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ABSTRACT: Modes of thermal decomposition reactions of several azo-type initiators 
were studied in the presence or absence of a transition-metal complex. Some metal 
complexes examined cause dramatic influence upon the relative ratio of decomposition 
products. Particularly, a cobalt complex prevents the coupling reaction of radicals 
formed from azo compounds, with increased formation of noncoupling products being 
observed. Futhermore no difference was observed in the mole ratios of an unsymmetrical 
coupling product to the sum of symmetrical products in the decomposition of an un
symmetrical azo compound with or without a complex, Co(Il)(sal)2((R)-CHXDA). This 
phenomenon was satisfactorily explained by assuming that primary radicals immediately 
formed interact with the metal complex and are stabilized prior to subsequent reactions. 

KEY WORDS Radical Decomposition / Azo Compound / Cage / 
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Up to the present, a great many papers have 
been presented on the decomposition reactions 
of azo-type initiators. Few papers, however, 
have dealt with other than the kinetics on the 
rate of decomposition of the azo-type com
pounds. The present study is concerned with 
the mode of decomposition reactions of several 
azo compounds. In vinyl polymerizations, it 
is important to have knowledge on decomposi
tion products of initiators, because some of the 
products may cause potential influence on both 
the rate of polymerization and the properties 
of resulting polymers. The present paper also 
reports the effect of some transition-metal com
plexes on the mode of decomposition reactions 
of azo-type initiators. 

used after conventional purification of commercial 
reagent. mp 104-105°C (lit. 103-105°C). 1 

EXPERIMENTAL 

Syntheses of Azo Compounds 
2,2'-Dimethyl-2,2'-azodipropionitrile (I) was 

CH3 CH3 

I I 
CH3-C-N=N-C-CH3 (I) 

I I 
CN CN 

CH3 

I 
CH2 

I I (II) 
CH3-C-N=N-C-CH3 

I I 
CN CN 

2,2' -Dimethyl-2,21 -azodibutyronitrile (II) was 
prepared using a conventional method. 1 The 

product was recrystallized three times from 90-% 

ethanol. The yield, 36.4% to ethyl methyl 
ketone; mp 51-51.7°C (lit. 49-51°C). 1 

CH3 CH3 

""'/ CH 
I I 

CH3-C-N=N-C-CH3 

I I 
CN CN 

(III) 

2, 21 , 3, 31 -Tetramethyl-2, 21 -azodibutyronitrile 
was prepared in the same procedure as in the 
case of 2,2'-dimethyl-2,2'-azodibutyronitrile (II) 
except for the use of isopropyl methyl ketone in 
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place of ethyl methyl ketone. 1 The yield (after 
three-time recrystallization), 15.1%; mp 68.5-
720C (lit. 68.5-70°C). 

CH3 

I 
CH3-C-CH3 

I I (IV) 
CH3-C--N=N--C-CH3 

I I 
CN CN 

2, 2', 3, 3, 3', 3'-Hexamethyl-2, 2' -azodibutyroni

trile (IV) was prepared via pinacolone ketazine. 2 

The azine was prepared first and then treated 

with liquid hydrogen cyanide. Yield (after 
three-time recrystallization), 17.7%; mp 114-

116.5°C (lit. 112.5-114 °C). 2 

CH3 CH3 

"-._/ 
CH 

I I 
CH3-C-N=N-C-CH3 

I I 
CN CN 

(V) 

2,2' ,3-Trimethyl-2,2'-azodibutyronitrile (V) was 
prepared as follwing. A mixture of 44 g of iso
propyl methyl ketone, 202 g of 100-% hydrazine 
hydrate and 100 ml of ethanol was refluxed for 
two days, followed by removal of the ethanol. 
The oily liquid layer was then separated from 
the excess hydrazine hydrate layer, and washed 
with water three times. A mixture of 5.46 g of 
the oily liquid and 4.3 g of ethyl methyl ketone 
was refluxed for ten hours. The reaction mixture 
was then dried over anhydrous calcium chloride, 
and 20 ml of liquid hydrogen cyanide were added. 
The subsequent process was similar to those 
for the azo compound (IV). The crude product 
was recrystallized twice by adding water to an 
ethanol solution of the product. Yield, 3.0 g 
(26.7%); mp 41-42°C. 

Preparation of Metal Complexes. Metal por
phyrins, such as cobalt(II)tetraphenylporphyrin 
(Co(II)TPP), nickel(II)tetraphenylporphyrin(Ni 
(II)TPP), manganese(Il)tetraphenylporphyrin(Mn 
(Il)TPP), copper(Il)tetraphenylporphyrin(Cu(II) 
TPP) were prepared as follows: Tetraphenyl
porphyrin(H2 TPP) was prepared according to 
the method by Falk. 3 Co(Il)TPP was prepared 
according to the method by Rothemund and 
Menotti. 4 Mn(II)TPP, Ni(Il)TPP and Cu(Il)TPP 
were prepared using manganese(Il)acetate, 
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nickel(Il)acetate, and copper(Il)acetate, respec
tively, in place of cobalt(Il)acetate. 

