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PHOTOCHEMISTRY OF CONJUGATED POLYACETYLENES: PHOTOREACTION OF 1,4
DIPHENYL-1,3-BUTADIYNE WITH DIMETHYL FUMARATE

Sang Jin Lee and Sang Chul Shim"
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150, Chongyangni, Seoul 130-650, Korea

Summary: Irradiation of 1,4-diphenyl-1,3-butadiyne (DPB) with dimethyl fumarate (DMFu) in
deaerated tetrahydrofuran yields a primary 1:1 photoadduct 1 and further irradiation of the solution
results in the formation of novel 1:2 photoadducts, Il and Hl as the secondary photoadducts.

The photochemistry of conjugated polyacetylenes has received relatively little attention compared
to corresponding olefins. We had previously reported the photoreaction of 1,4-diphenyl-1,3-
butadiyne with some olefins such as 2,3-dimethyl-2-butene(DMB) and dimethyl fumarate(DMFu).!(@)
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We obtained, however, 1:1 cyciobutene and 1:2 cyclopropyl addition products from pho-
toreactions of conjugated polyacetylenes with olefins,1®)-®) and we have reinvestigated the pho-
toreactions of DPB with the same olefins. Detailed study on the photoreaction of DPB with an
electron rich olefin, DMB, has been reported“b) and our previous structural assignment of the
products were proven to be incomplete and/or wrong. In this investigation, we report more detailed
photocycloaddition reaction of DPB with an electron deficient olefin, DMFu.
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lrradiation of DPB(4mmol) with DMFu{100 mmol) in deaerated THF at 300 nm yields a 1:1
photoadduct, 1-(phenylethynyl)-2-phenyl-trans-3,4-bis(methoxycarbonyl)-cyclobutene(l),2 and 1:2
photoadducts, 2-(trans-methoxycarbonyl)ethenyl-2-methoxy-3-(1-phenyi-trans-2,3-bis(methoxy-
carbonyl))cyclopropyi-3-phenylethynyloxirane(ll)® and trans-2,3-bis(methoxycarbonyl)-1-(1-phenyl-2,3-
bis(methoxycarbonyl))cyclopropyi-1-phenylethynyicyclopropane(ill)* in 13%, 12%, and  14% yields,
respectively(Scheme 1). Dark red products, probably polymers, were obtained as the major by-
products in the reaction.

The structure of these photoadducts were determined by various physical methods,24 including
BC-NMR spectroscopy, which is vital for the determination of the reaction sites. Photoadducts
HIl do not show the characteristic vibrational fine structure of conjugated polyacetylenes in the
UV absorption spectra as shown in Figure 1. The absorption maxima were red shifted in 1 and
blue shifted in Il and Ml. IR spectra show acetylenic stretching bands, with medium intensity in
1 and weak in Il and M. Mass spectra of all the photoadducts show M* peaks, indicating that
the photoadduct | is formed by addition of one DMFu, while Il and Il are formed by addition
of two DMFu molecules to one molecule of DPB, We would like to reassign the correct structure
of the products as |, Il, and Wl on the contrary to the structure reported in reference 1(a).5

As shown in Figure 2, the 1:1 photoadduct(l) is initially formed and extended irradiation of the
solution results in decrease of | and the formation of 1:2 photoadducts(ll and Wll) indicating that
1 is the primary photoadduct and Il and lll are the secondary photoadducts. Photolysis of pure
I with DMFu in THF results in the formation of Il and lll strongly supporting that 1 is the primary
and # and Wl are the secondary photoadducts.
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Figure 1. UV absorption apectra of DPB Figure 2. Reaction profile of the photoreac—
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The photocycloaddition reaction of DPB with DMFu to give | is efficiently quenched by
tetracene(E;=29.3 kcal/mol) as the quantum yields decrease linearly with increasing tetracene
concentration showing a large qu of 2,400 M-1(Figure 3) indicating that the reaction proceeds
from the triplet excited state. When oxygen is present(aerated solution, Table 1), the photoreaction
is efficiently quenched, supporting the triplet reaction mechanism.

° Table 1. Oxygen effect on the primary and
secondary photoreactions at 813 nm.
mnconnnmu deaerated aerated
DPB/DMFul%1 1 "0.20
1/DMFu BY. 11 1 0.97
e F 7 e, § ®©  ppowruBm 1 0.25

[Tet] x 10*
*Relative quantum ylelds with respect to

Figure 3. Triplst quanching of DPB/DMFu photo— :
renc i it deaerated solutions

The oxygen effects on the photoreaction of | with DMFu to give Il and It are summarized in
Table 1. No significant effect on the quantum yield of ll was observed but that of il decreased
to 25% in aerated solution indicating that | and Ill are produced via singlet and triplet excited
state of |, respectively. The fluorescence of 1 is efficiently quenched by DMFu(qu,= 5 M) (Figure
4) strongly supporting that one of the secondary product(ll) is produced via the singlet excited

state of I
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Figure 4. Fiuorescence qusnching of I by DMFu

From these results, we propose a plausible photoreaction mechanism as shown in Scheme

2. Triplet excited state of DPB reacts with DMFu initially to give the primary product(l). 1 absorbs
a second photon to react with another molecule of DMFu to produce the novel adducts H (from
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singlet excited state) and Il (from triplet excited state). No evidence of exciplex formation between 1 and
DMFu was observed even though there seems to be some interaction between singlet excited state of
I and carbonyl group of DMFu to give Il.
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