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dewmposing to N-methylactiiae and aronmuic aldehyde math chemiluminescence by a ClEhZ mechanism 

Applications of chemihuninescence (CL) and bioluminescence in analytical chemistry have amacted 

considerable interest in recent years. 1 We have recently found CL during the epoxidation of 9-a@- 

methylene- lO-methyl-9,lOdih~e (1)2 with m-chloroperoxybenxoic acid (MCPBA), dimethyl- 

dioxirane, and hydroperoxides. As far as we know, CL in the reaction of olefiu with peroxides is 

unprecedented. We report here about a novel CL ftom the reaction of 1 with MCPBA, and suggest its 

plausible mechanism. 

During the study on 1,2-dioxetanes having atene-moiety and N-methykcridan-ring, we attempted the 

epoxidation of 1 with MCPBA in CH2Cl2 at 25°C in order to obtain the corresponding epoxide. The 

oxidation of 1 with more than two equivalents of MCPBA gave quantitatively corresponding aromatic 

aldehyde (2) and N-methylacridone (NhlA), but no epoxide, as shown in eq. 1. Moreover, the reaction was 

confirmed to be chemihtminescent by means of a Mitchell-Hastings photometer.3 
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a: Ar = Phenyl, b: Ar = 1-Naphthyl, c: Ar = 2-Naphthyl 

Similarly, 9-( IO-methyl-9,10-dihydroacridinylidene)adamantane (3a) shows light emission on the 

reaction with two equivalents of MCPBA in cH2Cl2 at 25”C, but several related adamantylidene derivatives, 

i.e. 9-xanthenylideneadamantane (3b), 9-thioxanthenyli&neadamantane (3c). 9-fluorenylideneadamantane 

(3d) and 9-(9,lO-dihydtoanthrylidene)adamantane &?),a give no light emission under similar conditions. 

Therefore, the 9-(lO-methyl-9,10_dihy&oacridinylidene) moiety is required for the CL reaction with 

MCPBA. Molecular oxygen is not responsible for the CL,2b as CL under oxygen atomosphere shows no 

dif%rence from that under argon. 

a: X=-NMe- b: X= -O- c:X=Bond &X=-S- e:X=-CHT 
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On the reaction of lc with equimolar MCPBA under argon atomosphem. a half amount of lc is 

consumed to give 2-naphthaldehyde (2~) and NMA with light emission. Hence the CL reaction needs two 

equivalents of MCPBA. Moreover, it is appatent that the reaction of a second moloculc of MCPBA is much 

faster than the ma&on of the first molecule dM#BA with 1. 
The l&ctics for the reaction of lc with u) to EOO c!quivalents of MCPBA in CH2C2 am carried out by 

following the W absorbance of the maction mixture. 5 The rate for consumption of lc is of the first order 

both on MCPBA and on le. The sccod o&r rate constant of the reaction of Ic with MCPBA is 8.8 M-ls-1 

at 25’C, and the activation parameters are AG*29g = 67.ti4.6 kJ/mol, AH* = 50.2f3.3 kJ/mol, AS* = 

-59ill J/K*mol. These values axe comparable to those of the reaction of electron-rich tri-substituted olefin 

with MCPBA.6 These CL reactions with MCPBA show the initial fast increase and the following slower 

first-order decay of the light intensities. The decay of light emission from the reaction of lc with MCPBA is 

followed by a Mitchell-Hastings photometer. 3 The first order rate constant of the slower part of the CL is 

0.078 s-l at [MCPBA] = 4.3~10~~ M. Hence the emission curve indicates the initial fast accumulation and 

the following slower decomposition of a chemiluminescent intermediate. 

A weak CL from some epoxides was reported on heating to 50-70 ‘C.7 As phenyl oxirane gave 

phenylethanal on heating, it was suggested that the CL reaction of epoxide would be explained by the NIB 

shift of a polarized epoxide to give excited states of a carbonyl compound However, as the reaction of 1 

with MCPBA gives the carbonyl compounds cleaved at the carbon-carbon double bond, the present CL 

reaction with MCPBA is different from the reported CL.. The epoxidation of enol ethers with excess 

peroxyacid is known to give carbonyl products which were cleaved at the carbon-carbon double bond by way 

of intermediary unstable epoxides and B-hydroxyalkyl peroxyestersg Hence, the light-emitting species will 

be not intermediary epoxides (4) but B-hydroxyalkyl peroxyesters (5) formed by the reaction of 4 with 

MCPBA, as shown in Scheme 1. 

