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Photochemistry of Conjugated Polyacetylenes. Photoreaction
of 1,4-Diphenyl-1,3-butadiyne with Unsymmetrical Olefins
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Irradiation of 1,4-diphenyl-1,3-butadiyne (DPB) with unsymmetrical olefins such
as acrylonitrile and ethyl vinyl ether yields regiospecific 1:1 and 1:2 photoadducts. The
reactive site on the formation of 1:2 photoadducts is different from each other indicating

that the reaction proceeds through polar excited states.

We have previously reported an interesting photoreaction of 1,4-diphenyl-1,3-butadiyne (DPB) with an
electron deficient olefin, dimethyl fumarate, to yield primary 1:1 and secondary 1:2 photoadducts)  One of
the 1:2 photoadducts possessed a cyclopropane and an oxirane ring probably formed through an unusual
attack of carbonyl C=0 double bond by a carbenoid species.

In this investigation, we report a regiospecific photocycloaddition reaction of 1,4-diphenyl-1,3-butadiyne
with two unsymmetrical olefins (acrylonitrile, AN and ethyl vinyl ether, EVE). Irradiation (300 nm) of DPB
4 mmo]/dm3) with olefins 2 yields regiospecific 1:1 photoadducts (1 and 2) and 1:2 photoadducts (3—6).3)
Dark yellow and red products, probably polymers, were obtained as the major by-products

O==C .{‘

OFt two dlastereomers 3,4)

(O oet

QL 7 . O® QLU
[ ]

= O _ AN
OEt OEt OEt O

2 iy cis (5) + trans(6)

The structure of these adducts was determined by various physical methods, 4 including '>C-NMR
spectroscopy, which is vital for the determination of the reaction sites. Photoadducts 1-6 do not show the
characteristic vibrational fine structure of conjugated polyacetylenes in the UV absorption spectra (Fig. 1)
because one of the triple bonds in the conjugated diacetylene is lost.!-5) The absorption maxima is red shifted
in 1-4 but blue shifted in 5 and 6. IR spectra show acetylenic stretching bands with weak intensity in 1, 2,
5, and 6. Mass spectra of all the photoadducts show M* peaks, indicating that the photoadducts 1 and 2 are
formed by addition of one molecule of olefin while 3-6 are formed by addition of two olefin molecules to one
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DPB molecule.
The regiochemistry of photoadducts 1-4 is determined

1.0

from the coupling patterns in the '"H-NMR spectra of the
hydrogenated products (1H-4H). If R group is attached to
C-2 of cyclobutane ring, the coupling pattern of the proton at
C-1 must be a doublet-doublet or a triplet (when two coupling 0.5

constants are same) while a quartet (when three coupling
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constants are same), a triplet-doublet, or a multiplet if the R
group is attached to C-3 position. The coupling patterns of
C1 proton for 1H, 2H, 3H,and 4H are quartet, triplet-doublet,
multiplet and multiplet, respectively indicating that R group is
attached to C-3 position in all the photoadducts 1-4.9  The Fig. 1. UV absorption spectra
regiochemistry is also supported by the fragmentation of DPB and 1-8.

patterns in the mass spectra. All the hydrogenated adducts show the base peak at m/e 104 originated from the
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In the photoreaction of phenyl-1,3-pentadiyne with EVE, three stereoisomeric bicyclic[2.2.0.]hexane
photoadducts which undergo thermal rearrangement to give ring opened 1,5-diene products were obtained.”
These 1,5-diene products have a structure very similar to 5 and 6 strongly supporting the intermediate i, to
give 5 and 6.

In the photolysis of DPB with EVE, 1:1 photoadduct 2 is initially formed and extended irradiation of
the solution results in decrease of 2 and formation of 1:2 adducts (5 and 6) indicating that 1:2 adducts are
formed as secondary photoadducts from 1:1 adducts (Fig. 2). Photolysis of pure 2 with EVE results in the
formation of 1:2 adducts strongly supporting that 2 is the primary and 5 and 6 are the secondary
photoadducts. Similar results (Fig. 2) are obtained from the photolysis of DPB with AN but the 1:2 adducts
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Fig. 2. Kinetics of the photoreactions. The concentration change Q: azulene) and 2(DPB/EVE 1:1
of each compound was monitored against irradiation time. adduct, Q:9,10-diphenylanthracene).
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(3-4) are also obtained at the initial stage suggesting that some different pathway(s) exist in the formation of
1:2 adducts. Detailed kinetic study for this pathway is under investigation. The photdreaction of DPB with
olefins to give 1:1 adducts is efficiently quenched by triplet quenchers (azulene; E,=129.3 kJ/mol, 9,10-
diphenylanthracene; E;=174.9 kJ/mol) 8)  as the quantum yields decrease linearly with increasing quencher
concentration yielding large k qt values (of 6300 for 1 and 17000 mol’dm® for 2, respectively) indicating
that the photoreaction proceeds via the triplet excited state of DPB (Fig. 3). The photoreaction to give 1:1
adducts is also efficiently quenched by oxygen, supporting the triplet reaction mechanism.

The oxygen effects on the formation of 1:1 adducts with olefins to give 1:2 adducts were studied. The
quantum yields of 3, 4, 5, and 6 decreased to 20, 17, 19, and 15%, respectively in aerated solutions
indicating that all of these 1:2 adducts are produced via the triplet excited states of 1:1 adducts.

The attack site of 1:1 adducts (1, 2) by olefins to give 1:2 adducts (3, 4 and i,) is dependent on the
electron density of olefinds, i.e., the triple bond for AN but the double bond for EVE, indicating that the triplet
excited state of 1:1 photoadducts may have a polar character. Irradiation of 1:1 adduct 1 with EVE (400
mmol/dms) in THF gives different 1:2 adducts from that of 2 and AN (400 mmol/dm3) 9
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From these results, a plausible reaction mechanism involving a polar triplet structure as shown in the

following scheme is proposed.
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