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Abstract-Naturally occurring and synthetic analogucs and derivatives of polyacetykna and thiophenes of the 
Asteraaae were investigated for their phototoxk effects on mosquito larvae. Iodination, dimcthylation in the 3’,4’- 
position or substitution of the middle ring of a-terthienyl reduced phototoxicity. Mcthylation at the 2’-position 
increased activity. In the acetylene series, retention of a triacetyle~furan chromophore was a- for optimal 
activity. 

INTRODUCllON 

In a previous artick [l] we demonstrated the phototoxic 
properties of naturally occurring acetylenes and thio- 
phenes from members of the Asteraceae towards the 
larvae of the mosquito Aedes orgy@. Two of these 
compounds, a-terthknyl (1) and the furanoacetykne (8) 
were exceptionally phototoxic with wlos (lethal concen- 
tration for SO % mortality) of 19 and 79 ppb, respectively. 
The em of a-terthienyl has recently been evaluated in 
field trials [2,3] against the larvae of the mosquito AC& 
inrrudens. Complete control at one week was achieved in 
natural breeding pools with application rates as low as 
10 g/ha. These rates compare favorably with currently 
used organophosphates such as temephos and pirimiphos 
methyl. 

One report [4] of the phototoxicity of several anal- 
agues of 1 exists, but only qualitative (positive or negative) 
data is recorded. Considerable success has been achieved 
in the production of designed analogues of pyrethrin to 
improve e&acy and stability [S]. The present study was 
initiated to evaluate quantitatively the e5cacy against 
Aedes atropalpus of synthetic analogues and derivative-s of 
1 and naturally occuning analoguea of 8 as a first step 
towards understanding structure-function relationships 
of these compounds 

RESULTS AND DECUSSION 

Three series of analogues or derivatives of a-terthienyl 
(1) were investigated: a methyl substituted series (6,7), an 
iodo-substituted series (2,3) and a series in which the 
middle ring was substituted (4.5). Only the 2-methyl 
substituted derivative (6) increased phototoxicity 
flabk l), while the 3’.4’dimethyl derivative was an order 
ofmagnitude less toxic than 1. The methyl tcrthienyl (s) is 
the only naturally occurring derivative, probably suggest- 
ing that evolutionary pressure by insects on plants has 
selected e!Iicient structures for plant &fence. In the iodo 
series, activity declines rapidly in the order of increa&g 
iodination: 1 > 2 > 3. The spectra of the above detiva- 
tives (2,3,6 and 7) are similar to a-tetthienyl (l), suggest- 
ing that changes in phototoxicity are due to factors other 

than changes in light absorption. For example, the 
changes may be due to attachment to different sites in 
target cells or tissues which may depend on the partition 
coefficient and/or structure of the compound. In the third 
series, the substitution of the middle ring with a benzene 
ring (4) slightly reduces activity while pytidine substi- 
tution (5) reduces the phototoxic effect by an order of 
magnitude. In this series, the chromophore is ahed and 
in the case of 4 there is no absorption in the photosensi- 
tizing region (3o-400 mu). This latter compound is the 
only one in the series that shows no significant enhance- 
ment under irradiation as compared to dark conditions 
and its activity can be attributed to non-photosensitizing 
effects. This activity is much higher than the non- 
photosensitizing toxicity of a-terthienyl [LD,, 
= 0.74 ppm (l)] and may be the starting point for the 
design of a conventional non-phototoxic insecticide. 

In series 2, 8 is the most active. Replacement of the 
ttiacetykne portion of the molecule with a thienyl- 
acetylene (9) reducea the activity by an order of magni- 
tude. Similarly replacement of the furan of 8 with an 
epoxide in 10 produces an even greater reduction of 
activity. Compound 11, with both a phenyl and a furan 
ring, showed the least activity. The results suggest that 
conservation of the furan and triacetylene moities is 
ncctSSary for activity. The proportion of naturally occur- 
ring&-nunsisomersof9(l:l)and8(1:5)isalteredon 
near-UV irradiation and this isomerization may play an 
important role in the phototoxic mechanism of these 
compounds. 

EXPERIMENTAL 

Insect rearing and toxkity tuld A&s atropdpus hnac from a 
stock maintained in the laboratory were wed [Z]. Toxicity testa 
were pcrforme4l M described in ref. [l]. 

So8wc43h~Sptbcrirof~gwx~willbc 
dcacrii in detail elacwhac (A) a-Tcrthiwyi (I), 1,34thiwyl- 
banmt (4) and 2&dithiwylpyridioe (s). wae prqxual using a 
modifkdGrignu+Wurkwuplingte3ctim [6].Incachcase,2 
cguivaknts of Mhienylnugmitm~ bromide vvc added to the 
appropr&d~~taiwmpoundTberea&onswerecarrkd 
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Fig. 1. Structure of synthetic amdogucs and daivativcs of a-tcrthicnyl, 1 (series 1) and naturally oaurring 
maloguc3 of the furanoacaykne 8 (series 2). 

Tabk 1. Acute 24 hr phototoxicity ofamlogues to Aedes 
atropalpus larvae 

KS0 

Compound @pm) is, r 

1 0.0275 0.0422 1.00 
2 30.7 9330 0.989 
3 >l >I - 

4 0.060 a320 0.820 
5 0.261 0.680 1.00 
6 0.0153 0.0269 0.932 
7 0.164 0.209 0.998 
8 0.100 0.300 0.952 
9 0.858 1.57 0.992 
10 1.47 8.91 0.999 
11 3.71 6.30 1.00 

Lanolin 1OOmlofwatcrwerctrcataiwith4hrncar- 
UV irradiation from a bank of four bkckIi&t blue tubts 
(4 w/m’) immediately following addition of test com- 
pound, then held in the dark for a further 20 hr. No 
mortality wan seen in controls 

out in anhydrous Et,0 under N, with the catalyst dkMoro(l,3- 
bis[diphcnylphosphinopropanc]) nickel After refIuxing for 2 br, 
the reactions were stirred for 24 hr and then worked up with 3 N 
HCL The Et20 layer was separated and evaporated under red. 
prca yielding the coupkd product. (B) The iodination of a-T was 
done using HgO and I1 in C,I&,, although CHCI, and Ccl, 
could also be used as solvents The reaction yielded a mixture of 
mono (2) and diiodinatai (3) products which were subsequently 
separated chromatographically. (C) ZMcthyl terthknyl (6) was 
prcparrd by lithiating a-f in anhydrous Eta0 at room temp. 
using BuLi and then quenching with MeL A mixture of 
monomcthylated and dimethylated a-T was obtained. (D) 3’4’- 
LXmcthyl-Us5’-terthienyl(7) was synthcsixui using a modi- 
fiai Wittig rauztion [7] involving the addition of Zthknyl 
dithiocarboxymcthyl ester to cthylidcnetriphcnylpbospboranc 
to give a thiocarbonyCstabi yIidc. The dimetbyl derivative 
was obtained after pyrolysis of the ylkk. The products of the 
above reactions WQC puriBal by CC or HPLC. Complete 
experimental details and structural amsignment for new corn- 
pounds will be published separately. (B) Compounds 9-l 1 were 
extractal by one of us (Lpm) from plant source& Compound 6 
was isolated from roots of Chryscmthemum leuuanthemum L, 11 
(carlins oxide) from Carlin0 acaulis (caulcsans) L, 10 (pontica 
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cpoxide) from Artmrirh pontica L and 9 from Santolina 
cIlamaecyPxf&wis L [s-l I]_ 
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