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B EERES - AFGE 0% o

&4 3a~3b~4a~4bx 5 H-TSCEHELF F I 7 A REDF LM BhRET G
1,2-8% % 6a~6b~7a~7b 2 8o ki % %chug 3 “:imi—l“‘wgd—.;;j&?sfw,@,g .
e L 00 b LR RISl fp L F RS (G G G
17 #77 4% 5% (Arrhenius equation) #7 $ {7 &35 it it X 5 22kcal/mole » 2 31 A 3 g, enf_it & 4 Ta
% b % :}:‘_a,—r B 0 % 1 i @ 22keal/mole *# T 16kcal/mole A F1& d 10''~10" 1
4 6a%x 6b' 5 10~10°20 1 4 Ta s Tbr &7 A2 £ 4 Ta s Tb F R ARG % cPiBA %

on
-
o0
=8
R
=
I

Aul#it £ 3a~3bsda~4b & SE- F U 5 AI8CTH LG 0 R 4% 3a
BB R SRR A 902 I TS L4 3a 3bda4b 2 SHEF



P B LE T AFAYE 1315017126007 11 &3 5-3a% 4at @i B
HFEEFTAS LI URBERG I EH 52307 FEFEE £ 002 1144
PR L B E R LF AL AR B G 0 feREE 5 LR R
Kod L5 FRABAPA TS % (B4 s cis o trans = f Tk spiro peroxide lactone % cis %

trans = J % spiro lactone » LRI # 7 it A Zwitterion 53] » @ 7 ¥ i 2 Fp 4 Augal -
0 o O/ ?

NBS;NCS X

70%H,S0,
hv

ANQ
0]

o) 6]
a:X=Cl
b:X=Br
X
X
2
X
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\
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(~)78 # 8843 (ZOU, GIU-LING) : & 2204

10,10,11,11-w @ fA 5 247[9,10-b]-[1,4]- 5 pr i § 2 HE L F § L owm g
PNQ(phenanthrenequinone)f= TME(Tetramethylethylene)*t ¥ ¥ i § PRE ¥ 7§ L2 2

W (Dr=1)> & F 18 (85% )1 4+2 A 4+[1]> 7 10,10,11,11-w ? L = 33[9,10-b]-[1,4]-E F -
CEFI]A-T8CH &5 4o @I FHRLF MFF L LAHT TN 40~50% D &

2] 2 10~20% i & $[3]87 5~10% “ £ 4[4]> 7 ¥ K EFD 4~ =2 BF hAd - H gy



b*ﬁ,[z]—}"\/p i ,E]mg%{%*"hﬁﬂ“% EARE

ﬁP L 2.6s0x H R L& [2]e4p ¥ H K
% 2 Rose Bengal kacs it it & #[1]¥

i 13 s e S A &Y B kg
:‘-é_‘ );})":QPANQ/J 5u\:’§-ﬁjqr*§:dﬁj— -
ZE

— o

HIRAF[2]2 5 £ E3[4] - &1 £ 5[]
’£+_-78C 3t . § 1 ¢ Triphenyl Phosphite # » #-H 4¢ #- 35C:_Jr' ' ERtr AL T3k
55 it 5 K o

CESH[1]1* MCPBA:£{7%ks M F > HAAS S EF[4] HASF NS T5% »
2 5 £ PNQ o

_\,.',

41% PNQ v NBS ** 70% Fefie® F s> & = 1 £ 4 [5]4 5 % 60%
—"s’:‘i

% o1 £ 4 [5]% TME
L R Y R RI (Or=0.035)& % 5 T0% i £ (6] -

A et B F nbﬁ}@*%frb TANQ B2 s AH T I o
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—

“ 2] [4]

[4]

PNQ

A\

BS

70% H,SO,

5

PNQ [5]
(1)79 # 2 a% (LLWEL-YI): % %7 & %7
MG T A RTRA (L S S kP b

AR EHT A BALE EF() () Q) (OF L RBBERR G I HLFRS
18- TR F e 1,9-f- b > 2 AR R L S~ BB R T A SR

EREE ORI IEE- S T R O RO o Fl R O o Tl BRSO o Tl I
i g (2)F]S i A Bk e T 60, )RR LR (O = 0.00338) 0 e i
B TIK T (1)~ Qv Rk d & o A% 100ms 2 300ms o 33 i &3 (3)~ (4)F &
Toen e s 0 @ AR RER LR S (L TR 0 R FIE R B R £ (B)hE &
e g 42x107 0 @ it B @)FF i LIX107 sy o o

BT LRI A £ 4 (1) s (), )i B B PR iR - £ § % 446nm
Gy k2 GpEY S38nm e kT fo 1% BT ¥ R R RB T A &4 (1)2 pk, 5



12.68 » it & 4 (2)2 pko & 5 13.48 ¢ 3 3+ 1t Hn(3) O EXia s N, Ry PE T B
g ETht o i A4 (3) kAR ? F 480nm hE ko At e R 4‘r;§ 4 525nm F ko @
i &%(4)7‘ ""*'ffi_"; = If'*ﬁ?fé ¥k é F %EF} L_F’f 4371’11’1’1F’rJ "cﬁ‘ip 28 &F‘ ° ‘5 L_J\/a/xi’
Podv o BL 15> 437nm e KR BrES 33 A 575nm e K R B g o gt IR % 1 jEes 18 dketo-enol
tautomerism ¥ K f2fE o iz 2T P E i EF Q) dpk, B R 13.03 0 @ it £ (42 pk, B

& 13320

Acenaphthenone

[1]

Y

1-Aceanthrenone

HaC

H3C//IIII:._

2,2-Dimethyl-1-Acenaphthenone
(2]

2-Aceanthrenone
(3] (4]

(£)79 &g E (WEN,WANG-CHENG) : # = {545 ¢ 8 #f#
AR BT pRALoR R 2 kY B Bk e T8 3 BT T 7

*~ F 7 4 ¥ “troponoid compound” # -k i % (colchicine) 2 T Fr AL K i E
(methylthiocolchicine) » # 7 # 2" ¥ A (tropolone)” sk F 2_ sk it § 2 k4 1@ j4 FF o

Aok i1% (colchicine)<1>% 7 grfk-K 1% (methylthiocolchicine)<5>3+ 7 g ¥ PR k> 4 W
#afEAP > 25 P-lumicolchicine<2> - y-lumicolchicine<3>% B-lumithiocolchicine<6> ~
y-lumithiocolchicine <7>-° @ H ¥ #- B-lumicolchicine<2>#4 P& £ » ¥ {# a-lumicolchicine<4> >
o Akt g 2 B, ydsomer I 2 E K R 4 F @ o-lumicolchicine<4> ] 3
B-lumicolchicine<2>2z_ head-to-head dimer °

F }4'/“"% & %o ¢ f‘L;P\;EIBB'gﬁ v TR }4“"% :j}i gk f g, - it 54';'%,1\9 ﬁ?" ek
BoREd wnE o It UV, ¥ kg% HPLC 27 it Rkl ot 4 o7 B5 i
T = —%‘ 2. UV E3Y > 4 8 BTk £ 2034058 B (Aol = 350nm > Agioeor = 380nm) - 5§ ¥ PR k& pF
A sem L » R P 2 RRER - 22 FIA L7 L F L2 foRihE 2 7 gk in
% > REis ”tropolone”i% 2R 48 F ke By-isomer 0 = 1 & 4 gt eh
B,y-isomer > H UV k2 ~ F Lk 2z MSLH S5-I 2 248k > @ NMR k37 » B-isomer 7]
AN F 4 A  E N-H s 2 14§ 45 (chemical shift) i Kead > H @ ?-‘r—? (proton)
it B =8 AT 82 y-isomer 2_ f{FA54p 5 b d 2D-NMR { i£- # Z P o-isomer 2. > $8 %
HALE R



d HPLC shds 4 A 4508 % o Jipl Ak i & % B R o2 7 i i de™

B-lumicolchicine
hv o-lumicolchicine
colchicihe ——

y-lumicol¢hicine !

