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Sugawara, 1983). Atomic parameters are given in 
Table 1, bond lengths and angles in Table 2.* Fig. 1 
shows the molecular structure (ORTEPII; Johnson, 
1976) and atomic numbering of spironolactone. A 
MOLDRAW (Cense, 1988) stereoview of all the 
molecules as packed into the unit cell is shown in 
Fig. 2. The chemical formula is the following: 

Jlll F '0 

O / / " ' x , ~ ~  '', SOCCH3 

Related literature. Structure of the first crystalline 
modification of spironolactone (Dideberg & Dupont 
1972). The main differences between the molecule of 
the present crystalline modification and that of the 
form described by Dideberg & Dupont lie in the 
conformations of the A, D and E rings. Polymor- 
phism of spironolactone (El-dalsh, E1-Sayed, 
Badawi, Khattab & Fouli, 1983; Salole & A1-Sarraj, 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters, C--H bond distances, intracyclic torsion 
angles, interatomic intermolecular distances and distances of 
atoms from least-squares planes have been deposited with the 
British Library Document Supply Centre as Supplementary 
Publication No. SUP 51952 (17 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CHI 2HU, England. 

1985). Parameters of the D-ring configuration (AI- 
tona, Geise & Romers, 1968). Atlas of Steriod Struc- 
tures (Duax & Norton, 1975). 
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Structure of the Simple Trichothecene 7a-Hydroxyscirpene 

BY CLIFFORD GEORGE, JUDITH L. FLIPPEN-ANDERSON AND RICHARD GILARDI 

Laboratory for the Structure of Matter, Naval Research Laboratory, Washington DC 20375, USA 

(Received 10 April 1989; accepted 6 June 1989) 

Abstract. 12,13-Epoxytrichothec-9-en-7te-ol, C15H22- 
03, Mr=250"3, orthorhombic, P212121, a =  
6-522(2), b=  12.187(2), c=  16-647 (2) A, V= 
1323.1 (3) A 3, Z = 4, Dx = 1.257 Mg m-  3, h(Cu Ka) 
= 1"54178 ,~, /z = 0"652 mm-1, F(000) = 544, T=  
295 K, final R = 0.034, wR = 0.036 for 1043 indepen- 
dent reflections. The title compound is produced by 
deoxygenation of 7a-hydroxytrichodermol which is 
produced as a minor metabolite of Myrothecium 
roridum along with much larger amounts of macro- 
cyclic roridum and verrucarin trichothecenes. The 
X-ray structure established the hydroxyl group at the 
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7a rather than the 8fl position. The conformation of 
the trichothecene ring system matches closely that 
observed in other simple trichothecenes as well as 
that observed in a number of macrocyclic tri- 
chothecenes. Weak intermolecular hydrogen bonding 
occurs with the hydroxyl oxygen acting as a donor to 
the ring oxygen in the six-membered ring. 

Experimental. A clear colorless 0.13 x 0.15 x 
0-34 mm data crystal was provided by Bruce Jarvis 
of the University of Maryland. Automated Nicolet 
R3m diffractometer with incident beam mono- 
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Table 1. Atomic coordinates (x  104) and equivalent 
isotropic displacement coefficients (A 2 x 103) 

Equivalent isotropic U defined as one third of the trace of the 
orthoganalized U U tensor. 

X y z U,,q 
0(1) 4350 (3) 7656 (2) 2009 (1) 48 (1) 
0(2) 2608 (4) 6068 (2) 252 (1) 60 (1) 
0(3) 2649 (4) 4374 (2) 2576 (2) 60 (1) 
C(2) 3546 (5) 7535 (3) 1210 (2) 50 (1) 
C(3) 1531 (7) 8140 (3) 1092 (3) 68 (1) 
C(4) - 127 (6) 7336 (3) 1379 (3) 63 (1) 
(2(5) 994 (5) 6263 (2) 1621 (2) 45 (1) 
C(6) 1780 (4) 6323 (2) 2520 (2) 42 (1) 
C(7) 3411 (5) 5455 (2) 2732 (2) 43 (1) 
C(8) 4107 (7) 5547 (3) 3597 (2) 54 (1) 
C.(9) 4586 (5) 6698 (3) 3857 (2) 53 (I) 
C(lO) 3996 (6) 7527 (3) 3409 (2) 55 (I) 
C(l l)  2863 (5) 7442 (2) 2640 (2) 44 (1) 
C(12) 2850 (4) 6363 (2) 1087 (2) 44 (l) 
C(13) 4082 (7) 5486 (3) 741 (2) 58 (1) 
C(14) -346  (7) 5268 (4) 1442 (3) 67 (2) 
C(15) -31  (6) 6256 (4) 3100 (3) 63 (1) 
C(16) 5729 (8) 6827 (5) 4635 (2) 79 (2) 

