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Abstract: Six isomeric 3,3-diisopropyl-4-methoxy-4-(2-naphthylxlioxetanes (4) were synthesized and
their F--induced chemiluminescences were examined in DMSO. Dioxetane 4b is a new type of
chemiluminescent substrate which affords intense flash light. The other isomeric naphthyldioxetanes
(4¢c - 4f) exhibit chemiluminescent properties in agreement with the 'odd/even’ relationship.
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Dioxetanes bearing a fluorescent electron donor such as phenoxide anion are unstable and decompose
rapidly to emit light by an intramolecular electron {(charge) transfer mechanism (CIEEL mechanism).1-6 The
position of an oxyanion on the aryl ring relative to the attachment point to the dioxetane influences significantly
the chemiluminescent properties and an 'odd/even' relationship7v8 has been observed for dioxetanes (1),
which release a phenoxide on treatment with F~; (1a) with a meta (odd)-substitution gives more intense but
longer half-life emission than (1b) with a para (even)-substitution and its ortho (even)-isomer.2,3’9’10 The
'odd/even' relationship has very recently been reported to hold also for dioxetanes (2a and 2b) bearing a
naphthol moiety.sv11 These facts bring on a rather simple but important aspect of the synthesis, namely
whether a CIEEL-active dioxetane emitting light with high efficiency as well as short half-life can be realized by
designing a fluorescent electron donor.12 Wwe report here that: 1) 3-[4-(terr-butyldimethylsiloxy)-2-naphthyl}-
4 4-diisopropyl-3-methoxy- 1,2-dioxetane (4b) is a new type of dioxetane affording intense flash light, and 2)
the other isomeric naphthyldioxetanes (4c - 4f) exhibit chemiluminescent properties in agreement with the
above 'odd/even’ relationship.
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First, we synthesized 3-[4-(ter-butyldimethylsiloxy)-2-naphthyl]-4,4-diisopropyl-3-methoxy-1,2-dioxetane
(4b) and examined its chemiluminescent properties because of its formal structural resemblance to 1a with
respect to the positional relationship (odd) between a trigger and the attachment point to the dioxetane ring. A
solution of 1-[4-(terr-butyldimethylsiloxy)-2-naphthyl]-2,2-diisopropyl-1-methoxyethylene (3b) (100 mg) and
tetraphenylporphin (TPP) (1.5 mg) in CH2CI2 ( 10 ml) was externally irradiated with a Na lamp (180 W)
under an oxygen atmosphere at 0 °C for 2 h. After concentrating the photolysate, the residue was
chromatographed on silica gel and eluted with hexane-ethyl acetate to give a dioxetane (4b) as a pale yellow
viscous oill3 in a 52 % isolated yield. When a solution of 4b in DMSO (1.0 x 10-3 mol dm™3, 1ml) was
added to a TBAF (tetrabutylammonium fluoride) solution in DMSO (1.0 x 102 mol dm™3, 2ml) at 25 °C, 4b
emitted flash intense light (Amax = 496 nm, ®CL = 5.2 x 102, 172 = 0.08 5).
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The chemiluminescent properties of 4b were significantly different from those reported!! for 2a (Amax =
550 nm, 772 = 1380 s) and 2b (Amax = 463 nm, ¢} = 9 s), though 2a and 2b bear an adamantylidene
instead of two isopropyls and their chemiluminescent system is in aqueous solution, where the half-life of
emission tends to be prolonged.14 To compare the chemiluminescent properties of 4b with those of
dioxetanes corresponding to 2a and 2b under equivalent circumstances, a (6-siloxy-2-naphthyl)dioxetane (4d)
and a 7-siloxy-analogue (4€) were synthesized similarly to 4b (4d: 78 %, 4e: 73 %). Treatment of 4d with
TBAF in DMSO afforded very weak flash light (Amax = 470 nm, ®CL = 3.2 x 106, 172 = 0.15 s), while
similar treatment of 4 e emitted glow orange light (Amax = 558 nm, ®CL = 5.6 x 102, ¢72 = 250 s). These
results showed that both 4d and 4 e are in the category of the 'odd/even’ relationship, but 4b is not.