TR K R 2R A 2 ug i 2 B ¢ B-lumithiocolchicine<6> #4 FR:’» ks Fixy B
Fg #p ¢ &70-lumithiocolchicine” » @ = ¥ 2_ B, y-isomer 2_ & & & F & W] 5 !
®(B-lumicol.) = 3.8x107
®(y-lumicol.) = 4.2x10
®(B-lumithiocol.) = 4.1x107
®(y-lumithiocol.) = 3.3x107
d BT W ARACR R 2 ki ] A J\IJ:% v X5 110°~1/10° e e o gt 7

A J\l»‘v'%’“"ﬁgaﬁ & CRAAP > HEE S )4k B % 0.053 2 0.098 -
G UV kg ip Aefs? - L1 b m—*FH“ﬁvF‘q/n T @t E I
BELREBASF T E TR I F 2 ¥ i S5 TIDE Y KRS AAY i
ifﬂ%n‘-g_&?—%#ﬂgmﬁ S A BB, 2 DPA ¥ AV H L E T ¥ LE T S

(fluorescence quantum yield) + |- % :
Fooking . CI)f(y)>(Df(B)>CDf((x)
P EACR W DD (1) > D (B)

7 e % A gﬁﬁwﬁﬁ FHEREITEF L Mo H - Reno gt MR T (R
BAY o LI L F R REM A T EBEEAR 2 o

HPLC WRlY o FRBREERR UV RPE SEHEF LM EF2ZFEEAS
B,y-isomer » ¥ % B F »cF 2 % (10°~10™ 2 ) » F)pt #-pt kB & 4+ f£ 2 5 “lumicolchicine”
‘\«”lumlthlocolchlcme s Ry FR AR
(+-)81 & iz} (JIANG QIU-MI) : % L4kB 7 %&FF ~ H~ L1231 %
A GARTPL LT R B

RS AT F A F IR A (1) T4 Y7 e Wittig £
Bdd 43R 8122 ¥ % (1) SR UM L@ 5 3B g2 (2) 6 E =]
gy it 3 AR (3] RS E e ? A B(TME) A & § 2 F3 kY B
Diels-Alder + J& & 3 o

Al (1) P fRipife > Bfffrfeenidit 2T » @ % B4EMpEFE L F o TS
@F-Pe R A (1) 7 b g7 (1) &viii CE o RBHRTUERAS (1)@ 25
FRF A APt BERPENLE ?éyl“?’?v’w”&i’?*"*%a 7 (la)
g (Id]) 7 7 MR 3]t 4k > fap|H R r*'] P T EFG k td -78C~‘a‘%’_§'li@m4céi
AR L F AT g VTS A ;,,’a;f T ui(qm»t G g;? dETA E PR F L s
mEMCEFESGN B IADNE oREE S HEA S (I)E () ha %A o

i N, 77K) ~ EPA



1. (C¢Hs)5P H H
CHCl - R cC—"cC
2. Base
[1]

3.
R CHO
1,/ CgHg
hv
o) 0
O'O - OQ‘
. . R (2]
o] 0
CeHs o .
hv
Y
KMnO,

g o/
6 CHCl ~~c—o

R =a(Cl),b(OCHj),c(CHy),d(CH(CH),).e(H)
(+ =)81 # % iz (LI, REN-XIONG) : ¢ Rt 4
MR A DRI E L fF R KPR
AR AT OIS B £ H (1] (2] 3] [4] 5] [6)F § RAMBRA S 0 2 B
EREL 19 b A RAMBAR L 0 FRTAFETHA I AL
it &4 [1]4e[2]8 CHI(GEE)Z NaH & & A7 £ 4 [3]~[4] > A F 95 T4% - o3

12



HABRED N EF > FRTD (0, 1%) 0 (m, w)EB MEE PR 0 A kA & e (n
R G R R R MO i, ) B R A B BRI £ 4[] [2] [3] [4] [5]
[6]% %2z A %% 0.13~0.27+0.037~0.34~0.0049 ~ 0.022 4 44>+ 5 » @ & 7 BLET| Ol % o
Bk P & e 1 4-dioxane oK R & 3 R BEF R et B3 4o o 1 &4 [1][3][5]
[6]4-[2] ~ [4]4 %] F # o 245 5 311"]!:121}\3 k5g BB o @ (8 f ERF 2 hdkfokARY o H
BT A R I dp IR T F R R R > TR I kB R EF[1[4]A L pka
BA WA 13.10412.60~13.31+12.380 ffaft? 318 it & $[1]~[ ]%w« pka A W] 5 1.22+0.29 -



(0]
CICH,COCl
AICl; / CH,Cl,
(M
CH;l(excess) | NaH / Benzene
I Oi h

Hs

Hs

o c
“
3)
x
)

COCH,CI
CICOCOcCl
_—
AlCl;/ CS,
CH,Cl, /
0 NaBH, \ C,H.OH
Toluene H ' H
CH;l(excess) L TSA
CH;l(excess)
2)
3C 0

cis + trans
HiC '

)
(- =)81 & £ ¥ & (ZHAN, SHENG-QING)
5566-2 7 $h-23-(1,2-2 % 5 HRA)-LA-FEF R Spchb d ey g E k=g



iz d e H fik (Aceanthrenequinone) i* & 4 1> ad Hfcg * ¢ - = & (C4riiv T
SE A d R ARSI S Y kAL S 0 &K 4A6% o

# g i th 5566-m O A 23-(12-¢ % 5 & )14 F AL[5.5.6,6-tetramethy]
-2,3-(Aceantnro)-1,4-dioxin] i* &4~ 2> B|¥ d 1,2- EAr 1 v 2,3-2 7 3-2-7 o 2o -l R~
F? {8 & J&(Photo Diels-Alder reactlon)A *2 0 AFHSE o BRRES LA HET

BRI EPF 2302 F 7 =Y B8 CTERLF AR FEREIRER ’}5‘5']

7"%‘?’5}‘%3&@ P2 LR ESF ATVRA AT 4% BT 0 RS T L2-FF
% (1,2-dioxetane) it £ 4~ 3 Hd ¥ 2 J L & 47» 2BHE FRTETIAS AR o

R R S R 0 R o R e fren L 1T 1 R 5 8
> 7N (Arrhenius equation) 17 B & fZ 5 14 ib ¥ % 18kcal/mol -

