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Abstract: Chemiluminescence (CL) is observed from the base-catalyzed decomposition of a-hydroperoxy ketones (1) in the
presence of a fluorescer. The efficiency of fluorescers is in the order dibromoanthracene (DBA) > diphenylanthracene (DPA)
and eosin > fluorescein, suggesting a predominant formation of triplet ketone. Most peroxides exhibit the CL in the presence
of DBA, although the quantum yields are low, i.e., in the range of 10—5-107¢, These results suggest that the chemiluminescent
dioxetane mechanism is actually operating to produce triplet ketone. However, the nonchemiluminescent acyclic pathway is
generally predominant in view of the ester formation, the low quantum yield of the CL, and solvent effects on the CL and the
decomposition rate. The kinetics for decomposition and CL suggest competitive cyclic and acyclic pathways. Thus, the acyclic
decomposition of a-hydroperoxy-a,a-diphenylacetophenone (1j) is too fast to compete with the dioxetane path.

Chemiluminescence (CL) from the thermolysis of dioxe-
tanes is efficient and an important key step for biolumines-
cence.'2 Although the observation of the CL from base-cat-
alyzed decomposition of a-hydroperoxy ketones (1) suggested
an operation of a dioxetane mechanism,? our previous report*
has shown that the decomposition proceeds predominantly via
an acyclic C==0 addition mechanism (eq 1) rather than via
cyclic dioxetane (eq 2).

Acyclic mechanism:?

RO
RIC—-—("RQR3 + RO™ == R,—C—CR;R,

|
O OOH _0 OOH

1 2

— R,CO,R + R,R,C==0 + HO" (O

R]C_(lijzRa == Rl

Cyclic or dioxetane mechanism:3

"—(f—CRZRa — R,CO;” + R.R,C=0 (2)

|
0 oo 0
1A 3

The choice of mechanism, however, was ambiguous for the
case of R, = i-Pr and a question remains open about the extent
of operation of the cyclic pathway for various peroxy ketones.
The present paper will describe the predominance of the acyclic
path (eq 1) for all substrates and the minor cyclic path (eq 2)
with CL (~1073% at most) producing triplet ketone.

Results and Discussion

Decomposition Kinetics. The rate of MeONa-catalyzed
decomposition of a-hydroperoxy ketones (1, R‘OOH) was
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Figure 1. Effect of [MeONa] on kqpsa for alkaline decomposition of 1 (0.01 M) in 50% aqueous MeOH (see Table 1A for conditions).

determined jodometrically and expressed as
v = kobsd[R"OOH]; 3)

Here, subscript s denotes stoichiometric concentration.

Our previous report® revealed that the base-catalyzed de-
composition of 1a (R, = R, = R3 = Me) proceeds predomi-
nantly via the acyclic path, while the behavior of 1b (R = {-Pr;
R, = R3 = Me) was ambiguous from product analysis. Hence,
the rates of decomposition of 1a and 1b were studied in order
to compare kinetics of the two peroxides. The decomposition
rates of 1a and 1b increase with increasing [MeONa] and then
approach a constant value’ (Table IA). A plot of 1/kopsd Vs-
1/[MeONa] gives a straight line (see Figure 1). However, this
reciprocal linearity is consistent with both of the two mecha-
nisms, eq 1 and 2, as stated below.

The acyclic and cyclic pathways can be simply written as

K
R’OOH + RO~ == R’0O0- + ROH (4)

k
R’OOH + RO~ —> products (acyclic path) (5)

and/or

k
R’'00~ —> products (cyclic path) (6)
The product formation by the acyclic path (eq 5) alone affords
the equation k,psg[R’OOH] = ks[R’OOH][RO™], which
leads to
1 K4 1
= —— e — 7
kovsa ks  ks[RO™] O
whereas the cyclic path (eq 6) gives konsd[R’OOH]s =
k¢[R’O0O~] and hence

1 1 1
LN S 8
kobsd ks keK4[RO™] @)

