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diesters occurring in croton oil. It is interesting to note 
here that in case of croton oil several esters of 4-deoxy-4a- 
phorbol have been shown to be present as minor 
constituents 7. However, it may be argued 7 that these 
esters in fact are not the native constituents: they may be 
formed from naturally occurring (most sensitive 15,18,19) 
esters of 4-deoxyphorbol by epimerization under the acidic 
milieu of croton oil or of the croton seeds themselves. 
Although the diterpene moiety of 4-deoxy-16-hydroxy- 
phorbol esters, as for example in Croton factors F2 and F~, 
is susceptible towards alcali catalyzed epimerization in 
4-position, no corresponding 4a-epimeric esters were 
isolated from roots of Croton flavens. 
Croton factors from fruits. A preliminary investigation of 
the fruits of Croton ravens, each containing three seeds, 
yielded mixtures of croton factors exhibiting the same Rf 
values and similar irritant activities as the factors isolated 
from the roots. The presence in these mixtures of the 
parent alcohols 16-hydroxyphorbol (1) and 4-deoxy-16- 
hydroxyphorbol (5) was demonstrated by transesterification 
and subsequent thin layer chromatography. The contents 
(by weight %) of esters in this material as judged from the 
amounts of 1 and 5 is lower than that of the roots. 
According to the NMR-spectra of the mixtures of esters, 
the corresponding croton factors carry an acetate moiety. 
Further, the presence of long chain acid moieties was 
demonstrated by transesterification/gas chromatography. 
Biological activities of  some of the Croton factors described. 
In our semiquantitative standard assay on the back skin of 
mice with 7,12-dimethyl-benz (a)anthraeene as initiator v, the 
methanol extract of the roots and the irritant Croton factors 
F 1 (16-hydroxyphorbol ester type) and F 2 (4-deoxy-16- 
hydroxyphorbol ester type) were shown to exhibit cocarcino- 
genie in terms of tumor promoting activities comparable to 
that of croton oil factor A 1 (TPA). The corresponding factors 
of the cryptic irritant type (F~ and F~) exhibited little if any 

2o cocarcinogenic activity . Because of lack of material, the rest 
of the croton oil factors isolated was not available for 
assay of tumor promoting activity. 
These findings strongly suggest that the exceptionally high 
rate of esophageal cancer on Curacao may be causally 
related to cocarcinogenic phorbol derivatives ingested 
by the widespread and frequent use of Croton ravens on 
this island according to local habits 1,2. Some ideas as to 
the origin of the initiator(s) involved have been discussed 2~ 
In addition to a large body of already existing indirect 
evidence 4,21, the present findings illustrate the role which 
cocarcinogens of the tumor promoter type may play in the 

etiology of human cancer as 2nd order carcinogenic risk 
factors 3,4,21. 

~Dedicated to Prof. Dr H.P. Rusch, Director Wisconsin Clinical 
Cancer Center, Madison, Wis. USA, on occasion of his 70th 
birthday. We wish to thank Dr J.F. Morton, Morton Collectanea, 
University of Miami, Florida, USA, for kindly supplying us with 
the plant material. 
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Isotrinervi-2fl-ol. Structural isomers in the defense secretions of allopatric populations of the termite Trinervi- 
termes gratiosus ~ 
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Summary. The defense secretions of 3 allopatric populations of the nasute termite Trinervitermes gratiosus were analyzed. 
One population afforded a new trinervitene, isotrinervi-2/~-ol, a missing link in the hypothetical biosynthesis of the 
trinervitenes. Populations could be readily distinguished on the basis of the chromatographic profiles of their major and 
minor soldier frontal gland secretions. 

Nasute termite soldiers (Isoptera: Termitidae: Nasutitermi- 
tinae) eject an irritating, sticky defense secretion when 
provoked. Considerable progress has been made  in the 
elucidation of the structures of the individual diterpenoid 
'resins '2, the overall chemical composition of the secre- 
tions 3, and the use of the secretions in defense 4. Interspecif- 
ic variations in defense secretion chemistry are common- 

place among termites 2. However, no examples of intraspe- 
eific variation have been reported. My investigations of 3 
allopatric populations of the East African grass-feeding 
termite Trinervitermes gratiosus (SfiSstedt) demonstrate sig- 
nificant differences in the chemical compositions of the 
soldier secretions within a single species, including the pro- 
duction of isomeric compounds in different populations. 
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Termite soldiers were collected from mounds along linear 
transects (20-80 kin) of each of the following regions of 
Kenya: Voi (60 km), Kibwezi (80 km), and Keekorok 
(20 km). The materials were processed and the mono- and 
diterpene compositions were analyzed as described pre- 
viously 3. 
A mixture of compounds I and II was isolated by column 
chromatography (Florisil, 5% ethyl acetate-benzene) of the 
hexane extract of 2000 major soldier heads of T. gratiosus 
collected in the Keekorok area. Further purification by 
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Scheme. Principal diterpenoid constituents of Trinervitermes gratio- 
sus soldier frontal gland secretions. 

