(29) 

-0.0022(23) 
0.0060(26) 
0.0028(25) 
0.0125(50) 
0.0089(52) 

-0.0019(2&) 
-0.0037(23) 
-0.0010(23) 
0.0031(263 

-0.0002(27) 
0.0012(215 
0.0032(23) 
0.0021(503 
0.0000(27) 

-0.0028(2k) 
-0.00~0(255 
o0.0019(265 
0.00~8(313 

-0.0063(~3) 
0.0015(18) 
0.00~7(21) 

-0.010k(20) 
0.0328(50) 
0.0239(5) 

0 0063(23 
0 0112(25 
0 0068(23 
0 00h6(25 
0 0056(22 

-0 0002(22 
005~(23 
0083(21 

0.0080(21 
0.0103(22 
0.0083(23) 
0.0021(223 
0.0075(22) 
0.0071(21) 
0.0118(253 
0.0170(273 
0.0130(2~) 
0.0139(30) 
0.0096(28) 
0.0131(28) 
0.0019(353 
0.0071(183 
0.01~1(18) 
0.0178(193 
0.0109(333 
0.0~03(~) 

U23 

0.001~(27) 
-0.0029(29) 
-0.0007(25) 

0.0019(26) 
0.0009(25) 
0.00~1(29) 
0.008k(31) 
0.0018(2k) 

-0.0001 22) 
0.0018 23) 

-0.0035 26) 
0.0080 29) 

-0.0000 2~) 
0.0019 23) 

-0.0071(303 
-0.00~5(28) 
-0.0020(26) 

0.0091(27) 
o 0110(29) 
~ 0211(37) 

0156(~51 
-0 00~3(20) 

0 0223(23) 
-0 0082(22) 

0 0093(33) 
-o 0116(5) 

5a-pregnan-17a-ol-ll,20-dione- 

I II III 

-168-bromo-3B-ol -168-bromo-38-acetate -21-bromo-3B-ol 

O O H  

O ..1" 8r O " 1 " "  OH Br O OH 

Fig. 1. Schematic drawings of the three 5c(-pregnane steroids. 1 3fl, 17:(-dihydro×y-16fl-bromo-5c(-pregnan-ll,20-dione. ]I 3fl- 
acetoxy- 17¢z-hydroxy- 16fl-bromo-5~(-pregnan- 11,20-dione I I I  3fl, 17~-dihydroxy-21-bromo-50(-pregnan- 11,20-dion¢. 
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T a b l e  2 .  Comparison between the values of I~ol and I~1 calculated for the refined atomic parameters 
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T a b l e  3 .  Positional parameters fo r  the atoms, connected for  libration o f  the molecule 
ATOM X/A Y/B Z/6 

c 1 0.53908 0.26566 o. ~.3379 
C 2 0 .~0865  0 .20758  0 .  k01+91  

, 0 .355°8 0 . ,6205  0 . . . .  95 
0.371+21+ 0. 30312 0.07763 

C 5 0.5051+9 0.20227 0.101+09 
C 6 0.55086 0.25738 -0 .  061+56 ~ . . . .  272 0.23657 005912  

0 . 7 5 0 2 0  0 . 1 6 0 g 2  0 . 1 2 6 3 1 +  
C 9 0.69712 0.20k56 0.29600 
C 1 0  0.56297 0 .  2 0 2 q 1 +  0.26981 

i i  0 .7 } ' 387  0.13930 0.1+6157 
c 12  0 .90615  0 .11+827  0 . k9397  

13 0.931+69 0.10358 0.32637 
C 11+ 0 .8631b  O .17713  0 .16~16  

CC 15 0 .91761+  0.11+556 0.01598 
16  1 .01+862  0 .1331+6  0 .11476  
1 7  1 . 0 6 2 5 1  0 . 1 3 1 5 2  0 . 5 2 2 8 5  
1 8  0 . 9 1 0 3 0  - 0 . 0 3 5 5 5  0 . 3 0 2 0 6  

c 19 0 .51571+  0 .0710q  0.2q1+6~ 
C 20  1 .15~23  0 .01+889  0 .1+1+825  

C 21 1.22309 0.10120 0.62602 
03  0 .23187  0 .  58166 0 .21569  

Ii 0 .73k85  0.000~5 0.562kk 
17 1.081+56 0.25606 0.57932 

0 20 1.16739 -0.05519 0.1+1395 

BR 1.11735 -0 .00033 0 .0179)  
H IA 0 .5687  0.2003 0 .5517  
H IB 0.581+1+ O..~260 0.1+661 
H 2A 0.1+090 0.561+7 0 .5087  