Thus, both pathways satisfy the linear relationship for the plot
of 1/Kqbsa vs. 1/[MeONa). The observed slopes and intercepts
(Figure 1B) give the K4 and &5 or k¢ values. That is, the acyclic
mechanism (eq 4 and 5) affords ks = 9.6 X 10~3 and 8.4 X
107 M~V s~! and K4 = 22 and 17 M~! for 1a and 1b, re-
spectively. Or, if the cyclic mechanism is predominant, eq 8
affords k¢ = 4.2 X 107%and 5.1 X 10~5M~!s~ ! and K4 = 23
and 17 M~/ for 1a and 1b, respectively. The K, values from

Table L. Rates for Base-Catalyzed Decomposition of
R1COC(OOH)Me; at 25 °C#

[RONa], 105K o1psg, € 87!
M Solvent? 1a(R;=Me) 1b (R, =i-Pr)
A. Effect of [RONa]
0.02 50% MeOH 13.7 1.27
0.03 50% MeOH 17.0 1.65
0.05 50% MeOH 22.6 2.20
0.10 50% MeOH 30.0 3.23
0.20 50% MeOH 34.8 3.84
0.50 50% MeOH 39.7 4,64
1.0 50% MeOH 40.0 477
1.5 50% MeOH 422 5.01
B. Effect of Solvent
0.20 100% H,O 100 10.4
0.20 50% MeOH 34.8 (104)4 3.84 (11.5)4
0.20 50% EtOH 39.9 (48)4 5.93(7.1)4
0.20 50% ¢-BuOH 49.0 5.88
0.20 50% MeCN 53.8 20.2
0.20 50% dioxane 78.7 11.5
0.20 100% MeOH¢ 7.94 0.57

“ Reaction with [1] = 0.01 M and [EDTA] = 4 X 103 M. Aqueous
NaOH or methanolic MeONa was added as a base. The rates without
EDTA were the same. ¥ Volume % in water. ¢ Determined iodome-
trically. 4 The value in parentheses is the ko value assuming v =
kno[1][HO™], [HO™] being estimated from the competitive disso-
ciation of ROH and H,O (see ref 7b). ¢ [EDTA] = 0.

these treatments are adequately close to the values from UV
spectra (K4 = 26 and 22 M~! for 1a and 1b, respectively).®
Hence, the choice of a predominant pathway is impossible only
by these treatments as reported previously.3

Our previous report® has revealed that peroxy ketone 1a
decomposes via a predominantly acyclic pathway:; i.e., the yield
of methyl ester was 90%. To compare the decomposition of 1a
and 1b, solvent effect was examined with 0.20 M alkali, where
over 77% of 1 is dissociated into R"OO; i.e., the change in
[R’OO™] is rather small (within a factor of 1.3). Peroxy ke-
tones 1a and 1b exhibited a significant solvent effect similarly
(Table IB). That is, the decomposition is very slow in 100%
MeOH and the reaction in aqueous alcohols is considerably
slower than that in pure water or aqueous dioxane or acetoni-
trile. This order is independent of the solvent polarity. The
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Table II. Chemiluminescence from Base-Catalyzed Decomposition of 1 at 40 °C¢

R,C(=0)-C(OOH)R,R; 105k obsd, € 0.0025 M DBA 0.01 M fluorescein
R, R, R; Solvent? s~ rel 1 108dopsq 10804 rel I 108Pgpsq®

1a Me Me Me MeOH 40.7 1.4 4 1.5 0.23 0.67
1b {-Pr Me Me MeOH 8.9 0.3 4 1.5 ~0.1] ~1.4
1a Me Me Me 50% H,0 380 0.45 0.14
1b i-Pr Me Me 50% H,O0 41 0.24 0.70
1c Ph Ph CH(Et)Ph 25% PhH 155 43 33 13.2 4.5 3.44
1d Ph Ph CH,Ph MeOH 198 20 12 4.8 6.1 3.67
le Ph Ph i-Pr MeOH 200 7.1 4.2 1.7 0.7 0.42
1f Ph Ph Et MeOH 600 8.9 1.8 0.72
1g Me Ph CH,Ph MeOH 74 12 19 7.6 1.9 3.0
1h i-Pr Ph CH,Ph MeOH 17 2.9 21 8.3 0.8 5.7
1i Mes Ph Ph MeOH <0.1/ 0.0 0 0 0 0
1j Ph Ph Ph MeOH >10008 0.0 0 0 0 0

