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agreement with other oxetane systems (Allen, 
Kennard, Watson, Brammer, Orpen & Taylor, 1987). 
The relatively strong s character of atom C(1) causes 
a shortening of the central C(1)--C(5) bond 
(1.575 A) in comparison with the second zero bridge 
C(3)--C(7) (1.599 A) in (5) and the analogous bonds 
of the tricyclo[3.3.0.03'7]octane system derivatives (1) 
to (4). Moreover, the deviation from the eclipsed 
conformation along this C(1)---C(5) bond of (5) is 
relatively large (Table 3) and, therefore, the stretch- 
ing effect is reduced. 
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Abstract. 7a,14a-Dihydroxypregna-4,16-diene-3,20- 
dione,  C21H2804, M r = 344.45, orthorhombic, 
P212121, a = 7.136 (1), b = 12.342 (1), c = 
20.049 (3)/k, V= 1765.7 (3)/k 3, Z = 4, Dx = 
1.295 g cm -3, A(Cu Kte) = 1.5418/k, /z = 6.7 cm- a, 
F(000) = 744, T = 293 K, R = 0.048 for 1345 obser- 
vations. The A ring may be described as in a l a,2fl- 
half-chair conformation or a l a-sofa conformation. 
The B and C rings adopt normal chair conforma- 
tions and the D ring has a 14a-envelope conforma- 

0108-2701/93/010062-03506.00 

tion. The molecules are held together by a hydrogen 
bond [0(3)...0(7)= 2.767 A]. 

Introduction. Microbial transformation has been 
used extensively for the introduction of functional 
groups into steroids in order to obtain biologically 
useful substances. Fermentation of pregna-4,16- 
diene-3,20-dione with the fungus Murcor Piriformis 
yielded the metabolites pregna-4,16-diene-7a,14a- 

© 1993 International Union of Crystallography 
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diol-3,20-dione (I) and pregn-16-ene-3a,7a,14tr- 
triol-20-one. We describe the X-ray crystallographic 
analysis of  (I). 

0 
(I) 

Experimental. Plate-like single crystals were obtained 
from ethanol. Crystal size approximately 0.5 x 0.4 × 
0.2 mm. Lattice parameters refined using 25 reflec- 
tions in 8 range 10-15 °. Enraf-Nonius CAD-4 
diffractometer, graphite-monochromated Cu Ka 
radiation. 20___ 120 °, scan speed l °min  -1, to/28 
mode. Three standard reflections (211, 235, 426) 
monitored every 100 reflections showed no signifi- 
cant intensity variations. 1479 unique reflections col- 
lected, 0-- -h-<8,  0---k---13, 0___l---22, 1345 
significant [IFol >-3o-(]Fol)]. Data not corrected for 
absorption or extinction. Structure solved by direct 
methods using SHELXS86 (Sheldrick, 1986). The 
best E map gave all non-H atoms. Full-matrix least- 
squares program SHELX76 (Sheldrick, 1976) used 
for refinement. The positional and thermal param- 
eters of  all non-H atoms were refined anisotropically. 
All H atoms were located in a difference Fourier 
map. The positional parameters and thermal param- 
eters were not refined but their contributions to the 
structure-factor calculations were included in the 
final cycles of  refinement. The function Y~w(IFol- 
IF cl) 2 was minimized, w = 1.O/[tr(IFI) 2 + 
0.0160811Fol2]. At the end of  the final cycle of  
refinement using F's, R = 0.048, wR = 0.056, S = 
0 . 5 4 ,  (A/o ' )max  = 0 .001  f o r  2 2 6  ref inable  parameters .  
Final difference map was featureless (zip ___ 
0.1 e ,~-3). Atomic scattering factors taken from 
International Tables for X-ray Crystallography (1974, 
Vol. IV). 

Discussion. Final atomic parameters are given in 
Table 1,* bond distances and angles are given in 
Table 2 and a PLUTO (Motherwell & Clegg, 1978) 
diagram of  the title compound with atom-numbering 
scheme is given in Fig. 1. The A ring adopts a 
l a-sofa conformation with the asymmetry param- 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and bond distances and angles involving H 
atoms have been deposited with the British Library Document 
Supply Centre as Supplementary Publication No. SUP 55405 (12 
pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester 
CHI 2HU, England. [CIF reference: LI1003] 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A2x 104) for non-H 
atoms of the title compound with e.s.d. 's in parentheses 

Ucq = (1/3)~i ~j U,ia,*aj*ai.aj. 