ATOM X/A Y/B Z/C 

H 2B 0 . 3 6 3 8  0 . 2 1 0 5  0 . ~ 0 ~ 1  
H 5 0 .3822  0 .~756  0 .2~6~  
II'3 0.2538 0.~339 0.2872 
H ~A 0.3~55 0.5905 -0 .02~  
H ~B 0.31+73 0.2187 0.01+23 
H 5 0.5~92 0.5879 0.1565 

6A 0.1+898 0.5036 -0 .1557  
6B  0 . 1 + 9 9 1  0 . 1 2 ~ 9  - 0 . 1 1 5 2  

H 7A  0.6812 0.511+5 0.0118 
H 78  0 .6727  0.2136 -0 .1505  
H 8 0 . 7 1 0 6  0 . 0 q 5 6  0 . 0 9 8 1  
t l  9 0.7262 0.2565 0 .32£ I  
HI2A 0.9560 0.0681 0.6062 
HI2B 0.9397 0.2191 0.5310 
HI1+ 0.8781+ 0.2835 0.2091 
1415A 0.g970 0.2127 -0 .0585  
HISB 0.RSI0 0.0391 -0 .0298  
H16 1.08~5 0.2105 0.1161 
H ' I /  1 .1271+ 0.2728 0.3307 
HISA  0.8520 - 0 . 0~71+  0 .277~  
HISB 0.9510 - 0 . 0761+  0.3850 
HISC 0.9181 -0 .9693  0.2160 
HI�A 0.5257 0.0220 0.1503 
rlI�B 0.1+155 0.0885 0.1953 
HlgC 0 .5~78  0.0302 0.3502 
H21A 1.1995 0.1588 0.6639 
II21B 1.27U7 0.I~77 0.6263 
H2!C 1.2869 0.6823 0.6821 

F i g .  2 .  P e r s p e c t i v e  v i e w  o f  3,8, 1 7 ~ - d i h y d r o x y - 1 6 , B - b r o m o - 5 c ( - p r e g n a n - 1 1 , 2 0 - d i o n e  ( I ) ,  s h o w i n g  t h e  t h e r m a l  v i b r a t i o n a l  e l l i p s o i d s .  
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weighting scheme was changed to 0~-1=1.56-0.075 
IFo1+0"002511=ol z, such that <ooA2> remained invar- 
iant with increasing IFol. Further refinement using 
anisotropic thermal parameters for all atoms (9 x 9 
matrix blocks) converged with R =0.069. 

A three-dimensional Fourier difference synthesis 
was now computed and the positions of the thirty-one 
hydrogen atoms were located. These atoms were in- 
cluded in the least-squares calculations, and after four 
cycles of refinement (keeping the isotropic thermal 
parameters of the hydrogen atoms fixed at 1-5 A2), 
the R value had decreased to 0.045 (omitting 238 re- 
flections with sin 0/2greater than 0.6). Refinement was 
terminated at this point with the minimization function, 
X co(IFol- IFcl)Z/m-n, at 0.80 and with the calculated 
shifts about one tenth of a standard deviation. 

The scattering factors used in the refinement were 
obtained from International Tables (1962). The 
bromine factors were corrected for the real part of the 
anomalous dispersion correction (Af'B~=--0.96), but 
not for the imaginary part of the correction. When 
the refinement had been terminated, two separate 
structure factor calculations were performed using 
Afar= 1"46 and A f ~ = -  1.46 In neither case was the 
R factor significantly better than that obtained using 
Af~,--O, and hence, the absolute configuration of the 
steroid was not experimentally determined. However, 
the parameters listed in the tables have been given in 
the same absolute configuration as is normally obser- 
ved in naturally occurring steroids. 

