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Abstract: Under the 9,10-dicyanoanthracene (DCA)-photosensitized electron-transfer 
conditions 1-phenyl-2,3-diazabicyclo[2.2.2]oct-2-ene (lb) and L 4-diphenyl-2,3- 

diazabicyclo[2.2.2]oct-2-ene (Ic) were deazetized with rate constants, k-N2, of  ca. 8.4 x 

107 and 6.6 x 1010 s-l, respectively, whereas the parent 2,3-diazabicyclo[2.2.2]oct-2- 

erie (la) was not reactive, showing remarkable rate acceleration by the cr (C-N)- :r (Ph) 
orbital interaction due to the phenyl substitution. Copyright © 1996 Elsevier Science Ltd 

Recently, much attention has been focused on electron-transfer (ET) deazetations of 2,3-diazabicyclo- 

[2.2.2]oct-2-enes, potential precursors to cyclohexa-l,4-diyl cation radicals (CR) (2"+). 1-6 However, the 

deazetations were reported to depend strongly upon the ET conditions employed. Deazetation of the diphenyl 

derivative ( I t )occurred facilely under both the DCA-sensitized and Ce(NH4)2(NO3)6 (CAN)-catalyzed ET 

conditions, 1,2 while the parent In  was deazetized neither by '/-ray irradiation in a Freon matrix, 3,4 tris(4- 

bromophenyl)aminium hexachloroantimonate-catalyzed reaction 5 nor by photoexcitation of the electron donor- 

acceptor (EDA) complex with tetracyanoethylene. 4 In addition, the deazetation product varied with change in 

the ET deazetation conditions. Diene 3c was formed quantitatively from lc  under the photoinduced electron- 

transfer (PET) conditions, 1 while the CAN-catalyzed reaction of lc  gave 1,4-diphenyl-l,3-cyclohexadiene. 2 In 

order to gain mechanistic insight into deazetations of 2,3-diazabicyclo[2.2.2]oct-2-enes under ET conditions, 

we investigated phenyl substitution effects on rate acceleration of the DCA-sensitized CR deazetations of la-c  

and found that the a(C-N)-:r(Ph) orbital interaction has significant impact on the deazetation efficiency. 
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In Table 1 are shown the Stern-Volmer (kq't) and rate constants (kq) for the DCA-fluorescence quenching 

by la-e together with the halfwave oxidation potentials (E°Xl/2)7 of la-e  in CH2C12. In spite of large kq close 

to the diffusion control rate, the DCA-sensitized photoreaction (~. > 410 nm) of l a  in CD3CN, CD2C12 or C6D6 

resulted in a quantitative recovery either in the absence or presence of the cosensitizer biphenyl as well as the 

2,4,6-triphenylpyrylium tetrafluoroborate-sensitized photoreaction of In. 8 
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Table  1. Oxidation Potentials (E°Xl,r2) of l a - c ,  the Stern-Volmer (kq't) and Rate Constants (kq) for the 

DCA-Fluorescence Quenching, Observed Quantum Efficiencies (O) and Corrected Quantum Efficiencies 

(coot) for Deazetation and Calculated Rate Constants for BET (k~t) and CR Deazetation (k.N~) in CH2C12 

E°Xl,,2a) kqT kq ~1 ~) ~ r  klm k-N2 

V M "1 1010 M 1 s 1 109 s "1 10 9 s -1 

l a  +1.66 127 1.09 0 0 0.94 ~ 0 
lh  +1.50 134 1.15 0.018 0.031 2.6 0.084 
lc  +1.39 143 1.22 0.55 0.93 5.0 66 

a) vs. SCE, scan rate 100 mWs. b) [1] =0.01 M. 

In contrast, the DCA-sensitized photoreactions of lb  and l c  in CH2C12 afforded 2-phenyl-l,5-hexadiene 

(3b) and 3c, respectively, in quantitative yields. 8 Interestingly, the DCA-sensitized photoreaction of lb  in 

benzene gave not only 3b (67%) but also 1-phenylbicyclo[2.2.0]hexane (4b, 4%). 9 Similar results were 

obtained upon photoexcitation O" > 410 nm) of the EDA complexes of lb-c and 1,2,4,5-tetracyanobenzene. 