A TR KRR ML LRI LT P ETAZ Y R ES 3B AY 4
56~ 7 Berkildicdy 2 L5 5 1V g kenr i -
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(e)
@) o)
i 03
_— 4
CH,Cl,
2 5
/N ;
o] (6] (0] o
(0]
o o}
+ +
6
4
O/ \O o) 0 OH
OEt OH o
7 o) 8

(+ = )81 &3 % §; (ZHANG, HONG-ZHANG) : # L
FTHEBR GARF Y R R
A it (layr (b)) * S5 M F RATE AP GEt o Tl RE EEaE .
v & 4 (la)in & = ¥ #- ANQ(acenaphthenequinone)#? TME(tetramethylethyl ene)*™ % ¢ i@
kABHE BAFTE 0% o ¥ T AREIQL2) A Qa) FHRF F L F

FE 3 12% o
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#
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F RIA



it £ 4 (la)2r MCPBA = § 9 %7 7 (a2t £ +(da) » £ 24 #(50)2 ANQ » %
WERBR e E O HE REFP RS ~AFTE L 4a)% 3a) A F ANQ A
4 o v f 4 (la)22 8-k > THF ©® & 57 B~{8(4a) > & H B4R A M7 F 77 ¥ (4a) »

it & (1b)shg = 2 E R & S (la)ydfiim g 5 5 85% o #(1b)¥r 8-k THF ¢ & &+
EE £ (Bb)fr PNQ > 2 iE4Epm > e F v #(3b)> 22 MCPBA »t- 4 7 =@
£ v 5 £ 5 4 Ob) e PNQ -

it £ ¥ (la)fr(1b)z MCPBA & 30Cih= & 7= hdk§ i3 F ¢ p|HF ’-J’a“g‘F‘T(la)
7k ¥ Y F i#E 5 #(1b) 5 -0 (la)shepoxide & 4+ 7 * NMR %t (48 ™ 3 Bl Bl 8 > 7
#_s(la)Z epoxide A& 47 ¥ iv 2_d * B & J= & 5 oxirane ring °

/

(@]
hv
+
C6H6 Nz(g) O
ANQ (1a) (g a)
CoHq 90% 3%
) Oy +
' / \
(@] O
(o] (@]
(@]
(4a)
(1a)
12%

/N

@) 0o 0 o)
hv
+ _—
Cets Ny
TME
PNQ

(1b)85%
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O
epoxy diether
Brz(aq) CHZCIZ (4a)
AgNO; KMnO,
\ acetone
O
Braaq) /
O -——— \
THF,AgNO; © o
(OH)
(4a)
CH;OH
MCPBA,
O 0] O

CH,Cl,(acetone or
benzene)

a8l

\OCH i i
wilh 3 I o o
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o O - O
(4a) (5a)
+
(@] (0]
ANQ

(+7)82 #3553 (Kuo, Li-Ling) : £ % © #fF
S-EF PPl £ kBRI

-iBF P fal Eb A LBRY LFERAMRE K LRAS S EF AL EF A2
2t A3 B E 5 IR~ MS - NMR % > S HpIE 5 ik /LT



A-1
"W HPLC B2 R E A 1T P EF ARELSREF A2 F 54 > X3 HEIE
PEE R R AR~ PRECEIRUL K 2 R e AR R T TR

>
\S)



EFBAEER A - EFABLLRES A5G aéﬁﬁ’@TﬂW@abﬁgﬁ
M- REr RERARR > A fREF 2 FEF ’?é‘z CHF BT LA ot r %
.i. 57 3% ) benzophenone # benzil {7 k&7 it Bk s > 1 & 4 A 2H 58 A-LF o 1R
#Al&ﬁ@ﬁug4,mwb#Aza%ﬂi$om@Wﬁﬁtﬁ’“b%Azig’
Fom kAR T AT A 0 % - BT S To(close lying triplet) F & o MR (77K)% % iE
(296K)T BBk » TG E B > L At A2V BB A K 5 ’?ﬁﬂﬁhAQ*@@
@172 A fRATR o e PE 0 % 3 LK ER(253.70m ~ 313nm ~ 366nm)fE K o BB £ A%
T A2 ) M B R AR (upper vibronic energy state) & i kX it 5 - 5
By al Fifa bing &0 2HERS 2 260 E TR LLF .

oSG E g A2 UV ScR ket SR AIEILH < @ & b A8 (red shift) > 4
T - FE LS A (n, ) e

FANM I RR A b Ll AN RHEMRG BATEM AT HReT

Sl(n ,TC *)
Si(m ,m *) I
/ TZ(n ,TT *)
CO, + A-1
A TI(TE,T[*)
76.9kcal/mol
A-2 + A-3
<53.7kcal/mol
So Yy Y

(+=)82 & =g % (TSAL Li-Rong) : § #R ¥ & fF
1,2- mmﬂ’;“,;,i;}gd 2 kPP R B P Lok S F R

1,2- &1 &7 sp? s e X387 24 363nm 2 395nm =+ F S F A& 2%
foi o T Rl e 10°0~10" 2 > T B B gﬁ&ﬁﬁ%ﬁﬁéwgﬁ%

# 450nm I 650nm F'&’ﬁ ¥R E > wEm VORIE 2R o U HRL R TR e
rF B F 2 TR PIFAYREESFIASFELSE 0.15+0.02~0.019 2 0.0045 > & A4
¥ PR AT

FP5 508 R 32 > 41 * Stern-Volmer 5% - fE@F k2 4 &8 95 9.8ns °

1,2- “W?m"*b%+é$ﬁmf*“ﬁ%%’ JRES T A NG AL B A
- LFd 2 12 k4N AP oxetane2 0 AF L 15%; Y- Bls R 22 14 kX



dioxene3 » A F W 3% F M- FUMRAATKRA FF L EF2Z AFVH DTN 35%

£
- °

EFoL 1,2- 0 EER R TR E s kgt kR s s kAT R RERF AT
BAAP TR AL 1,2- HEAF L To(n,m*)ily FEF it & o

0, (e} 0, o? o 0
1 2 3

(& =)83 & gk (Su,U-L): %8 & ¢ HiF
220-FH R F LS hE R Gk RE2 FY

EAFBRF A D22 FHMRBF AP 1203 TR RS TR R

a1 203 fg sP Y R AT 0 = F o A 2750m 2% 0 Rk
B b 10°~10° 2 B > e R FH B AR PAT B SR HR L L BT b i
BA P Sl A (nL*) e 2K SR IR 4 15253 i F AR £ 1020340
FkEF A F AU 5 0.0085 0 0.074 0 0.25; 3R ¢ HEFBRITIHER - W A4 1 A& 7Tk
T EPAglass ® ¥ p|18 4 & 2.1 Fy ik o

MEFRE L EF 10203 A NS F TRk TR R B R R R 2
& de 1525350 % F s b E 2.8x107,1.1%x10°4.2x10° 2 1.1x10°M'S™ 5 w308, s & e+
JEB G EY 3>RES2>L o A 10203 FAREE S FhAe S ek B2
2. % Re e PR R A Y 68.6kcal/mol 3 53.7kcal/mol z_ ¥

ok

= ’
=
Pkt g BB - F R gkl A VAP 102 RIF A R REF AT S
oo T EEFIR Y o

Q O HsCO OCH3

1 2 3
(+ ~)84 & Fp# ® (Liao, Jing-Yi) @ fF < ¥ ® B ¥ IRIEF
A EAT 19-FRAFE kIR T & k(B e o 3 3
A Y %< & = Anthracene-1,9-dicarboxylic anhydride(i* & # 1)% 4533 H £ - 1244
ENERIF 3 3E



