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Summary: We qwrt on the axidathe fAmnpowon of tw azof#llcrmar. azo-bb2-methyM$mpaM 8nd93.66 

tePamethy+l2-di~cyciohax-2-ane. ThDseazoaikanecatlonra&abAxmpose atrates~t018theshsterUmnth& 

neutral pruamors This can ba rttdbut&l to a decmase of 224 kcahnV in ttm GN bond dtbo&tion mqy on oxktatkm 

Reactions of organic substrates am often greatly accelerated by one electron oxidatlon.1 The otiation of 

azoalkanea can resutt ln rapid, highly efflclent deezatlzatbn2 Herein, we mport chemical. kinetic and mechanietlc etudiee 

on the oxldatlw decompoeltlon of two azoalkanes, azo-bls-2-methyM-propane ( 11.” and 3,3,6,6MramethyCi .2- 

diazacyclohex-2-ene (2). 

Coeensltlzed photooxidatlon (> 420 nm) of 1 (0.01 M) using 9,lWlcyanoanthracene (DCA. ca. 106) and 

blphenyi (BP. 0.2 M) In degaseed CH$N afforded adduct 3 (90%) .3 How-r, upon the addition of CHpH (20% VN). t- 

butylmathyl ether (60%) and adduct 4 (60%) are formed? A plausible mechanism for the formation of these products is 

shown below.’ 

t-B% 
N hv Mu, + 

DCA+; * DCA’ + ; 

. t-Bu + N. 

1 i 
t-Bu 

t-Bu-+O--CHs + t-Bu. + DCA 

; 

The photogenerated azoalkane cation radical ltundergoee bond fragmentation wlthkee of nitrogen producing the t- 

butyi radical and the nltrilium ion. Coupling of the DCA anion radical, t-bulyl mdlcal and the r&Mum bn yields adduct 3. In 
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the presencn of CbOti, the proton&d t-butylmethyl ahr b formed in competitkn or ma&ion wtth the nttrilium bn. 

Coupling of the DCA anion radical with the t-butyl radical followed by protonatkn affords the adduct 4. 

In contrast to 1, cosanslt&ed photooxldatkn of 2 In CH3CN afforded the cyclic imina 5 in high yidd (75V0).~ The 

yield of 5 Is indepwknt of oxygen ~~(Io21~i~M)and~qu~ybMfor~m~of1b.25 

Howewr, In the presence of CH3OH (15% VW), photoxldation of 2 yblds the DCA adduct 6 @U%) i&aad of the imlna3 

These wperimantal observat/ons can k ratlonalizad by the following mocha&m. 

Fragmentation of 2f in CH$N yields a nitrilium kn radical intertmdlate. Intramolecular radical cyclitatlon ghws the cation 

radical S?whkh can then oxidize neutral 2. This chain mechanism is supported by the observed quantum yield, and the 

oxidation potentials of 2 and 5s This radkal cyclizatkn must occur rapidly to effwWely c&Ma with the mactkn of 9 

with the radical canter. In the preeanco of CH30H. the protonated ether cation radical Intemmdlata is formed in 

competition with or from a reaction with the nibilium cation radical IntermedIate. Coupling with DC& affords th adduct 6. 

A plausible alternatiw mechanism for the formatlon of products 5 and 6 from the oxidation of 2 (and 3 and 4 from 

11, is shown below. Cycloaddition betwan 2? and Cl-&N followed by rlectrocyclk ring opening and loss of molecular 

nitrogen yields the samn nitrillum Ion radical Intermediate as shown abow. 
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However, msss spectral anatysk of product 5 obtalned from the oxldatkn of 2 In CH@N. showed compkte 

incorpwatkn of the isotopic label. Consequently, Uris nwchanism is not operathm in the formation of 5, ud presumably 

94~5,Inthatil~u~noincorporaQionotths~IinproductS. 

