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Construction of dioxetane—tyge high-efficiency chemiluminescence system assisted
by intermolecular hydrogen bonding in solid phase
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Deprotonation of a dioxetane bearing a hydroxyaryl group generates an
unstable dioxetane having oxidoaryl anion, which undergoes iIntramolecular charge-transfer-induced
decomposition (CTID) to produce a singlet-excited carbonyl fragment while effectively emitting light

especially in an aprotic polar solvent.
To realize highly efficient chemiluminescence of dioxetane in the solid state, we attempted
CTID-type decomposition of dioxetane by using of intermolecular hydrogen bonding between a phenolic
OH of dioxetane and an additive such as organic super base. As a preliminary study, we found that
organic super bases can be used for CTID of dioxetane bearing a hydroxyaryl group in an organic
solvent. In addition, we investigated base-induced decomposition of dioxetanes bearing a
3-hydroxyphenyl substituted with 4-p-oligophenylene moiety. Thus, we found that base-induced
decomposition of these dioxetanes rapidly proceeded to give bright light even in water as well as in

acetonitrile or DMSO.
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Table 1. Chemiluminescence properties for organic superbase-induced decomposition of dioxetane 1 and

2a—2cin CH3CN)

Base BTPP TBD MTBD DBU T™MG TBAF
ANpK &) 28.4 26 25.5 24.3 234 e
Amac/ MM 471 471 471 471 471 467
1 s 0.13 0.14 0.11 0.12 0.086 0.10
e KTPIs™  54x102 2.5x102 6.9x10°  1.3x10°3  85x107  3.6x102
2a Ama/ MM 490 490 490 490 490 490
4sC ot 0.32 0.34 0.30 0.33 0.26 0.33
O KPS 15x103 7.0x104 78x104 5.9x104 2.8x102  1.5¥10°%
2b Amac/ MM 487 487 487 487 487 487
4sC . 0.25 0.25 0.23 0.23 0.18 0.24
(WO KPS 18x102 82x104 1.0x10° 93x104 63x104  1.7x103
Amac/ MM 560 535 535 498 498 560
2c - 0.0091 0.031 0.015 0.0077  0.0057 0.012
keT'b/ s 48x102  9.7x102 22x103 8.8x10* 8.1x10* 6.0x10L

a) A solution of adioxetanein CH3CN (1.0 x 10* M, 1 mL) was added to a solution of
abasein CHzCN (1.0 x 102 M, 2 mL) at 25°C. b) Reference 5.
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Table 2. Chemiluminescence properties of dioxetanes 1 and 4a—4d bearing a 3-hydroxyphenyl substituted
with a 4-p-oligophenylene moiety in CH;CN, DMSO? or in H,OP

Base/solvent(additive (20 eq)) AmaxSH NM PCLO kCTIbf 571 tuz/s

TBAF/CH3CN 467 11x1071 2.8x 1072 25

1 TBAF/DMSO 471 2.0x 10" 15x10? 4.7

NaOH/H20 476 1.1x10° 8.6x10* 810

NaOH/H,O (B-MCD (45 °C)) 472 1.0x10° 53x10°3 130
e NeOH/H;O (TBHP(45°C)) 472 12x10° 16x10° . 420

TBAF/CH3CN 482 1.8x101 1.7x101 4.2

4a TBAF/DMSO 483 24x 10" 43x101 16

NaOH/H20 493 21x10* 7.2x10° 97

NaOH/H,O (B-MCD (45 °C)) 498 62x10%  1.3x 102 53
e NaOH/HO (TBHP (45°C)) .. 492 . 52x102%  24x10° . 290

TBAF/CHsCN 503 1.8x101 1.1x1071 6.2

4b TBAF/DMSO 506 22x10% 3.6x101 19

NaOH/H0O 490 24x10°3 1.6x10°7? 43

NaOH/H:0 (8-MCD (45 °C)) 506 16x102  1.8x 102 39
e NaOH/H.O (TBHP (45°C)) ! 503 14x10% 30x10° . 240

TBAF/CHsCN 547 14x107 9.6x10°2 7.2

ac TBAF/DMSO 545 1.9x1071 3.8x101 18

NaOH/H0 496 3.7x10* 1.7x107? 42

NaOH/H,O (B-MCD (45 °C)) 518 31x102 15x102 46
e NaOH/H.O (TBHP (45°C))_ 530 1ix10% 32x10° . 220

TBAF/CH3CN 607 1.0x 1072 1.7x101 4.1

4d TBAF/DMSO 590 3.7x1072 3.3x101 21

a) A solution of dioxetanein CH3CN (1.0 x 10 M, 0.1 mL) was added to a solution of TBAF in CHzCN , DMSO
(6.9x10°M, 2.9 mL) or at 25 °C.

b) A solution of dioxetanein CHsCN (1.0 x 103 M, 0.1 mL) was added to NaOH in water (6.9 x 102M, 2.9 mL) at
25 °C.
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Table 3. Solvent effect on selectivity of syn/anti-
stereoisomeric dioxetanes 6 for the singlet-

/ HBD oxygenation of dihydrofurans 5.
/ HBA
Solvent Ratio of syn/anti-dioxetane
6a 6b 6c
CHCI3 13/87 5/95 21/79
CHCl; MeOH 21/79 3/97 26/ 74
b CH:Cl> 24/ 76 12/88 53/ 47

CH3sCN 31/69 28/72 66 /34
Toluene 79/21  31/69 94/6
acetone 90/10 46/54 95/5
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