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Abstract - On acetone-sensitization, 

with Nb-methoxycarbonyltryptamine (4) 

5-bromo-1,3_dimethyluracil (L) reacts 

under the assistance of an electron 

carrier such as 2-methoxynaphthalene to give a coupling product 5. A mechanism 

involving a double electron transfer via the triplet state of 1 is proposed. 

Recently, we reported the acetone-sensitized coupling of 5-bromouracil derivatives to 3- 

substituted indoles; for example, the coupling of 5-bromo-1,3_dimethyluracil (L) to Nb-acetyl- 

tryptophan methyl ester (2) giving regioselectively a coupling product 3 (eq. 1). 2,3 For this 
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reaction, we proposed a 
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mechanism involving an interaction betw:en the triplet state of 1 and 2 

followed by an electron transfer process giving radical ions (Scheme 1). 495 Among indole 
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derivatives tested, Nb-methoxycarbonyltryptamine (4) gave no coupling product under the same 

irradiation conditions. However, this difficulty was overcome by adding an electron carrier 

such as 2-methoxy-, 2,3-dimethoxy- and 1,4_dimethoxynaphthalenes in the reaction system;4 namely, 

irradiation of a mixture of 1, 4 and P-methoxynaphthalene (2) (1 : 2 : 1) in acetonitrile-acetone 

(3 : 1) with a high-pressure mercury lamp through Pyrex glass gave coupling products k3(38%) and 

L6(31%) as eq. 2. We now wish to report the details of this reaction supporting a mechanism 

involving a double electron transfer (Scheme 2). Triplet bromouracil (3BrU*) interacts with a 

methoxynaphthalene (NH) to give radical ions, presumably via a triplet exciplex. The naphthalene 
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radical cation undergoes either coupling to the bromouracil radical anion yielding 

U-In (5) 

7 or an - 

electron transfer from 4 (InH) followed by coupling between the radical anion and the tryptamine - 

radical cation yielding 5. 

Exclusive involvement of the triplet state of 1 in the system is supported by the finding 

that neither 5 nor I was formed by sensitizing the reaction by acetophenone (ET, 74 kcal/mol), 

benzophenone (ET, 69) or triphenylene (ET, 66.5) in place of acetone. 
/ 

These sensitizers can 

excite both 5 (ET, 65) and 5 (ET, 62) but not 1 (ET, 74)."l" While acetone-sensitized reaction - - 

of 1 and 2 in the absence of 3 gave 1 in 65% yield, direct irradiation of 1 and 2 in acetonitrile - 

gave 1 in only 12% yield. The results indicate that the triplet 1 may also be responsible for 

the formation of z in the photoreaction of eq. 2. 

The following experimental results are consistent with the occurrence of electron transfer 

between the radical cations of > and 4 as shown in Scheme 2. - (1) The competitive coupling of 1 

to 3 (EoX, + 0.75 V12) and > (EoX, + 1.52 V13) showed a marked concentration dependency (Figure). 

(2)Acetone-sensitized photolysis of an acetonitrile solution of a mixture of l_, 2 (EoX, + 0.82 

V12) and 3 (1 :2 : 2) gave coupling products 2 (42%) and 5 (22%). This competitive coupling 

also showed a similar concentration dependency (Figure). These results indicate that the 

presence of an electron carrier having an oxidation potential (Eox) higher than that of 5 is 

necessary for the formation of the coupling product 5. (3) The coupling of 1 to 4 in the 

presence of > (eq. 2) was found to be quenched by the addition of catalytic amounts (0.1 
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equivalent to 1) of quenchers having lower oxidation potentials than that of 3. Thus, the 

coupling reaction was inhibited by N,N-dimethyl-p-anisidine (EoX, + 0.50 V14) or N,N,N',N'- 

tetramethylphenylenediamine (EoX, + 0.36 V15) but not by 1,2,4,5_tetramethoxybenzene (EoX, + 

0.81 V16). Similar quenching effects were also observed in the coupling reaction between 1 and 

1 (aq. 1). These results may be explained in terms of a selective electron-transfer quenching 

of the indole radical cation (InH' in Scheme 1 and 2) by the aromatics having lower oxidation 

potentials. (4) When the coupling reaction was carried out using a 1 : 2 : 0.5 molar mixture of 

1, 5 and 5 until 60% of 1 was consumed (under these conditions, no naphthalene-uracil coupling 

product 1 was formed), 80% of 5 remained unreacted in spite of the formation of the coupling 

product 5 in 38% yield. The large recovery of 5 indicates that it apparently acts as a 

catalyzer. 

Figure. Dependence of the yields of coupling products on the concentrations of 5. A 

equimolar mixture of 1 and 2 (or 2) was irradiated in the presence of varying amounts 

of 4 in CH3CN-acetone-(3 : 1) with light through Pyrex. The plots (0) and (A) show 

the yields of 5 and 1. in system 4-5, respectively, whereas the plots (0) and (A) 

represent the yields of 5 and ATn-system 4-2 respectively. - -9 

The available experimental data do not discriminate whether the formation of the second 

radical-ion pair (BrUI + InH') in Scheme 2 occurs from the dissociated naphthalene radical 

cation or within the intimate radical-ion pair. 
17 

For this event, one cannot neglect the 

occurrence of an exciplex substitution reaction 
18 

in which quenching of the triplet exciplex by 

an electron donor leads to the formation of another exciplex. 
19 

Electron-transfer or redox type photosensitized reactions have drawn much current attention 

in view of their potential utility in organic synthesis. 
20 

The present coupling reaction 

provides the first example of electron-transfer type photosensitization mediated by a triplet 

state resulting in a coupling reaction, although there have been several precedents for electron 
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transfer from triplet 
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