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Absemcc Reacth ~9~~t~l~-l0-~~1-9ulIryl-9.l(klihylfcwcr (I) with isolated dkthyi- 

dbxirane qfords chvage praduc~~ with chmdmwtinescence via a I t.4-irioxune (5) which udl be 

form&by the mactim qfan in&mm&q epoxi&? (3) with dimethyldioximne IU a wcleophik 

Dimethyldioxirane (Dh+lD) is a novel oxidant which has an efficient ability to tram&x oxygen atoms to 

a variety of organic substrates in high selectivity. 1 We have observed chemiluminescence (CL) in the 

reaction of 9-arylmethylene-lO-methyl-9,lOdihydroa&lk (1) in CH2C12 with solutions of isolated DMD 

in acetone.2 As far as we know, CL in the teaction of an olefin with DMD is unprecedented. Thus, we report 

here about novel CL from the reaction of 1 with DMD, and suggest its plausible mechanism. 

During the study of 1.2-dioxetane. we have found CL in the reaction of 1 with m-chloroperoxybenxoic 

acid3 (MCPBA), DMD and hydropemxides. The rrtaction of 1 with mart than two equivalents of DMD gave 

quantitatively corresponding aromatic aldehyde (2) and N-methylacridone (NMA) with light emission.4 as 

shown in eq. I. On the Itaction of lb with @molar DMD, a half amount of lb is consumed to give 2- 

naphthaldehy& (2b) and NMA with light emission. Hence the CL reaction needs two equivalents of DMD. 

Also, the reaction of a second molecule of DMD with the oxidized product of 1, probably an epoxide, has 

pmved to be much faster than the reaction of the first molecule of DMD with 1. 

ql z+-& ":O + hv (1) 

ArH a: Ar = Pbenyl, b: Ar = 2-Naphthyl 

The kinetics of the reaction of lb in CH2Cl2 with 5 to 30 equivalents of isolated DMD in acetone are 

carried out by following the W abso&ance of the reaction mixture at 420 nm.5 The rate for the consump- 

tion of lb is of the fmt order both on DMD and on lb, and hence the rate determining step may bc the 

epoxidation of 1 with DMD. The activation parameters for the consumption of 1 on the reaction with DMD 

are given in Table 1. The larger negative activadon entropies for the reaction of olei5n with DMD compsred 

to those for the reaction with MCPBA indicate more steric hindrance in the transition state. These are 

compatible with the steric effects on the reaction of alkcnes with DMD7 and the suggestion by the molecular 

orbital calculations.* The relative reactivities in the rtaction with DMD ate mainly dkctai in the activation 

enthalpies. 

The CL from the nxtction of 1 with DMD shows the initial fast increase and the following slower first- 

order decay of the light intensities. The rate constants for the first-o&r decay of CL are independent of the 

concenuation of lb and DMD. The time profiles of emission may be explained by the initial faster second- 
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Table 1. The Activation Parameters for the Consumption of 1 

Reaction AG&&JAnol AH*/kJ/mo1 &/J/&mol kd298 d TempRangePC 

la+DMDa 63.1 f 4.9 22.0 f. 3.4 -138f 12 1e 9.4 - 34.4 

lb+DIKDa 62.1 f 3.5 21.3jz2.5 -137f 8 1.47 7.3 - 35.0 

lb+MCPBAb 67.6f 4.6 50.2 f 3.3 -59f 11 0.16 13.0- 37.5 

Cmnama~DMDc . &?.9f 121 55.8f 8.5 -1lSf29 O&SW2 lO.O- 30.0 

a) Ten equivalents ofDMD in acetone (1qtL) were added to the olefin in 4.0 mL CH2Cl2; (11 = 

2.7x10-5 M. b) In CH2Cl2. rew in the previous paper.3 c) (E)-FWH=CHCC&Et+ DMD 

in acetone, caiculated from the data of ref. 6. d) Relative rate at 25°C. e) Second order rate 

constant is 55.3 M-h-1. 

order accumulation and the following slower first-order dceomposition of a chcmilumincscent intcrmcdiate. 