The corrected quantum efficiencies (Ocor) for the formation of 3 were determined as ¢cor -- O / Q e  by using 

observed quantum efficiencies (~)10 and quenching efficiencies (Qe = kq~l]/{1 + kq~l]}) (Table 1) and 

provided significant phenyl substitution effects on deazetation of 1, showing that 93% of the ion pair 

[Ic'+/DCA "] afforded 3c whereas most of the ion pair [Ia'+/DCA "-] decayed to l a  and DCA by back-electron 

transfer (BET). 11 In fact, nanosecond time-resolved laser flash photolysis of an aerated CH2C12 solution of l b  

and N-methylquinolinium tetrafluoroborate (NMQ+BF4 -) in the presence of 2 M toluene gave no transient 

absorption, whereas that of lc  gave a transient absorption due to 2c "+ at ~,max = 482 nm, which was confirmed 

by comparison with absorption observed by similar laser flash photolysis of 3e (Fig. 1). 12 Note that this 

~,max is different from those of the free cumyl cation (326 nm, 390 nm) 13 and cumyl radical (315 nm), 14 

suggesting the through-bond interaction between cation and radical counterparts. A plausible mechanism for 

the PET deazetation of 1 is shown in Scheme 1. Diazenyl and cyclohexa-l,4-diyl CRs (5 .+ and 2 "+) serve as 

key intermediates in a stepwise deazetation of 1 "+. If this mechanism is really operative, ~cor can be further 

represented as ~cor = k-N2 / (k-N2 + kbet), in which k-N2 and kbet are rate constants of deazetation and BET in 

[I'+/DCA'-]. By using calculated rate constants, 15 kbet = 2.6 x 10 9 and 5.0 x 10 9 s -1 for lb  and lc, respectively, 

k.N2were estimated to be 8.4 x 10 7 s "1 for l b  and 6.6 x 1010 s -1 for lc  as shown in Table 1. Thus, lc  "+ 
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Fig. 1. Nanosecond absorption spectra of an aerated 

CH2C12 solutions of le (1 mM, top) and 3c (1 mM, 

bottom) under the NMQ+BF4 (1 mM)-toluene (2 M) 

cosensitized conditions. 
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Fig. 2. Energy level diagram for occupied molecular 
orbitals of la-c calculated by PM3. 

undergoes deazetation ca.  800 times faster than lb  "+. It is of interest to compare k-N2 of 1 "+ with rate constants 

of dcazetation of the neutral counterparts. The calculated rate constants of thermal dcazetations of la, lb  and 

lc were, respectively, 4.2 x 10 -19, 5.1 x 10 -13 and 1.4 x 10 -10 s -1 at 20 °C, 19 indicating that rate acceleration by 

the phenyl substitution is more significant in the CR state than the neutral state• It is also noteworthy that 

deazetations of lb  "+ and 1c "+ took place >102o times faster than those of the neutral counterparts. 

One possible explanation for the phenyl substitution effects on CR deazctation is thermodynamics of the 

initial C-N bond cleavage of 1 "+ to 5 "+. The PM3/UHF calculations suggested that cleavage of la  "+ to 5a "+ is 

11.6 kcal/mol cndothermic whereas that of lb  "+ occurs with heat evolution of 6.9 kcal/mol.2o Results of the 

calculation arc in accord with conventional explanation in term of the difference in stability among secondary 

(5a "+) and tertiary (Sb "+ and 5c "+) CRs. Furthermore, the PM3 calculation revealed that HOMOs of lb  and lc 

are comprised of an antibonding combination of HOMOs of la  and benzene, whereas their bonding 

combinations form the third HOMO of lb  (HOMO-2 in Fig. 2) and the fifth HOMO of l c  (HOMO-4). The 

latter combination is due to the o(C-N)-~r (Ph) orbital interaction, which can diminish the C-N bond order just 

as hyperconjugation does. A similar but more efficient o (C-N)-~r (Ph) orbital interaction is apparently 

available for lb  .+ and lc "+, because upon loss of an electron from HOMOs, the HOMO-2 of lb  "+ and HOMO- 

4 of lc "+ increase in contribution to total MOs as compared with neutral lb  and l c .  Therefore, the more 

effective rate acceleration by the phenyl substitution in the CR state than the neutral state must be attributed to 

the more efficient o (C-N)-x (Ph) orbital interaction. 

In conclusion, the observed remarkable rate acceleration for CR deazetations of 2,3-diazabicyclo- 

[2.2.2]oct-2-enes can be accounted for by the ~ (C-N)-Jr (Ph) orbital interaction due to the phenyl substitution 

which consequently involves exothermic initial C-N bond cleavage. 
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