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[ 4f 2 ] - CYCLOADDITION OF SINGLET OXYGEN TO CONJUGATED ACYCLIC HEXA - 

DIENES : EVIDENCE OF SINGLET OXYGEN INDUCED cis + trans - ISOMERIZATION 
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Summary Addition of singlet oxygen to trans, trans-2,4-hexadiene ( 5 ) occurs stereospeci- -- 

fically to give endoperoxide 2. = With cis, trans-2, 4-hexadiene ( 4) , however, a 

mixture of diastereomeric endoperoxides, 2 + 2, is observed. Evidence of a 

singlet oxygen - induced cis Z trans - isomerization is gained by competitive -- 

Diels-Alder reaction of 4 with singlet oxygen / diethyl diazenedicarboxylate . 

trans, trans-2, 4-Hexadiene ( & ) irradiated in 02-saturated CC14-solution at 13’ C -- 

in the presence of tetraphenylporphin ( TPP ) absorbs one molecule of oxygen 
1 

. After re- 

moval of Ccl4 at 10’ C / 10 Torr followed by distillation of the residue at 35-40” C / 0.1 Torr, 

3 
endoperoxide z is obtained as the sole product . Catalytic hydrogenation of the distillation 

4 
product yields meso-2, 5-hexanediol (g), free of traces of the d,l-isomer 5 . 

Under identical irradiation conditions and work-up procedures, cis, trans-2,4- -- 

hexadiene (2) absorbs one molecule of oxygen, but yields a mixture of endoperoxides, 

2 and z6,in a ratio of 83 : = 17, as revealed by ‘H-n.-rn,r, -analysis of the endoperoxide 

mixture as well as by vpc - determination of the mixture of diastereomeric 2, 5-hexane- 

diols ( 2 + 5 ), obtained after catalytic hydrogenation. 
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TPF-photosensitized cis e trans-isomerization of the starting 2,4-hexadienes 

is excluded since neither a nor 2 gives the other isomer when irradiated in oxygen-free 

CC14-solutions in the presence of TPP. 

Diethyl diazenedicarboxylate ( DAD ) undergoes a thermal Diels-Alder reaction 
7 

at 13’ C with the trans. trans-isomer $ in Ccl4 to give cycloadduct 7 ; with the cis, trans- -- = -- 

isomer 4 , = however, no cycloaddition product is observed even after double the reaction 

time necessary for quantitative formation of z from 1 . = 

Execution of the DAD-reaction in the presence of TPP and light in oxygen-free 

CC14-solution leads to the same results : only i reacts with DAD to give 2 , whereas 4 = 

remains inert. 

However, if the DAD-reaction is performed in _02 -saturated CC14-solution in the 

presence of TPP and light, the DAD-cycloadduct 2 is obtained from L as well as from 4, 

besides the expected endoperoxides 2 (from k) and 2 + 2 (from 2). Furthermore, if the 

ratio of the starting concentrations of DAD and 4 is increased from 1 : 1 to 2 : 1 , the ratio = 

of the endoperoxides z: 2 is decreased from 69 : 31 to 57 : 43, respectively, as was shown 

by lH-n. m. r . -analysis of the endoperoxide mixtures as well as by vpc-determination of 

the hydrogenation products 2 and 2. 

In our opinion, the experimental results are only compatible with the assumption 

of a singlet oxygen - induced cis C trans -- - isomerization of $-cl. = 

7 
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L as well as 4 constitute s-trans e s-cis equilibria in solution, with 1 b and - == 
9 

fb being present to about 1% or less at room temperature . Lb, and 4,k are the conforma- 

tional isomers necessary if the Diels-Alder reactions occur in a concerted fashion. In accord 

with the concerted nature of the [ 4 + 2 ] - cycloaddition of &i + 

n-value 
10 

‘02 is the fact that the 

of L is rather large ( under the reaction conditions in Ccl4 13 = 0.040 mol /l), 
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i. e., the rate constant kr of Lb, + 102 is rather small, kr = 39 10 4 1 /mol. set 
11 

. 

However, these values are obtained by using the concentration of L rather than that of Lk 

in the kinetic analysis. If about 1% of & is in the s-cis conformation at 13” C , k, should - 

be about 3~10~ l/mol.sec, a value comparable to the k,-value obtained for 1, 3-cyclo- 

hexadiene ( = 9.7.10 
5 

1 /mol. set ) under the same reaction conditions 
12 

. 

The assumption seems warranted that whereas interactions of ‘02 with ih and 

:k yield endoperoxides 2 and 2, respectively, interactions of 
1 

1 1 
O2 with 5 z and fg may 

result in the formation of exciplexes ( 5 5 ” * O2 ) and ( 4_ a,* *. O2 ) , respectively. Although __ 

the formation of endoperoxides 2 and 2 from the corresponding exciplexes cannot be rigo- 

rously excluded, the main reaction of the exciplexes is their decomposition into oxygen 

and L from (kz*** lo2 ), 
1 

into oxygen and A + 4 from ($g** * 02 ) . Whether the oxygen 

molecule remains in the singlet state or is ( at least partly) deactivated to its triplet 

ground state during the exciplex decomposition remains to be investigated. 
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