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The ‘pyrethrins’ comprise a group of six closely related 
insecticidal esters, and are found in the flower heads of 
pyrethrum, Tanacetum cinerariifolium (syn. Chrysan- 
themum cinerariaefolium) [l]. They are based on the 
common structure (1). The esters command considerable 
interest from the point of view of their biosynthesis, not 
least because of the unusual ‘tail-to-middle’ combination 
of isopentane units found in the cyclopropane ring 
(‘chrysanthemyl’) portions of their structures. A similar 
combination of isopentane units is found in ‘presqualene’ 
and ‘prephytoene’, intermediates in the biosynthesis of 
squalene and phytoene respectively. Biosynthetic studies 
directed towards understanding the mechanism whereby 
this unusual combmation of isopentane umts is accom- 
plished m the pyrethrins have been frustrated by low 
incorporations and seasonal variations of administered 
radiolabelled precursor molecules to intact plants of 
7: cinerariifolium [Z, 31. Accordingly we have examined 
the suitability of tissue cultures of this species for con- 
ducting more refined biosynthetic experiments. 

Undifferentiated callus tissue was initiated from sterile 
six week old seedlings of T. cinerariifolium and grown 
statically at 27’ under fluorescent lights of ca 1500 lux 
intensity, on a modified Murashige and Skoog’s medium 
[4] supplemented with 2,4-dichlorophenoxyacetic acid 
(0.5 mg/l.), kmetm (0.75 me/l.) and casein hydrolysate 
(1 g/l.) solidified with Agar (0.7 %). Frequent sub-cultur- 
ing provided a 4 kg sample of the callus for pyrethrin 
analysis. Newly isolated callus differentiated roots when 
the 2,4-dichlorophenoxyacetic acid and kinetin were 
omitted from the medium, and naphthaleneacetic acid 

‘tail-to-middle’ 

(1 mg/l.) was added and the cultures maintained in dark- 
ness. Shoot formation was accomplished only at low and 
irregular frequency when newly isolated callus was placed 
on a medium containing P-indolylacetic acid (0.01 mg/l.) 
and kinetin (3 mg/l.) in darkness. After one month, 
cultures which had produced shoots were grown under 
light prior to collection for pyrethrin analysis; those 
cultures having either roots or shoots present were also 
analysed for insecticidal pyrethrins. 

TLC and GLC analysis of the petroleum extract of 
undifferentiated callus tissue, and comparison with 
authentic specimens. failed to reveal the presence of 
pyrethrins in the callus [5] or in the medium in which 
the callus was grown. Although a peak coincident with 
authentic cinerin I (1. R = R’ = Me) was found in 

GLC analysis, inspection of the MS of the peak from a 
CC-MS analysis failed to support its authenticity (cf. 
ref. [5]). Attempts to detect pyrethrins in callus which 
had differentiated only roots were also unsuccessful. 

GLC analysis of shoots which had been differentiated 
from callus revealed the presence of the six pyrethrin 
esters, cinerin I, jasmolin I, pyrethrin I, cinerin II. jas- 

malin II and pyrethrin II in the ca proportions 
3:14:76:0.2:0.8:6; a similar ratio of pyrethrms was 
found in four week old seedlings. The authenticity of 
the pyrethrins in the shoots was indicated by GC-MS 
of extracts and comparison with mass spectra from 
authentic specimens [6]. In addition a combined ‘pyreth- 
rin I’ fraction ( - 1.5 mg) (containing - 85 y0 pyrethrin I) 
from fifteen shoots was separated by TLC and analysed 
by PMR [7, 81. The resultant spectrum was almost 

R = Me, CO,Me 
R’ = Me, Et, vinyl 
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totally superimposable on that of authentic pyrethrin 
I(1, R = Me, R’ = vinyl). 
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that pyrethrins have recently been detected in callus 
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cultures [ll], we are currently examining cultures of 
Tanacetum cinerariifolium for alternative, and biosyn- 
thetically significant, metabolites. 
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Structure 1 has been proposed for a cyclodepsipeptide 
named beauvellide, isolated from a strain of Beauveria 
tenella, on the basis of spectral data, essentially low 
resolution MS (M + 5 15) [l] A closely related cyclodepsi- 
peptide from a strain of Beauveria bassiana, beauverolide 
H [2], was the assigned the structure 2. This structure 
was deduced from high resolution MS analysis (M + 487) 
and acidic hydrolysis giving L-phenylalanine, L-alanine 
D-leucine and R-/?-hydroxynonanoic acid [3]. MS also 
showed the presence of a small amount of a homologue 
3 derived from fi-hydroxyundecanoic acid, beauverolide 
I (M+ 515). 

? I 
CH-CH,~CO~NH~CH~CO~NH~CH~CO~NH~CH~~O 

I I 
RI 2 R3 

1 R, = CH,Ph, R, = Me, R, = CH(Me) Et. n=7 
2 R, = CH,Ph. R, = Me, R3 = CH,CHMe,, n = 5 
3 R, = CH,Ph, R, = Me, R, = CH,CHMe,, n = 7 

The low resolution MS of beauvellide showed an 
intense M-28 peak(mle487) attributed to theelimination 
of CO [4]. However, as the elimination of CO was 
not observed in the high resolution MS of beauverolide 
H, it appeared that beauvellide could be a mixture of 
two depsipeptides of respective MW 487 and 515, 
identical to the mixture of beauverolides H and I. 

A high resolution MS [3] was run on beauvellide and 
was identical to the spectrum of the mixture of beauver- 
olides H and I [3]. An aminoacid analysis performed 
on a small amount of product after acid hydrolysis 
confirmed the presence of the aminoacids phenylalanine, 
alanine and leucine. No isoleucine [l] was detected. 

Beauvellide is thus a mixture containing principally 
beauverolide H (or an isomer thereof in which one or 
more of the aminoacid and/or hydroxyacid units 
have the opposite configuration), the minor constituent 
being beauverolide I (or an isomer). 
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