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Chemistry of Singlet Oxygen. Dye-Sensitized Photooxygenation of &ylallenesl 
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Abstract: 1-Arylallenes react with singlet oxygen via 1,Zand 1,4_cycloaddition modes giving rise to three types 
of carbonyl fragments. l,l-Diphenyl- and 1-methyl-1-phenylallenes react predominantly by the 1,4-mode. 
Plausible mechanisms are discussed for the formation of the observed products. 

In Greibrokk’s initial report on the dye-sensitized photooxygenation of substituted acyclic allenes a 

bisdioxetane was postulated to account for the carbonyl cleavage products;2 tetramethylallene was reported to give 

a cyclic peroxide believed to arise from initial photochemical isomerization to 2,4-dimethyl-1,3_pentadiene. On 

the other hand, Gollnick and Schnatterer3 recently showed that tetramethylallene reacts with singlet oxygen to 

give products resulting from [2+2] cycloaddition and ene reactions. The same group reinvestigated4 the 

photooxygenation of tetraphenylallene and again was not able to corroborate Greibrokk’s results. In this 

communication we report our results from the photooxygenation of arylallenes. 

Irradiation (sodium vapor lamp) of an oxygen-saturated solution of phenylallene (1-phenyl-1,2- 

propadiene, 1) and tetraphenylporphyrin (TPP) in carbon tetrachloride at room temperature led to slow 

consumption of 1. The 1H NMR spectrum of the crude photolysate indicated the presence of three products. 

o- 0 CH=C=CH, - 

1 2 3 4 

They were separated by column chromatography on Sie and identified as benzaldehyde 2, salicylaldehyde 3 and 

1-phenyl-1,2-propanedione 4 (eq.1). 3-Methyl (5) and 3,3-dimethyl (8) analogs of 1 gave similar product 

spectra except in these latter cases acetaldeyde and acetone, respectively were clearly discernible in the NMR 

spectra and further confiied by gas chromatography. In the case of 8 a small amount of the acyloin 115 was 

also formed. The results from the photooxygenation of 1-phenylallenes are summarized in Table 1. 

1,1-Diphenylallene (12) reacted with 1% under the same conditions to give a mixture of benzophenone, 

o-hydroxybenzophenone and a major product which according to its elemental analysis had the molecular 

composition C15H1202 (eq.2). Its ‘H NMR spectrum (300 MHz, C&Q) exhibits the following signals: 6 7.0- 

7.5 (m, SH); 5.52 (ddd, A part of an ABXY system, J= 9.5, 3.26, 2.92 Hz, 1H); 5.37 (ddd. B part, J= 

9.5, 1.8, 1.5 Hz, 1H)); 3.96 (d, J= 4.0 Hz, 1H); 3.16 (m, 1H); 3.05 (dddd, J= 4.0, 3.26, 2.12, 1.5 Hz, 

1H); 2.30 (dd, J= 18.4, 7.36Hz. 1H); 1.86 (dd, J= 18.4, 3.6OHz, 1H). Its l3C NMR spectrum (75 MHz, 

CDC13) contains signals at 6 208.2, 172.3, 141.2, 133.9, 133.2, 132.8, 132.5, 132.2, 127.6, 57.7, 57.4, 

45.7, 42.1 ppm. Its IR spectrum displays a carbonyl absorption at 1701 cm-l. Selective decoupling and 2D 

experiments allowed the assignment of its structure to that of 15. The stereochemistry of the hydrogen at the ring 

junction is tentatively assigned based on the postulated mechanism of the formation of 15 (Scheme 1). Additional 
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structural proof for 15 was obtained by a chemical transformation: when subjected to prolonged chromatography 

on Si@ or treated with a trace of trifluoroacetic acid in CH2C12 solution, 15 isomerizes quantitatively to 4- 

hydroxy-3-phenyl-2-indanone (16). The 1H NMR spectrum (300 MHz, CDC13) of 16 exhibits signals at 6 

7.1.5-7.4 (m, 6H); 7.0 (d, J= 7.48 Hz, 1H); 6.8 (d, J= 8.1 Hz, 1H); 4.90 (br. s, 1H); 4.68 (s, 1H); 3.7 

(d, A part of an AB system, J=22.9 Hz, 1H); 3.6 (d, B part, J= 22.9 Hz, 1H). The IR spectrum contains 

absorptions at 3387 &OH) and 1751 (vcd) cm-t, consistent with the proposed structure. 

]02 Ph 
Ph,C=C=CH, ~-. 