N,N' -bis(salicylaldehyde)-l(R), 2(R)-1,2-trans
cyclohexanediiminato cobalt(II) [Co(Il)(salM(R)
CHXDA)] was prepared according to the method 
by Aoi, et al. 5 

Solvent. Benzene was purified according to 
general method. 

Decomposition of Azo Compounds. A solution 
of an azo compound with or without a metal 
complex in benzene was charged into an ampoule 
and degassed twice by a freeze-thaw method to 
remove oxygen, and the ampoule was sealed 
in vacuo. After placing the ampoule in an oil 
bath maintained at constant temperature, until 
the azo compound decomposed completely, the 
content of the ampoule was analyzed. 

Analysis of Decomposition Products. The de
composition products were separated into vola
tile products and residue by a trap-to-trap method 
in vacuo. The volatile products were analyzed 
by means of GLC-MS, NMR, and IR. The 
residue, recrystallized from ethanol, was ana
lyzed as coupling products by similar techniques. 
Results of characterization of the products are 
summarized in Table I. 

Quantitative analyses of decomposition prod
ucts were carried out mainly by GLC techniques 
using a column packed with silicone DC con
nected to silicone GESE. The column temper
ature was 60°C for the noncoupling products, 
and 160°C for the coupling products, respectively. 

Measurement of Circular Dichroism Spectra. 
Circular dichroism spectra were measured in 
benzene in terms of Co(Il)(salM(R)-CHXDA) 
together with a few azo compounds in order 
to elucidate the interactions between them. 

RESULTS AND DISCUSSION 

Decomposition Products of Azo Compound 
R R 
I I 

(Me-C-N=N-C-Me) 
I I 

CN CN 
The decomposition products of the four azo 

compounds in benzene at 82°C are shown in 
Table II. Compound I (R=Me) gave only the 
coupling product, while compounds with a 
bulkier R gave less amounts of coupling prod-
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Table I. Characterization of products in the decomposition reaction 

Azo compounds 

CHs CHs 
I I 

CH3-C-N=N-C-CHs 
I I 
CN CN 

(I) 

CH3 CHs 
I I 
CH2 CH2 
I I 

CH3-C-N=N-C-CHs 
I I 

CN CN 

(II) 

(CHs)2CH HC(CHs)2 
I I 

CH3-C-N=N-C-CHs 
I I 
CN CN 

(III) 

(CHs)sC C(CHs)s 
I I 

CH3-C-N=N-C-CHs 
I I 

CN CN 

(IV) 

Products 

HsC CHsa 
I I 

CHs-C-C-CHs 
I I 

CN CN 

HsC CHs0 

I I 
H2C CH2b 

I I 
CHs-C-C-CHsa 

I I 
NC CN 

CH2b-CHs• 
I 

CHs0-CHd 
I 
CN 

CHs• CH3b 
"- / 

C=C 
/ "-

CN H 0 

CH2b-CHl 
I 

CH2°ct=C 
I 
CN 

(CHsb)2CH0 HC(CHs)2 
"- / 

CHs•-C-C-CHs 
I I 

NC CN 

CH3b CHs• 
"- / 

C=C 

/ " NC CHs 

CHs-CHb-CHs• 
I 

CH2cct=C 

"-CN 

CHs-CHct-CHs• 
I 

CHsb-CHc 
I 

CN 

C(CHs)s8 

I 
CHs0 -CHb 

I 
CN 

CN 

CH2bc=t 
I 

C(CHs)sa 

* The number in parentheses means relative intensity. 
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NMR data, ppm 

a: I. 53 

a: 1.46 
b: 1.60 
c: 1.20 

a: 1.08 
b: 1.61 
c: 1.30 
d: 2.50 

a: 1.91 
b: 1.90 
c: 6.20 

a: 1.90 
b: 1. 70 
c: 5.70 
d: 5.78 

a: 1.46 
b: 1.20 
c: 2.23 

a: 1.82 
b: 2.03 

a: 1.15 
b: 2.50 
c: 5.72 
d: 5.69 

a: 1.04 
b: 1.28 
c: 1. 74 
d: 2.50 

a: 1.04 
b: 2.45 
c: 1.26 

a: 1.20 
b: 5. 71 
c: 5.79 

MS data* 

P= 135 ( 3); 68 ( 51), 
82 ( 12); 57 ( 72), 
69 (100); 55 ( 52) 

P= 163 ( 10); 68 ( 72), 
83 (100); 55 ( 67), 
82 ( 52); 41 ( 93) 