x y z U~q 
C(1) 0.4082 (5) 0.9532 (2) 0.4025 (2) 370 (9) 
C(2) 0.4262 (5) 1.0612 (2) 0.3676 (2) 414 (10) 
C(3) 0.2911 (5) 1.0706 (3) 0.3107 (2) 426 (10) 
0(3) 0.2344 (4) 1.1600 (2) 0.2914 (1) 536 (8) 
C(4) 0.2404 (5) 0.9708 (3) 0.2761 (2) 419 (10) 
C(5) 0.3083 (5) 0.8733 (3) 0.2931 (2) 381 (9) 
C(6) 0.2752 (5) 0.7770 (3) 0.2482 (2) 449 (10) 
C(7) 0.2104 (5) 0.6766 (3) 0.2856 (2) 419 (10) 
0(7) 0.0244 (4) 0.6907 (2) 0.3096 (1) 516 (9) 
C(8) 0.3407 (4) 0.6518 (2) 0.3449 (2) 353 (10) 
C(9) 0.3525 (4) 0.7515 (2) 0.3922 (1) 314 (8) 
C(IO) 0.4269 (4) 0.8547 (2) 0.3548 (2) 344 (10) 
C(I 1) 0.4619 (5) 0.7291 (3) 0.4567 (2) 409 (10) 
C(12) 0.4165 (5) 0.6220 (2) 0.4918 (2) 367 (9) 
C(13) 0.4242 (4) 0.5286 (3) 0.4419 (2) 338 (9) 
C(14) 0.2822 (4) 0.5534 (3) 0.3856 (2) 366 (9) 
0(14) 0.1063 (3) 0.5743 (2) 0.4188 (!) 428 (7) 
C(15) 0.2603 (6) 0.4413 (3) 0.3510 (2) 463 (10) 
C(16) 0.2732 (5) 0.3678 (3) 0.4105 (2) 440 (10) 
C(17) 0.3554 (5) 0.4166 (2) 0.4619 (2) 386 (10) 
C(18) 0.6275 (5) 0.5136 (3) 0.4159 (2) 445 (11) 
C(19) 0.6351 (5) 0.8426 (3) 0.3329 (2) 414 (9) 
C(20) 0.3961 (5) 0.3657 (3) 0.5273 (2) 433 (10) 
0(20) 0.4993 (5) 0.4088 (3) 0.5675 (1) 768 (12) 
C(21) 0.3078 (6) 0.2590 (3) 0.5434 (2) 550 (11) 

Table 2. Bond distances (A) and bond angles (°)for 
non-H atoms of  the title compound with e.s.d.'s in 

parentheses 

C(i)--C(2) 1.510 (4) C(9)--C(11) 1.535 (4) 
C(I)--C(IO) 1.552 (4) C(10)--C(19) 1.556 (4) 
C(2)---C(3) 1.498 (5) C(I 1)--C(12) 1.532 (4) 
C(3)--0(3) 1.237 (4) C(12)--C(13) 1.527 (5) 
C(3)---C(4) 1.459 (5) C(13)---C(14) 1.547 (5) 
C(4)---C(5) 1.341 (5) C(13)---C(17) 1.520 (4) 
C(5)--C(6) 1.509 (5) C(13)--C(18) 1.552 (4) 
C(5)---C(10) 1.516 (5) C(14)--O(14) 1.444 (3) 
C(6)---C(7) 1.520 (5) C(14)--C(15) 1.555 (5) 
C(7)---O(7) 1.422 (4) C(15)---C(16) 1.501 (5) 
C(7)---C(8) 1.540 (5) C(16)---C(17) i.330 (5) 
C(8)--C(9) 1.555 (3) C(17)--C(20) 1.482 (5) 
C(8)---C(14) 1.521 (4) C(20)---0(20) 1.214 (4) 
C(9)--C(10) 1.570 (3) C(20)--C(21) 1.495 (5) 

