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Oxidation of diazo compounds by triphenyl phosphite ozonide.
Quenching of singlet oxygen by diazo compounds
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The reaction of triphenyl phosphite ozonide with various types of diazo compounds
results in their oxidation, which is accomplished by singlet oxygen (10,) evolved during
thermal decomposition of the ozonide. A decrease in the ionization potential of the substrate
results in an increase in the overall rate constant of quenching of !0,. In the case of
9-diazofluorene, the main channel of 10, quenching is physical quenching.
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- rate constant of quenching of singlet oxygen.

Oxidation of diazo compounds is a rather poorly
investigated branch of chemistry. It has been found that
triplet molecular oxygen reacts slowly with diazo com-
pounds, and the reaction occurs with the retention of
the diazo group.l Singlet molecular oxygen reacts rap-
idly with diazo compounds under mild conditions with
decomposition of the diazo group.2:3

Phosphite ozonides (RO);PO;, adducts of ozone
with phosphites, are efficient oxidants of organic com-
pounds. Two mechanisms of the oxidation of a substrate
(A) with these ozonides are possible.4

One of these involves oxidation with the singlet
oxygen formed upon decomposition of (RO);PO;.
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In the second case, direct transfer of oxygen from the
ozonide to the substrate occurs, ie., the (RO);PO,
molecule itself acts as the oxidizing reagent.

(RO)3PO4 + A > AQ, + (RO)3PO

In the present work we studied the oxidation of
(p-tolyl)phenyldiazomethane (1), diphenyldiazomethane
2), (p-chlorophenyl)phenyldiazomethane  (3),
(methyl)phenyldiazomethane (4), 9-diazofluorene (5),
phenyldiazomethane (6), 2-diazoadamantane (7),
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isopentyl phenyldiazoacetate (8), 1-phenyl-3-diazoace-
tone (9), benzoyldiazomethane (10), 1,1-diphenyl-3-
diazoacetone (11), 1-adamantanoyldiazomethane (12),
diazodimedone (13), and methyl diazoacetate (14) with
triphenyl phosphite ozonide.

Experimental

Kinetics of the reaction was studied by the chemilumines-
cence (CL) method® based on the consumption of the ozonide.
1—2 mL of a solution of a diazo compound in CH,Cl, was
added to a solution of (PhO);PO; in 20 mL of CH,Cl, in a
temperature-controlled (—15 °C) reactor, and the change in
the CL in the IR region was recorded (Fig. 1, a). The
concentrations of the triphenyl phosphite ozonide and the
substrate were: [(Ph0)4PO;3] = 1-1073 mol L7! and [A]g =
11072 to 6+ 1071 mol L1,

The reactivity of diazo compounds with respect to 10, was
studied by following the quenching of luminescence of 10, in
the IR region.® 16—20 mL of CH,Cl, was placed into a
temperature-controlled reactor, cooled to —15 °C, and purged
with argon; 0.02 mol of (PhO);P0O; in CH,Cl, was added and
the intensity of luminescence (J) was recorded. A cooled
solution of 1—1 - 10™* mmol of diazo compound A in CH,Cl,
was added with intense stirring, and the intensity of
chemiluminescence (I) was recorded (see Fig. 1, a).

A separate determination of the constants of chemical and
physical quenching of 10, was based on the stoichiometry of
the consumption of the ozonide and the diazo compound, as
described in the literature.” 1.5—1.7 mL of CH,Cl, and
0.2—0.4 mL of a solution of a diazo compound (1-1072—
1-107! mol L) were placed in a narrow glass reactor in the
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Fig. 1. a. The typical kinetics of the attenuation of CL during
thermolysis of {(PhO);P0O;3 (=15 °C) in the absence (J) and in
the presence (2) of the acceptor (1,1-diphenyl-3-diazoacetone),
{Alp = 2+1071 mol L. The arrow marks the instant of the
introduction of 1,1-diphenyl-3-diazoacetone. b. Quenching of
the 10, luminescence (—15 °C, CH,Cl,) in the presence of
benzoyldiazomethane (7), 1,1-diphenyl-3-diazoacetone (2), and
methyl diazoacetate (3).

dark, and the mixture was cooled to —15 °C with temperature
control. 0.2—1 mL of a solution of (PhO);PO,
(1-107! mol L™!) was added using a cooled pipet, and the
reaction mixture was kept in the dark at ~15 °C for approxi-
mately three half-life periods of (PhO);PO4 (1.5 h). Then the
solutions were thawed and analyzed for the content of A by
spectrophotometry.