The final positional and thermal parameters of the 
non-hydrogen atoms are listed in Table 1. Table 2 com- 
pares the observed structure amplitudes with those 
calculated from the final parameters for all atoms. The 
positional parameters for the atoms, corrected for 
libration of the molecule (Schomaker & Trueblood, 
1968)* are given in Table 3. These corrected parameters 

* The significance of the rigid body vibrational analysis for 
this and other steroid molecules will be discussed in another 
communication. 

were used in all calculations pertaining to the geometry 
of the molecule. Of course, these corrections are only 
applicable to intramolecular geometry, and the un- 
corrected coordinates were used for calculations of 
intermolecular geometry and packing. All the atoms 
in the molecule, with the exception of C(21), O(20), 
and bromine appear to behave as a rigid body; these 
three atoms appear to have some independent motion 
as well. The configuration of the molecule and the ther- 
mal vibration elipsoids of the atoms are shown in 
Fig. 2. 

Results and accuracy 

Interatomic distances and angles are shown in Fig. 3. 
Standard deviations are 0.08 A for hydrogen-non- 
hydrogen bonds, 0.12 A for hydrogen-hydrogen bonds, 
and 0.009 A when only heavier atoms are considered. 
Bond angle standard deviations are 0.5 o for angles not 
involving hydrogen, 5 ° for H - C - C  type angles, and 
7 ° for H - C - H  angles. 

Average distances for hydrogen-carbon and hydro- 
gen-oxygen are 1.00 ,~ and 0.77 A, respectively. 

The only significant deviation from currently repor- 
ted bond lengths is that for C(21)-Br in 3fl,17c~- 
dihydroxy-21-bromo-5~-pregnan-ll,20-dione (III). In 
this case, a correction of 0.04 A, which may be applied 
to compensate for the thermal motion of the bromine 
atom (Busing & Levy, 1964), makes this seemingly 
short observed distance of 1.84+0.02 A just barely 
significant. (cf. Romers, Hesper, van Meijkoop & Geise 
(1966), in which a value of 1.89 /~ was reported for 
C-Br in 4-bromo-9fl,10~-pregna-4,6-diene-3,20-dione.) 

Intra- and extranuclear sp3--sp2--sp 3 angles [those in- 
volving C(I1) and C(20)] are decreased to 117+1 ° 
while the sp3-sp2-O angles have an average value of 
122-t-1 °. The sp3--sp3--sp 2 type angles in the acetyl side 
chain have an average value of 115.4+0.9 ° for the 
structures studied; however, in the 3fl-ol,16fl-bromo 
compound (I), angle C(16)-C(17)-C(20) equals 120.1 + 
0.5 °" 

J 7.74 081 0(~11) 1~"~097 ~,,s~O.t~O 

~ ' ~ " ~ "  "~-H. ~;(~ oE~.~j554 :. 6 ,_-~/~ ~. II 0 7q \ " r r " 2 ~ c  (13"~ 1 v x  , J " , "  '.)~, 

" ~ ~  4ccls). c(16) ar 1107 
~= .~c(16)---c(17)-0(17) = 104.8" 
-='J ~C (20)-C(17)-0 (17) = 1098' 

094(~ 1~ . . . . . .  ~ "~C(21) 0(20) 0(20)1201 

Fig. 3. Interatomic distances and angles in 3fl, 17a-dihydroxy-16fl-bromo-5~-pregnan-11,20-dione. 
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The extranuclear angles at C(3) and C(17), involving 
t h e  2fl a n d  17ct h y d r o x y l  o x y g e n  a t o m s ,  h a v e  a n  a v e r a g e  
value of 108.2 + 0.8 °. If the ~ and flgroup3 are consid- 
ered separately, the 17ct value tends to be lower (107.2 
+ 0.9 °) and the 3fl value higher (110-2 + 0.6 °). Substi- 
tution of an acetoxy group at the 3fl position decreases 
angles O(3)-C(3)-O(2) and O(3)-C(3)-C(4) to 106 + 1 o; 
this effect has also been observed in 3fl-acetoxy-7~, 
117-dibromolanostane-8ct,9~-epoxide (Fawcett & Trot- 
ter, 1966) and in euphenyl iodoacetate (Carlisle & Ladd, 
1966) where the corresponding values are 106 and 107 o. 
The average values for the intranuclear sp 3 angles in 
the A,B and C rings is 110.2+0.9 °. In all three ster- 
oids, angle C(5)-C(10)-C(9) tends to be significantly 
smaller and angle C(8)-C(9)-C(10) tends to be larger, 
having average values of 105.2 + 0.8 ° and 114.2 + 0.8 °, 
respectively. Although the three D rings have-differ- 
ent stereochemistries (I and II being distorted half- 
chairs and 111 a fl-envelope) these differences are not 
obvious from consideration of the intranuclear angles 
but are clearly shown by differences in torsional angles 
(Table 5 and Fig. 5). Angle C(14)-C(13)-C(17) has an 

