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An x-ray structural study has been made of the sesquiterpene lactones hanphyllin, 
salonitenolide, and sachosin: diffractometer; CuK~ radiation; 997, 950," and 
1245 reflections, respectively; direct method; R factors 0.049, 0.099, and 0.081. 
All three molecules have the chair-chair conformation with configurations of the 
ID 14 and 15D 5 types. 

Continuing a study of the spatial structures of sesquiterpene lactones by the x-ray 
structural method [i, 2] we have investigated compounds isolated previously - hanphyllin (I) 
[3] and salonitenolide (II) [4, 5] - and the new germacrane lactone sachosin (III) isolated 
from Saussurea sachosa. The results of the investigation have permitted the reliable deter- 
mination of stereochemical aspects of their structure: the linkage of the rings, the confor- 
mation of the ten-membered ring, and the orientations of the substituents. 
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Spatial illustrations of the molecules are shown in Figs. I-3. The lactone rings in the 
6, 7 positions in these molecules are trans-linked with the germacrane rings. In compounds 
(I) and (II) the hydroxy groups at C3 (I) and C8 (II) have the $- and e-orientations, respec- 
tively. In compound (III), the OAc group at C8 and the hydroxy methyl group at C4 have the 
~- and ~-orientations respectively. 

The values of the torsion angles of the germacrane ring (Table i) permit compounds (I), 
(II), and (III) to be assigned to the trans-trans-germacranolides - germacrolides [6]. 

By projecting the molecules of (I), (II), and (III) onto a plane perpendicular to the 
mean square plane of the germacrane ring it is possible to see that the endocyclic double 
CI=CIO and C4----C5 (in compound (III), the 4(5)-epoxy group can be considered as the stereo- 
chemical equivalent to a double bond) are twisted, and the substituents in positions C4 and 
CI0 are syn-directed and are 6-oriented relative to the plane of the germacrane ring. Con- 
sequently, the germacrane rings assume the chair-chair conformation and a configuration of 
the zD ±4, iSD 5 type [7]. This conformation of the ten-membered ring is typical for trans- 
linked 6,7-germacrolides [8]. 

Earlier, on the basis of the results of a study of the structures of the germacrane 
esters chimganidin [9], shiromodiol [i01, and 7,8-germacrane lactones a hypothesis was ex- 
pressed on the predominance of certain conformations out of the four possible ones - chair- 
chair (A), boat-chair (C), and two types of boat-boat (B, D), i.e., i(i0), 4(5) dienic germac- 
rolides with the e-orientation of the substituent at C6 should have conformation A or B with 
the 8-orientation of the C15 methyl group [2]. In view of the e- and 6-orientations of the 
C6-O1 and[ C4-C15 bonds, respectively and the A conformation adopted in compounds (I), (II), 
and (III), and also from an analysis of literature information, this hypothesis can also be 
extended to 6,7-germacrolides. 
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TABLE i. Intracyclic Torsion 
Angles (deg) of the Hanphyllin 
(I), Salonitenolide (II), and 
Sachosin (III) Molecules 

Angle i ~i I[: 

C1--C2--C3- C4 
~2-- C3--C4--C5 
C3--C4-- C5-C6 
C4--C5-C6--C7 
C5--C 6 -  C7--C8 
:C6-C7--C8--C9 
C7--C8-- C9--CI0 
C8--C9--CI0-CI 
~:~--CIO-- CI--C2 
CI0--C I-- c2--C3 
C6--C7--CI I - Cl2 

.C7--CII--C12--01 
CI I--C12--O1--C6 
C12--01--C6--C7 

OI--C6--C7--CII  

52,1[ 
--87,7~ 

-130, 4; 
~1 6[ 

--86,8~ 
70,6 I 

-1o9.81 
166.7 l 

-102.0 I 
2.o,51 

-12,9 I 
--3,5 

17,8 
--23,9 

52.2 
--84,i 

150,6 
-148.0 

91,5 
--69,5 

67,2 
-126.C 

168,~ 
--94, 

19 c 

20," 
--23, I 

43,6 
--90.8 

146,0 
--108.3 

102,0 
--116,9 

83.4 
--89.9 

16~,~ 
--115.0 

7.5 
2,1 
7,5 

--1,2 
--4.6 

1179 1~I 6 

F i g .  1° S p a t i a l  s t r u c t u r e  o f  h a n p h y l l i n  ( I ) °  

A c o m p a r i s o n  o f  t h e  t o r s i o n  a n g l e s  o f  t h e  g e r m a c r a n e  r i n g s  o f  t h e  ( I ) ,  ( I I ) ,  and ( I I I )  
m o l e c u l e s  shows a g e n e r a l  c l o s e n e s s  o f  t h e  c o r r e s p o n d i n g  m a g n i t u d e s  ( s e e  T a b l e  1 ) ,  a l t h o u g h  
t h e  d i f f e r e n c e  in  t h e  v a l u e s  o f  t h e  a n g l e s  r e l a t i v e  t o  t h e  C5--C6, C7--C8, and C9--C10 bonds 
r e a c h e s  40 °.  C o n s e q u e n t l y ,  t h e  p r e s e n c e  o f  d i s s i m i l a r  s u b s t i t u e n t s  in  v a r i o u s  p o s i t i o n s  
(C3, C8, C14, and C15) and a l s o  t h e  i n c l u s i o n  o f  an epoxy  g r o u p  in  p l a c e  o f  a d o u b l e  bond in  
t h e  C4(5)  p o s i t i o n  do n o t  s u b s t a n t i a l l y  a f f e c t  t h e  c o n f o r m a t i o n  o f  t h e  g e r m a c r a n e  r i n g s  o f  
t h e s e  m o l e c u l e s .  