P= 82 ( 64); 54 (100), 
81 ( 14); 44 ( 36), 
69 ( 27); 41 ( 59) 

P= 81 ( 9); 54 ( 57), 
66 ( 5); 42 ( 20), 
55 (100); 40 ( 14) 

P= 81 ( 43); 54 (100), 
80 ( 17); 41 ( 57) 
66 ( 35) 

P=191 ( II); 96 ( 50), 
149 ( 87); 82 ( 67), 
97 (100); 68 ( 93), 

P= 95 ( 96); 55 ( 70), 
80 ( 54); 53 ( 90), 
68 (100); 41 ( 90) 

P= 95 ( 16); 67 ( 17), 
80 ( 48); 55 ( 25), 
68 ( 59); 53 (100) 

P= 96 ( 3); 55 (100), 
82 ( 12); 54 ( 65), 
56 ( 14); 53 ( 8) 

P= 97 ( 3); 68 ( 10), 
96 ( 40); 57 (100), 
69 ( 26); 41 ( 45) 

P=l09 ( 4); 67 ( 80), 
94 (100); 57 ( 50), 
82 ( 25); 41 ( 40) 
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Table II. Products distribution of azo compounds (cH,-;-N~N-l--CH,) 
CN CN 

decomposed in the absence of the complex 

Products, % 

R R R R 
R I / I I Polymer 

CH3-C-H CH2=C Inner olefin CHa-C--C-CH3 + 
I " I I unknown 

CN CN CN CN 

CH3 (I) 0 0 100 0 
C2Hs (II) 6 Trace Trace 86 8 
isoC3H1 (III) 13 6 1 72 8 
t-C4H9 (IV) 42 37 0 0 21 

Reaction conditions, [azo compound]; 0.1 M in benzene, 82°C. 

Table III. The effect of metal complexes on the mode of decomposition of 

(CH:lN-N:f ~CH,) 
CN CN 

Products, % 

isoPr isoPr CH3 CHa isoPr isoPr 
Complex I / " / I I Polymer 

CHa-CH CH2=C C=C CHa-C-C-CHa + 
I " / " I I unknown 

CN CN CH3 CN CN CN 

13 6 1 72 8 
Co(II)TPPa 36 0 44 8 12 
Co(Il)(sal)2((R)-CHXDA)b 33 0 30 37 0 
Ni(Il)TPP 0 38 0 30 22 10 
Cu(Il)TPPd 15 4 2 65 14 
Mn(Il)TPP• 14 5 1 70 10 

a [Azo compound], 0.05 M; [Co(Il)TPP], 1.5 x 10-3 M; b [azo compound], 0.1 M; [Co(Il)(sal)2((R)
CHXDA)], 5.3 x 10-4 M; 0 [azo compound], 0.05 M; [Ni(Il)TPP], 6.9 x IQ-4 M; d [azo compound], 0.1 M; 
[Cu(II)TPP], 5.3 x IQ-4 M; • [azo compound], 0.1 M; [Mn(Il)TPP], 4. 7 x IQ-4 M. Reaction conditions, at 
82°C in benzene for 2 days. 

ucts. No coupling product at all was detectable 
with compound IV which possesses the bulkiest 
substituent (R=t-Bu). 

Thermal decomposition reactions of the azo 
compounds were carried out also in the presence 
of several metal complexes (Table III). 

From Tables II and III, it can be seen that 
some of the metal complexes examined markedly 
change the distribution of the decomposition 
products. The presence of these metal complexes 
suppresses the formation of coupling product. 

278 

Figure 1 shows the effect of the concentration 
of complexes on the relative amount of coupling 
product. 

The suppressing effect of the metal complexes 
upon the coupling reaction decreases in this 
order: Co(II)TPP-Co(II)(salM(R)-CHXDA) > 
Ni(Il)TPP > Cu(II)TPP- Mn(II)TPP. The largest 
effect found in the cobalt complexes may be 
attributed to the divalent state which has a free 
radical character owing to seven electrons in 
d-orbitals. It is conceived that the primary 
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radicals derived from the azo compound are 
stabilized more with the enhanced interaction 
with cobalt complexes. The coupling reaction 
of such stabilized radicals is suppressed, resulting 
in the predominant formation of noncoupling 
products. 

It should be noted that some of the metal 
complexes examined, e.g., Co(II)TPP, Ni(II)TPP, 
and Co(II)(sal)z((R)-CHXDA), have a tendency 

("' /\ 
to form inner olefins / C=C "') rather than 

terminal olefins ( CH2=C~), the latter oc

cupying the main part of olefins formed in the 
absence of these metal complexes. These results 
may suggest that the metal complexes also par
ticipate in the disproportionation reaction. A 
possible mechanism may be a hydrogen-transfer 
reaction with the aid of the metallic species. 

