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PHOTOCHEMISTRY OF CONJUGATED POLYACETYLENES:
PHOTOREACTION OF 1-PHENYL-1,3-PENTADIYNE WITH SOME OLEFINS
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Summary: Photolyses of 1-phenyl-1,3-pentadiyne with various olefins such as 2,3-dimethyl-2-butene,
acrylonitrile, and ethyl vinyl ether yield site selective and/or regioselective photoadducts,

We have previously reported the photoreaction of 1,4-diphenyl-1,3-butadiyne with 2,3-dimethyl-2-
butene(DMB) to yield cyclobutene, bicyclopropane and bicyclobutene photoadducts.’ In this investigation,
Wwe Teport a site selective and/or regioselective photoreaction of an unsymmetrical diacetylene, 1-phenyl-1,3-
pentadiyne(PPD) with some olefins such as 2,3-dimethyl-2-butene(DMB), acrylonitrile(AN), and ethyl
vinyl ether(EVE).

Deaerated DMB solution of PPD@ mM) was irradiated with 300nm UV light to obtain site specific 1:1
photoadduct(1).? Irradiation of PPD(4 mM) with unsymmetrical olefins(EVE and AN) in deaerated
solutions’ yields site selective and regioselective [2+2] type 1:1 photoadducts(2 and 3) and 1:2
photoadducts(4-9).% The structure of these adducts was determined by various physical methods®, including
C-NMR spectroscopy, which is vital for the determination of the reaction site.
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The UV spectra(Figure 1) of these photoproducts do not show the characteristic vibrational fine structure
of conjugated polyacetylenes.® The absorption maxima were red shifted in 1-3 and blue shifted in 4-9
indicating that the conjugated system is sustained in 1:1 adducts but not in 1:2 adducts. The mass spectra of
these photoproducts show molecular ion (M™) peaks indicating that the photoproducts 1-3 are formed by
addition of one olefin molecule, while 4-9 are formed by addition of two olefin molecules to one PPD. The
C-NMR spectra for all of these adducts show two sp hybridized carbon peaks indicating that one of the
carbon-carbon triple bonds remains intact. The existence of ethynyl benzene moiety(120-125 ppm) for all of
these adducts indicates that C3-C4 triple bond is the reactive site. The site selective structure of 1-3 wasalso
supported by the methyl substituted sp® carbon peaks(156.52, 153.27, and 153.61 ppm, respectively) of the
cyclobutene ring. The 1:2 adducts(4-6) rearranged to give ring opened 1,5 -diene products( 10 and 11)* on
warming to 101°C(in methylcyclohexane) indicating that they were bicyclohexyl products.”
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The regiochemistry of 1:2 adducts(4-6) was determined by mass fragmentation pattems of 10 and 11.
The fragments corresponding to the loss of C H, and C,;H,,0, appear at m/e 55 and 229 indicating that the
ethoxy groups are attached to the C-2 and C-6 of bicyclohexane products.

Nuclear Overhauser effect{NOE) provided substantial

evidence for the regiochemistry of 1:2 photoproducts(4-9). 199
Saturation of methy! protons in these photoadducts(4-9) gives
a larger intensity enhancement of the methylene protons(H,
and Hg) than H, and irradiation of H, gives a larger NOE
effect for methylene protons than methyl protons (Table 1).
The 'H- and *C-NMR spectra® of 1:2 adducts 5, 6, 8, and 9
show symmetrical patterns in the bicyclic ring and 4 and 7
are unsysmmetrical.* Three diastereomers (by two chiral
centers and one puckered bicyclohexane ring) can exist for
each set of photoadducts 4-6 and 7-9. Adducts 4 and 7 are ) )
determined to be endo,exo products from their unsymmetric 210 250 290 330
structure deduced from their 'H-and »C-NMR spectra. The Wavelengthnm)
other products(5, 6, 8, and 9) are determined to be endo,endo gﬁ";rfo _‘5M‘;,V 15(15’_51";:’;{‘59;) P ( SR
and exo,exo bicyclic stereoisomers. The stereochemisty of 5, ) Uv speotra of the other 1.1 and 1.2
6, 8, and 9 is assigned by NOE studies provided substantial ~ photoadducts are very similar to those
support for orientation of ethoxy and nitrile group (Table 1). of 1 and 4, respectively.
Saturation of methyl protons(1.26 ppm) in adduct 8 gives an intensity enhancement(l. 1%) of H,, while
saturation of H, gives 1.1% enhancement of methyl proton intensity. On the other hand, saturation of
methyl protons of adduct 9 does not give intensity enhancement of H, and saturation of H, does not give an
enhancement of methyl protons indicating that adduct 8 is endo,endo and 9 is exo,exo product, respectively.
The NOE studies for 5 and 6 also give smiliar results as shown in Table 1, indicating that adduct 5 is
endo,endo and 6 is exo,exo product.

PPD( )

Absorbance

. Enhancemaent (%)
Adducts | Satd. region [
M R e o
5 ‘ CHj ‘ 1.8 24 - -
Ha — 4.7 1.0 0.7
11CHs " 1CHs " 6 l CH3 | - 19 -
Ha — 0.9 4.3 —
u c R He CH, 1.1 2.0(Hg and He)*  —
Ha R 8 ;
R h H L Ha — 5.0(Hg and Ho)® 1.1
* CHj - 2.1 — —
endo, endo 8x0, exo 9 Ha _ _ 44 .

Table 1. Results of NOE studies on 5, 6, 8, and 9.
a; The methylene protons(Hg and Hg) of 8 are not resolved in the TH-NMR.

In the photolysis(Figure 2) of PPD with EVE and AN, the 1:1 photoadduct 2(3) is initially formed and
prolonged irradiation of the solution results in the formation of 1:2 photoadducts 4-6(7-9) suggesting that
1:1 photoadduct is the primary photoproduct and 1:2 photoadducts are the secondary photoproducts.
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Figure 2. Kinetics of the pholoreactions.
a; The concentration change of each compound was monitored against irradiation time.

Irradiation of pure 2(3) with EVE(AN) in deaerated n-hexane(THF) solution results in the formation of 4-
6(7-9) strongly supporting that 1:2 photoadducts are formed as the secondary photoproducts from 1:1
photoadducts and regiochemistry of 1:1 photoadducts is deduced from the regiochemistry of 1:2 adducts(4-9).
The mechanistic studies for the reaction are in progress in this laboratory.
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