@ With [1] = 0.01 M and [MeONa] = 0.25 M. Ph = C¢Hs and Mes = mesityl. # Volume % in MeOH. < Determined by iodometry. ¢ Quantum
yield of the CL was calculated according to the relation & = $opea/(PeTTS $F) = opsd/ (0.25 X 0.1) = 40P, as the case of energy transfer
from triplet acetone to DBA 92 Here, ®g17S and ¢ are the quantum yields of triplet-singlet energy transfer and fluorescence of the accepter.
¢ Since & = dopsq/ P and & < 0.01 with 0.01 M fluorescein, & is higher than ®,59 by a factor of over 100. / Peroxide 1i was not decomposed.

& Too fast to determine the rate of decomposition.

Table I11. Effect of [MeONa] on the Chemiluminescence®

1g (40 °C) 1c (30 °C)

[MeONa], M Rel | [MeONa], M Rel I
0.0057 0.8 0.032 3.6
0.014 2.8 0.063 6.3
0.028 4.4 0.118 9.8
0.054 7.5 0.167 13
0.125 11.0 0.25 17
0.25 11.0 0.50 18
0.50 10.0

¢ Reaction with [1] = 0.01 M and [DBA] = 0.0025 M in MeOH-
PhH (3:1) at 30 or 40 °C.

cyclic mechanism cannot explain the slower rate in MeOH,
in spite of over 77% dissociation into R’OO~, compared to that
in water. On the other hand, the acyclic mechanism seems to
explain reasonably the observed solvent effect, since the
reactivities are in the order of HO™ > MeO™ =~ EtO~ as re-
ported previously.? Thus, the corrected rate constant for the
reaction of R’"OOH with HO™ in 50% aqueous MeOH™ is very
close to the constant in pure water (see note d in Table IB). The
similar effect of solvents for 1a and 1b seems to suggest the
same mechanism, i.e., the acyclic one, as a major pathway.

Chemiluminescence. Chemiluminescence (CL) was observed
from the base-catalyzed decomposition of 1 in the presence of
a suitable fluorescer, e.g., dibromoanthracene (DBA) or flu-
orescein (Table 1I). The exceptional case is 1i and 1j; i.e.,
peroxide 1i (R; = Mes) does not decompose at 40 °C, while
the decomposition of 1j (R, = Ph) proceeds very fast via the
nonluminescent acyclic path. Bubbling of N, has no effect on
the CL intensity from 1 and DBA, suggesting that energy
transfer to DBA (2.5 mM) is much faster than that to dissolved
0; (~2 mM).

The quantum yield (®) of the CL was calculated from the
CL intensity (rel I) and the decomposition rate (kopsq) as de-
scribed previously.® The resulting ® values are 10™5~1076 with
2.5 mM DBA (see Table II). There is no marked relationship
between Kopsq and rel I, but the & values for aromatic peroxides
tend to be inversely proportional to the decomposition rate
constant, kopsd. This implies competition between cyclic and
acyclic decompositions. An extreme case is 1j without the cyclic
pathway and 1i with steric inhibition for carbonyl addition,
intramolecularly (eq 2) or intermolecularly (eq 1).

The decomposition (kobsa) and rel I of 1a (R; = Me) are
five- to tenfold faster than those of 1b (R, = {-Pr) in MeOH.
The decomposition rates of 1a and 1b rise up to five- to tenfold
by addition of 50% water to MeOH, while the increase in CL
intensity is below twofold, resulting in a large reduction in &.
These facts suggest that the acyclic decomposition with HO~
in 50% aqueous MeOH is much faster than that with MeO~
in MeOH, while the cyclic decomposition (i.e., rel I) is not so
affected by changing the media from MeOH to aqueous
MeOH. A similar solvent effect on konsg and CL intensity has
also been observed for the base-catalyzed decomposition of
a-hydroperoxy esters.?