This chemiluminewxnt intamcdiatc should be formed by the reaction of a second molecule of DMD with the 

initial oxidixed pmduct, probably an epoxide. The epoxidation of enamines by DMD was reported to affonl 

l&dioxatms by dimetization of intermediary enamine epoxides via the corresponding 1,3dipoles.9 In the 

naction of 1 with DMD, ti intermediary epoxide (3) will form the 1,3dipole, which will be stabilized as a 

9,1( cation (4), as shown in Scheme 1. The reactions involving pemxides as nucleopbiks 

give peroxidic adducts,lO and hence the reaction of an electron-deficient moiety of 4 with DMD as a 

nucleophile should form the product containing G-G bond, i.e. the 1.2,~uioxane (5) as a chemihuninescent 
~~e&e.ll, 12 

The emitting species M the reaction of lb with DMD is the singlet excited state of NMA (lNMA*), 

because the emisdonspectraofCL~thesameasthoaeofthelum~scenceofthephotocxcitedNMAand 

the CL from the l&dioxetaue of lb. The Won switching on CL by successive addition of tiuoroacetic 

acid and uiethylamine, as shown in Fig. 1, indicates the impoaant role of the lone pair of nitrogen in acridan- 

ring on CL.3313 As the acridan-ring system is ConformationaLly flexible,13 in the boat conformation (SB) the 

lone pair of nitrogen csn approach the G-G bond and transfer one electron to the antibonding cr orbital of the 

G-G bond. The electron trsnsfer should be the rate determining step for CL and form the dipolar intermediate 

(6), which will afford ~NMA* on the decomposition, as shown in Scheme 1. The activation parameters for 

the CL from la or lb with DMD are similar to those of the corresponding lf-dioxetane and BhyQoxy-a@1 
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Figum 1. Time ptofile on the successive addition of CF3CO2H (0.2 mmol) and NEt3 (0.5 mmol) 

to the reaction mixture of lb (9.3 pool) with DMD (97 pool) at 25OC 

pcrester, as shown in Table 2. The above results indicate that the decomposition of 1.2,~uioxane 5 will 

proceed by a chemically initiated electton exchange luminescence (CIEEL) mechanism. in a similar manner 

to the decomposition of analogous 1,2-dioxetanel3 and &hydroxy-tertiary&y1 pcmster.3 

The hitherto known 1,2+trioxancs am thermally stable. 14 The related compounds such as amino- 

substituted 1,2,4-ui0xanes~~~ 16a and 1,2,4,5-uioxaxines 16b also arc stable, but their lone pair of nitrogen 

will not approch their O-O bond in view of their X-ray structures. 14a.15~6 The difference on the thermal 

stabilities between 1,2,4-trioxanes will depend on the availability of the favourable conformation for the 

elccuontmnsfcrfiomlouepairofnitrogcntotbeO-Obond 

In conclusion, we have shown that the reaction of 1 with DMD &fords CL which will be responsible fa 

the decomposition of intermediary 1,2,4&oxane 5 by a CIEEL mechanism. We have also suggested that the 

Table 2. The Activation F’arsmetus for the Chemiluminesccncc of the maction of 1. 

Reaction ~29ghT/mol A&k.t/mol ASRVIGmol km1298 e Temp RangcPC 

la+DMDa 82.9 f 3.6 52.5 f 2.5 -102f 9 lf 5.tL25.0 

lb+DMDa 81.7 f 9.5 68.5 f 6.6 -44f23 1.7 -5.h30.0 

lb + MCPBA b 82.7 f 9.2 72.2 f 6.4 -35f22 1.0 10.0-25.0 

la+l%C 83.2 f 1.3 63.9 f 0.9 -65 f 3 0.85 0.0-25.0 

85.2 f 5.9 61.0f4.1 -81 f 14 0.37 5.0-25.0 

a) CL from the J&l-tioxane intermediates 5.Olcfin-CH2Cl2 solution was added to 10 equivalents 

of DMD solution. Final composition of the solvent was 5:l CH2C12-acetone. b)CL&omthe 

pezestcr intumdatc. pqmred by the reaction of lb with excess of MCPBA and dctermincd after 

addition of excess of NJZt3.3 c) CL from the l&%oxetane of la in CH2Cl2. calculated tknn the 

data of ref. 12. d) CL from the 1,2-dioxetane of 1 b. pmparcd by h4cthylcnc Blue-sensitizd 

photooxygcnaticn of lb at -78°C in CH2C12 by use of 940W Sodium lamp and yellow filters. 

e) Relative rate at 25OC. f) First order rate constant is 1.873 x10-2 s-l. 
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intemcdiary l&4-aioxanc 5 may bo fcnmcd by the m&on of the 1,3dipolc 4 with DMD as a nuclcophik. 
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