average value of 99.7 + 0.8 o and the remaining angles 
in this ring have an average value of 104.8 +0.9 ° , with 
no significant variations observed. Values similar to 
these have been observed in other steroids, such as 
androsterone (High & Kraut, 1966) and 17fl-bromo- 
acetoxy-9fl, 10e-androst-4-en-3-one (Oberhansli & 
Robertson, 1967). 

The six extranuclear sp 3 angles at the ring junctions 
have an average value of 113.6 +0.9 °, the tendency 
being for enlargement to 115.2+0.8 ° at angle 
C(10)-C(9)-C(ll) (B/C ring junction) and at angle 
C(12)-C(13)-C(17) (C/D junction) and to 120-1 +0.9 ° 
at angle C(8)-C(14)-C(15) (C/D j unction). The average 
value for the six angles involving each of the methyl 
groups attached to C(10) and C(13) 111.2+0-9 ° with 
no significant variations from values found in other 
steroids. 

The least-squares planes through important regions 
of the steroid nucleus, distances of atoms from these 
planes, and interplanar angles are given in Table 4. 
The least-squares planes through rings A,B, C and D 
(as defined in Table 4) are almost parallel and the root 

Table 4(a). Least-squares planes through the atoms 
The planes are in the form IX+ m Y+ n Z = p ,  where X, Y, Z and p are i n / ~  units referred to an or thogonal  coordinate  system 

with Xlla, YIIb and ZIl(a x c). 

Plane A tom 1 m n p 
AI C(2), C(3), C(4) 0.8554 0.4931 0.1587 5.406 
A2 C(I),  C(2), C(4), C(5) 0.1421 0.9856 0-0920 3.956 
A3B1 C(1), C(5), C(6), C(10) 0.8202 0"5398 0.1896 6"613 
B2 C(6), C(7), C(9), C(10) -0 .0208  0.9897 0.1414 2.377 
B3CI C(7), C(8), C(9), C ( l l )  0-6960 0.6974 0.1708 7.302 
C2 C(8), C(II ) ,  C(12), C(14) -0 .1087  0.9891 0.0990 0.951 
C3D1 C(12), C(13), C(14), C(15) 0"6466 0"7300 0.2214 8"183 
D2 C(13), C(15), C(16), C(17) - 0 . 0929  0.9884 0.1201 0.517 
D3 C(14), C(15), C(16), C(17) 0.2095 0.9777 -0 .0161  3.922 
D4 C(15), C(16), C(17) 0.0810 0.9962 0.0304 2.483 
A C(I),  C(2), C(3), C(4), C(5), C(10) 0.4401 0.8887 0.1284 5.167 
B C(5), C(6), C(7), C(8), C(9), C(10) 0.2846 0.9409 0.1832 4"459 
C C(8), C(9), C( l l ) ,  C(12), C(13), C(14) 0.2086 0"9699 0"1254 3"840 
O C(13), C(14), C(15), C(16), C(17) 0.1014 0.9821 0.1589 2.843 
C(I) -C(I  7) 0.2618 0-9568 0.1264 4-440 

Table 4(b). Deviations (A) from the least- squares planes 

Atom A B C D A2 A3BI 

C(I) 0.24 -0"00  0.03 
C(2) - 0.23 0'00 
C(3) 0.23 0.66 
C(4) - 0 . 2 4  - 0 . 0 0  
C(5) 0-25 0"26 0.00 - 0 . 0 3  
C(6) - 0.24 0.03 
C(7) 0-22 
C(8) - 0 . 2 2  - 0 . 2 4  
C(9) 0.24 0.22 
C(10) -0"24  -0"25  
C(11) -0"22  
C(I 2) 0"22 
C(13) -0"26  -0"28  
C(14) 0.28 0.27 
C(15) - 0 -14  
C(16) - 0 . 0 2  
C(17) 0.17 