Effect of Concentration of MeONa. The CL intensity from
DBA and 1c¢ or 1g changes with [MeONa] (Table III) in a
manner similar to the decomposition rate of 1, e.g., Figure 1A.
This dependence of rel I on [MeONal] suggests that rel | is
proportional to [R’O0~] and hence to [3] (see eq 2 and 6). The
similar dependence on [MeONa] for rel I and kgpgq is under-
standable, since the rates of the cyclic and/or the acyclic paths
are likewise dependent on [MeONa) as shown in eq 7 and
8.

Effect of Fluorescers. The CL intensity from 1¢ changes
with fluorescers, and the resulting ® values are in the order
DBA > diphenylanthracene (DPA) > anthracene and eosin
> fluorescein (Table V). Similar results are obtained for the
case of 1a (Table 1V) and 1g. This orders in &s clearly show
a significant heavy atom effect on the energy transfer in these
CL systems. According to the reported analysis, the I values
with DBA and DPA in Table IV show that a ratio of [triplet
ketone]/[singlet ketone] is over 300; i.e., the excited ketone
produced from dioxetane intermediate 3 is overwhelmingly
triplet. A similar formation of triplet ketone has been reported
starting from stable dioxetanes.®

Luminescence Kinetics. Formation of excited triplet ketone
(TC==0) is described above. Now, a simplified mechanism for
the CL in the presence of fluorescers (A) may be written as

R’OOH or R’00~ —> C=0 )
R’OOH or R'00- —% TC=0 (10)
TC=0 ~% c=0 (11)
TC=0 + A —> C=0 + 5A (12)
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Table IV. Effect of Fluorescers on the Chemiluminescence from Base-Catalyzed Decomposition of 1 at 40 °C<

Peroxide Solvent? Fluorescer (®pA)¢ Rel I 108 ®opsa 108 &4
1c 50% PhH DBA (0.11) 43.0¢ 33.0 330
25% PhH DPA (0.85) 5.0¢ 3.8 4.5
25% PhH Fl1(0.015) 4.0 3.1 21
25% PhH Eosin (0.0039) 4.0 3.1 80
50% PhH An (0.21) 0.0 0 0
1a MeOH F1(0.015) ~0.25 ~0.7 ~50
25% PhH DBA (0.11) 1.4/ 4.0 36
25% PhH DPA (0.85) <0.2/ <0.6 <0.7

“ Reaction with [1] = 0.01 M, [MeONa] = 0.25 M, and [fluorescer] = 0.0025 M. ¢ Volume % in MeOH. < &¢* was determined at 0.0025
M fluorescer, which is lower than ®#* at diluted solution because of self-quenching. DBA = dibromoanthracene, DPA = diphenylanthracene,
F1 = fluorescein, and An = anthracene. ¢ & = d,p5q/ PF*. ¢ According to the reported analysis,® triplet /singlet ketone = 340. / The same

analysis as footnote e, triplet/singlet > 300.

Table V. Effect of [DBA] on the Chemiluminescence of 1¢ at 30
°Cua

1[DBA], mM Rel 1 106 gpsq? 106&<
4.0 15.6 0.476 19.0
2.5 10.6 0.324 13.0
1.67 7.37 0.225 9.0
1.18 5.50 0.168 6.7
0.625 3.20 0.098 3.92
0.322 1.80 0.055 2.20
0.244 1.60 0.049 1.96
0.164 1.20 0.034 1.36
0.083 0.57 0.017 0.68

“ Reaction with [1] = 0.01 M and [MeONa] = 0.25 M in PhH-
MeOH (1:3) at 30 °C. ¢ &,psq Was calculated from the initial rel | and
Kobsa = 39 X 1073 s}, < See footnote 4 in Table 11.

k
SA —> A + hy (13)