C(2)--C(1)--C(IO) 113.4 (2) C(5)--C(10)--C(19) 108.4 (3) 
C(I)----C(2)--C(3) 111.4 (2) C(I)--C(IO)~C(19) 109.3 (2) 
C(2)--C(3)--C(4) 117.1 (3) C(9)---C(i 1)--C(12) 115.7 (2) 
C(2)--C(3)--0(3) 121.1 (3) C(11)--C(12)--C(13) i10.0 (2) 
0(3)--C(3)---C(4) 121.5 (3) C(12)---C(13)--C(18) 110.0 (3) 
C(3)---C(4)--C(5) 123.1 (3) C(12)--C(13)--C(17) 120.1 (3) 
C(4)--C(5)--C(10) 123.0 (3) C(12)--C(13)--C(14) 107.7 (2) 
C(4)--C(5)--C(6) 119.8 (3) C(17)---C(13)--C(18) 106.3 (2) 
C(6)--C(5)--C(10) 117.0 (3) C(14)--C(13)--C(18) 112.9 (3) 
C(5)--C(6)--C(7) 113.2 (3) C(14)--C(13)--C(17) 99.2 (2) 
C(6)--C(7)--C(8) 111.0 (2) C(8)--C(14)--C(13) 111.6 (2) 
C(6)--C(7)--0(7) 110.5 (2) C(13)--C(14)--C(15) 102.4 (2) 
0(7)--C(7)--C(8) 109.0 (2) C(13)--C(14)--0(14) 105.5 (2) 
C(7)--C(8)---C(14) 114.0 (2) C(8)--C(14)--C(15) 119.8 (3) 
C(7)--C(8)--C(9) 110.2 (2) C(8)--C(14)--0(14) 110.0 (2) 
C(9)--C(8)--C(14) 108.6 (2) 0(14)--C(14)--C(15) 106.0 (2) 
C(8)--C(9)---C(11) 113.4 (2) C(14)--C(15)--C(16) 100.1 (3) 
C(8)--C(9)--C(10) 111.6 (2) C(15)--C(16)--C(17) 111.6 (3) 
C(IO)--C(9)--C(I 1) 112.1 (2) C(13)--C(17)--C(16) 110.4 (2) 
C(5)--C(10)--C(9) 108.8 (2) C(16)--C(17)--C(20) 125.4 (2) 
C(I)--C(IO)--C(9) 108.1 (2) C(13)--C(17)--C(20) 123.7 (2) 
C(I)--C(IO)--C(5) 109.6 (2) C(17)--C(20)--C(21) 118.7 (3) 
C(9)--C(10)--C(19) 112.3 (2) C(17)--C(20)--0(20) 121.3 (3) 

0(20)--C(20)--C(21) i 19.8 (3) 
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o (20) 
C(21) ~) 

C ~  IC(20) C(12) 
C(17) ~ C  (11) 

C (16)"" ~ C  (2) 

C(~') -" C ( 8 ' ~ ~ 0 ( 3 )  

c(e) 

Fig. 1. A PLUTO diagram of the title compound showing the 
atom-numbering scheme. 

eters AC2(1,2) = 15.5, AC~(1) = 10.6 ° with an average 
internal absolute torsion angle of 25.6 °. The B and C 
rings adopt normal chair conformations with aver- 
age endocyclic absolute torsion angles of 52.8 and 
54.4 °, respectively. The D ring adopts an approxi- 
mate 14a-envelope conformation with the asym- 
metry parameters ACs(13) = 23.5 (32.5), ACs(14) = 
5.2 (1.4) and AC2(13,14) = 12.7 ° (22.7), the values in 
parentheses being the ideal values for a 14a-envelope 
conformation (Duax & Norton, 1975). The X-ray 
structure of the title compound shows that the BC 
and CD ring junctions are trans [H(8)- -C(8)- -C(9)- -  
n(9)  = 167.0 (2) and C(18)---C(13)---C(14)---O(14) = 
-175 .0  (2)°]. The progesterone side-chain orienta- 
tion is normally restricted with respect to the D ring; 
the torsion angle C(16)--C(17)--C(20)--O(20) in 84 
structures having a 20-one substitution is observed to 
be between 0 and - 4 1  °, i.e. synperiplanar to the 
C(16)--C(17) bond (Duax, Griffin, Rohrer & Weeks, 
1980). In this structure, the carbonyl at C(20) is 

antiperiplanar to the unsaturated C(16)--C(17) bond 
[C(16)---C(17)--C(20)--O(20)= 167.1 (3) °] as has 
been observed in five other 16-en-20-one structures 
(Khazheeva, Simonov, Kamernitskii, Pavlova- 
Grishina & Skorova, 1982; Duax, Langs, Strong & 
Osawa, 1979; Surcouf, 1979; Duax, Weeks & Strong, 
1979; Dastidar, Joseph, Madyastha & Guru Row, 
1991). The molecules are stabilized in the crystal 
lattice by hydrogen bonding [0(3)- . -0(7)=2.767,  
O(3)...H(O7) = 1.895 A, O(3)...H(O7)---O(7) = 
173.2°]. 

The University Grant  Commission, India, is 
thanked for financial support. 
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Structure of 1,8-Bis(hydroxymethyl)naphthalene 
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Abstract. 1,8-Naphthalenedimethanol, C12H1202, M r 
=188.24, monoclinic, P2Jn, a = 8 . 5 4 9 ( 4 ) ,  b = 
4.856 (3), c = 2 2 . 6 0 4 ( 4 )  A., f l = 9 4 . 2 4 ( 3 )  ° , V =  

* o s u  Summer Undergraduate Research Participant from 
Wittenberg University. 

t Corresponding author. 

935.8 (7)/~3, Z = 4, Dx = 1.34 g cm-3, a (Mo KS) = 
0.71073/~, /z = 0.84 cm l, F(000) = 400, T = 295 K, 
R = 0.042 for 1455 unique reflections having I > 3o-1. 
In the title structure the exterior angles at ring 
atoms C(1), C(8) and C(9) deviate significantly 
from 120 ° as a result of the steric interactions of the 
hydroxymethyl substituents. The ten C atoms com- 
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