B2 B3CI C2 

0"69 
0"01 

-0"01 0"04 
-0"66  -0"04  -0"02  

0"01 -0"04  0"67 
-0"70  -0"03  -0"01 

0"04 0"02 
-- 0"02 
-0"71 

0"02 -- 0"07 
0"08 

C3DI D2 D3 D4 C1-C17 

0"19 
0"00 
0"57 

- 0"05 
0-15 

-0"30  
0"11 

- 0"42 
-0"01 
-0"45 
- 0"40 

0"08 0-12 
-0"08  -0"06  -0"67  -0"43 -0"32  

0"64 0"05 +0"30 0"18 
0"07 - 0 . 0 7  +0"00 -0"03  

-0"10  0"07 - 0 - 0 0  0"28 
0.10 - 0 - 0 4  +0 .00  0.38 
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Plane I 

AI A2 
A3BI A2 
A3BI B2 
B3CI B2 
B3CI C2 
C3DI C2 
C3DI D2 
C3DI D3 

Table 4(c).  l n t e r p l a n a r  a n g l e s  ~ ~. ~. ~. ~. - .  

+ 1 + + 1  Angle 

P.lane 2 I II ~ o~--.eqeq~ 

~ + 1 + + 1  
28.5 ° 
31.8 
23.0 
34.4 
29.1 
32.4 
33.5 
47.7 

A B 170.I 
B C 174.3 
C D 173.5 

CI-Cl7 (lO0) I05.2 
CI-Cl7 (010) 163.1 
CI-Cl7 (001) 97.3 

I I I  

23.4 ° 1 24.4 ° 
31 .3 131 .4 
22.3 121 .I 
31 .2 136.6 
26.9 130.5 
30.5 135.5 
31.4 138.4 
46.7 l 50.5 

170.7 167.7 
171 .5 173.4 
174.9 175.2 

145.8 I04.8 
93.2 163.9 
124.0 96.2 

A1 A2 A3B1 I1~ B,.~I C 2 C3D1 D 2 

mean square deviation of atoms (1) to C(17) from 
the least-squares plane through the steroid nucleus is 
0.29 A. For the 3fl-acetoxy and the 21-bromo com- 
pounds these values are 0.28 and 0.30 A respectively. 
Projections parallel to the plane of the molecule for the 
three steroids are given in Fig. 4. In I, the length of the 
steroid nucleus, C(3)-C(16), is 8.98 A, and II and III 
have similar values of 8.98 and 9.04 A. 

In all three structures, rings A, B, C and D are t rans-  

fused, rings A,B and C are chair-shaped, and the ring 
junctions are somewhat flattened, as is the entire mole- 
cule. Ring D of the 16fl-bromo-3fl-ol steroid (I) is a dis- 
torted half-chair, as shown by the torsional angles 
C(14)-C(15)-C(16)-C(17) and C(15)-C(16)-C(17)- 
C(13) of +11"7 ° and +16-3 ° (Table 5). This is 
further illustrated by the fact that C(13) and C(14) lie 
at 0-43 A and 0-30 A below and above the plane of 
D4. In the 3fl-acetoxy derivative (II), ring D is also a 
half-chair, C(13) and C(14) being - 0 . 4 4  and +0-34 A 
from the plane of D4, whereas in the 21-bromo com- 
po und (I I I) ring D is a fl-envelope with C(13) and C(14) 
lying +0.68 and - 0 . 0 4  A from the D4 plane. The 
conformations of the D rings for the three steroids are 
shown in Fig. 5. 