We further synthesized the remaining three isomers of dioxetanes (4) bearing a siloxy-substituted 2-
naphthyl by singlet oxygenation of the corresponding naphthylethylenes (3) (isolated yield 4a: S8 %, 4¢: 42
%, and 4f: 72 %).15 The F-induced chemiluminescent properties of these dioxetanes are summarized in
Table 1 together with those of 4b, 4d and 4e. Table 1 shows that: 1) upon treatment with TBAF, all the
dioxetanes (4) except for 4a emitted light with longer wave length than the case of 1, 2) chemiluminescent
efficiencies (PCL) of 4 are classified into two groups; 4b, 4¢ and 4e exhibit high efficiency while 4a, 4d and
4f, especially 4d, emit very weak light, and 3) for half-life of chemiluminescence, a group of 4b, 4d, and 4f
giving flash-like light is distinguished from a group of 4a, 4¢ and 4e affording glow light. In conclusion, the
" odd/even'’ relationship is observed for ®CL of dioxetanes bearing a 2-naphthyl (4) but not for their emission
half-lives; the cases of 4a and 4b are deviated from the relationship.

Although it is difficult at this time to offer a theoretical explanation of the detailed features of the order of
light yields of 4, the classification of ®CL. for 4 into ‘odd / even' relationship is probably rationalized by the
theoretical accounts proposed by McCapmlO and Bronstein;3 singlet excited state is effectively formed when
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an oxyanion on the aromatic ring stabilizes a charge transfer transition in thermal decomposition of aryloxide-
substituted dioxetanes formed after triggering. On the other hand, little attempt has been made to account for
the relationship between substitution pattern and half-life of emission.16 The ease of intramolecular electron
(charge) transfer from an O~- substituted aromatic ring to the dioxetane ring should be reflected in the half-life
of emission and the rate of decomposition of the dioxetane. Providing that the aromatic carbon (Ca) at the
position attached to the dioxetane ring participates in the electron transfer process, the rate of decomposition of
the dioxetane (emission rate) would depend on the HOMO electron density at Ca. The evaluation of the
HOMO electron density at Cat is expected to provide rationalization for the relation of half-lives between the
substitution patterns in a series of the dioxetanes 4. As shown in Table 1, an HMO calculation,17 which is
simple but still convenient to know qualitatively the regioselectivity of reaction on a m-system for rather simple
aromatic hydrocarbons, reveals that the order of the HOMO electron density at Ca is in good agreement with
the order of the emission rate (decomposition of the dioxetane) (4d > 4f > 4¢ > 4a > 4e) except for 4b,
which decomposes more rapidly than the expectation by the calculation. 18 The calculation accounts also for

Table 1 F-Induced chemiluminescence of 3,3-diisopropyl-4-methoxy-4-(2-naphthyl)-1,2-dioxetanes @°

) - lectron
Dioxetane A ey | DN & ” tpls kst HOMO e
' e L 2 density at Ca®
Me0 90
4a 9! 460 27x100 73 0.095 0.023
OTBDMS
Me09-0
ab $® 9% 52 x 107 0.08 87 0.046
OTBDMS
M.oO'O
4c 569 7.4 x 103 4.8 0.14 0.034
TBDMSO
M.oO'O
4d 470% 3.2 x 10°¢ 0.15 4.6 0.186
TBDMSO OO
Me0 -0
TBOMSO
de 90 558 56 x 107 250 0.0028 0.014
TBDMSO Me09-9
at C10 560 Tx100 024 29 0.126

a) Measured at 25 °C. Unless otherwise stated, a solution of a dioxetane (4) in DMSO (1.0 x 103 mol dm3,1 ml) was
added to a TBAF solution in DMSO (1.0 x 10”2 mol dm™, 2 mi). b) Relative quantum yield based on the value for 1a
(ref. 2): Aoy =470 (465) nm, Oy =0.25,1;, =5 (5) s; values in parentheses were obtained in the present work.

¢) HMO calculation on naphthoxide anions using parameters cited in ref.17. d) A dioxetane (4d) (1.0 x 10 mol dm?,
1 ml) and TBAF (1.0 x 10"! mol dm3, 2 ml) were used.
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the fact that half-lives for 4a and 4b are reversed from the viewpoint of the 'odd/even' relationship.
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