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Summary: We rsport on the oxidative decomposition of two azoyalkanas, azo-bis-2-methyl-2-propane and 3,3,6,6-
tetramethyl-1,2-diazacyclohex-2-ene. These azoalkane cation radicals dascompose at ratss > 108 times faster than their
neutral precursors. This can be attributed to a decrease of 224 kcal/mol in the C-N bond dissociation energy on oxidation.

Reactions of organic substrates are often greatly accelerated by one electron oxidation.! The oxidation of
azoalkanes can result in rapid, highly efficient deazatization.2 Herein, we report chemical, kinetic and mechanistic studies
on the oxidative decomposition of two azoalkanes, azo-bis-2-methyl-2-propane (1),2' and 3,3,6,6-tetramethyl-1,2-
diazacyclohex-2-ene (2). )

Cosensitized photooxidation (> 420 nm) of 1 (0.01 M) using 9,10-dicyanoanthracene (DCA, ca. 10°5) and
biphenyi (BP, 0.2 M) in degassed CH3CN afforded adduct 3 (90%) .3 However, upon the addition of CH30H (20% v-v), +
butylmethyl ether (50%) and adduct 4 (80%) are formed3 A plausible mechanism for the formation of these products is
shown below.4
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The photogenerated azoalkane cation radical 1*undergoes bond fragmentation withoss of nitrogen producing the t-
butyl radical and the nitrilium jon. Coupling of the DCA anion radical, t-butyl radical and the nitrilium lon yields adduct 3. in
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the presence of CHaOH, the protonated t-butyimethy! et.hor is formed in competition or reaction with the nitrilium ion.
Coupling of the DCA anion radical with the t-butyl radical followed by protonation affords the adduct 4.

In contrast to 1, cosensitized photooxidation of 2 in CH3CN afforded the cyclic imine 5 in high yield (75%).3 The
yleld of 5 Is independent of oxygen concentration { [O2] < 103 M) and the quantum yleld for disappearance of 1 is > 25
However, In the presence of CH3OH (15% v:v), photoxidation of 2 yields the DCA adduct 8 (90%) instead of the imine.3
These experimental observations can be rationalized by the followlnp mechanism,
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Fragmentation of 2* in CHZCN yields a nitrilium ion radical intermediate. Intramolecular radical cyclization gives the cation
radical 5* which can then oxidize neutral 2. This chain mechanism is supported by the observed quantum yieid, and the
oxidation potentials of 2 and 58 This radical cyclization must occur rapidly to effectively c'ompeta with the reaction of Op
with the radical center. |n the presence of CH30H, the protonated ether cation radical intermediate is formed in
competition with or from a reaction with the nitrilium cation radical intermediate. Coupling with DCAC affords the adduct 6.

A plausibie alternative machanism for the formation of products 5 and 6 from the oxidation of 2 (and 3 and 4 from
1), is shown below. Cycloaddition between 2* and CH3CN followed by electrocyclic ring opening and loss of molecular
nitrogen yields the same nitrilium ion radical Intermediate as shown above.




However, mass spectral analysis of product 5 obtained from the oxidation of 2 in CH3C 15N, showed complete
incorporation of the isotopic label. Consequently, this mechanism is not operative in the formation of 5, and presumably
3, 4 and 5, in that it requires no incorporation of the label in product 5.