The angle which the acetyl side chain C(17),C(20), 
O(20),C(21) makes with the D3 plane decreases from 
61"4 ° in I to 52.7 ° in II and to 39.4 ° in III. Torsional 
angle C(13)-C(17)-C(20)-C(20) is 80.0 ° in both the 
16 fl and 21-bromo steroids (I and Ill), but the acetyl 
group is rotated in the 3fl-acetoxy compound (II) so 
that this angle is increased to 178.0 °. This rotation is also 
shown by the increase of ~p[C(18)-C(13)-C(17)-0(20)] 
to 51.8 ° in III, from values of 24.8 ° and 21.6 ° in the 
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16,6- and  21-bromo derivat ives;  ~0[O(20)-C(13)-C(18)-  
C(20)], likewise, increases f rom 5.2 ° in I to 10.1 ° in I I I  
and  to 19.6 ° in II ,  as does q9[O(17)-C(17)-C(20)-C(21)],  
values being 17.1 o (I), 39.1 ° ( III)  and  58-6°(11). Angle  
~0[O(20)-C(16)-C(17)-O(17)] is a lmos t  equal  in the 

16fl-bromo steroids,  38.2 ° (I) and  39.4 ° (II),  whereas  in 
the 21-b romo c o m p o u n d  it has  increased to 51-6 ° 

In the three  cases, the C(10)-C(19)  and  C(13)-C(18)  
nuclear  to methy l  g roup  bonds  are parallel  to within 
1_2 ° 

Table  6(a). Intermolecular distances less than 4.0 A 

I II III 
^ ^ 

Position Distance Position Distance Position Distance 
O(3)--O(11) 2/101 2.77* 2/1i0 2.75* 
O(3)--C(11) 2/101 3.83 2/1i-0 3"79 
C(2)--O(11) 2/101 3.70 2/1i0 3.45 
C(3)--O(11) 2/101 3.23 2/1]'0 3.06 
C(15)-O(3) 2/1-i-0 3.60 2/101 3.70 
C(18)-O(3) 2/1-i-0 4.00 4/1]-1 3.86 
C(19)-C(4) 2/101 3.94 
C(19)-C(5) 2/101 3"91 
C(19)-C(6) 2/1-i-0 3.92 2/10l 3.81 
O(3)--C(8) 2/101 3.79 
O(17)-O(3) 1/100 2.84* 1/1'00 2"73* 
O(17)-C(2) 1/100 3-84 1/100 4.00 
O(17)-C(3) 1/100 3.90 1/i00 3"86 
C(16)-0(3) 1 / 100 3.44 1/TOO 3-74 
C(17)-O(3) 1/100 3.67 1/1,00 3.62 
C(21)-C(2) 1/100 3.80 1/i00 3.92 
C(20)-C(2) 1/TOO 3.96 
Br - - C ( 2 )  1/1'00 3.88 
O(11)-C(7) 1/OO1 3"89 1/001- 3"63 
O(11)-C(15) 1/001 3-65 
C(1)--C(6) 1/001 3.99 1/001 3"77 
C(1)--C(7) 1/001 3"98 
C(12)-C(15) 3/011" 3-94 1/001, 3.96 
C(2 l)-Br 1/001 3-83 
C(4)-Br 1/101 3-93 
O(17)-C(18) 2/0i-0 3"83 
C(9)--Br 2/0i-0 3.85 
C(7)--O(20) 3/011, 3.70 2/0i1 3.85 
C(12)--C(16) 3/01-i- 3.92 
O(11)-O(17) 3/011, 2-70* 
O(11)-C(16) 3/01i" 3-48 
O(11)-C(17) 3/01I 3-63 
O(11)-C(21) 3/01-i" 3.76 
C(ll)-O(17) 3/011 3-50 
C(12)-O(17) 3/01i" 3.49 
O(20)-C(9) 3/01I 3.81 
O(20)-C(14) 3/01-i" 3"94 
C(18)-C(2) 4/111 3.80 
C(I 8)-C(22) 4/1-i"1 3"99 
C(I 8)-C(23) 4/11"1 3"96 
O(20)-C(2) 4/111 3.82 
O(20)-C(19) 4/1-i"1 3.63 
C(21)-C(19) 4/11-1 3-92 

The equivalent positions are: 
1 =x ,  y, z; 2=)2, ½+y, ~; 3 = ½ - x ,  )7, ½+z; 4=)2, ½+y, ½ - z .  

* The hydrogen bonded oxygen atoms are marked by an asterisk. 

Table  6(b). Intermolecular distances less than 3-0 ,~ between hydrogen and non-hydrogen atoms. 