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

0(1)--C(2) 1-437 (4) O(1)--C(l 1) 1-453 (4) 
0(2)---C(12) 1.445 (3) 0(2)-42(13) 1.446 (5) 
0(3)---42(7) 1.431 (4) C(2)--C(3) 1.520 (6) 
C(2)--C(12) 1.513 (4) C(3)--C(4) 1.536 (6) 
C(4)--C(5) 1-552 (5) C(5)--C(6) 1.584 (4) 
C(5)----C(12) 1-506 (4) C(5)---C(14) 1.525 (5) 
C(6)--C(7) 1.541 (4) C(6)--C(1 l) 1.548 (4) 
C(6)--C(15) 1-527 (5) C(7)--C(8) 1.515 (4) 
C(8)---C(9) 1.500 (5) C(9)--C(10) 1.314 (5) 
C(9)--C(16) 1.502 (5) C(IO)--C(1 l) 1.482 (4) 
C(12)--C(13) 1.456 (5) 

C(2)----O(1)-LC(I l) 114.0 (2) C(12)--0(2)---C(13) 60.5 (2) 
0(1)---C(2)---C(3) 112.7 (3) 0(1)--C(2)--C(12) 109.3 (2) 
C(3)--C(2)--C(12) 100.4 (3) C(2)--C(3)---C(4) 105.0 (3) 
C(3)--C(4)--C(5) 106.7 (3) C(4)--C(5)--C(6) l 1 I. 1 (3) 
C(4)--C(5)--C(12) 99.1 (3) C(6)--C(5)--C(12) 107-1 (2) 
C(4)--C(5)--C(14) 110-4~3) - - -  C(6)--C(5)--C(14) 114.0 (3) 
C(12)--C(5)--C(14) 114-2 (3) C(5)--C(6)--C(7) l l4.0 (2) 
C(5)--C(6)--C(11) 108.0 (2) C(7)--C(6)--C(15) 105.1 (2) 
C(5)--C(6)--C(15) l lO-1 (3) C(7)--C(6)--C(15) 110.7 (3) 
C(11)--C(6)--C(I 5) 108.6 (3) 0(3)--C(7)---C(6) 110.5 (2) 
0(3)--C(7)---C(8) 110-2 (2) C(6)--C(7)--C(8) 111.9 (3) 
C(7)--C(8)---C(9) 114.0 (3) C(8)--C(9)--C(10) 119-6 (3) 
C(8)--C(9)--C(16) 116.7 (3) C(10)--C(9)--42(16) 123.7 (4) 
C(9)--C(IO)--C(I l) 125.6 (3) O(l)--C(l 1)--C(6) 111.7 (2) 
O(1)--C. (1 l)--C(lO) 106-2 (3) C(6)--C(I I)--C(IO) 113.6 (2) 
0(2)--C(12)mC(2) 113.5 (2) 0(2)--C(12)--C(5) 117.4 (2) 
C(2)--C(12)---C(5) 103-7 (2) 0(2)---C(12)---C(13) 59.8 (2) 
C(2)---C(12)--C(13) 125.5 (3) C(5)--8C(12)--C(13) 128.1 (3) 
0(2)--C(13)---C(12) 59.7 (2) 

chromator. 25 centered reflections within 27 _< 20<  
78 ° used for determining lattice parameters. [(sin0)/ 
'~]m~x = 0"56 A -  1, range of hkl: 0 <_ h < 7, 0 <_ k <_ 13, 
0 _< 1 ___ 18. Standards 200, 060, 008, monitored every 
60 reflections with random variation of 2.5% over 
data collection, 0/20 mode, scan width [20(Ka0-  
1.0] to [20(K32) + 1.0] °, scan rate a function of count 
rate (4.0 ° min- l minimum, 30-0 ° min- 1 maximum), 
1189 reflections measured, 1169 unique, 1043 
observed with Fo > 3o(Fo). Data corrected for Lor- 
entz and polarization but not for absorption effects. 
Structure solved by direct methods. The least-squares 