In order to examine the kinetic behavior of the azo cation radicals 1} and 2%, nanosecond absorption
spectroscopy (NAS) and photoacoustic calorimetry (PAC) experiments were conducted. Excitation ( 410 nm, 15 ns, 5 mJ)
of DCA (ca. 105 M) in oxygenated CH3CN with added BP (0.2M) and azo 1 (0.015 M) resulted in the rapid decay (< 20 ns)
of the BP*. absorbance, Agps = 680 nm.  Unfortunately, under our experimental conditions, no concomitant absorption
increase was observed for the presumably formed 1*. However, under conditions in which BP* is completely quenched
by 1, the addition of trianisylamine (TAA, 3 x 104 - 3 x 10-3 M) resulted in the growth of the TAA*. absorption, Amax= 670
nm. The plot of the rate of growth of the TAA? absorption versus [TAA] is linear with slope of 4 x 109 M-1s"!, and an
intercept of 4.1 x 10881, This intercept, kirag(1*), corresponds to the sum of all the decay processas of the species
which oxidizes TAA, Under similar experimental conditions described above, kirag (29 = 7.7x 108s-1in
10%CH30H/90%CH3CN. .

Excitation of DCA (Agxc=430 nm) in degassed CH3CN with added BP (0.2M) and 1(0.01M) results in two heat
depositions, as measured by PAC. We attribute the first, rapid (<10 ns) heat deposition to the formation DCA" and 1%, and
the second, slower heat deposition to the decay of 1*. The rate constant for the decay of 1*, Kragl1h =25x 10857, is
independent of [CH3OH] and is within experimental error of the value obtained from NAS. Azo cation radical 1*was also
generated in savefal non-nucleophilic solvents using N-methyacridinium as the electron acceptor.” The Kirag (1) in these
solvents is rather insensitive to solvent polarity and is independent of [CH3CN] and [CH3OH]8 Under similar experimental
conditions, kirag (2%) = 5.7 x 108 s°1 In 5%CHZOH/5%CH3CN. '

We attribute the observed fast, first-order decays of both 1+and 2*to Initial unimolecular C-N bond dissociation?
If correct, then clearly one-electron oxidation greatly accelerates the rate of C-N bond fragmentation. The calculated rate
constants for the decomposition of 1 and 2 at 298 °C are 3 x 10-15 s*1 and 6 x 10-12 5°1, respectively. !0 The decay rates
of 1+and 2*are >10'8times faster than 1 and 2at 208 °C. A similar rate acceleration has been previously observed for
1,1-azonorbornane.2¢

A thermodynamic arguemont for this rate acceleration is that the C-N bond dissociation energy int and 2 is
dramatically reduced upon oxidation.’211 The free energies for deoomposltion of neutral azoalkanes 1 and 2 at 288 °C,
presumably via C-N bond dissociation, are 37.2 and 32.8 kcal/mol, respectively,'Owhereas thermodynamic cycle
calculations yield values for 1*and 2% of <12.7 and < 7.2 kcal/mol, a decrease of > 24 kcal/mol.12

Rapid cation radical fragmentation reactions are potentially useful in the design of highly efficient photoinduced
slectron transfer reactions. The Initial ion radical pair formed upon electron transfer can undergo energy wasting retumn
slectron transfer which resuits in inefficient chemistry. Although 1*and 2 were generated by reaction of 1 and 2 with
BP?, azoalkane cation radical fragmentation can potantially compete effectively with return electron transfer. Future
mechanistic studies will axamine additional azoalkane cation radicals. We hops to determine the temperature
dependence on their rate of decomposition to help understand what factors are important in achieving Ifastor
fragmentation rates. Preliminary studies indicate that their dscomposition is entropy controlled, in contrast to that of their
neutral precursors which are enthalpy controlied.

Acknowle)dgement. This work was generously supported by the National Science Foundation (CHE-871370 and CHE-
9057092).



6096

Refersnces and Notes

1.

© ® N O

10.
11.

12.