&g 1 Bt ftA ¢ R T kAT A > & 350nm T 500nm 5 La % Lbﬁf@ﬂwi%%
= o ¥R REM AR F AR o BTE 2 410nm 430nm(max) ~450nm > 3z A8k & 1500-5000
B e st k2 AR T T et B d BB FE At im nr)e it &
PlERRY BRRER F F 87 L5 Lot ¥ "o'é"ﬂl 9,10-Bis(phenylethynyl) anthracene
(BPEA » 7)iv £4p 1 » e H k3 & % { £.% > BPEA -

LAY 1S Kk A R TR R B T g o T @R S ¥ B
it &4 1777 5 d 5 £ %% 2 ¥ (energy donor) R Eﬁ » 12 Nd-YAG 7 %+ 353nm & £ 2.
LR kAT RS WY KR Jfd AR T A U B R Y
K e rUR ek PR 1 B B g R ¢ %’af%ﬁwwrﬂ‘ LR F G (romh) s

(n—>m*) > 11 & B f Fik (upper excited states) ¥tk 12 2_ ¥ i B2 R - i o-H i 2B
ﬁjﬁ: ’Z"}t."l ;@':‘; igggﬁ_ J ;1 T"ka‘ﬁl‘( ;}L LL‘*F 1))_?_),3)4;:)/‘@; E‘r’*ﬁ %‘ﬁ%;mll.ﬁ,‘tg“{g s AR
%5 22 48 -4% < 48 (Donor-Acceptor) 2. ¥ e % 2 iy & @LhF A8 -

?ﬁﬁi“@%lﬁ%ﬁiﬁﬁ@L¥@mﬂ’é;yﬂu%hm xR o iﬁ
FRFHIBL > FRICEERE B L TLC ¥ A 30 4= & 7 0 J8B) ﬁg,fn},@ﬁﬂmé CO >
LHCOyeni £ 7 F REF LS o DA P A RS X MIF - HIFH -

=)

|c

o

Cc
F

~5 ¢

1
(+1)86 # gk (Chen,S.-C.) : P! FHFE it 1 % 35F
SFLCoBMECFURMATASDESZ H AEgpY 2 kT
& = 4-phenylbenzil(PBZ) - 4”-bibenzi1(BIBZ) 4-phenylbenzophenone(PBP) 14 % 4,
4"-bibenzophenone(BIBP) % w it & 4= %7 7 benzil(BZ)-% benzophenone (BP)-like % ;% 4p 42
ke TR R TR B MR R e t«ﬁﬁ S ELELEAE L ) I



BZ-System 7§ {% = ¢ Stokes shift (~5650 cm-1) > & ¥ 44 £ &6 ¥4 B H 57 i R fi
WA BRI M F DT o TR MUEBEE R A e GER o Tk~ R A
ks kR F A F R 4 KPRl T ¥ FES BZ-System e fi 4 E G PR oo PR 4 3k eh
Bl 2B a0 FE ¥t 565nm kst §_%k p 3t BZ-System *n, mF @ik o gt b > d 3t BZ- System
SECE T 3 5% (i "benzil"wx k48 o F]pt PBZ 1 phenyl-B~ % 2 BTR7 0 benzil-B~ % 7 *g £ 3
B UET O AR BZ i F B RER L o Fla ER NGk F B o

0 02 eh% 3 72 ] B 4 BP-System > % ¥ PBP 2 BIBP ek i g B ~ 446 A %] Si(n, %)
Ti(m, %) > F1pt - A 5 p i £ 0 38 chnon 5 9 ¥ ko e B R
"biphenyl + carbonyl" F o § k2 ik A TR G {RF kL T ARG F o Flt B MR H
Si(n, ) Fe=t Mg S To(n, n* e, n¥) 2 BF 5 -2 H g bz Lt 8 r RHad &

§ o

7 I e PBP 4o BP %4l fi- (m, m%) % (0, m) ik 515 B A F ova i 5 g o 4
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Table 1. Selected Diketones and Yields for the Formation of
Porphodimethenes 1-5

syn yleld (%) anti yield (%)
diketone UV=vis, Amax (log €) UV=vis, Ama, (log €)
aceanthrenequinone 1 (4), 2(18),
452 nm (4.92)2? 448 nm (4.94)*
phenanthrenequinone 3(11),
432 nm (4.89)*
pyrene-4,5-dione 4 (1), 5(4).

442 nm (4.97)% 440 nm (4.94)®
@ CHCl;. ? o-Dichlorobenzene.

R A EREWRGZAEM AT &% aceanthrenequinone - phenanthrenequinone
% pyrene-4,5-dione F 4p ¢ ch & JE484] » @ aceanthrenequinone fr phenanthrenequinone & &_#
FoREZAEIEEH P 1 AAQ &2 PNQ- # ™ #p pyrene-4,5-dione € 7 € » fv AAQ - #°
PR B F kA R A MR A LR
F S&in% - AL & & pyrene-4,5-dione » ] & { Acros Organics ~ Lancaster ~ Isolation
and Identification of Drugs ¥2 The Merck Index % ¥ & ;2 & F|3% i & ; #1105 iE 7 "iE =
(Beilstein Institut zur Foerderung der Chemischen Wissenschaften)pyrene-4,5-dione & = g < »
329 BB F R(FR ) > L #-pyrene-4,5-dione 2o Ak & FALf§ it AT :
Chemical Name : pyrene-4,5-dione
Autoname : pyrene-4,5-dione
Molecular Formula : CsHgO»
Molecular Weight : 232.24
Compound Type : isocyclic
EREFRFEL AF 1S BF BT AAFIC AR KT LSS R
pyrene-4,5-dione ¥ Tetramethylethylene (TME ) >t ¥ ¢ i® % » 2 {7 k- X f 27-P 48 & &
(Photo-Diels-Alder reaction) ¥ 4 = 3 it &4 (A 5 9 51% ) o AP E o)
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@ % 23 & e Ref. 2 5 Journal ; Moriarty et al. ; TELEAY ; Tetrahedron Lett. ; 1975 ;
2557 47if By W€ & & 0 @ Hasded L opyrene (B B 5 25g % £ 147 =~ > 100 g £ £ 442
) e

B #7% & . (updated June 22, 2012)

108] Wei-Szu Chang, Ting-Hua Li,Shun-Chi Chen([{t"fi%l), “Exciplex Formation and

Charge-Transfer Induced Photoreduction of Excited 2-Benzoylfluorene with
Triethylamine” Triethylamine , 2010 APCChE (13th Asia Pacific Confederation of
Chemical Engineering Congress), Taipei, Taiwan, Oct. 5-8, 2010.[109] Guang-Rong

Zeng, Tzu-Chiang Lin, Shun-Chi Chen
Dear Dr. Chen and Dr. Fang:



A friend gave me a e-copy of your publication ( CPL 450 (2007) 65-70 which I find
interesting to me. Similarly, | would be interested to see other pertinent articles on
the subject, including the one cited above. If you have information related on the
absorptions of PBP and chiefly BF in different solvents ( e.g., spectra or
absoptivities/extinction coefficients at given maxima in benzene, dry/or wet
acetonitrile,dimethylformamide,

methanol, absolute/or wet ethanol, and halocarbons ) and still other data about the
excited states, radicals and dadical-ions | would much appreciate if you would make
me available via e-reprint, e-mail or in print to michaeltoth@hotmai.com ( or
tothms@live.com ) or to Michael Toth, 45 Myrtle St. Apt. 21, Boston, MA
02114-4559. During the early and mid seventies, | investigated photoreactions of
benzophenone, the much studied so called self-quenching included, and benzil in
CFC's and other solv ents, etc.. Thus the determination of spectra and absorptivities
for triplets and radicals came up. The method of simple ground state depletion
appears to be applicable to the very high intensity ruby laser photolysis of PBP in
acetonitrile but not in benzene. The same method is well applicable to the high
intensity photolysis of BF in varied solvents ( see Toth Mihaly, Chem. Phys. 46 (1980)
437-443). Also, | tried to photo stabilize strongly irradiated dilute solutions by triplet
energy transfer and by electron transfer in selected polar solvents ( e.g. dry
acetonitrile, water, dimethylformamide ) Indeed, |

have found that the chemically reversible photo reduction by DABCO via free
radical-ions is a versatile reaction in the just cited solvents. Of course eventually
used information coming from your works, after your permission, would be
acknowledged.  Unfortunately, at this time of working on publications, | do not
have access to academic journal s at universities or on the internet, unless | would
pay about S 40.00 per article, without even knowing what is in it. | have difficulty to
afford the fast internet. | will greatly appreciate your attention, sincerely,

Michael Toth.

PS, sorry in the earlier e-mail, | have misspelled the address of Dr.Fang

Observation of A Novel Emission from An Exciplex of CPL 450 (2007) 65-70p

Triplet 4-Phenylbenzophenone with Triethylamine

Shun-Chi Chena, Tai-Shan Fang* aDepartment of Chemical Engineering, Mingchi
University of Technology, Taishan, Taipei,Taiwan, 243, R.0.C

bDepartment of Chemistry, National Taiwan Normal University, Taipei, Taiwan,
116,R.0.C

Abstract:

Exciplex formation of excited 4-phenylbenzophenone (PBP) triplet with
triethylamine (TEA) in organic solution has been studied by steady state and
pulse-laser photoluminescence measurements. Direct evidence for triplet exciplex



formation was provided by the observation of emission at longer wavelengths than
that of the phosphorescence of PBP. Some other interesting features which have
been attributed to the lowest excited triplet state of the PBP molecule of the
exciplex were also observed. The quenching mechanism is proposed to involve a 7
7 * triplet of PBP to form an exciplex with the ground state of TEA. The critical
border difference of the photophysics between 3( 7z, 7 *)PBPand3(n, 7 *)
benzophenone (BP) probably plays an important role in electrontransfer process.
Keywords: Triplet exciplex emission; 4-phenylbenzophenone
phosphorescence;amines
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Heavy Atom Effect on the Chemically Initiated Electorn Exchange Luminescence (CIEEL)
of Aromatic Dioxetanes



Chung-Wen Sun®, Shun-Chi Chen®, Tai-Shan Fang®

2Department of Chemistry, National Taiwan Normal University, Taipei, Taiwan, 116, R.0.C

®Department of Chemical Engineering, Mingchi University of Technology, Taishan, Taipei 243, Taiwan, ROC

Abstract

Bicylic dioxetane compounds la~6a were synthesized from dioxin compounds 1~6 reacted with singlet oxygen in
dichloromethane at 238 K, and studied on their chemiluminescence efficiency in benzene while upon heating to
temperatures in between 280~350 K. Direct evidence for the dioxetanes la~6a decomposed thermally into
electronically excited diester compounds 1b*~6b* associated with the (7*—m) emission spectra of diester compounds
1b~6b. These results show that the thermal decomposition (n—n*) of the dioxetane with the substituted aromatic
electron donor display chemically initiated charge separation luminescence (CICSL) of the n*—m, in which a charge
transfer from an aromatic electron donor to the highly-strained dioxetane ring occurs to induce its decomposition with
aromatic diester as a m*m emitter. The activation parameters and chemiluminescence quantum yields are in agreement
with the occurrence of a CICSL mechanism in the decomposition of these dioxetanes.

© 2012 Elsevier Science. All rights reserved

Keywords: Chemiluminescence; Dioxetane; chemically initiated charge separation luminescence (CICSL)
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1. Introduction

The phenomenon of firefly bioluminescence'” has led
to the theoretical®™ and practical” study of the
chemiluminescence of 1,2-dioxetanes and has been of
interest to chemists for a long time. The high-energy
1,2-dioxetane molecules are the focus of many
investigations because of their unique ability to decompose
thermally into electronically excited carbonyl products.”
(see Scheme 1) Although 1,2-dioxetanes have been
postulated as reaction intermediates for over 100 years, the
thermal decomposition mechanism of these elusive
materials is still not clear. It is likely that the effect of
structural changes will help elucidate the still-debated
mechanism of this reaction. The most common preparation
of 1,2-dioxetanes is through the [2 + 2] cycloaddition of
singlet oxygen to electron-rich alkenes.”

The key concept of the CICSL mechanism suggests
that the activated electron in the molecule is transferred,
generating radical ion intermediates, which followed by the
annihilation of these intermediates, explaining the
1,2-dioxetanes chemiluminescent mechanism.” Goto and
Nakamura proposed that indolyl-dioxetane reacted into an
excited diester via an exciplex intermediate form.'"” Adam
also discussed the CICSL of 1,2-dioxetanes."!

The chemiluminescence of ozonization and singlet
oxygen oxidation of the dioxin compound 1 was reported
several years ago in this laboratory.'” Based on the
aforementioned current interest areas, we used the
molecular structure of this compound as a base template to
design and synthesize halo-substituted dioxin compounds
2~6 We report the chemiluminescence of compounds
la~6a by taking the advantage of their dialkoxy-activated
double bond, and fused with the high energy, para-
position electrophile group substituted naphthalene ring to
present some new pieces of evidence in the intramolecular
CICSL mechanism.

2. Experimental
2.1. Materials

Acenaphthenequinone (ANQ, Aldrich) was purified
using chromatography and recrystallized several times
before being used. para- position electrophile or
nucleophile group substituted ANQ (compounds 2~6) were
prepared using the method in ref. 13. Compounds 1~6 were
synthesized by the photo-Diels-Alder reactions of the
para-substituted acenaphthenequinone with
tetramethylethylene (TME) in benzene.'* Singlet oxygen
oxidation of the dioxins (1~6) into the dioxetanes (1a~6a)
was carried out using the procedure given in ref. 5.
Dioxetane adducts (la~6a) were isolated by ice-chilled
n-hexane extraction from low temperature synthesis of

ozonized triphenylphosphite for chemiluminescence studies.