refinement used program SHELXTL (Sheldrick, 
1980). Y.w(IFoI-IF~I) 2 minimized where w = l /  
[o~(IFol) + g.(Fo)2], g = 0"00023. Secondary- 
extinction parameter p = 0.016 (2) in F~* = F J[1.0 + 
0.002(p)Fo2/sin(2O)] °'25. There were 252 parameters 
refined: atom coordinates, anisotropic thermal 
parameters for all non-H atoms, H atoms refined 
isotropically. (A/tr)max = 0"01, R = 0.034, wR = 0.036, 
S = 1.48. Final difference Fourier excursions 0.15 
and - 0.13 e A -  3. Atomic scattering factors from 
International Tables for X-ray Crystallography 
(1974).t Atom numbering for Tables 1 and 2, atom 
coordinates, and bond distances and angles, follows 
that shown in Fig. 1. A packing diagram of the 
molecule is given in Fig. 2. 

Related literature. Details on the preparation of 7t~- 
hydroxyscirpene and 7a-hydroxytrichodermol are 
given by Jarivs et al. (1985). The structures of a 
number of compounds containing the trichothecene 
moiety have been reported including: T-2 toxin 

t Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No.  S U P  
51985 (8 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2 H U ,  England. 
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' Fig. 1. Thermal-ellipsoid plot of 7a-hydroxyscirpene with ellip- 
soids drawn at the 20% probability level. 

Q,~ rt q, 

Fig. 2. Packing diagram of 7a-hydroxyscirpene viewed down the a 
axis. 



C. GEORGE, J. L. FLIPPEN-ANDERSON AND R. GILARDI 1665 

(Gilardi, George & Flippen-Anderson, 1989), 3,15- 
diacetoxy-7,8-dihydroxy- 12,13-epoxytrichothec-9-ene 
(Hanson, 1986), Myrotoxin A and C (Jarvis, 
Crmezoglu, Lee, Flippen-Anderson, Gilardi & 
George, 1986), Verrucarin A (McPhail & Sim, 1966), 
Verrucarin B (Breitenstein, Tamm, Arnold & Clardy, 
1979) and a/fl,8fl, 15-triacetoxy- 12,13-epoxytri- 
cothec-9-en-3c~-ol (Dillen, Gorst-Allman & Steyn, 
1986). 

This work was supported by USAMRIID contract 
85MM5511. 
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Abstract. 2,3,7,8-Tetramethyl-3,8-diaza-l,6-diphos- 
phatricyclo[5.3.0.02'6]decane, CIoH2oN2P2, Mr = 
230.23, monoclinic, P21/c, a=6.852(2) ,  b =  
13.683(4), c=6.844(2)/~, fl=110-96(3) °, V = 
599.2/~3, Z = 2, Dx = 1.276 Mg m-3, a(Cu Kc0 = 
1.5418,~, /z=2.9 mm -1, F(000)=248, T=.293 K. 
The structure was refined to R -  0-041 for 948 
unique observed reflections. The molecule possesses 
a crystallographic centre of symmetry. The P--C 
bond lengths in the four-membered ring are 1.888 (2) 
and 1.915 (2)/~, with ring bond angles 86.2 (1) ° at P 
and 93.8 (1) ° at C. 

Experimental. A somewhat cloudy colourless block 
was mounted in a glass capillary. 1968 profile-fitted 
intensities (Clegg, 1981) were registered on a Stoe- 
Siemens four-circle diffractometer using graphite- 
monochromated Cu Ka radiation (20max = 130 °, one 
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hemisphere of data). An absorption correction was 
applied (crystal size 0.5 x 0.35 x 0-2 mm) that, on 
the basis of ~b scans, gave transmission factors of 
0.59-0-86. Three check reflections decreased in inten- 
sity by ca 2% and an appropriate correction was 
applied. Merging equivalents gave 997 unique reflec- 
tions (Rint --- 0.059, index ranges after merging h - 7  
to 7, k 0 to 15, 10 to 8, 948 of which with F > 4o(F) 
were used for all calculations [program system 
SHELX (Sheldrick, 1976) locally modified by GMS]. 
Cell constants were refined from 20 values of 54 
reflections in the range 60-70 °. Because the a and c 
axes are nearly equal, it is possible to construct a 
centred, metrically orthorhombic cell, but the true 
Laue symmetry is no higher than monoclinic. 

The structure was solved by routine direct 
methods and subjected to anisotropic full-matrix 
least-squares refinement on F (H atoms located in 
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