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Abstract — Electrochemical oxidations of 1-tosyl-3-aryl-1,3-dihydro-
1,3-diazaazulanones at 0 [0 afforded 3-aryl-6-tosyl-1,3-dihydro-1,3-
diazaazulanones via migrations of the tosyl group. However, the same
type of electrochemical oxidations at an elevated temperature (25 0O)
gave another type of product, 1i.e., double bond isomers,
1-tosyl-3-aryl-1,3-dihydro-1,3-diazaazulanones via 1,5-hydrogen
migration, together with 3-aryl-6-tosyl-1,3-dihydro-1,3-diaza-

azulanones.

On account of the sp? hybridization of two nitrogen atoms and a carbonyl group in the
five-membered ring moiety, the 1,2,3,3a-tetrahydrocycloheptaldlimidazol-2-one
(1,3-dihydro-1,3-diazaazulanone) system (1) is considered to have a 12m-electrons
electron-poor cross conjugated system.! This system (1) also contains a cycloheptatriene
(tropilidene) system, which is known to form a well stabilized 6m-electrons aromatic cation
system, tropylium ion,? leaving a suitable anion group. These facts suggest that the system
(1) has an ability to generate both cation and anion forms under the appropriate reaction
conditions.

As a precursor of a member of nonbenzenoid aromatic compounds, the thermochemical
behaviors of 1 have been researched extensively, but the number of the documents on the
electrochemistry of 1 seems to be small.3

As a series of our research on the reactivities of 1,4 we investigated the reactivities of 1
under the electrochemical conditions. Here the results will be discussed.

Figure 1 demonstrates the cyclic voltammograms of 1-tosyl-3-p-substituted phenyl-1,3-
dihydro-1,3-diazaazulanones (la-d), and Table 1 shows the redox potentials of 1. The
oxidation potentials of all of 1 are almost the same value, suggesting that the substituents

on the phenyl group have almost no influence on the oxidation potentials.
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Figure 1. Cyclic voltammograms of 1.
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Previously we have reported that the electrochemical reduction of 1 afforded
3-aryl-1,3-dihydro-1,3-diazaazulanone derivatives (2).5 This time we examined the
electrochemical oxidation of 1.

The electrochemical oxidations of 1 were influenced by both the substituents on the phenyl
groups and the reaction temperatures. Preparative controlled-potential electrolysis of la
was performed in anhydrous acetonitrile containing tetra-n-butylammonium perchlorate
(TBAP) as a supporting electrolyte. A platinum gauze was employed as an anode, and a
platinum wire was employed as a cathode. Controlled-potential electrolysis was carried out
at + 1.3 V vs. Ag/AgCl in a divided cell under a nitrogen stream at 00 . After evaporation of
the solvent, the reaction mixture was chromatographed on silica gel column to give the
products (8). As mentioned previously, the yields of 3a, 3b, 3¢, and 3d were 20, 42, 50, and
37%, respectively.6

It was found that the yield of 3a was improved by the reaction temperatures. Thus, the
yield of 3a increased to 37 % at 25 [0, and further to 79 % at 50 0. However, at 70 0, the
yield slightly decreased to 64 %.
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Another remarkable feature of this reaction is that the new products (4) were formed at only
“medium” temperatures, i.e., 25 and 50 0. Thus the reaction of 1a at 25 [ afforded a
double bond isomer (4a) of la in 8 % yield together with 37 % yield of 8a. At higher
temperature, 4a was not obtained and only 3a was formed as an isolatable product. As

shown in Table 2, this aspect is observed in the reactions of all types of 1.

Table 2. Effect of temperature on the product yields.

Starti'ng Temp (0) Yields (%)
materials 3% 4* Recovery of 1
0 20 0 56
la 25 37 8 19
50 79 0 9
70 64 0 0
0 42 0 59
1b 25 51 9 26
50 37 7 5
0 50 0 67
le 25 32 30 35
50 24 0 18
70 35 0 15
1d 25 37 12 20
50 41 15 3

* Product yields were calculated except the recovery of 1

,?\r
N electrolysis
Ts >:O —— > Recovery of 3
N
H
3
/lAI’ /lAI’
H N electrolysis N
>:O —_—>» Ts >:O
H 'l\l ,Tl
H
4 Ts 3



The control experiments made it clear that 3 could be formed from 4, but the inverse was not
true. The electrochemical oxidations of 3 under the same reaction conditions as these of 1
resulted in the recoveries of the starting material (3). On the other hand, the oxidation of

4d afforded 3d in 14% yield.

The structure of 4 was determined using an X-Ray crystallographic analysis (Figure 2).7

Figure 2. ORTEP drawing of 4.

In order to investigate the possible influence of the temperature on the oxidation potential of
1, the cyclic voltammetry of 1a was measured at 0 and 25 0. As clearly demonstrated in

Figures 3 and 4, no influence was detected on the oxidation potential of 1a.
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Cyclic voltammograms of 1la at 0 0. Cyclic voltammograms of 1a at 25 .



These facts suggest that the temperature responsibility of the reaction is not the result of
the electrochemical redox stage. The species generated by initial electron transfer from 1
should be always the same regardless of reaction temperature. The temperature should

influence on the chemical process, which followed the electrochemical step.

The electrochemical oxidation of 1 is considered to proceed as follows. As shown in Table 1,
the oxidation potential of 1 is independent of the substituents on the phenyl groups. This
fact suggests that the removal of the electron by the electrochemical oxidation process
should not occur at the conjugated framework containing the phenyl group.

As a consequence, the electron on the tosyl group is considered to be removed to form a
cation radical intermediate (8). The subsequent elimination of a tosyl cation generates a
radical intermediate (9), which then affords a full conjugated cyclic radical intermediate (10)
via a hydrogen migration. A recombination of the tosyl cation with 10 followed by an

appropriate electron abstraction from the solvent or the cathode can afford the final product

(3.
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Figure 5.

Figure 5 demonstrates free valances and electron densities on the carbon atoms of 10. The
largest free valence (1.238) and the second largest electron density (-0.151) at the 6-position
explain the position of the recombination of 10 and the tosyl cation.

The formation of 4 from 1 is also considered to proceed through the same cation radical
intermediate (8) as the case of 8. A 1,5-hydrogen migration via a full conjugated cyclic

radical intermediate (11) can form the final product (4).
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The electrochemical oxidation of 4 is thought to proceed as follows. One electron
elimination from the tosyl group of 4 forms a cation radical intermediate (12), which then
removes a tosyl cation to form a radical intermediate (13). A hydrogen migration on 13 to
generate a stable full conjugated cyclic radical species generates a radical intermediate (10).
The subsequent recombination between 10 and the tosyl cation followed by an appropriate
electron abstraction affords the final product (3).

The mechanism of the influence of the reaction temperature on the reaction of 1 is not

enough clear now. The authors suggest tentatively the following explanation.



A conceptual reaction coordinate is depicted in Figure 6. One electron oxidation of 1
generates a cation radical intermediate (8) via an appropriate transition state (T1). Two
reaction paths are possible for 8, i.e., one is a path to 3 through a transition state Tg, and the
other is to 4 through Ts. The activation energies for T2 (Ez) and Ts (Es) are considered to
control the choice of the reaction paths. At low temperature (0 °C) only the path to 3, which
requires a smaller activation energy is active. However, at elevated temperatures (25 or 50
oC) the second path, i.e., path to 4 becomes also active. But at the still higher temperatures
(50 or 70 °C), the reactions of 4 are considered to take place. One of those may be the

electrochemical oxidation to form 3, and the other may be the decomposition of 4.
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Figure 6. Effects of reaction temperature.
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