For reviews see: (a) Mattes, S. L.; Farid, S. In "Organic Photochemistry”; Padwa, A., Ed.; Marcel Dekker: New York,
1983; Vol. 6, p 233. (b) Julliard, M.; Chanon, M. Chem. Rev. 1983, 83, 425. (c) Kavamos, G. J.; Turro, N. J. Chem.
Rev. 1986, 86, 401. (d) Fox, M. A. In "Advances in Photochemistry”; Volman, D. H.; Golinick, K.; Hammond, G. S.,
Eds.; Wiley: New York, 1986, Vol. 13, p 237. (e) "Photoinduced Electron Transfer”; Fox, M. A., Chanon, M., Eds.;
Elsevier: Amsterdam, 1988, Vol C. '

(a) Bae, D. H.; Engel, P. S.; Hoque, A.; Keys, D. E.; Lee, W.; Shaw, R. W.; Shine, H. J. J. Am. Chem. Soc., 1985,
107, 2561. (b) Engel, P. S.; Kitamura, A.; Keys, D. E. J. Org. Chem., 1987, 52, 5015. {(c) Mendicino, M. E.;
Blackstock, S. C. J. Am. Chem. Soc., 1991, 113 713. (d) Adam, W. Grabowski, S.; Miranda, M.A.; Rubenacker, M.
J. Chem. Soc., Chem Commun. 1988, 142. (e) Adam, W.; Dorr, M. J. Am. Chem. Soc., 1987, 108, 1570. (f}
Shine, H. J.; Bae, D. H.; Hoque, A. K. M. M.; Kajstura, A_; Lee, W. K.; Shaw, R. W.; Soroka, M.; Engel, P. S.; Keys, D.
E. Phosphorus and Sulfur 1985, 23, 111.

Compounds 3 and 5 were characterized by 1H and 13C NMR, GC-MS, high resolution MS (M*), and IR. Minor
products in the oxidation of 1 in CH3CN included t-butylacetamide and the adduct 4. Adduct 3 (14%) is aiso formed
from oxidation of 1 in 20% CHaOH. TH and 13C NMR analysis of 3 shows a mixture of sterecisomers. Compounds 4
and 6 were characterized as their oxidized anthrone products by 'H and 13C NMR, GC-MS and high resolution MS
(M*). 1H NMR analysis of the crude reaction mixtures showed 4 and 6 to be cisrans mixtures.

See for related example involving cation radical cleavage and DCA adduct formation, Dinnocenzo, J. P.; Farid, S
Goodman, J. L.; Gouid, |. R.; Mattes, S. L.; Todd, W. P. J. Am. Chem. Soc., 1988, 111, 8973.

Quantum yield was determined by trans-stilbene/9,10-phenanthrensquinone actinometry. See Bohning, J. J.;
Weiss, K. J. Am. Chem. Soc., 19686, 88, 2893.

In CH3CN (0.1 M BuyN*PFg’), Ep(1) = 1.15 V (SCE), Ep(2) = 1.20 V (SCE), E(S) = 1.80 V (SCE).

Dinnocenzo, J. P.; Farid, S.; Goodman, J. L.; Gould, I. R.; Todd, W. P. J. Am. Chem. Soc., 1991,113 3601.

For example, krag (1%) Is 3.3 x 108,3.4 x 105, and 2.9 x 108 s™! In 1,2-dichloroethane, CHCl3, and CgHsCl.

The decay of 1* may involve Isomerization to cis-1* and then rapid fragmentation. However, given the thermal
lability of the precursor to cis-1*, cis-1, preparing and determining the decay rate of cis-t* may be difficut. However,
the decay of 2+ is probably not due to isomerization to trans 2*, given the anticipated endothermicity of this reaction.
Engel, P. S. Chem. Rev., 1980, 80, 99. and references thersin.

(a) Maslak, P.; Narvaez, J. N. Angew. Chem. Int. Ed. Engl 1990, 29, 283. (b) Maslak, P.; Asal, S. L. J. Am. Chem.
Soc. 1988, 111, 3459. (c) Popielarz; Arold, D. R. J. Am. Chem. Soc. 1990, 112, 3068. (d) Cl, X.; Whitten, D. G. J.
Am. Chem. Soc. 1989, 110, 3458.

These values are estimated from thermodynamic cycle calculations using the equation AGPgpg(CR) = AGPgpe(N) -
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