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Abstract. M r = 4 1 2 . 6 ,  orthorhombic, P212,21, a =  
15.539 (3), b =  19.840 (4), c =  7.931 ( 2 ) L  V =  
2445,/k 3, Z - - 4 ,  D _ = 1 . 1 3 ( 1 ) ,  D x = l . 1 2 g c m  -a, 
2(Mo Ka) = 0.71069 '~, # = 0.66 cm -1, F(000) = 904, 
T =  293 K, final R = 0.048 for 1430 observed reflec- 
tions. The structure determination establishes the 
configuration of the epoxy oxygen as 9a,10a and 
locates the position of the double bond. The A-C rings 
are respectively in half-chair, half-boat and chair 
conformations whilst the D ring exists in a confor- 
mation intermediate between a 13fl-envelope and 
13fl,14a-half-chair. The 17fl-side chain is in the most 
common extended conformation. Bond lengths and 
angles are normal. 

Introduction. Westphalen's (1915) attempt to force 
acetylation of the tertiary hydroxyl group of (I) resulted 
in dehydration with rearrangement. Hydrolysis and 
oxidation of the product gave a non-conjugated 
diketone in which the position of the double bond was 
controversial but which is now well established to have 
structure (II) on the basis of chemical and spectro- 
scopic studies (Coxon, Hoskins & Ridley, 1977). 

OAc 0 0 

(I) (II) (III) 

During the course of other studies we epoxidized 
diketone (II) with m-chloroperbenzoic acid and ob- 
tained the expected, previously reported epoxide 
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(Shafiullah, Ghaffari & Ali, 1980) along with a minor 
unsaturated epoxide (III), for which we now report a 
single-crystal X-ray structure analysis. The crystal 
structure is of interest for determination of the ring 
conformations in the uncommon 5fl,9a,10a steroid 
skeleton. A number of chemical and spectroscopic 
studies have attempted to deduce the conformations of 
Westphalen steroids (Glotter, Rabinsohn & Ozari, 
1975) but to our knowledge no crystal structures have 
been reported. 

Experimental. Colourless crystal, 0.63 x 0.17 x 
0.15 mm, from petroleum ether. Dm by flotation 
(aqueous potassium iodide solution). Nicolet R3m 
automated four-circle diffractometer, graphite- 
monochromated Mo Ka, lattice parameters from 24 
reflections in range 23 < 20 < 26°; 20mR x = 46 °, stan- 
dard reflections (no change) 800, 060, 002; 1979 
unique reflections measured, 1430 with I > 2a(/) used 
in refinement, h 0-17, k 0-21, l 0-8, no absorption 
correction; structure solved by direct methods, blocked- 
cascade least-squares refinement, all non-H atoms 
anisotropic, H atoms included in calculated positions 
with isotropic thermal parameters equal to isotropic 
equivalent of their carrier atoms ( C - H  0.96 A); 271 
parameters refined, function minimized ~,w(IFol- 
IFcl) 2, R = 0.048, wR = 0.046, w = [tr2(F) + 
0.00045F2] -1, S =  1.36, max. (A/a) value = 0.04 
[U12C(20)], av. (A/a)=O.O1, Ap in final difference 
m a p = - 0 . 1 8  to +0.15 e A -3. All calculations on a 
Nova 4X computer using SHELXTL (Sheldrick, 
1983), atomic scattering factors of SHELXTL used 
(International Tables for X-ray Crystallography, 
1974). 
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Table 1. Atom coordinates (xl04) and equivalent 
isotropic temperature factors ( A 2 x 10 3) 

