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Abstract—Naturally occurring and synthetic analogues and derivatives of polyacetylenes and thiophenes of the
Asteraceae were investigated for their phototoxic effects on mosquito larvae. Iodination, dimethylation in the 3'4'-
position or substitution of the middle ring of a-terthienyl reduced phototoxicity. Methylation at the 2'-position
increased activity. In the acetylene series, retention of a triacetylene-furan chromophore was necessary for optimal

activity.

INTRODUCTION

In a previous article [ 1] we demonstrated the phototoxic
properties of naturally occurring acctylenes and thio-
phenes from members of the Asteraceac towards the
larvae of the mosquito Aedes aegypti. Two of these
compounds, a-terthienyl (1) and the furanoacetylene (8)
were exceptionally phototoxic with LCs0$ (lethal concen-
tration for 50 %, mortality) of 19 and 79 ppb, respectively.
The efficacy of a-terthienyl has recently been evaluated in
field trials [2, 3] against the larvae of the mosquito Aedes
intrudens. 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-
ogues 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 efficacy and stability [5]. The present study was
initiated to evaluate quantitatively the efficacy against
Aedes atropalpus of synthetic analogues and derivatives of
1 and naturally occurring analogues of 8 as a first step
towards understanding structure—function relationships
of these compounds.

RESULTS AND DISCUSSION

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
(Table 1), while the 3',4'-dimethyl derivative was an order
of magnitude less toxic than 1. The methyl terthienyl (6) is
the only naturally occurring derivative, probably suggest-
ing that evolutionary pressure by insects on plants has
selected efficient structures for plant defence. In the iodo
series, activity declines rapidly in the order of increasing
iodination: 1 > 2 > 3. The spectra of the above deriva-
tives (2, 3, 6 and 7) are similar to a-terthienyl (1), 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 pyridine substi-
tution (5) reduces the phototoxic effect by an order of
magnitude. In this series, the chromophore is altered and
in the case of 4 there is no absorption in the photosensi-
tizing region (300400 nm). 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 (1)] 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
triacetylene portion of the molecule with a thienyl-
acetylene (9) reduces 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
necessary for activity. The proportion of naturally occur-
ring cis-trans isomers of 9 (1: 1) and 8 (1:5) is altered on
near-UV irradiation and this isomerization may play an
important role in the phototoxic mechanism of these
compounds.

EXPERIMENTAL

Insect rearing and toxicity tests. Aedes atropalpus larvac from a
stock maintained in the laboratory were used [2]. Toxicity tests
were performed as described in ref. [1].

Sources in compounds. Synthesis of anajogues 2-8 will be
described in detail elsewhere. (A) a-Terthienyl (1), 1,3-dithienyl-
benzene (4) and 2,6-dithienylpyridine (5), were prepared using a
modified Grignard-Wurtz coupling reaction {6]. In each case, 2
equivalents of 2-thienylmagnesium bromide were added to the
appropriate dibrominated compound. The reactions were carried
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Fig. 1. Structure of synthetic analogues and derivatives of a-terthienyl, 1 (series 1) and naturally occurring
analogues of the furano-acetylene 8 (series 2).

Table 1. Acute 24 hr phototoxicity of analogues to Aedes out in anhydrous Et,0 under N, with the catalyst dichloro(1,3-
atropalpus larvac bis[diphenylphosphinopropane]) nickel. After refluxing for 2 hr,
the reactions were stirred for 24 hr and then worked up with 3 N

LCso LCo0 HCL The Et;O layer was separated and evaporated under red.

Compound (ppm) (ppm) r pres. yielding the coupled product. (B) The iodination of a-T was
done using HgO and I, in C¢Hs, although CHCIl, and CCl,

1 0.0275 0.0422 1.00 could also be used as solvents. The reaction yiclded a mixture of
2 30.7 9330 0.989 mono (2) and diiodinated (3) products which were subsequently
3 >1 >1 — separated chromatographically. (C) 2-Methyl terthieny] (6) was
4 0.060 0.320 0.820 prepared by lithiating a-T in anhydrous Et; O at room temp.
s 0.261 0.680 1.00 using BuLi and then quenching with MelL A mixture of
6 0.0153 0.0269 0932 monomethylated and dimethylated a-T was obtained. (D) 3'4'-
7 0.164 0.209 0.998 Dimethyl-2,2",5',2"-terthicnyl (7) was synthesized using a modi-
8 0.100 0.300 0.952 fied Wittig reaction [7] involving the addition of 2-thienyl
9 0.858 1.57 0.992 dithiocarboxymethyl ester to ethylidene-triphenylphosphorane
10 1.47 891 0.999 to give a thiocarbonyl-stabilized ylide. The dimethyl derivative
11 N 6.30 1.00 was obtained after pyrolysis of the ylide. The products of the
above reactions were purified by CC or HPLC. Complete

Larvae in 100 ml of water were treated with 4 hr near- experimental details and structural assignment for new com-
UV irradiation from a bank of four blacklight blue tubes pounds will be published separately. (E) Compounds 9-11 were
(4 w/m?) immediately following addition of test com- extracted by one of us (Lam) from plant sources. Compound 8

pound, then held in the dark for a further 20 hr. No was isolated from roots of Chrysanthemum leucanthemum L., 11
mortality was seen in controls. (carlina oxide) from Carlina acaulis (caulescens) L., 10 (pontica
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epoxide) from Artemisia pontica L. and 9 from Santolina
chamaecyparissus L. [8-11].
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