
6. R. W. Storherr and R. T. Holley, J. Agric. Food Chem., No. 2, 745 (1954). 
7. S. G. Yunusova and S. D. Gusakova, Khim. Prir. Soedin., 40 (1982). 
8. M. Talipova, A. I. Glushenkova, and A. U. Umarov, Khim. Prir. Soedin., 44 (1981). 
9. S. G. Yunusova, Author's Abstract of Candidate's Dissertation, Chemical Sciences, Tash- 

kent (1984). 
i0. S. G. Yunusova, S. D. Gusakova, and Ya. V. Rashkes, Khim. Prir. Soedin., 436 (1982). 
II. E. N. Frankel, W. E. Neff, W. K. Rohwedder, B. P. S. Khambay, R. F. Garwood, and B. C. L. 

Weedon, Lipids, 12, 901 (1977). 
12. T. G. Zhmyrko, N. T. Ul'chenko, ~. I. Gigienova, and A. I. Glushenkova, Khim. Prir. 

Soedin., 32 (1986). 
13. S. D. Gusakova, S. G. Yunusova, T. V. Chernenko, I. P. Nazarova, and A. I. Glushenkova, 

Khim. Prir. Soedin., 677 (1986). 
14. M. I. Goryaev and I. Pliva, Methods of Investigating Essential Oils [in Russian], 

Izd. Akad. Nauk KazSSR, Alma-Ata (1962). 
15. A. A. Tyshchenko, S. D. Gusakova, I. P. Nazarova, and A. I. Glushenkova, Khim. Prir. 

Soedin., 354 (1987). 
16. Z. V. Todres, Radical Ions in Organic Synthesis [in Russian], Khimiya, Moscow (1986), 

pp. 26, 56. 
17. A. Rawyler and P. A. Siegenthaler, Experientia, 42, No. 6, 658 (1986). 
18. J. Novrocik, M. Novrocikova, and A. Capek, Coll. Czech. Chem. Commun., 47, 476 (1982). 
19. A. Kornfeldt and L. B. Croon, Lipids, 16, 306 (1981). 
20. Handbook on Methods of Investigation, Technical and Chemical Control, and the Accounting 

of Production in the Oils and Fats Industry [in Russian], Vol. I,~VNIIZh, Leningrad, 
(1967), p. 822. 

21. W. V. Dompert and H. Beringer, Fette Seifen Anstrichm., No. 3, 109 (1976). 

CRYSTAL AND MOLECULAR STRUCTURES OF THE 

SESQUITERPENE LACTONE PYRETHROIDININ 

B. Tashkhodzhaev, B. Kh. Abduazimov, G. B. Nazarov, 
and S. A. Talipov 

UDC 547.314+548.737 

The crystal structure of the sesquiterpene lactone pyrethroidinin, in the inde- 
pendent part of the elementary cell of which there are two molecules, has been 
determined by x-ray structural analysis. A stereochemical analysis is given of 
the results, and the structure 3=,10e-dihydroxy-le,68,7~(H)-guaia-4(5),ll(13)- 
dien-6,12-olide is proposed for pyrethroidinin. 

The sesquiterpene lactone pyrethroidinin C15H200 ~ (I), isolated from Pyrethrum pyre- 
throides was subjected to a preliminary study by spectral methods and for it was proposed 
a guaianolide structure with the translinkage of rings B/C [i]: 

~H 

HO~= I 

O 
In order to ascertain the other stereochemical aspects of the structure of pyrethroid- 

in - the configuration of the three asymmetric centers Cl, C3, and C10, and the conformations 
of the rings - we have performed an x-ray structural investigation. 
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' -  Fig. i. Structures of molecules la and lb. 