liquid chromatography (1 • 50 cm Lichrosorb $160, 30 ~tm, 
4.0 ml /min of 20% ether-hexane) afforded 25 mg of pure 
II. The electron-impact mass spectrum 5 (70 eV) of lI 
showed high-mass fragments at m/e  288 (5%, M § and 270 
(1%, M+-H20), and a base peak at m/e  41. The chemical 
ionization mass spectra (methane or isobutane) showed 
small M + +  1 peaks at m/e  289 and a base peak at 271 
( M + +  1 - HzO). The IR-spectrum (10% in CHC13) showed 
hydroxyl stretching bands at 3640 (sharp, free OH) and 
3450 cm -1 (weak, broad, H-bonded). The IH-NMR6 
showed the following important resonances: 65.11 (ddq, 12, 
6, 1 Hz, 1H, H-9), 3.92 (dd, 9.6, 7 Hz, 1H, H-2), 1.64 (s, 3H, 
H-17), 1.58 (s, 3H, H-19), 0.92 (s, 3H, H-18) and 0.81 (d, 
6.4 Hz, H-20). The t3C-NMR showed olefinic carbon 
resonances at 131.1, 127.3, 127.2 (tetrasubstituted) and 
127.5 (trisubstituted, C-9), and a single carbinol carbon at 
72.2 (C-2). Other carbon resonances (except C-3) were also 
in close agreement with the corresponding values for the 
previously-studied 2b isotrinervi-2fl,3a-diol (TG-3, IV). 
Addition of  the shift reagent Eu(fod)3 resulted in the 
following new resonance positions (negative values in 
parentheses represent ppm shifts downfield at L/S = 0.33): 
66.71 (t, 8 Hz, H-2, -2 .8) ,  5.37 (m, H-9, -0 .2) ,  3.85 (br d, 
8 Hz, H-3, about - 2 ) ,  2.41 (s, H-18, - 1.5), 2.02 (br s, H-17, 
-0 .4) ,  1.77 (d, 1.2 Hz, H-19, -0 .2) ,  0.97 (d, 6.4 Hz, H-20, 
-0.15),  0.77 (br s, H-5 and H-13, about + 1.5). Selective 
decoupling experiments confirmed these assignments. Of 
particular interest is the large upfield shift of the methy- 
lenes in the 'shielding cone' (O-Eu-H angle between 55 and 
125 ~ of the paramagnetic species 7. This is consistent with 
an axial nature for the 2fl-OH and its concomitant sharp 
free O-H stretch, since models suggest that a substituent in 
this position must lie in the concave, sterically congested 
area of the dome-like trinervitene molecule :'a and b Triner- 
vitenes possessing the exocyclic 8(19) double bond have the 
6-membered ring in a boat-like conformation placing the 
2# and 3(z substituents in equatorial positions 2'~"db 
However, isomerization to the endocyclic 8(9) double bond 
necessitates a half-chair for the 6-membered ring due to the 
reduced flexibility of the bridging 11-membered ring. 
Gas chromatographic analysis (5% Carbowax 20 M, 
4 m m •  m, 60~ of the monoterpenes produced 2 
surprising results. Major soldiers of all 3 populations pro- 
duced (z-pinene almost exclusively (_> 97%). Minor soldiers, 
however, produced mixtures of (~-pinene, fl-pinene, cam- 
phene, and limonene in the Voi and Kibwezi populations, 
but only a-pinene in the Keekorok group. Furthermore, the 