They were identified by "H NMR spectroscopy in CDCl,
and by their quantitative cleavage to diesters (1b~6b) which
were fully characterized. (see Scheme 2)
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0—0 N o . 9 + + hv
~/ - -2 )K
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Scheme 1
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ANQ Compound 3: a=NBS
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Compound 6: a=NaNO3

Compound 1~6 Compound la~6a

Compound 1: X = H
Compound 2: X = CI
Compound 3: X = Br
Compound 4: X =1
Compound 5: X=OCHj
Compound 6: X=NO,

Compound 1b~6b
Scheme 2

2.2. Measurements

The absorption spectra were measured on a
Hewlett-Packard diode array spectrophotometer. The
steady-state emission spectra were obtained using a Cary
Eclipsed Spectrofluorimeter equipped with a temperature
controller. For the temperature-dependent kinetic
measurements, the temperature of the sample solution was
controlled to within +0.5 K with an electronically
thermostatting  single cell and monitored with
thermocouples attached to the cell. The quantum yields of
the chemiluminescence of compounds (2a~6a) were
determined using a photomultiplier tube, using compound
la at the same concentration as the reference. The
fluorescence quantum yields of compounds (2b~6b) were
determined using the fluorescence spectrum of compound
1b as a reference.

3. Results and Discussions

The isolated dioxetane compounds 1a~6a were formed
by reacting compounds 1~6 with singlet oxygen in
dichloromethane at 238 K and decomposed thermally into
electronically excited diesters 1b*~6b* and then fluoresced
to the ground state configurations 1b~6b."> As an example,
the absorption, excitation and fluorescence spectra of
diester compound 1b and the chemiluminescence spectra of
dioxetane compound la in dichloromethane are shown in
Fig. 1. Evidence shows that the chemiluminescence
spectrum peak of the dioxetane compound la at 390 nm is
consistent with that of the fluorescence of the excited
diester compound 1b.
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[Insert Fig. 1 here]
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Fig. 1 The chemiluminescence spectrum (black line) of
dioxetane compound la. The absorption (blue line),
excitation (green line) and photoluminescence (red line) of
the excited diester compound 1b.

[ 0. (OCH:-0.12;1,01.8; Br,0.26; C1,0.24; NOs,
0.81] Table 8.2 (ref) ref. (7) Anslyn, Eric V.;

Dougherty Dennis A. ” Modern Physical Organic
Chemistry” 2004,p.446, Table 8.2

The rate constants for the decomposition of dioxetanes
were obtained at 313~353 K by measuring the decay of the
chemiluminescence intensity. The chemiluminescence
decay of compounds 1a~6a was monitored at the maximum
value of the fluorescence in dichloromethane and/or
benzene, plotted using the Arrhenius equation. There are
two different linear equation groups corresponding to
compounds la~6a respectively, as shown in Fig. 2.

[Insert Fig. 2 here]
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Fig. 2 The Arrhenius plots of the
chemiluminescence kinetics of compounds
la~6a.

Thus, the overall mechanism of dioxetanes can
be presented as equation (1).

B-=X—C"—C

(D)

Where B = dioxetanes; X* = the activated complex;
C* = the excited diesters. The rate constant equation (2)
can be obtained using transition-state theory. The thermal
parameters of compounds la~6a calculated with equation
(2) are listed in Table 1.

k R AS*  AH!
In—=(In + )—
T N.h R~ RT

2)

where Ny=Avogadro’s constant ; h=Planck’s constant

Table 1 shows that the energy of activation of the
para- position nucleophile group substituted compounds
(2a~5a) is lower than electrophile group substituted
compound 6a. The O-O bond was cleaved through
intramolecular exciplex via electron transfer (ET) into a
transition state, as shown in Scheme 3. The nucleophile
group on the naphthalene ring of compounds (2a~5a) could
stabilize the transition state. The lone pair on the
bromo-, chloro-, iodo or methoxy groups resonated to the
cation at para- position of naphthalene ring. The
CICSL-type mechanism could be used to explain the result
that the activation energy of compound 6a is much higher
that that of compounds (1a~5a), as shown in Table 1.
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Table 1
The thermodynamic parameters of compound
la~5a

Compound Ea AP ~
(kcal/mol)  (kcal/mol) (eu)
la 22.2 21.5 -8.8
2a 22.4 21.7 -8.4
3a 21.8 21.1 -9.9
4a
Sa
6a
ra S 1t
o 9 BT g o 0o -Ooe Jd o

0Ly O

BET
N annihilation
0 é 1

X X X

X

compound la~6a intramolecular exciplex

Scheme 3

The chemiluminescence quantum yields of dioxetane
compounds la~6a that decomposed thermally into
electronically excited diester compounds 1b*~6b*, which
then emitted a photon, returning to their ground state
configurations 1b~6b, can be calculated by equation (3)."

(oreIACL = ¢reI.EX x (DreI.FL

3)

PrelcL the relative chemiluminescence
quantum  yields of  dioxetane
compounds

@ ex - the relative formation quantum yields

of excited diester compounds

@ - the relative fluorescence quantum

yields of diester compounds

The chemiluminescence quantum  yields of
compounds la~6a and photoluminescence quantum yields
of compounds 1b~6b are listed in Table 2. It was inferred

compound 1b*~6b*

that if the activated « electron on naphthalene of compound
la transferred to generate a radical ion onto one oxygen
atom of the 1,2-dioxetane ring, then the O-O bond was
cleaved simultaneously through CICSL. On one side on the
1,2-dioxetane ring, the dialkoxy group was the electron
donor. The naphthalene ring was the corresponding
electron acceptor (emitter) on the other side of the
1,2-dioxetane. The C-C bond was cleaved through the
formation of an intramolecular exciplex, and then
annihilated by anion/cation interactions via backward
electron transfer (BET). Finally, the excited diesters were
formed from the activated complexes, and emitted a photon
to return to the ground state. This is consistent with the
intramolecular CICSL mechanism shown in Scheme 3.

Table 2
The relative quantum yields of
chemiluminescence (la~5a) and
photoluminescence (1b~5b)
Compound @y o Compound Prer.FrL
7
la 10 b 1.0" (390nm
max.)
24 13 7 4.9 (400nm
max.)
3a 0.17 3b 3.8 (450nm
max.)
4a 4b
S5a 5b
6a 6b

#: reference to compound 1a and 1b (~ +20% error)

The chemiluminescence quantum yields of dioxetanes
were affected by the formation quantum yields of the
excited singlet state and the fluorescence quantum yields of
compounds (1b~6b). Evidently, both fluorescence quantum
yields and chemiluminescence quantum yields were
affected by the substituents on the naphthalene ring. As
shown in Table 2, the relative quantum yield of
fluorescence (@ g ) IS Sb>4b>3b>2b>1b> >6b. It
can be inferred that the iodo-group of compound 4b would
enhance the heavy atom effect making the formation of the
triplet state more probable whereas the relative
chemiluminescence quantum efficiency (@, ¢ ) is 5a>
la>2a>3a>4a> >6a. It is also clearly that the
chemiluminescence quantum yields were affected by the
heavy atom effect of the halo-group on the naphthalene
ring. The relative singlet chemiluminescence quantum yield
increased  with  the inductive effect of the
chloro-substituents and decreased with the heavy atom
effect of the iodo-substituents.