Here, C==0 s a ketone produced and SA is an excited singlet

fluorescer. Assuming a steady-state concentration of
TC==0,

k1o[R’'OOH]; = k11 [TC=0] + k[TC=0][A] (14)
Since the yield of TC=0 is very low, i.e., k ;o « ko,

kobsd = ko + k1o = kg (15)
The CL yield may be written as
k12[TC=0][A]®,,PF*
¢0b5d= 12[ ][ ] 12*F (16)

kobsd [R/OOH]S

Here, &), is the quantum yield of SA formation (a competitive
reaction: TC=0 + A — C=0 + TA) and $¢* is the fluores-
cence yield of A (eq 13) under the reaction condition. Equa-
tions 14-16 lead to

L 1 s k), 1oy
obsd  (K10/Kobsd) BFA  (Ki1o/kobsa) k128128 [A]

The CL data from 1¢ with A = DBA in Table V satisfy a
linear relationship between 1/®opsa vs. 1/[A] (Figure 2). This
supports the above mechanism (eq 9-13) and the derivations
(eq 14-17). The intercept in Figure 2 afford ®,sq = 0.80 X
1076 and then & is 3.2 X 1075 from the equation & =
Bobsd/ (P12PFA) where ®5 = 0.25 and &~ = 0.1 for DBA %
That is, the limiting & value of TC=0 formation at infinite
[DBA] is 3.2 X 1075,

From the slope of 4.9 X 103 M in Figure 2,4.9 X 103k, =
(k1o/kobsa) k12®12® A, Since &5 = 0.25, $pA = 0.1, ki»=5
X 100 M1 s71% and (ko/kopsa) = 3.2 X 1073, k, 1s cal-
culated to be 2 X 108571104 ¢, lifetime of TC==0 is 5 X 10~7

60

50

40

3o

lo_ﬁ/ Iohnl

20

1073/ (pBA)

Figure 2. Plot of 1/®gpsq vs. 1/[DBA] for the CL from 1c and DBA (see
Table V).

s, which is consistent with the reported triplet lifetimes of
1076-1078 s for deoxybenzoins.'2 This coincidence supports
the validity of the CL mechanism of eq 9-13.

The decomposition rates determined from the CL decay
were the same with those from iodometry for the reported case
of 1b;3 i.e., rel I is proportional to [1b]. On the other hand, rel
I is not proportional to [1¢] for the present case of 1¢; e.g., rel
Iis 880 and 1180 and then & is 0.53 X 1076 and 0.39 X 107¢
with 0.005 and 0.010 M 1¢ in the presence of 0.0025 M DBA
in benzene-MeOH (1:3) at 30 °C. The smaller & with higher
concentration of peroxide suggests an energy transfer from
TC=0 to peroxide lc. Thus, the rate constant for energy
transfer (ke) is calculated to be 4 X 10° M~! s~} from ob-
served half-quenching concentration of ~0.01 M peroxide. '3
The reported k¢, values to other peroxides are ca. 10°-10'0
M~! s~ for singlet sensitization'4 and ca. 105-~106 M~! s~!
for triplet sensitization.'S For the present case of l¢, the k¢
value from triplet a-phenylbutyrophenone (E'7 = 74 kcal/mol)
to peroxide l¢ is probably comparable to the diffusion-con-
trolled rate constant (2 X 10'0 M~! s1),!6 since a-oxy sub-
stitution does not alter its E1 values from the parent ketone'”
and hence Et of 1c is probably close to 74 kcal/mol. In other
words, excited energy of TC==0 is transferred to peroxide 1¢
as a ketone (with AET ~0) rather than as a hydroperoxide.
This conclusion may be reinforced by the fact that the CL in-
tensity is proportional to the peroxide concentration for the case
of aliphatic a-hydroperoxy ketone 1b.

Cyclic and Acyclic Mechanism. Products from MeONa-
catalyzed decomposition of several peroxides are shown in
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Table VI. Products from Base-Catalyzed Decomposition of a-
Hydroperoxy Ketones in MeOH at 25 °Ca

Per- Reaction Conver- Products,? %
oxide time, h sion,% R;CO;Me R,CO;H R;R;C=0
1c 4 78 79 12 94
19 100 46 33 84
le 4 76 82 ~15 64
1g 4 100 34 d 57¢
19¢ 100 4.6 d 52f
1h 19 52 23 d 38¢

2 Reaction with [1] = 0.02-0.03 M and [MeONa] = 0.1 M.

Determined by GLC analysis; % yield based on decomposed per-
oxide. < Reaction in PhH-MeOH (1:1). 4 R{CO,H was not deter-
mined. ¢/ Basic autoxidation of deoxybenzoin produces benzil and
methyl benzoate, yields being 13 and 6, 7 and 8, 32 and 12%, respec-
tively.