TABLE i. Endocyclic Torsional Angles of the Structure 
of (I) (% deg) in Comparison with the Theoretical 
Figures for Unsubstituted Cyclopentane and Cycloheptane 

Ring 

A 
Cyclopentene: 

Fragment 

C1--C2--C3--C4 
C2--C3--C4--C5 
C3--C4--C5--CI 
C4--C5--CI--C.2 
C5--CI--C2--C3 

%°I a 

- - 1 4  

1o 

-11 

~1, b 

7 

'~theor 

--46 
29 
0 

--29 
46 

B 

Cyc loheptane 

C8--C9--C10~C 1 
C9--ClO--CI--C5 
C10--C1--C5--C6 
CI --C5--C6 -C7 
C5"---C6--C7--C8 
C6--C7--C8--C9 
C7--C8--C9--CI0 

--70 
85 

--64 
--13 

79 
--84 

67 

---70 
83 

--60 
--I0 

75 
--82 

65 

--62 
99 

--82 
0 

82 
--99 

62 

C 

Lac tone. 

O 4---~C 12--C I 1--C7 
C12--CI I--C7--C6 
C1 I--C7--C6--O4 
C7--C6--O4--C12 
C6-O4---C12--CI l 

1 6  

--35 
38 

--31 
II 

10 
~27 

32 
--27 

12 

15 
--39 

48 
--39 

15 

TABLE 2. Coordinates (x i0 ~) of the Nonhydrogen Atoms in the 
Structure of Pyrethroidinin 

Atom 

CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CI0 
Cll 
C12 
C13 
C14 
C15 
Ol 
02 
03 
04 

2038(12) 
3312(12) 
4659(14) 
3805(14) 
2379(13) 
1353(14) 

--39803) 
376(16) 
952(17) 
2611(14) 

--1510(14) 
--1108(14) 
--2715(16) 

4632(14) 
4680(17) 
4789(9) 
2836(9) 

--1980(10) 
335(8) 

Molecule Ia 

1248(4) 
1898(4) 
1272(5) 
29C(5) 
272(4) 

- -  596(4) 
-- 447(5) 
-- 237(5) 

8200) 
1241(4) 

~1335(5) 
--1625(4) 
--1826(6) 
--527(5) 

787(5) 
1599(3) 
2227(3) 

--2202(3) 
--1079(3) 

4704(2) 
4995(2) 
5280(2) 
5241(2) 
4925(2) 
4770(2) 
4443(2) 
3969(3) 
3905(2) 
4200(2) 
4527(2) 
4993(3) 
4253(3) 
5494(3) 
4100(3) 
5740(2) 
4o51(1) 
5224(2) 
5157(1) 

- -  794(14) 
- -  118(18) 

268(18) 
- -  447(14) 
--1013(13) 
--1669(13) 
--2452(15) 
- -  775(17) 
- -  194(14) 

741(12) 
-371005) 
--434907 ) 
--4195(22) 

- -  324(18) 
2601(15) 

--829(12} 
1289(9) 

--5568(16) 
~3280(I0) 

Molecule Ib 

1410(5) 
2317(5) 
2o5o(5) 
lO17(5) 
684(5) 

- -  314(5) 
-- 554(5) 

648(5) 
344(6) 

1053(4) 
--1405(5) 
--1297(7) 
--2157(6) 

5(13(6) 
694(6) 

2645(4) 
1860(4) 

--1730(7) 
- -  590(4) 

6819(2) 
7069(2) 
7572(3) 
7596(2) 
7297(2) 
7127(2) 
6658(2) 
6307(2) 
6139(2) 
6468(2) 
6761(3) 
7238(31 
6512(4) 
8940(2) 
6587(3) 
7876(2) 
6192(2) 
7448(3) 
7432(2) 
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Fig. 2. Packing of the molecules in the structure of (I). 

Pyrethroidinin crystallizes with two molecules (la and Ib) in the independent part of 
the elementary cell. Figure 1 shows in a projection on the bc plane, the spatial structures 
of molecules Ia and Ib, from which it can be seen that the crystallographically independent 
(but chemically equivalent) pyrethroidinin molecules Ia and Ib have the same conformations 
of the rings and orientations of the substituents. The orientation of the substituents in 
the C6 and C7 asymmetric centers (linkage of rings B/C) agrees with that proposed previously. 
The orientations of the other substituents are as follows: ~-orientations of the H atom 
in position 1 and of the hydroxy groups in positions 3 and i0; G-orientation of the methyl 
group at CI0. Consequently, pyrethroidinin has thestructure of 3~,10~-dihydroxy-l~,6~,7e(H)- 
guaia-4(5),ll(13)-dien-6,12-olide. 