Position Distance Position Distance 
H(2A)--C(19) 2/101 2-96/~ O(17) -H'(3) 1/100/~ 2.90/~, 
H(2A)--O(I 1) 2/101 2.89 H(16) -0(3) 1/100 2.54 
H(3)---O(11) 2/101 2.63 H'(I 7)-O(3) 1/100 2"13 

*H'(3)--O(11) 2/101 2.00 O(11) -H(7B) 1/001 2.97 
H(15B)-O(3) 2/1-i-0 2.41 

* H' refers to a hydroxyl hydrogen atom. 
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Table  6(c). lntermolecular distances less than 0.3 /~  Between hydrogen atoms 
Position Distance Position Distance 

H(2A)--H(19C) 2/101 2.20 A H(19A)-H(6A) 2/IT0 2-43 
H(3)---H(1A) 2/101 2-93 H(19C)-H(6A) 2/110 2.83 
H'(3)---H(12A) 2/101 2-86 H'(I 7)--H'(3) 1/100 2-28 
H(I 5B)-H'(3) 2/1]-0 2-36 H'(17)--H(2B) 1/100 2.80 
H(6B)--H(3) 2/1T0 2-61 H(21B)-H(2B) 1/100 2.36 
H(7B)--H(3) 2/IT0 2.78 H(21C)-H(2B) 1/100 2.96 
H(8)---H(3) 2/IT0 2-92 H(I A)--H(6A) 1/001 2.97 
H(8)---H(4A) 2/IT0 2.37 H(IA)--H(7B) 1/001 2-31 
H(I 8A)-H(4A) 2/110 2.54 H(2A)--H(6A) 1/001 2.62 
H(19A)-H(4A) 2/110 2.44 H(21B)-H(6B) 1/101 2.89 
H(6B)--H(5) 2/1T0 2-68 H(21C)-H(6B) 1/101 2-62 
H(19A)-H(5) 2/IT0 2.62 

2.0  

1.0 

O0 

1.0 

20  
--- v T \  

2,0 

1.0 

0.0 

I 0  

20  

( I f )  

2-o I 1.0  

OO 

I0  

20 

( I l l )  

Fig. 4. Projections perpendicular to best planes C(I )-C(I 7) of steroids 3,6, 17~t-dihydroxy- 16,6-bromo-5~t-pregnan- 11,20-dione, (I). 
3,6-acetoxy- 17ct-hydroxy- 16,6-bromo-5~t-pregnan- 11,20-dione, (11). 3,6,17~t-dihydroxy-21-bromo-5~-pregnan- i 1,20-dione, (III). 

Packing of the molecule 

The position of  attachment of  the bromine atom is 
the same (16fl) in both I and II. In II, the presence of  
acetate side chain attached to C(3) removes the oxygen 
available for hydrogen bonding at this site, and results 

. . . . . .  o,/ . . . . . . . .  \o 
-36 5 -39 I -29 2 

I I I  I I I  

Fig.5. Torsional angles in ring D for steroids 3,6, 17~-dihy- 
droxy-16,6-bromo-5ct-pregnan-11,20-dione (I), 3,6-acetoxy- 
17~-hydroxy-16,6-bromo-5~-pregnan-I 1,20-dione (II), 
3,6, 17~-dihydroxy-21-bromo-5ct-pregnan-I 1,20-dione (Ill). 

16 . 13 

" ~ q u g - D ~  1"L6 RingD 1 ~ 1 6  RingD 1 
'~ 114. / .;"-,x4 } ~ - "  

3 
~ ~s. 4~. -'''~° 4 ~: % .-" "Z 

N, r~ 

I , I I I  II 

Fig. 6. Hydrogen bonding for steroids 3//, 177-dihydroxy-16,6- 
bromo-5~-pregnan-11,20-dione (I), 3,6-acetoxy-17~-hydro- 
xy-16,6-bromo-5~-pregnan-I 1,20-dione OIL 3,6, 17~-dihy- 
droxy-21-bromo-57-pregnan-11,20-dione (Ill) ; the respec- 
tive dimensions for 3,6, 17~-dihydroxy-21-bromo-5~-pregnan- 
I I ,  20-dione (llI) are given in parentheses. 