x y z Ueq* 
0(3) 5642 (2) 7201 (2) 5406 (5) 98 (2) 
0(6) 6147 (3) 9059 (1) 9553 (4) 92 (1) 
0(9) 6940 (2) 9562 (1) 5106 (3) 52 (l) 
C(l) 6000 (3) 8790 (2) 3547 (5) 68 (2) 
C(2) 5981 (3) 8125 (2) 3702 (6) 77 (2) 
C(3) 5872 (3) 7784 (2) 5314 (6) 68 (2) 
C(4) 6064 (3) 8202 (2) 6831 (5) 63 (2) 
C(5) 5773 (2) 8940 (2) 6675 (5) 44 (l) 
C(6) 6068 (3) 9335 (2) 8222 (5) 53 (2) 
C(71 6264 (3) 10070 (2) 8036 (5) 49 (l) 
C(8) 5970 (2) 10411 (2) 6411 (4) 44 (1) 
C(9) 6167 (3) 9974 (2) 4884 (5) 42 (I) 
C(10) 6096 (2) 9236 (2) 5043 (5) 46 (1) 
C(I l) 6065 (3) 10316 (2) 3197 (5) 59 (2) 
C(12) 6420 (3) 11041 (2) 3095 (5) 57 (2) 
C(13) 6131 (3) 11468 (2) 4578 (5) 49 (1) 
C(14) 6403 (3) 11097 (2) 6181 (4) 45 (I) 
C(15) 6304 (3) 11604 (2) 7621 (5) 63 (2) 
C(16) 6531 (3) 12281 (2) 6754 (6) 70 (2) 
C(17) 6626 (3) 12144 (2) 4852 (5) 51 (1) 
C(18) 5149 (3) 11600 (2) 4507 (6) 67 (2) 
C(19) 4778 (3) 8973 (2) 6676 (6) 68 (2) 
C(20) 6379 (3) 12769 (2) 3762 (5) 59 (2) 
C(21) 6428 (3) 12630 (2) 1863 (5) 74 (2) 
C(22) 6915 (3) 13386 (2) 4204 (6) 71 (2) 
C(23) 6512 (3) 14053 (2) 3702 (6) 67 (2) 
C(24) 7052 (3) 14666 (2) 4151 (6) 70 (2) 
C(25) 6636 (3) 15347 (2) 3797 (6) 62 (2) 
C(26) 5871 (3) 15469 (2) 4916 (7) 87 (2) 
C(27) 7279 (3) 15921 (2) 4016 (7) 92 (2) 

* Equivalent isotropic U defined as one third of the trace of the 
orthogonalized U u tensor. 

Table 2. Bond lengths (A) and angles (o) 

O(3)-C(3) 1.212 (6) O(6)-C(6) 1.195 (5) 
O(9)-C(9) 1.463 (4) O(9)-C(10) 1.462 (4) 
C(1)-C(2) 1.325 (6) C(I)--C(10) 1.487 (6) 
C(2)-C(3) !.457 (7) C(3)-C(4) 1.491 (6) 
C(4)-C(5) 1.539 (5) C(5)-C(6) 1.525 (6) 
C(5)-C(10) 1.507 (5) C(5)-C(19) 1.548 (5) 
C(6)-C(7) 1.499 (5) C(7)-C(8) 1.525 (5) 
C(8)-C(9) 1.520 (5) C(8)--C(14) 1.530 (5) 
C(9)-C(10) 1.473 (5) C(91-C(11) 1.508 (5) 
C(11)-C(12) 1.543 (5) C(12)-C(13) 1.518 (5) 
C(13)-C(14) 1.527 (5) C(13)-C(17) 1.561 (5) 
C(13)-C(18) 1.550 (6) C(14)--C(15) 1.530 (5) 
C(15)-C(16) 1.549 (6) C(16)-C(17) 1.539 (6) 
C(17)-C(20) 1.559 (5) C(20)-C(21) 1.533 (6) 
C(20)-C(22) 1.521 (6) C(22)-C(23) 1.518 (5) 
C(23)-C(24) 1-520 (5) C(24)-C(25) 1.524 (5) 
C(25)-C(26) 1-503 (6) C(25)-C(27) 1-525 (6) 