Inord#~o~~Wntic~of~uocrdlonr~icalrl?urd2?, Mnosecondabeorp6on 

spectroscopy (NAS) and photoacoustk cakrirneby (PAC) experiments were conducted. Excitatkn ( 410 nm, 15 ns, 5 ml) 

of CCA ka. 106 M) in oxygenated CH$N with added BP (0.2M) and azo l(O.015 M) resulted In the rapid decay (< 20 ns) 

of the BP? absorbance, & - 600 nm Unfortunately, under our experimental conditions, no concomitant absorption 

Increase was observed for the pmsumably formed I?. However, under oonditio~ in whkh BP! is completely quenched 

byl. th~ditlonoftri~rw(TAA.3x104-3xl~M)r~ltedin~growthof~TAA+a~rption.~670 

nm. ~plotof~ntoaf~owthoftheT~?~ption’~nrous~AAIisHmarwithdopof4x109M-ts-t,Md~ 

intercept of 4.1 x 1068-l. This intercept, lqrsg(l?), corresponds to the sum of &the docay processes oftheapecka 

which oxidizes TM. Under simllar experimental conditions described above, kf,ag (28 - 7.7 x 106 s-t in 

lO%CH6OHAKI%CH~N. 

Excitation of DCA h-430 MI) in degassed CH$N with added BP (0.2M) and l(O.OlM) results in two heat 

de-as measured by PAC. We attrbuta the first, rapid (~10 ns) heat deposkon to the fomutkn BCA- and I?, and 

ths second, slower heat deposition to the decay of 1 ?. Theratoconstantfbr~~ayotl+,khsg(lf)-25xt~s-~,k 

independent of [CHsOH] and Is within experimental error of the value obtained from NAS. Azo catkn radical l?wss sko 

generated in several non-nuclsophilic solwnts using Nmethyacridinium as the electron acceptor.7 The kfrsg (13 in these 

solvents Is rather insensithm to solwnt polarHy and is independent of ICH6CNl and [CH3CHle Under similar experimental 

conditions, khpo Bt) - 5.7 x l@ s-1 In 5%CH#U95%CH&N. 

We attribute the observed fast, first-order decays of both If and P?to Initial unimokcular CN bond dissociation.9 

If coned, then clearly one-electron oxkation grsrf/y -therateofCNbondfragmentatkn. Thecakulatedrate 

constants for th decomposltbn of 1 and 2 at 296 oC are 3 x lo-15 s-1 and 6 x 1912 s-1, respscthmly.lo The decay rates 

of 1 +and P? are LlOt6times faster than 1 and 2 at 298 aC. A similar rate acceleration has been prevkusly obserwd for 

l.l’-azonorbornane?c 

A therrnodynamk arguement for this rate acceleration is that the C-N bond dissociation energy In 1 and 2 is 

dramatically reduced upon oxidation. l-2.l l The free energies for decomposkon of neutral azoalkanss 1 and 2 at 296 Oc. 

presumably via C-N bond dksociation, are 37.2 and 32.6 kcal/mol, respectively,~“whe#eas thermodynamic cyck 

cakulatkns yield values for l?and 2+of s12.7 and < 7.2 kcaknol. a decrease of 124 kcaUmoi.t2 

Rapid cation radical fragmentatkn reactions are potentially useful In the design of highly effkknt photoinduced 

electron transfer reactkna The Initial ion radical pair formed upon electron tmnsfer can undergo energy wasting return 

electron transfer whbh rseults in ineffkient chemistry. Although l?and 2? wore generated by reaction of 1 and 2 with 

BP?, azoalkam cation radkal fragmentation can potentially compete effec6wty with return electron transfer. Future 

mechanktk studks will examins additional azoalkane catkn radkaia We hope to determine the temperature 

dependence on their rate of decomposttkn to help understand what factors are Important in achieving faster 

fragmentation ratea Preliminary studies lndkate that their decomposition is entropy controlled, In contrast to that of their 

neutral precursors which are enthalpy controlbd. 
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