A C 2 5 B  - 4 
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in a change in stacking arrangement, with a single 
l l-keto 17~-hydroxyl hydrogen bond of 2.70 A. Al- 
though I and III differ in the position of attachment 
of the heavy atom, the functional group at C(3) is the 
same; namely, 3fl-hydroxyl. In both compounds there 
are two hydrogen bonds: 3fl-hydroxyl to l l-keto 
oxygen and 3fl-hydroxyl to 17~-hydroxyl oxygen. In I, 
these distances are 2-77 A and 2.84 A and in Ili, they 
are epual to 2.75 A and 2.73 A, respectively, as shown 
in Fig. 6. 

In both steroids I and II, there are sixteen additional 
contacts less than 4.0 A, but these are to different por- 
tions of the molecules in the two cases. In Ill ,  there are 
twenty-two additional contacts less than 4.0 A, twelve 
of which are to the same portions of the molecule as in 
I, the differences being mainly those involving the tail 
to which the bromine is attached in III, and the methyl 
groups at C(18) and C(19). Steroids II and III also 
have similar contacts involving C(7)-O(20) and 
C(12)~-C(15). In I, aside from the contacts mentioned 
above (Table 6), there are nine contacts less than 3.0 A 
between hydrogen non-hydrogen atoms, eight with the 
oxygens attached to C(3), C(11), C(17), and the other 
one with the C(19) methyl group. There are twenty-three 
hydrogen-hydrogen contacts less than 3.0 A, ten of 
which involve the methyl groups at C(18), C(19) and 
C(21). 

The molecules in I and III are 7-fl(bottom-to-top) 
oriented and arranged in sheets perpendicular to the 
b axis of the unit cell [Fig. 7(b)]. The hydrogen bonding 
via the axial 3fl-hydroxyl oxygen atom to the 177-hy- 
droxyl oxygen atom is of the head-to-tail type wherein 
the bonded molecules are related by one unit-cell trans- 
lation in the a direction. The 3fl-hydroxyl hydrogen 
atom bonds to the l l -keto oxygen of the molecule 
generated by the 21 screw axis [Fig. 7(a) and (c)]. 

In II the hydrogen bonding via the 17or-hydroxyl oxy- 
gen and the l l -keto oxygen is of a modified paired 
tail-to-tail type resulting in an ~ -  0t(bottom-to-bottom) 
orientation [Fig. 7(b)]. These paired molecules extend 
in sheets in the e direction and these sheets in turn are 
arranged in pairs which are packed fl-fl(top-to-top) 
[Fig.7(a) and (c)]. This represents the closest packing 
in that each sheet has six similar sheets in contact with 
it. 
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Structure Cristalline et Mol6culaire de la M6thyl-2-naphtohydroquinone-l,4 

PAR JACQUES GAULTIER ET CHRISTIAN HAUW 

Laboratoire de Cristallographie et Mindralogie, associd au C.N.R.S., Facult~ des Sciences de Bordeaux, 
Bordeaux, France 

(Recu le 3 janvier 1968) 

Crystals of 2-methylnaphthalene-l,4-diol are monoclinic, space group P2~/c with four molecules in 
a unit cell of dimensions a= 13.50 b=4.49 c= 14.83 A B= 104 °. The structure was solved with data 
from three projections and refined by least-squares techniques. The final R index is 0.086. The naphthyl 
group is exactly planar, the oxygen atoms are displaced orthogonally from the plane. The methyl 
group does not disturb the symmetry of naphthalene- 1,4-diol. Molecules are eannected by four hydrogen 
bonds OH. • • O. The geometry of these bonds is discussed. Molecules overlap each other with an average 
interplanar spacing of 3.55 A. A comparison is made with the structure of 1,4-naphthalene diol. 

Donn~es exp~rimentales 

Nous avons pr6par6 la m6thyl-2 naphtohydroquinone- 
1,4 suivant la m6thode pr6conis6e par Fieser (1940). 

En solution, le compos6 tr6s instable se transforme 
rapidement en compos6 quinonique, le d6placement de 
l'6quilibre pouvant 6tre suivi facilement par l'6volution 
de la couleur. Aussi, nous l'avons cristallis6 par refroi- 

A C 25B - 4* 