C(9)-O(9)-C(10) 60.5 (2) C(2)-C(1)-C(10) 
C(1)-C(2)-C(3) 123.2 (4) O(3)-C(3)-C(2) 
O(3)-C(3)-C(4) 122.7 (4) C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 114.0 (4) C(4)-C(5)-C(6) 
C(4)-C(5)-C(I0) 110.0 (3) C(6)-C(5)-C(10) 
C(4)-C(5)-C(19) 109.5 (3) C(6)-C(5)-C(19) 
C(10)-C(5)--C(19) 108.4 (3) O(6)-C(6)-C(5) 
O(6)-C(6)-C(7) 120.8 (4) C(5)-C(6)-C(7) 
C(6)-C(7)-C(8) 117-0 (3) C(7)-C(8)-C(9) 
C(7)-C(8)-C(14) 111-3 (3) C(9)-C(8)-C(14) 
O(9)-C(9)-C(8) 112-8 (3) O(9)-C(9)-C(10) 
C(8)-C(9)-C(10) 118.9 (3) O(9)-C(9)-C(11) 
C(8)-C(9)-C(11) 115.4 (3) C(10)--C(9)-C(I 1) 
O(9)-C(10)--C(1) 112.3 (3) O(9)-C(10)-C(5) 
C(I)-C(10)-C(5) 114.9 (3) O(9)-C(10)-C(9) 
C(I)--C(10)--C(9) 122.0 (3) C(5)-C(10)-C(9) 
C(9)-C(I 1)--C(12) 115.4 (3) C(I 1)-C(12)-C(I 3) 
C(12)-C(13)-C(14) 107. l (3) C(121-C(13)-C(17) 
C(14)-C(13)-C(17) 99.3 (3) C(121-C(13)-C(18) 
C(14)-C(13)-C(18) 112.6 (3) C(17)--C(13)-C(18) 
C(8)--C(14)--C(13) 114.0 (3) C(81--C(14)--C(15) 
C(13)-C(141---C(15) 106.1 (3) C(14)-C(15)-C(16) 
C(15)-C(16)-C(17) 107.7 (3) C(I 3)---C(17)-C(16) 
C(13)--C(17)-C(20) 119.0 (3) C(16)---C(17)-C(20) 
C(17)--C(20)-C(21) 113.0 (3) C(17)-C(20)--C(22) 
C(21)--C(20)-C(22) 110. l (4) C(20)--C(22)-C(23) 
C(22)-C(23)-C(24) 114.1 (4) C(23)--C(24)-C(25) 
C(24)-C(25)-C(26) 111.8 (4) C(24)--C(25)-C(27) 
C(26)-C(25)-C(27) 109.3 (4) 

121.3 (4) 
122.1 (4) 
115.2 (4) 
109.6 (3) 
113.0 (3) 
106.2 (3) 
120.4 (4) 
118.7 (3) 
111.1 (3) 
108.9 (3) 
59.7 (2) 

116.3 (3) 
121.0 (3) 
116.2 (3) 
59.8 (2) 

119.0 (3) 
112.0 (3) 
116-3 (3) 
110.9 (3) 
110-2 (3) 
116.9 (3) 
102.4 (3) 
103.9 (3) 
112.3 (3) 
112.2 (4) 
114.6 (4) 
115.5 (4) 
111.3 (4) 

Discussion. Positional parameters and equivalent iso- 
tropic thermal parameters for the non-H atoms are 
listed in Table 1.* Bond lengths and angles are in Table 
2. Fig. 1 shows a perspective view of the molecule and 
includes the atom labelling. 

The structure determination unambiguously estab- 
lishes the configuration of the epoxy oxygen as 93,10a, 
and locates the position of the double bond between 
C(1) and C(2). 

Consideration of the signs and magnitudes of the 
intra-annular torsion angles (Fig. 2) and comparison 
with standard values (Bucourt, 1974) give the following 
ring conformations, ring A: 4a,5fl-half-chair with 
asymmetry parameter (Duax, Weeks & Rohrer, 1976) 
AC2[C(1)-C(2)]=6.8(5)°;  ring B: 5fl,8fl-half-boat 
with ACs[C(5)]- 8.7 (5) ° and ACs[C(6)-C(7)]= 
11.9(5)°; ring C: chair with AC2[C(9)-C(l l ) ]=  
2.2 (5)°; ring D: intermediate between a 13fl-envelope, 
ACs[C(13)] = 10.4 (5) ° and a 13fl,14a-half-chair, 
AC2[C(13)-C(14)] = 9.9 (5) °. This intermediate con- 
formation for ring D is confirmed by the values of the 
pseudorotation parameters (Altona, Geise & Romers, 
1968) ~'m = 45.9 (4) ° and A = 15.1 (4) °. 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom coordinates have been deposited with the Brit ish L i b r a r y  
Lend ing  Division as Supplementary Publication No.  S U P  39977  
(12 pp.). Copies may be obtained through The Executive Sec re t a ry ,  
International Union of Crystallography, 5 A b b e y  Square, Chester 
C H  1 2 H U ,  England .  