The conformations of rings A, B, and C of guaianolides are usually described in two 
ways: a) the characteristic planes through certain atoms are given and then the deviations 
of other atoms from the given planes are considered [2-5]; and b) the intracyclic torsional 
angles are calculated and are compared with the values calculated for the unsubstituted cy- 
cloalkanes [6, 7]. It is generally assumed that the latter variant better characterizes 
the stereochemistry of the rings, particularly when they adopt intermediate conformations 
[7], and we shall use it in our analysis of the conformations of the rings of pyrethroidinin. 

In the molecule of (I), the cyclopentadiene ring A assumes a flattened envelope conforma- 
tion with C s symmetry (in Ib, the ring is greatly flattened and has a practically planar 
conformation; Table i). The cycloheptene ring has a slightly distorted chair conformation, 
since the difference ~exp -~ theor (deviation from the ideal chair) in some fragments reaches 
22 ° , but on the whole the symbatic and antisymmetric natures of these magnitudes are retained. 
The values of the intracyclic torsional angles of the lactone ring agree better from the 
values calculated for cyclopentane with the half-chair conformation and C 2 symmetry. How- 
ever, because of the presence of two sp2-hybridized carbon atoms and the O heteroatom, the 
lactone ring C is appreciably flattened. 

The geometry (lengths of the bonds and the valence angles) of the structure of (I) is 
given in Fig. i. A comparative analysis of the chemically identical interatomic distances 
and valence angles of molecules Ia and Ib reveals no anomalous deviations and shows good 
agreement of them (averaged values) with those observed in known sesquiterpene lactones [3, 
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4]. The errors of the determination of the bond lengths and valence angles were not more 
than 0.011 ~ and 0.7 ° , respectively. 

The packing of the molecules is shown in Fig. 2 in a projection on the bc plane. Inter- 
molecular H-bonds of the O-H...O type exist in the crystals. The nominally identical mole- 
cules Ia (with the Oiia...O2ia intermolecular distance 2.72 ~) and Ib (Oiib...O3ib distance 
2.79 ~), connected with one another by alternating H-bonds, form infinite helices along the 
a and b axes. These helices are linked by other Oiia...O2ib H-bonds (2.74 ~) forming an in- 
finite three-dimensional system in the crystal. 

EXPERIMENTAL 

Single crystals of (I) were grown from a mixture of the solvents ethyl acetate and hex- 
ane. The space group and the parameters of the elementary cell were determined from preces- 
sion photographs and were refined on a Syntex P21 diffractometer using Cu K a radiation: a = 
6.798(4), b = 14.026(7), c = 29.78(1) A, dcalc= 1.242 g/cm3; space group P212121; z = 8. 
A three-dimensional set of intensities was obtained on the diffractometer mentioned, and 
1616 structural factors exceeding 2o were used in the calculations. The search for a model 
of the structure was begun by the direct method using the Rentgen-75 program [8]. However, 
numerous variations - a change in the number of Ehk £ products in the TPSR, the "manual" 
choice of coordinate and reference reflections, and the combination of these parameters with 
the use of the ZI criteria - did not lead to the solution of the problem. The search was 
therefore continued with the aid of the MULTAN program included in the XTLSM group [9]. It 
was possible to reveal a model of the structure by this program with an extension of the 
number of Ehk £ products in the TPSR. The further refinement of the structure was performed 
by the method of least squares according to the Rentgen-75 program, first in the isotropic 
and then in the anisotropic approximation. The final value of the divergence factor taking 
the H atoms found experimentally into account was 0.091. The coordinates of the nonhydrogen 
atoms of the molecules Ia and Ib are given in Table 2. 

CONCLUSIONS 

The spatial structure of the sesquiterpene lactone pyrethroidinin has been determined 
by the x-ray structural method; it corresponds to 3=,10e-dihydroxy-l~,6~,7=(H)-guaia-4(5),- 
ll(13)-dien-6,12-olide. 
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. 

3. 

, 

5. 
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