3 terpene alcohols (m/e 156) reported for the former 2 pop- 
ulations were totally absent from both major and minor 
soldiers of the Keekorok termites. 
The data comparing the distribution of the diterpenoid 
constituents of the soldier secretions are summarized in the 
figure. Analysis of individual soldiers by GLC and TLC 3 
demonstrated homogeneity within a mound; analysis of 
10 20 soldiers per mound showed homogeneity in a given 
population. No intermediate secretion types were found; in 
fact, in areas between populations, no termite mounds of 
this species were observed. 
3 dramatic differences are apparent from these data. 1. 
Minor soldiers in the Keekorok population produce no 
TG-4 (VI), a major constituent in the other 2 populations. 
2. Major soldiers from Kibwezi are depleted in both 
isotrinervitenes 11 and IV. 3. Only the Keekorok termites 
produce appreciable amounts of the new isotrinervi-2fl-ol 
(II). 
Petri-dish colonies of T. gratiosus were laboratory-reared in 
Nairobi using field-collected Voi-type alates. They were fed 
dried grass from an area not inhabited by T. gratiosus. After 
6 months, 4 surviving incipient colonies were sacrificed, 
yielding about 10 minor soldiers each. GLC analysis of the 
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secretions showed a trinervitene distribution characteristic 
of the field-collected Voi minor  soldiers. These prel iminary 
data suggest genetic patterning of the enzymes responsible 
for trinervitene biosynthesis. Furthermore,  the discovery of 
the new trinervitene II lends support to a hypothetical 
biosynthesis from intramolecular  cyclization of cembrene- 
like precursors followed by specific hydroxylation at C-2, 
C-3, C-9, C- 13, 2'~ anaf Or C- 172,b. 
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Summary. 7 monoterpenes,  a-pinene,  fl-pinene, myrcene, p-cymene, l imonene,  neral and geranial, were identified together 
with n-undecane  in the scent scales of P. melete, and also, together with considerable amounts  of linalool, in the scent 
scales of P. napi. Content  ratio of neral to geranial in P. melete ranged from 0.77 to 1.04, and that in P. napi from 1.84 to 
2.43. The present chemotaxonomic approach shows the 2 species of Pieris to be distinct. 

Some studies on the chemical structure and physiological 
functions of  scent scale substances of male but ter f ies  have 
been reported: e.g. the presence of neral, geranial and 
geraniol in the scent scales of P. napi found by Bergstrrm et 
al. 3, and the presence of nonan-1-al ,  hexadecan-1-ol, hexa- 
decan-l-ol  acetate and muurol  (or amorphol) in the scent 
scales of Lycalides argyrognomone observed by Lundgren 
et al. 4. It was said that these substances function as an 
aphrodisiac 3, like the hair pencil secretions of Danoid 
butterflies 5-8. The scent scale 9 substances of 2 species (Pieris 
melete M6n6trirs and Pieris napi japonica Shirrzu) of 
Pieridae in Japan are investigated in this paper, a) 
Material and method. The butterflies were collected in the 
mountainous district in Hiroshima Prefecture. The wings of 
3 male adults were extracted with n-pentane (5 ml) at room 
temperature. The extracts were concentrated to 10 gl under  
nitrogen stream at room temperature. 2 ~tl of each sample 
were injected into gas chromatograph-mass spectrometer. 
The JGC-20KP gas chromatograph equipped with columns 
was coupled with the JMS-D 100 mass spectrometer (JEOL 
Co. Ltd., Japan) and was operated under  the following ' 
conditions: column, 3% OV-1 gas-chrom Q (100-200 mesh) 0 
glass column (1 m x 3  mm);  column temperature pro- 
grammed 50-150~ (5~  injection temperature 
200 ~ ionizing voltage 20 and 70 eV. From each of the 
mass spectra determined, the mass units and intensity of 3 
abundant  ions, base (H0,  2-highest (H2), and 3-highest (H3) 
ions, together with molecular ion (M+), were obtained 
(table). Based on agreement of these spectral patterns with 
authentic ones, identification was carried out. For  quantita- 
tive analysis of geranial and neral, the Hitachi 063 type gas , 
chromatograph equipped with flame ionization detector 0 
was used. The gas chromatograph was operated at 120 ~ 
using PEGS (polyethylene glycol succinate on chromosorb 
W AW (60-80 mesh) 15%) column (2 m •  mm).  The 
relative percentage of individual  constituents were deter- 

mined by integration and summat ion o f  peak area with 
electric digital integrator. The individual variation of the 
content ratio of neral to geranial was obtained from 12 
heads ofP .  melete and 9 heads ofP.  napi. 
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Gas chromatogram of the scent scale substances of p. napi (a) and 
P.melete (b). 1. Unknown, 2. a-pinene, 3. fl-pinene, 4. myrcene, 
5. p-cymene, 6. limonene, 7. linalool, 8. n-undecane, 9. neral, 10. 
geranial. 