A,-,~ C(191 ~//,) C('181 C(211 C1261 

0131 C( C(11 C(II) 

btt.4 ~ ----- 
Or9) 

0t61 C(61 

Fig. 1. Perspective view and atom labelling of  the title compound. 
Hydrogen atoms are omitted for clari ty.  

C 8 H 1 7  

O ~  ~ ~  - . . 

0 
Fig. 2. Intra-annular torsional angles (% e.s.d's < 0 .5  °) for the title 

compound. 
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These ring conformations are consistent with the 
t rans-syn- t rans-ant i - t rans  ring junctions (Boeyens, 
Bull & Van Rooyen, 1980). For related Westphalen 
compounds chemical-reactivity studies were interpreted 
in terms of a half-chair conformation for ring B whilst 
NMR studies have shown this ring to be relatively 
flexible (Glotter et al., 1975). 

The 17fl-side chain exists in the extended confor- 
mation which is the most common conformation in 
cholestane derivatives (Duax, Griffin, Rohrer & Weeks, 
1980). All intermolecular contacts between non-H 
atoms are > 3.2/~. 

We wish to acknowledge grants from the Research 
Committee of the New Zealand Universities Grants 
Committee. 
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Structure of 1,4-Dinitrosopiperazine, C4HsN402 
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Abstract. Mr= 144.13, orthorhombic, Pbca, a =  
9.495 (4), b = 6 . 5 7 0 ( 3 ) ,  c =  10.521 (7)/k, V =  
656.3 (9) ,tk 3, Z = 4, D x = 1.459, D m -- 1.427 Mg m -3, 
2 = 0.7107 ,A,, g = 0.0877 mm -~, F(000) = 304, T = 
293 K, final R = 0.089 for 959 independent reflections. 
The molecule is centrosymmetric, the piperazine ring 
having a chair form. The two nitroso groups are in the 
anti form. The N - O  bond length is 1.202 (4)./k, and 
the N - N - O  angle 113.4 (3) °. The molecules are 
packed together to form infinite ribbons along the [ 110] 
direction. 

Introduction. As the piperazine system offers a rich 
selection of conformational questions, molecular shapes 
of this system have been investigated by NMR, dipole 
moment, and electron diffraction. Since piperazine 
derivatives are of interest due to their pharmacological 
activity and natural occurrence, we have studied the 
crystal structures of these derivatives by the X-ray 
method under a current program of this laboratory 
(Okamoto, Sekido, Itoh, Noguchi & Hirokawa, 1979; 

* To whom correspondence should be addressed. 
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Okamoto, Sekido, Ono, Noguchi & Hirokawa, 1982). 
1,4-Dinitrosopiperazine (DNP) was chosen because it 
possesses several modes of conformational flexibility 
and it is a potent carcinogen in various animals. 
Lambert, Gosnell, Bailey & Henkin (1969) reported 
that the centrosymmetric anti form of DNP appeared 
to be present exclusively in the solid state, but a clear 
choice between a chair form and a boat form was not 
provided. The present work was undertaken to obtain 
the unambiguous structure of DNP. 

Experimental. Colorless rectangular prismatic crystals 
(m.p. 430 K) obtained by slow evaporation from an 
ethanol solution. D m measured by flotation in a mixture 
of toluene and tetrachloromethane. Crystal 0.5 x 
0.5 x 0 .6mm.  Rigaku AFC-III  four-circle diffrac- 
tometer, MoKt~ radiation monochromatized by a 
graphite plate. X-ray intensity data measured by t9--20 
scan, scan speed 4 ° min -~ in 20. Cell dimensions 
determined by least-squares method R S L C - 3  (UNICS,  
1967) using 13 reflections with 2 5 . 0 ° <  0 <  29.9 ° . 
Systematic absences h = 2n + 1 in hk0, k = 2n + 1 in 
Okl, and l = 2n + 1 in hOl. 959 independent reflections 
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