The activation energy was controlled by the activated
stability of transient dioxetane. The photo-excited emission
frequency was mainly controlled by the naphthalene rigid
structure. Hence, the naphthalene structure within the
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molecule played the role of a chemiluminescent, as shown
in Scheme 4.

chemiluminescent emitter

4, Conclusion

We have shown that the 1,2-dioxetane-based
chemiluminescence  color is modulated by the
intramolecular CICSL mechanism of a dioxetane bearing a
substituted-naphthalene group. The change of substituent
on the naphthalene emitter causes a change in the color of
the dioxetane-based chemiluminescence, and also affects
the decomposed reaction activation energies of the
dioxetanes. The chemiexcitation process of the CICSL
decay was rationalized and described as being mainly due
to a particular form of entropic trapping. We continue to
investigate these and other aspects of the CICSL
mechanism.
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Bicylic dioxetane compounds 1a~6a were synthesized from dioxin compounds 1~6 reacted with
singlet oxygen in dichloromethane at 238 K, and studied on their chemiluminescence efficiency in
benzene while upon heating to temperatures in between 280~350 K. Direct evidence for the dioxetanes
la~6a decomposed thermally into electronically excited diester compounds 1b*~6b* associated with the
(m*—m) emission spectra of diester compounds 1b~6b. These results show that the thermal
decomposition (n—n*) of the dioxetane with the substituted aromatic electron donor display
chemically initiated charge separation luminescence (CICSL) of the n*—m, in which a charge transfer
from an aromatic electron donor to the highly-strained dioxetane ring occurs to induce its decomposition
with aromatic diester as a m*n emitter. The activation parameters and chemiluminescence quantum
yields are in agreement with the occurrence of a CICSL mechanism in the decomposition of these
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Abstract

Bicylic dioxetane compounds la~4a were synthesized from dioxin compounds 1~4 reacted with singlet oxygen in dichloromethane at 238
K, and studied on their chemiluminescence efficiency in dichloromethane while upon heating to temperatures in between 313~353 K.
Direct evidence for the dioxetanes 1a~4a decomposed thermally into electronically excited diester compounds 1b*~4b* associated with the
(n*—m) emission spectra of diester compounds 1b~4b. These results show that the thermal decomposition (n—7*) of the dioxetane with
the substituted aromatic electron donor display chemically initiated charge separation luminescence (CICSL) of the n*—m, in which a
charge transfer from an aromatic electron donor to the highly-strained dioxetane ring occurs to induce its decomposition with aromatic
diester as a m*m emitter. The activation parameters and chemiluminescence quantum yields are in agreement with the occurrence of a
CICSL mechanism in the decomposition of these dioxetanes.

© 2012 Elsevier Science. All rights reserved

Keywords: Chemiluminescence; Dioxetane; Chemically Initiated Charge Separation Luminescence (CICSL)

* Corresponding author. Tel.: +886 2 2930 9074.; fax: +886 2 2930 9074.; e-mail: chetsf@scc.ntnu.edu.tw



Tetrahedron

2. Introduction

The phenomenon of firefly bioluminescence'” has led
to the theoretical®™ and practical’’ study of the
chemiluminescence of 1,2-dioxetanes and has been of
interest to chemists for a long time. The high-energy
1,2-dioxetane molecules are the focus of many investigations
because of their unique ability to decompose thermally into
electronically excited carbonyl products.” (see Scheme 1)
Although 1,2-dioxetanes have been postulated as reaction
intermediates for over 100 years, the thermal decomposition
mechanism of these elusive materials is still not clear. It is
likely that the effect of structural changes will help elucidate
the still-debated mechanism of this reaction. The most
common preparation of 1,2-dioxetanes is through the [2 + 2]

cycloaddition of singlet oxygen to electron-rich alkenes.®

(0]
\(‘)7(‘)/ —>A i * i i ' )J\*‘ a
- ST
VRN

Scheme 1

The key concept of the Chemically Initiated Charge
Separation Luminescence (CICSL) mechanism suggests that
the activated electron in the molecule is transferred,
generating radical ion intermediates, which followed by the
annihilation of these intermediates, explaining the
1,2-dioxetanes chemiluminescent mechanism.” Goto and
Nakamura proposed that indolyl-dioxetane reacted into an
excited diester via an exciplex intermediate form.'® Adam
also discussed the CICSL mechanism of 1,2-dioxetanes.'!

The chemiluminescence of ozonization and singlet
oxygen oxidation of the dioxin compound 1 was reported
several years ago in this laboratory.'” Based on the
aforementioned current interest areas, we used the molecular
structure of this compound as a base template to design and
synthesize methoxy dioxin compound 2 and halo-substituted
dioxin compounds 3~4. We report the chemiluminescence of
compounds la~4a by taking the advantage of their
dialkoxy-activated double bond, and fused with the high
energy, the contrast of different functional group (H,
electron donor —OCHj, electron acceptor —Cl, —Br) para
substituted naphthalene ring to present some new pieces of
evidence in the CICSL mechanism of 1,2-dioxetanes.

2. Experimental
2.1. Materials

Acenaphthenequinone (ANQ, Aldrich) was purified
using chromatography and recrystallized several times
before being used. 5-methoxy ANQ (compounds 2) were
prepared using the method in ref. 13. 5-chloro ANQ
(compounds 3) and 5-bromo ANQ (compounds 4) were
prepared using the method in ref. 14. Compounds 1~4 were
synthesized by the photo-Diels-Alder reactions of the meta-
and para-substituted acenaphthenequinone with
tetramethylethylene (TME) in benzene."” Singlet oxygen
oxidation of the dioxins (1~4) into the dioxetanes (la~4a)
was carried out using the procedure given in ref. 5.

2

Dioxetane adducts (la~4a) were isolated by ice-chilled
n-hexane extraction from low temperature synthesis of
ozonized triphenylphosphite for chemiluminescence studies.
They were identified by 'H NMR spectroscopy in CDCl; and
by their quantitative cleavage to diesters (1b~4b) which were
fully characterized. (see Scheme 2)

RN N ° N—¢°

. NaNO; . MeOH .

solsisclaNse
NO, OCH;

Oy AP RN

e 1

-
OO H,S04 OO NCS: N-chiorosuccinimide

NBS: N-bromosuccinimide

o 0 d o d o d o
. TME/benzene —— ‘o, oo O o Tt ) )
hv 238K N Compound 1 = H
Compound 2 = OCH;
Compound 3 = Cl
X Compound 4 = Br

Scheme 2

2.2. Measurements

The absorption spectra were measured on a
Hewlett-Packard diode array spectrophotometer. The
steady-state emission spectra were obtained using a Cary
Eclipsed Spectrofluorimeter equipped with a temperature
controller. For the temperature-dependent kinetic
measurements, the temperature of the sample solution was
controlled to within +0.5 K with an electronically
thermostatting single cell and monitored with thermocouples
attached to the cell. The quantum yields of the
chemiluminescence of compounds (2a~4a) were determined
using a photomultiplier tube, using compound 1a at the same
concentration as the reference. The fluorescence quantum
yields of compounds (2b~4b) were determined using the
fluorescence spectrum of compound 1b as a reference.

