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The solution and thin layer photochemistry of pyrethrin I, related pyrethreoids, and
other AUmysamriamaras, s TRIAIVAL AMISINRIAL IR, ATTRITULNL. TH. TRARIT, RS e » AR ML I
to the need for pyrethroid insecticides of enhanced potency and photostability. We now
wish to report the photoproducts fram the most potent pyrethroid insectieide, [8l-g-cyeno-
3-phenoxybenzyl cis-[1R,3R]-2,2-dimethyl-3-(2,2-dibromovinyl )eyclopropanecarboxylate ( })3.
Ester photochemistry generally involves decarbox;ylationu, deca.]:‘bonylza.tion5 , and other types
of ¢ieavage while photochemical modifications of cyclopropanecarpoxylates lead o epimerized
and ring-open products2. The n-T7" and Tf-ﬂ'* mixed transition of }‘_’ ()\na.x 278 nm) extends to
A 230 ax and Whms pregents e posiBllity of extensive environmental decogposition wis
photoreactions of the various functional groups present.

Photolysis of 1 (8 x lO_3M) in methanol, hexane, or 40% water-acetonitrile was earried
out through Pyrex in a Rayonet reactor eguipped with RPR 3000 lamps (peak output A 290-320 nm).
The products (Scheme 1) were isolated by preparative TLC and GLC and identified by comparison
with authentic standards using various combinations of GLC, TLC, TR, NMR and CI-MS (1, 2,

4-8, 11 and }2‘;&)6’7 or by GLC-CI-MS only (3, g, 10 and }g’-ﬁ). They were guantitated by
GLC {Dexil on Varaport-30) with a flame ionization detector.

A simpler product mixture is obtained in hexane than in methanocl (Scheme 1). Compound
,3.} undergoes isomerization, decarboxylation, and debromination to yield E; 3, and E,
respectively. Although the principal compound (}‘1-) that retains the original ester linkage
is formed by trans-debromination of ’J‘_) small amounts of the cis-debromo~ and didebromo-
derivatives of ‘?‘.., are slzc observed. A winylice radical intermediaste is probably loweived
in the formation of compound )lt’ since one atom of deuterium is incorporated at the vinyl

position when the photolysis is carried out in Cb.0OD.

3

Major products fram the acid moiety in methanol and hexane are the dibromovinyl (Z)
and monobromovinyl k;(:) acids and, in methanol, their meihyl esters \§, and f.;y Piotolysis
of 1 in aqueous acetonitrile yields only 5 from the acid moiety. Formation of 6 and 8 in

o~ e -~ e

meticnrol Goes wob Proceted Tha & Fetems inUErneiiace SNt Tn PRSUSLYSIs of :'; {107 dm
C‘DFQJ; they incarparahe anly three denterium atoms (GIL-CGT-M8). Further.direct photolysis
of 5 (10 3M) in methsnol yields non-isomerized 2 and 7 and their methyl esters (6 and 8) in

a manner similar to that reported in the photolysis of other carboxylic acids . In contrast
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to the predominant trans-debromination of 1 in methanol, direet photolysis of é/ (lO'3M) in
methanol yields products arising from cis- and trans-debromination in approximately equal
amounts. The alcohol moiety may sterically hinder cis-debromination in 1 but not in 6.
Vinylic free radicals are probable intermediates in these photoreduction: since dimer;:
material appears upon photol;ys;s of § in concentrated (1071¥) solutions and by analogy with

studies on other vinyl bromides Compounds % and }‘Q’ are minor products from the acid

moietylo .

The alcohcl moiety yields the nitrile (A];'L‘), dimers (}?,, and }i), compound 1k, the cyano-
hydrin (13), and the aldehyde (16) wpon photolysis of 1 in methanol or hexane. An authentic
sample of i.zyields };ﬁ upon photolysis in methanol. The wmajor product of /J; in hexane,
absent in methancl, is the benzoyl cyanide (‘1.:‘{). In contrast, the methyl benzoate (18
the major product in methancl and on photolysis in CD30D the trideutero compound is formed.
Authentic benzoyl cyanide @;Z) in methanol is readily converted to the methyl ester (}‘Q)
upon heating at 50° or on photolysis. In aqueous acetonitrile, the aldehyde (16) and 3-
phenoxybenzoic acid are the only major products from the alcohol moiety. Thus, the benzoyl
cyanide cbserved in hexane is proposed as a novel intermediate leading to methyl 3I-phenoxy-
benzoate in methanol and the corresponding acid in aqueous acetonitrile.

Products not retaining the original ester linkage (,5;’3;@ can be explained by homolytic

cleavage of the ca,rboxyl-carbonll

or acyl-oxygen bondste , ¥ielding the hypothetical inter-
mediates shown in Scheme 1. No photoepimerization is apparent at the benzylic carbon so
recombination of the radical intermediates must occur in sterecspecific manner, as shown
previously for aryl methyl estersio. Decarboxylation (}) and decarbonylation (1.2) products
form in other systems via radical intermediates, and in some cases Ycage" processes have

been implied’3.

Since the relative rates of disappearance of }, in wvariocus solvents decrease
with increasing solvent viscosity (hexane > cyclohexane, methanol > ethancl » 2-propancl),
the major degradative processes do not appear to involve "cage'-type intermediates. "Cage"
processes appear %o be involved to a greater extent, however, in the photolysis of ’]‘.’ in
2-propanol where the major products (e.g., E;}Q are formed without extensive fragmentation

of the molecule.

Several results with ’]‘ﬂ’ support previous findings of excited triplet state intermediates
in ester photo]ysisll. Thus, sensitized photolysis of ’]‘., is observed in deoxygenated methanol
with benzophenone or 16 (102M) and in acetone solution; the reaction, however, is not as
efficient as that obtained by direct irradiation of l and it gives an increased amount of
isomerized material. Isobutyrophenone (10~ M) sengitized photolysis of 6 (10" 3M) in benzene
yields the trans isomer as the only major product. This presumably involves diradical
formation via a triplet excited state followed by ring closure to the preferred trans
configuration as shown previcusly in other cyclopropanecarboxyla.tese. When photolysis of
1 is carried out in hexane solutions of piperylene, styrene or 1,3-cyclohexadiene (lO-EM)
or in oxygen saturated hexane, the rate of disappearance is conslderably decreased and no new
products are detected. The photochemical pathways of }' mst then include at least partial
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intersystem crossing to the triplet and reaction from that excited state.

The variety of chrom nd possible reactive gites in 1 make further
-
its photochemistry necessary to determine in more detail the excited states from which

various products originate and the fate of products arising from the acidic component.
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