Ph 
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12 13 

+ Phi& + O&O (eq.2) 

14 15 

The photooxygenation of 3-methyl-1,1-diphenyl-1,2-butadiene (17) and 3-phenyl-1,2-butadiene (19) 

gave the corresponding bicyclic epoxyketones 186 and 227 as major products (Table 1). In these latter cases D- 

hydroxybenzophenone (14) and o-hydroxyacetophenone (21) were formed in minute quantities, respectively. 

In order to verify the involvement of singlet oxygen rather than free radical autoxidation control 

experiments were conducted. When the reactions were attempted in the absence of light or sensitizer (TPP) no 

reaction was observed. Irradiation of the phenylallenes in the absence of oxygen did not affect the substrates. 

Moreover, when the photooxygenations were performed in the presence of 1,4-diazabicyclo[2.2.2]octane 

@ABCO),a a singlet oxygen quencher, the disappearance of substrate was extremely slow. 

Table 1. Dye-Sensitized Photooxygenation of Phenylallenes9 

Allene Products (ratios) 

PhCH=C=CH, 
1 phc;fo (4) 

e-HO-P;CHO (1) 
PhCofocH3 (@ 

PhCH=$=CHCH, 2 (5.3) 3 (3.7) CH,C:O (3) PhCOCy CHzCHs (1) 

P h CH=C=C(CH,), 
8 

2 (4.4) 3 (4) (CH$CO (3) PhCOCqCOH(CH3)2 (I) + c1q3) 
OH 

0 Ph 11 

Ph,C=C=CH, Ph,CO (5) q-HO-PhCOPh (1) ti 
12 13 14 cs 

’ 15 
0 (7.5) 

0 Ph 

Ph2C=C=CHCH3 13 (1) 
17 

14(trace) , H O(3) 

w 

Ph(CH3)C=C=CH2 PhCOCH3 (lo) n-OH-PhCOCH3 (I) 
19 20 21 

l8 Otio (17) ph$H(15) 
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Benzaldehyde, benwphenone and acetophenone obviously arise from a 12-addition10 of 102 to the 

phenyl substituted A bond of the allene followed by a typical 1,2dioxetane cleavage. The ketene liagments would 

be expected to undergo mostly polymerization by the action of @ as previous studies have shown.1’ 1,2- 

Dioxetanes derived from monophenyl substituted allenes probably serve as the precusors of the 1,Zdiones as 

well, via an unusual dioxetane cleavage: after O-O homolysis a rare 13-hydrogen transfer*2 would account for 

their formation. Whether this hydrogen shift is inter- or intramolecular must await labeling studies which are in 

progress. A base catalyzed isomerization of the dioxetanes to the respective 1,Zdiones cannot be excluded. 

Salicylaldehyde formation suggests an initial I,4 cycloaddition’3 to give endopemxide 25 (see Scheme 1). 

One possible pathway involves an endoperoxide-bisepoxide isomerization. l4 It is difficult to unequivocally 

establish by which oxidative pathway the allene oxide moiety in 26 is cleaved to the formyl group. One 

possibility is isomerization to a cyclopropanone 15 followed by reaction with oxygen and decomposition of the 

resulting 1,kIioxohwt-one.l6 On the other hand, Chan’s studies on allene oxide isomerizations indicate that l- 

monoalkyl allene oxides are reluctant to isomerize to cylopropanones at room temperature.17 It is therefore 

conceivable that tbe allene oxide 26 is directly cleaved by further photooxygenation to the formyl group and the 

respective carbonyl fragments formaldeyde, acetaldehyde or acetone. By whichever mechanism it may have been 

formed, 1-formyl benzene oxide (27) is the most likely source of salicylaldehyde.18 

Scheme 1 

Ph 5f I: 
+ PhCR 

40 31 
+,,s 

when R=H 30 

According to Chan’s studies 1-monoaryl or 1,1-dialkyl substituted allene oxides readily isomerize to the 

corresponding cyclopropanones, presumably via oxyallyl intermediates,lfj and exhibit the typical reactions of 

cyclopropanones generated by other methods.19 including [4+2] and [3+2] cycloadditions with dienes and C=O 

or C=C A systems. It might therefore be. due to the presence of the additional phenyl and methyl group in 26 that 

a similar rapid isomerization to the corresponding cyclopropanone takes place.This then could undergo 

intramolecular [3+2] cycloaddition to the benzene oxide moiety with concomitant 1,Zoxygen walk20 leading to 

the bicyclic compounds 15, 18 and 22, respectively. 

Finally, the hydroxy enones 11 and 2321 are to be considered as secondary products from an initial “ene 

reaction” and subsequent rearrangement of the unstable vinyl hydroperoxides, analogous to the ene-products 

from tetramethylallene.3 

Studies on photooxygenations of cyclic allenes are in progress and will be reported in due course. 
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