The l a c t o n e  r i n g s  o f  t h e  m o l e c u l e s  o f  ( I )  and ( I I )  ( F i g s .  1 and 2) h a v e  t h e  e n v e l o p e  con -  
f o r m a t i o n  and t h e  c o r r e s p o n d i n g  symmet ry  C s .  I t  can be s e e n  f rom T a b l e  1 t h a t  t h e  v a l u e s  o f  
t h e  t o r s i o n  a n g l e s  o f  t h e  l a c t o n e  r i n g s  o f  m o l e c u l e s  ( I )  and ( I I )  a r e  a l m o s t  t h e  same and 
t h e i r  changes  a r e  s y m b a t i c  w i t h  t h o s e  c a l c u l a t e d  t h e o r e t i c a l l y  f o r  u n s u b s t i t u t e d  c y c l o p e n t a n e  
[ 1 2 ] .  I t  can be s e e n  f rom t h e  v a l u e s  o f  t h e  t o r s i o n  a n g l e s  o f  m o l e c u l e  ( I I I )  t h a t  t h e  l a c t o n e  
ring in it is highly flattened. 

Figure 3 gives the values of the bond lengths and valence angles (the errors of their 
determination are not greater than 0.016 ~ and 0.8 ° , respectively), which agree with the 
standard figures [13]. 

Packin Z of the Molecules in the Structures of (I)~ (II), and (III). An analysis of 
intermolecular contacts shows the formation of H-bonds of the O-H...O type in all three struc- 
tures investigated. In structures (I) and (III), and hydroxy groups at C3 (I) and C15 (III) 
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Fig. 3. Spatial structure of sachosin (III): 

CI--CIO--CI4 1 9 3 , 3  C4--C5--03 69.6 
C5--C4--C15 122,1 C4-C15- -04  II0,6 
C5--C~--03 59,4 C5--03 -C4 61,0 
C 3 - C I - - 0 3  116,1 1~ I4--CtO-CI 111.4 
C3--C4-  CI5 I17,2 C14--Cl0--C9 I16,9 
C15--C4--03 108,8 
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and the carbonyl groups of the lactone ring participate in H-bonds with the distances 03...02 
(-x, i/2 + y, i/2 - z) of 2.92 A (I) and 04...02 (--x, i/2 + y, i/2 - z) of 2.83 ~ (IIl); 
these bonds create continuous chains of molecuies along the b axis. In the crystal structure 
of (II) two groups of intermolecular H-bonds are observed. The hydroxy groups (at the C15 
_atoms), bound by a 61 screw axis participating in 04...04 H-bonds (x - y, x, I/6 + z) 2.74~, 
form continuous chains of molecules along the c axis. The second hydroxy group (at C8) and 
the carbonyl group in the lactone ring of the molecule, by a derived 31 screw axis, also form 
a 03...02 H-bond (-7, x - y, i/3 + z), 2.82 ~. 

EXPERIMENTAL 

Crystals of .(I) and (III) were grown from acetone, and crystals of (II) from a mixture 
of chloroform and acetone in a ratio of 1:3. 

The space groups and parameters of the elementary cells were established by the photo- 
graphic method and were refined on a Syntex-P21 (I): diffractometer a = 11.413(2), b = 
11.561(1), c = 10.220(2) ~; (IIl): a = 6.987(3), b = 11.912(4), c = 22.112(3) ~, space group 
for (I) and (III) P212121, z = 4; for (II): a = b=18.570(1), c = 7.035(2) ~; space group 
P6 I, z = 6. 

In the calculations we used 997 (I), 950 (II), and 1245 (III) independent nonzero re- 
flections. The structures were interpreted by the direct method using the Rentgen-75 program 
[14] in the automatic regime and were refined by the method of least squares (MLS) first in 
the isotropic and then in the anisotropic approximation to R = 0.090 (I), 0.108 (II), and 
0.093 (III). Difference series enabled all the hydrogen atoms to be found for the (I), (II), 
and (III) molecules. 

The final values of the divergence factors after four iterations of MLS taking the H 
atoms into account (without refinement) were 0.049 (I), 0.099 (II), and 0.081 (IIl). The 
coordinates of the basis atoms are given in Table 2. 

SUMMARY 

The spatial structures of three germacrolides - hanphyllin, salonitenolide, and the new 
sesquiterpene lactone sachosin -- have been established by the method of x-ray structural anal- 
ysis; they have the chair-chair conformation with a configuration iD 14, 15D s type. 
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