The decomposition of secondary-akyl petoxyesters has been reported to give light emission by a few 

modes of processea9 On the other hand a tertiary-alkyl pemster was reported to he inefficient in emitting 

light.gc As the intermediary ~hydroxyalkyl petoxyesters 5 am terdary-alkyl derivatives, the mechanism for 

their decomposition would be different from those of reported one. The successive addition of hiethylamine 

(NEt3)lO and uiflu moacetic acid to the reaction mixture, as shown in Table 1. indicates the important role of 

the lone pair of N in acridan-ring on CL. The similar off /on switching by successive addition of acetic acid 

and NEt3 was reported in the CL, from the decomposition of l&dioxetanes derived from 9-alkylidene-lo- 

methyl-9.1~dihydroacridines.11 The mechanism was proposed to involve an intramolecular electron 

transfer (N to peroxide bond). Hence, a similar mechanism would operate in the present CL from 5. 

The activation parameters for CL of lc with MCPBA in CH2Cl2 are determined as follows: AG*2gg = 

79.3f1.4 kJ/mol, AH* = 2O.atl.O kJ/mol, AS* = -199k3 J/K*mol. The huge negative activation entropy and 

the small activation enthalpy of CL suggest a bimolecular catalysis for the decompositon of 5. The addition of 

NEt3 (0.22mmol) after 40 s of reaction to the reaction mixture of olefin lc (O.OlOmmol) with MCPBA 

(0.2Ommol) in 4.5mL CH2Cl2 at 25°C leads to the decmase of fast order rate constant of CL decay, i.e. 0.019 

s-l, which is slower by a factor of ca. 4. A strong increase in intensity of light emission and a decrease in the 

rate of CL &cay by the addition of NBt3 to the reaction mixture l2 indicate that the main pathway is the non- 

chemiluminescent decomposition of intermediate 5 catalyzed by m-chlombenxoic acid (MCBA), formed from 
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Tablel. S uccessiveAdditicmofNEQandCF3C02HtoReactka MixlIlEoflc 

rad MCPBA in C!JJ2CI2 at 25”Ca 

ACldili~XtitlO*,nbfin)tUldAdditiOtlTiiC utximum wmsity omesiod 
(initial lc-mion mixall@ 

NEQ(ll) after778 1241000 

CF33002H (20) after 137 s 208 

NE@ (11) after 175 s 814510 

a) In 4.5 mL CH2Cl2. [olefin] = 2.1x10-3 M. ~CPBA] = 4.2x10-2M. b) Arbimuy unit. 

MCPBA upon epoxidati~, and that the minor non-catalyzed deanposition of 5 gives the excited product. 

The addition of NEt3 (0.22tnmol) to the reaction mixture after 40 s changes the activaton parameters for 

CL of lc as follows; AGQ98 = 83s kJ/tnol, AH3 = 72i6 kJ/mol. LIs* = -35f22 J/K~ol. These values E 

very different from those without addition of NEt3. but similar to those for CL from the 1,2-dioxetane 

derived from the phenyl-substituted olefin la, i.e. AGs298 = 83.2k1.3 kJ/mol, AH* = 63.RkO.9 kJ/mol, AS* = 

-62f3 J/K*mol.ll These activation parameters and the ofWon switching described above suggest that 5 will 

decompose to give the singlet excited state of NMA by the mechanism similar to that of the phenyl- 

substituted 1,2dioxetane, 1 1. i.e. chemically initiated electton exchange ante (CIEEL) mechanism, as 

shown in scheme 1. 

In conclusion, we have shown that a novel CL reaction ikm 1 and MCPBA w probably via B- 

hydroxy-tertiary-alkyd pe~~xyesters 5 and that the addition of NEt3 makes the decomposition of 5 by CIEEL 

mechanism the maia pathway. 

Ar’ = ttl-Cl-c&I,- 
-&MA* 

+ MCBA 

+ ArCHO 

NMA/hv 
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