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Oxotuberostemonine, one of the Stemona alkaloids, was first isolated by Kondo, Satani 

and Odere 0). Edwards, Feniak and Handa (2) showed that it was related to tubsrostemonXne, whose 

structure was established (3) shortly thereafter. However, insufficient evidence was available 

to distinguish between several possible structures for oxotuberostemonine, and andkrq~ crystal 

structure analysis was therefore under-t&an. 

The crystal data are as follows: 

Oxotuberostemonine (C22H3105N) 
Orthorhcmbic cell 8 = 10.29, h = 24.50, 2 8.3@ 

Space Group P212121 2 = 4 M.W. = 389 

Density D, = 1.229 Q = 1.237 @/Cm3 

The intensities of 1836 independent reflections were visually estimated from equi- 

inclination Weissenberg photographs uhich uere taken with CuK4 radiation about the a and 2 

crystallographic axes. 

Attmupts at solving this structure were unsuccessful for several years. These in- 

cluded the use of direct phasing techniques such as vector search and symbolic addition proce- 

dures. Of these attempts, the latter, involving a symbolic approach to Farle and Qbuptman*s (4) 

statistical phasing methods, appeared the most premising. However, this revealed two important 

irregularities. Firstly, the high normalized structure factors were not distributed evenly 

throughout reciprocal space; there was a preponderance of terms with C=O, 3 and 6, and a defi- 

ciency of hOJ reflections with h or G odd. Secondly, in the application of the symbolic addition 

procedure, phase contradictions were generated at an early stage in the extension process. 
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The first of these irregularities indicated that the molecule has marked snisotropic 

thermal motion so that normalization involving the usual isotropic temperature factors is inads- 

quate. Anisotropic temperature factor corrections were therefore estimated using sn approach 

described b Haslen (s), and this made a considerable improvement in the distribution of E*s. At 

this time a set of programs was being prepared for the application of Karle and Hauptmanvs direct 

phasing methods based primarily on the repeated application of the tsngent formula, rather than 

symbolic addition procedure. The phase set is extended from the origin and enantiauorph defining 

phases directly, using lower E values than is custacary with the conventional symbolic addition 

procedure. A carefully weighted iteration with the tangent formula is used to correct errors in 

the generated phases. Occasionally a symbol is introduced to accelerate the phase extension, 

but its value is not determined, non-arbitrary phases being generated only by addition and sub- 

traction of the phase symbol. These programs, which are equally applicable to centrosymmetric 

or noncentrosymmetric space groups, had proved very successful in the solution of a number of a 

test structures. because of its past difficulties, oxotuberostemcnine was selected for the first 

attempt on an unknown structure. 

The phases of three reflecticms, of type Cuu, gu0, and uCu, were specified in order to 

define the cell origin, and the phase of another reflection, uu0, was chosen to fix the ensntio- 

morph. One undetermined symbol was used to accelerate extension of the phasing process among the 

larger EvS. Thre repetitive application of the tangent formula to these reflections enabled the 

extension and refinement of phases to reflections with E's above successively leaver threshold 

values. Ten iteration cycles were performed for each of the five threshold values 2.0, 1.9, 

1.8, 1.7, and 1.5. In the refinement the phases converged rapidly, particularly in the latter 

stagegproviding an internally consistent set of 258 reflections. 

These reflections were used to calculate a three-dimensional Map. This enabled 26 

of the 28 non-hydrogen atcms to be identified and another atom to be restricted to one of two 

alternative sites. A subsequent difference map resolved the two unknown atomic sites. 

Four cycles of least-squares refinement using isotropic temperature factors followed 

by sFX cycles of least-squares calculations with anisotropic temperature factors have reduced R, 

the reliability index, to 0.075. The structure is thus shoun to be essentially correct. 

The molecular structure of oxotuberostemonine viewed along the a axis is ehaun in 

Figure 1, and it can therefore be formulated as I. The structure is similar to that of tubero- 
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stanadne (II), ht involve8 the additian of an cqgen atan (at C(3)*) and the incorporatian of 

a daable band (between C(1) and C(2)) as the empirical foxmula soggestsd. 

I II 

There is al.80 a striking and unexpected difference between the two ring systw in the region of 

the lactcne ring which is fused to the six-membered ring. Xn oxotuberost2cwine th8 y-hctone 

ring involves the oxygen atcm O(l), and the ring. fU8iOn is alcmg the C(3)4(4) bend, resulting in 

a spire junction of the lactcne and pyrrolidine rings at C(3). In tuberostmmmine, on the other 

hand, -gem atan O(s) forms part of the la&one ring, and ring fusion is along the C(&)-C&) bond. 

The fornurtion of oxotuberostemondne fran tuberostem&e, which can be acccm@shed by 

mercuric acetate ozddaticm (2), muet involve a relactonisation as well as the introduction of the 

curggen atan 8nd the double bond. The hydroxyenamdne formatian ia of a type discovered b Leonard 

and co-workers (6). The locaticm of the double bond and new carbcn-ozqgen bend had been suggested 

by Fdnards (7) cm the basis of this knoun oxidation p&Way, and the fact that oxotuberostemonine 

was not smoothly dehydrogenated to a vole. However the relactonisation is unexpected. This 

relactcnisati~ ha8 the effect of making the oxotuberostemonine molecule more compact than it 

wouldothernisebe. Also, in the crystal structure, it makes possible the formation of a hydrogen 

bond between O(5) and O(2) of adjacent molecules; the wqgenqgen distance is 2.8Ao. 

The structure of tuberostemcndne, in the form of ita methobrcmide dehydrate, has also 

been studied by X-ray diffraction recently, 8nd it8 absolute confdguraticn has been determined 

(8). & comparison of the portions of the two molecule8 which are unaffected by the oxidation, 

it can be proved that oxotUberostemo7IiIIe is shown in the correct absolute configuration in 

Figure 1. Wherever the two structures are camparable, the configurations determined by the two 

analyses agree. In both molecules the la&one ring and six-mm&ered ring are cis-fused. The 

*Thenumbering scheme is arbitrary. 
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azacycloheptene ring in oxotubarostemonine is in chair form, and the pyrrolidine ring is 

puckered, with C(12) deviating about 0.652 from the mean plane through the other four atoms. 

Fig. 1. 

Large, small, and double circles represent oxygen, carbcn, and nitrogen atoms respectively. 
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