Table VI. It is apparent that produced ester is significantly
hydrolyzed under the reaction conditions, since the yield of
ester is largely reduced by a prolonged reaction time. Ester
formation via the acyclic mechanism (eq 1) is a major path
even for the case of 1¢ with the most efficient CL, and the ester
selectivity of 79% is a lower limit in view of accompanying
hydrolysis.

Our conclusion of a predominantly acyclic pathway is dif-
ferent from the earlier one by Richardson et al.? They reported
ca. 30% yield of the ester from 1b but did not describe the
formation of ester from 1c. The data in Table VI show that the
hydrolysis of aliphatic ester is considerably faster than that of
methyl benzoate. The 30% selectivity of ester reported by
Richardson et al.3 seems to be considerably high in view of the
faster hydrolysis of aliphatic esters. The solvent effect was
examined with 0.25 M MeONa, where over 80% of 1 is dis-
sociated into anion 1A. That is, the decomposition of 1a and
1b in 50% aqueous MeOH is 5-10 times as fast as that in
MeOH, while the increase in CL intensity is rather small
(Table II). This contrast in solvent effect between kopsg and
rel I can only be explained by the predominance of acyclic
decomposition via the reaction of R”OOH with HO™.

It may thus be concluded from product selectivities, CL
yields, and solvent effect on the decomposition rate and the CL
that the acyclic pathway is generally predominant. The low
yield of the CL (& < 1075) suggests that the dioxetane path-
way (eq 2) is quite a minor reaction.'® Formation of triplet
ketone can be shown for aromatic and aliphatic peroxides.

Experimental Section??

Materials. a-Hydroperoxy ketones 1 were synthesized via the ¢-
BuOK-catalyzed autoxidation of ketones according to the method I
in our previous paper.* Peroxides 1a,b,d-f,j were described previously,*
and peroxides 1g,h,i of over 98% purity were crystallized from ben-
zene-petroleum ether, mp 104-107, 125.5-126.0, and 18-20 °C,
respectively. Peroxide 1c was obtained according to the literature,2!
mg 147-148 °C (lit.2 mp 152-153 °C).

Chemiluminescence. The CL was monitored by a Hitachi MPF-2A
fluorescence spectrophotometer using a 4-mL quartz cell. Mostly, the
decomposition rate of 1 was moderate at 40 °C and then the CL in-
tensity was practically constant for the initial several minutes. When
the decomposition was fast, the initial I at time zero was determined
from the plot of I vs. time. The CL spectra were the same as the flu-
orescence spectra of fluorescer under the same conditions; e.g., Emax
is at 540 nm for fluorescein, 430 nm for DBA, and 425 nm for
DPA.

The quantum yields were determined according to the reported
method822 using ®gusd = I/ (kobsa[1]s X 6 X 1023) where 7 is the
number of photons produced per second. The incident light (310-330
nm) from a Xe arc was determined by ferrioxalate actinometry.2?

Acknowledgment. We are grateful to Professor Isao Kamiya
and Dr. Keizo Aoki of Nagoya University and to Professor
Yasuji Izawa of Mie University for the measurement of
chemiluminescence and for their helpful comments.

References and Notes

(1) (a) M. M. Rauhut, Acc. Chem. Res., 2, 80 (1969); (b) N. J. Turro, P. Lechtken,
N. 8. Schore, G. Shuster, H.-C. Steinmetzer, and A. Yekta, ibid., 4, 97
(1974).

(2) F.McCapra, Q. Rev., Chem. Soc., 485 (1966); (b) E. H. White, J. D. Miano,
C. J. Watkins, and E. J. Breaux, Angew. Chem., Int. Ed. Engl., 13, 229
(1974).