Preparation of triphenyl phosphite ozonide and purifica-
tion of dichloromethane were carried out by the known proce-
dures.8?

The first jonization potentials (/P;) were determined by
photoelectron spectroscopy using an ES-3201 electron spec-
trometer. The kinetic energy scale was calibrated using the
xenon (IPy = 12.13 eV, IP; = 13.43 ¢V) and argon ([P, =
15.76 eV, IP, = 15.94 eV) bands. The errors in determining
the maxima of the ionization bands were no more than
0.03 eV. MNDO quantum-chemical calculations carried out
with full optimization of geometry in the SP basis were used
for additional interpretation of the experimental data.10

Results and Discussion

Kinetics of the reaction. The main pathways of the
consumption of (PhO);P0O; and A can be described in
the framework of the following mechanism:

Po
— (PhO)3sPO + 10,
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Here oy is the yield of 10, (moles per mole of the
consumed ozonide); ¢, is the yield of radiation of 10,;
@3 is the efficiency of chemical quenching of 10, by the
substrate; kg, ki, k,, and k3 are the rate constants of the
corresponding reactions; P! and P3 are the products of
the corresponding steps.

Then

I =k ¢ [0y,
—d[(PhQ)4POz}/dt = ko[(PhO)3PO4] + k[(PhO)3POS][A]L.

Due to the small lifetimes of 10, in the liquid phase, the
concentration of 102 may be regarded to be steady-state.

ko ¢ [(PhO)3P0s]
ky + k3 [A]

[107] =



Oxidation of diazo compounds by (PhO);PO,

Russ.Chem.Bull., Vol. 43, No. 9, September, 1994 1481

Since [(PhO);PO5] < [Al,,
[(PhO)3PO3] = [(PhO)3POg]o * exp{—(kop + k;[Alo)2}.
Hence, it follows that
log(fy/D) = k71, (1)

where k° = (kg + k([A]p) is the effective rate constant of
the consumption of the ozonide.

Equation (1) makes it possible to determine k’.
From the dependence of £* on [A]y, the rate constants
of the thermal decomposition of (PhO);PO; and its
interaction with the acceptor can be derived.

It was experimentally shown that at [A], >
[(PhO);PO;],, the kinetics of the luminescence attenu-
ation is described by the following equation:

log(ly/D) = k'/t. )]

At k° = k", Egs. (1) and (2) coincide. The effective rate
constant £ does not depend on the concentration of
the substrate over the studied range of the variation of
[A] (Fig. 2), and therefore, the following equation holds
for the rate of ozonide consumption:

—d[(PhO)4PO,]/dt = k"[(PhO)gPO,].

Similar relationships were obtained for the other diazo
compounds. The k" constants are close to the rate con-
stants (kp) of the thermal decomposition of (PhO);PO;.
As shown in Fig. 2, k&~ = (3.5+1.0)-1073 s71;
under similar conditions, ky = 2.5-1073 s7! (see
Ref. 11). The form of the kinetic equation (zero order
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Fig. 2. The typical semilogarithmic anamorphosis of the ki-
netic curve of the attenuation of IR CL (/) during oxidation of
1,1-diphenyl-3-diazoacetone with triphenyl phosphite ozonide
(—15 °C, CH,Cl,) and the plot of the effective rate constant
vs. concentration of 1,1-diphenyl-3-diazoacetone (2).

with respect to the substrate) indicates that the direct
reaction between the ozonide and the substrate does not
occur, and the !0, liberated during decomposition of the
ozonide acts as the oxidizing agent.

Quenching of 10, with diazo compounds. In the
absence of an acceptor of 10,

./ 9y ky 9, [(PhO)3POz}
0= ’

ky

in the presence of A

®g Ky 9, [(Ph0)3POs]
I, =

ky + ky[A]
hence,
I/Iy =1 + k3fky - [A]L

Since 1/k; = 1 (v is the lifetime of 'O, in a given
solvent), then

I/Ia =1+ kya[A], (3)

where k5 is the sum of the rate constants of chemical
and physical quenching.

Equation (3) is known as the Stern—Volmer equa-
tion. From the dependence of I,/I, on [A], one can
determine the k31 product or k3 and v separately (if t or
k3, respectively, is known). The applicability of Eq. (3)
to the (PhO);PO;—solvent—A system is illustrated by
the examples given in Fig. 1 and in Table 1.