3. Results and Discussions

The isolated dioxetane compounds la~4a were formed
by reacting compounds 1~4 with singlet oxygen in
dichloromethane at 238 K and decomposed thermally into
electronically excited diesters 1b*~4b* and then fluoresced
to the ground state configurations 1b~4b.'> As an example,
the chemiluminescence spectra of dioxetane compound la
~4a in dichloromethane are shown in Fig. 1. Evidence shows
that the chemiluminescence spectrum peak of the dioxetane
compound 2a at 427 nm different to compound
la(375nm),3a(376nm) and 4a(378nm). Presume the electron
donor (—OCHj;) para substituted naphthalene ring of
compound 2a will stabilize resonance m electrons on the
naphthalene ring, and cause the spectrum peak red shift
from 375nm to 427nm. The electron acceptor ( —Cl, —Br)
para substituted naphthalene ring of compound 3a~4a are not
influence obviously like compound 2a. But for interesting,
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we find the spectrum peak (550nm) apparent in the long
wavength range of compound 3a~4a. The spectrum peak
intensity (550nm) of compound 4a are higher than
compound 3a. Change the dichloromethane solvent to the
benzene solvent, The spectrum peak intensity (550nm) of
compound 4a in benzene solvent will lower than in
dichloromethane solvent. Assume the triplet state of the
n*—mn are effected by heavy atom effect (Br>Cl) and
solvent effect (dichloromethane > benzene).

[Insert Fig. 1 here]

375nm 4270m

Intensity(au)
Intensity(au)

300 350 400 450 500 300 35 400 450 500 550 600
Wavelength(nm) Wavelength(nm)
378nm

Compound 4a

Intensity(au)

300 0 40 45 500 550 600 25 300 50 400 450 500 550 600 650
Wavelength(nm) Wavelength(nm)

Fig. 1 The chemiluminescence spectra of dioxetane
compound la~4a.

The rate constants for the decomposition of dioxetanes
were obtained at 313~353 K by measuring the decay of the
chemiluminescence intensity. The chemiluminescence decay
of compounds la~4a was monitored at the maximum value
of the fluorescence in dichloromethane, plotted using the
Arrhenius equation. There are two different linear equation
groups corresponding to compounds la~4a respectively, as
shown in Fig. 2.

[Insert Fig. 2 here]

—— Compound la
110+ —— Compound 2a
—— Compound 3a
—— Compound 4a

-12 4

214 4

T
0.0028 0.0032

Fig. 2 The Arrhenius plots of the
chemiluminescence kinetics of compounds
la~4a.

Thus, the overall mechanism of dioxetanes can be
presented as equation (1).

B~ X —C™—C
(1)

Where B = dioxetanes; X* = the activated complex; C*
= the excited diesters. The rate constant equation (2) can be
obtained using transition-state theory. The thermal
parameters of compounds 1a~4a calculated with equation (2)
are listed in Table 1.

lnkz(ln R + AS+)
T N,h R

_AH-T-
RT

2)

where N =Avogadro’s constant ; h=Planck’s constant

Table 1 shows that the energy of activation of the
compound 2a is unusually low. The activated complexes of
relatively stable and correspond to the compound la and
compound 3a~4a. The O-O bond was cleaved through
intramolecular exciplex via electron transfer (ET) into a
transition state, as shown in Scheme 3. The electron donor
methoxy-group on the naphthalene ring of compound 2a
could stabilize the transition state. The Chemically Initiated
Charge Separation Luminescence (CICSL) mechanism could
be used to explain the result that the activation energy of
compound 2a is much lower that that of compounds (1a,
3a,4a), as shown in Table 1.

[Insert Table. 1 here]

Table 1 The thermodynamic parameters of

compound la~4a

Ea
Compound 1ol
la 21.0
2a 13.8
3a 19.4
4a 229
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Scheme 3

The chemiluminescence quantum yields of dioxetane
compounds la~4a that decomposed thermally into
electronically excited diester compounds 1b*~4b*, which
then emitted a photon, returning to their ground state
configurations 1b~4b, can be calculated by equation (3).'®

¢reI.CL = ¢reI.EX X (oreI.FL

3)

P - the relative chemiluminescence
quantum yields of  dioxetane
compounds

®,o £x - the relative formation quantum yields of

excited diester compounds

@, r - the relative fluorescence quantum yields

of diester compounds

The chemiluminescence quantum yields of compounds
la~4a and photoluminescence quantum yields of compounds
1b~4b are listed in Table 2. It was inferred that if the
activated 7 electron on naphthalene of compound la
transferred to generate a radical ion onto one oxygen atom of
the 1,2-dioxetane ring, then the O-O bond was cleaved
simultaneously through CICSL mechanism. On one side on
the 1,2-dioxetane ring, the dialkoxy group was the electron
donor. The naphthalene ring was the corresponding electron
acceptor (emitter) on the other side of the 1,2-dioxetane. The
C-C bond was cleaved through the formation of an
intramolecular  exciplex, and then annihilated by
anion/cation interactions via backward electron transfer
(BET). Finally, the excited diesters were formed from the
activated complexes, and emitted a photon to return to the
ground state. This is consistent with the CICSL mechanism
shown in Scheme 3.

[Insert Table.2 here]

Table 2
The relative quantum yields of chemiluminescence
(la~4a)

4
Compound Compound DrelcL

la 1b 1.0" (375nm max.)

2a 2b 0.17 (427nm max.)

3a 3b 0.43 (376nm max.)

4a 4b 0.71 (378nm max.)

#: reference to compound la and 1b (~+20% error)

The chemiluminescence quantum yields of dioxetanes
were affected by the formation quantum yields of the excited
singlet state and the fluorescence quantum yields of
compounds (1b~4b). Evidently, both fluorescence quantum
yields and chemiluminescence quantum yields were affected
by the substituents on the naphthalene ring. As shown in
Table 2, the relative chemiluminescence quantum efficiency
( PrcL ) 18 4a> > 3a, it is also clearly that the
chemiluminescence at long wavength range spectrum peak
(550nm) were affected by the heavy atom effect of the
halo-group on the naphthalene ring. The relative triplet
state chemiluminescence increased with the inductive effect
of the chloro-substituents and increased with the heavy atom
effect of the bromo-substituents.  Change  the
dichloromethane solvent to the benzene solvent, The
spectrum peak intensity (550nm) of compound 4a in
benzene solvent will lower than in dichloromethane solvent.
Assume the triplet state of the n*—m are effected by heavy
atom effect (Br>Cl1) and solvent effect (dichloromethane >
benzene).

The activation energy was controlled by the activated
stability of transient dioxetane. The photo-excited emission
frequency was mainly controlled by the naphthalene rigid
structure. Hence, the naphthalene structure within the
molecule played the role of a chemiluminescent, as shown in
Scheme 4.

. g shown! that the
bhemiluminescence_ calo} is modulated by the CICSL
meckempours hHidttane bearing a substituted-naphthalene
group. The change of substituent on the naphthalene emitter
causes a change M HESEreYethe dioxetane-based
chemiluminescence, and also affects the decomposed
reaction activation energies of the dioxetanes. The

1,2-dioxetane-based

chemiexcitation process of the CICSL decay was
rationalized and described as being mainly due to a
particular form of entropic trapping. We continue to
investigate these and other aspects of the CICSL mechanism.
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