(3) W. H. Richardson, V. F. Hodge, D. L. Stiggall, M. B. Yelvington, and F. C.
Montgomery, J. Am. Chem. Soc., 96, 6652 (1974).

(4) Y. Sawaki and Y. Ogata, J. Am. Chem. Soc., 97, 6983 (1975).

(5) At this point our data are inconsistent with those In the literature,® where
Kobsa INCreased considerably with increasing [MeONa] at [MeONa] = 0.5
M

(6) E)étermlned from UV absorbance at 300 nm in 50% aqueous MeOH at 25

(7) (a) The kwp value in Table IB was obtained by correcting the competitive
dissoclation of ROH and H,0,7? agsuming that the reaction with MeO™~ or
EtO~ Is negliglbly slow; (b) J. Murto, '"The Chemistry of the Hydroxyl Group”,
Part 2, S. Patai, Ed., Intersclence, New York, N.Y., 1971, p 1087.

(8) Y. Sawakland Y, Ogata, J. Org. Chem., 42, 40 (1977).

(9) (a) N. J. Turro, P, Lechtken, G. Schuster, J. Orell, H.-C. Steinmetzer, and
W. Adam, J. Am. Chem. Soc., 98, 1627 (1974); (b) W. Adam, G. A. Simp-
son, and F. Yany, J. Phys. Chem., 78, 2559 (1974); (c) G. B. Schuster, N.
J. Turro, H.-C. Stelnmetzer, A. P. Schaap, G. Faler, W. Adam, and J. C. Liu,
J. Am. Chem. Soc., 87, 7110 (1975); (d) T. Wilson, D. E. Golan, M. S. Harris,
and A. L. Baumstark, ibid., 98, 1086 (1976).

(10) Using a half-quenching equation: ! kn‘[C=0'] = k12[C=0"][A] /2. the
reported value of k1, = 5 X 10° M~' s~19 and the observed [DBA],,,
~ 3 X 1072 M afford k44 = 1.5 X 108 5™, which Is practically Identical
with the above value from the slope In Figure 2.

(11) N. J. Turro, “"Molecular Photochemistry”, W. A. Benjamin, New York, N.Y.,
1965, pp 95 and 119.

(12) H.-G. Helne, W. Hartmann, D. R. Kory, J. G. Magyar, C. E. Hoyle, J. K,
McVey, and F. D. Lewis, J. Org. Chem., 39, 691 (1974).

(13) The same method as footnote 10, where A = R'O0OH.

(14) (a) T. Wilson and A. P. Schaap, J. Am. Chem. Soc., 93, 4126 (1971); (b)
T. Nakata and K. Tokumaru, Bull. Chem. Soc. Jpn., 43, 3315 (1970).

(15) (a) C. Walling and M. Giblan, J. Am. Chem, Soc., 87, 3413 (1965); (b) W.
F. Smith, Jr., Tetrahedron, 25, 2071 (1969).

(16) S. L. Murov, “Handbook of Photochemistry'’, Marcel Dekker, New York,
N.Y., 1973, p 62.

(17) F.D. Lewis, R. T, Lauterback, H.-G. Heine, W, Hartmann, and H. Rudoliph,
J. Am. Chem. Soc., 97, 1519 (1975).

(18) Although a net quantum yleld of the CL from dioxetane (3) cannot be esti-
mated, the $ value Is probably high In view of the reported high efficlency
from other dloxetanes (¥ ~ 0.5-1,0).%.1°

(19) M. J. 8. Dewar and S. Kirschner, J. Am. Chem. Soc., 98, 7578 (1974).

(20) Analytical methods were described previously.*

(21) W. H. Richardson and R. F. Steed, J. Org. Chem., 32, 771 (1967).

(22) M. M. Rauhut, B. G. Roberts, and A. M. Samsel, J. Am. Chem. Soc., 88,
3604 (1966).

(23) J. G. Calvert and J. N. Pitts, Jr., ""Photochemistry”, Wiiey, New York, N.Y.,
1966, p 783.

Journal of the American Chemical Society [ 99:16 | August 3, 1977