The overall rate constants decrease as the ionization
potential of the C=N, n-bond, 7P, increases (see Ta-
ble 1). Analysis of the results shows that the log [ks/(kyir
= k)] value (kg = 1.34-10'0 L mol™! s7! is the
diffusion rate constant calculated from the modified
Debye equation!3) depends linearly on the ionization
potential of the quenching agent with the correlation
coefficient » = 0.938 (if the data for compounds 1, 6,
10, and 11 are excluded, r = 0.989) (Fig. 3). This
dependence holds in the case when electron transfer is
the rate-determining process.14

7
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k
A +10, [A..102] —» [AY+0p] —> ..

The linear plot of k; vs. IP| (see Table 1) implies
that good overlap of the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) of the singlet oxygen (Fig. 4) is one of
the main factors favoring this reaction.

The separate determination of the rate constants of
chemical and physical quenching of 10, was carried out
for the reaction of 'O, with 9-diazofluorene. In con-
formity with the kinetic scheme, the stoichiometry of
the consumption of the ozonide and the diazo com-
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Table 1. Rate constants of the reaction of !0, with diazo
compounds at —15 °C in CH,Cl,

Com- kat ks @ 1P| /eV
pound /L moI‘ /L mol~! 571
1 (7.0+2.30) - 103 7.0+ 107 7.18
2 (4.4140.33) - 104 4.41-108 7.24
8.30-108 ¢
6.00- 108 ¢
3 (1.62+0.11) - 104 1.62- 108 7.38
4 (3.68+1.00) - 104 3.68-108 7.41
5 (4.69+1.25) 103 4.69- 107 7.67
5.10- 107
6 (3.44%1.50) - 104 3.44-108 7.87
7 (6.03+1.00) - 104 6.03- 108
8 (5.124+0.46) - 102 5.12- 106 8.01
9 10.8442.93 10.84 - 104 8.60
10 2.3140.12 2.31-104 8.67
11 1.20+0.20 1.20- 104 8.88
12 7.46%0.57 7.46 104 8.88
13 4.00+0.14 4.00- 104 9.14
14 2.68+0.56 7.68-104 9.22

a In the calculation of k3, k;, was assumed to be 1+1074 s71
(¢f. Ref. 12). ¥ Measured by the method of competing reac-
tions? in CH,Cl, at 25 °C. ¢ Measured by flash photolysis? in
CH2C12 at 27 °C.

pound obeys the following equation:

[Aly -~ In ({Alp/[Al=)

A kZ
ks (PhoyPOg, P

——— T Qop3 ~
[(PhO)4PO4],

Here, [A]y and [A], are the concentrations of 9-di-
azofluorene at the beginning and at the end of the
experiment, respectively.

Using ¢y = 1 (see Ref. 7) calculated from the Ip/I,
vs. [Alg plot (see Fig. 1), the k3/ky = (4.69%£1.25)- 103
L mol™! ratio, and the data of Table 2, we obtained
@3 = 0.1410.3. Thus, the rate constants of the chemical
and physical quenching are 6.56- 106 and
4.03-107 L mol™! s7!, respectively.
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Fig. 3. The plot of the log[k3/(kgir — k3)] parameter vs. IP;.
Numbering of the points corresponds to the numbers of com-
pounds.
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Fig. 4. Interaction of the orbitals in the reaction of 10, with
diazo compounds.

The oxidation of 9- diazoﬂuorene affords fluorenone.
At [(PhO);POs], : [A]p » : 1, its yield is quantita-

Table 2. The stoichiometry of the consumption of 9-diazofluorene and triphenyl phosphite ozonide

(—15 °C, CH,Cly)

[Alg- 104 [A]-10*  [(PhO);POslp-10° [Alp—[Ale . In([Aly/[Al) B

/mol L1 /mol L1 /mol L1 —— 102 —— /L mol
[(PhO);PO;], ((PhO);PO,],

16.29 5.63 8.27 12.89 128.42

16.10 4.20 9.01 13.20 149.17

7.98 2.17 5.12 11.35 253.91

6.92 0.83 6.11 9.97 347.14
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tive. Fluorenone is apparently formed according to the
following scheme:2:3

N

SCNp + 102 —~+\c’ o ¢t + Np

-~ A H ~ B
0-0 0-0
— D \C=O + 02

2 >¢oo- g
- SPTRL
0—0

+ - ~ ~
SC00 + JCNp = 2 2C=0 +N,
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