L:,. 
Azo compound (III) ----> 

CH3 CH3 "' / CH 
I 

CH3-C· 
I 

CN 
(A) 

[Co] -
CH3 CH3 CH3 CH3 H 
I I I I , 

NC-C-C-CHs----> NC-C=C-CHs + [Co] 
! I 
l H 

[CoJ 
H CH3 CHs 
, I I 

[Co] + (A) ----> NC-C-C-CHs + [Co] 
I I 

H H 

When 0.05 M of azo compounds was decom
posed in the presence of 3. 7 x 10-4 M of Co(II) 
(sal)z((R)-CHXDA), the amount of coupling prod
uct formed increases with temperature (Table 
IV). This fact may be explained in terms of 
the weakened ability of the cobalt salen com
plex to interact with free radicals at higher 
temperatures. 

Interaction of a Metal Complex with Azo 
Compounds 
It was reported previously that 2,2'-dimethyl-

2,2'-azodipropionitrile (compound I) was co
ordinated to a complex such as AlEt3 through 
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Table IV. Effect of temperature on the ratio of 
coupling product formed in the presence of 

Co(II)(sal)2((R)-CHXDA) to that in 
absence of the metal complex 

Relative amount 
Azo compound 

82°C 92°C 102°c 

Et Et 
I I 

CH3-C-N=N-C-CHs 0.67 0.81 0.78 
I I 

CN CN 
isoPr isoPr 

I I 
CHs-C-N=N-C-CH3 0.19 0.26 0.52 

I I 
CN CN 

[azo compound], 0.05 M; [azo compound]/[com
plex]= 135. 

its CN group, as observed by means of IR 
spectrum. 6 In the present study, however, no 
distinct difference was observed in the IR 
spectra of azo compounds even in the presence 
of the cobalt complexes. On the other hand, 
the circular dichroism (CD) spectrum of Co(II) 
(sal)z((R)-CHXDA) in benzene changed greatly 
by the coexistence of any of the azonitriles 
listed in Table II. The most probable explana
tion is that the optically active cobalt complex 
will come close enough to the azonitrile mo
lecule to interact with it. 

The Role of the Classical Solvent Cage 
On the basis of the distribution of the de

composition products from an unsymmetrical 
azo compound (V) (Table V), it should be 
possible to estimate qualitatively the extent of 
participation of the coupling reaction in "the 
classical solvent cage," because the symmetrical 
coupling products should not be formed in 
"the cage." 

The mole ratio of unsymmetrical coupling 
product to the sum of symmetrical coupling 
products in the presence of Co(Il)(sal)z((R)
CHXDA) were found to be approximately one 
to one, except for run 2. * If we assume that 
the metal complexes interact with radicals only 
in the region outside of "the classical solvent 
cage," the probability for the formation of the 

* Some errors in the experimental technique might 
be associated with this run. 
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Figure 1. Circular dichroism spectrum of Co(Il)(sal)2((R)-CHXDA) in the presence or absence 
of azo compounds. Measured at 22°C in benzene: --, Co(II)(sal)2((R)-CHXDA) (l.78 x 
10-4 M); - · -, Co(Il)(sal)2((R)-CHXDA) (1.78 x J0-4 M)+azo compound (I) (1.07 x 10-1 M); 

Co(II)(sal)2((R)-CHXDA) (1. 78 x 10-4 M)+azo compound (III) (6.2 x 10-2 M). 
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"' ... 0 0. 2 0 " u Co(II)TPP .µ 
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a " .µ .µ 

" : 0 100 200 300 400 500 

[azo compound]/[complex] (molar ratio) 

Figure 2. Effect of complexes on the amount of 
dimer formed: [azo compound], 

isoPr isoPr 
I I 

CH3-C-N=N-C-CHs, 0.05 M; 80°C; 2 days. 
I I 
CN CN 

symmetrical coupling products should decrease 
with the increase of the concentration of the 
metal complexes in the reaction system, because 
coupling reactions were found to be supressed 
in the presence of the metal complexes as shown 
in Table III. Therefore, the mole ratio of 
symmetrical to unsymmetrical coupling products 
would have decreased with the increase in the 
concentration of the metal complex, contrarily 
to our observation (Table V). The results ob-
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tained in the present study can be interpreted 
by assuming that no participation of "the 
classical solvent cage" is operative in the present 
reaction system; that is to say, all of the radi
cals formed in the reaction system have equal 
chances in terms of chemical behaviors toward 
the metal complex. Judging from the CD 
spectra shown in Figure 1, we propose that 
azonitrile molecules are present under the in
teraction with the cobalt complex within a 
rather large and loose shell of solvent molecules. 

The results shown in Figure 2 and Table II 
are also interpreted from the same point of view 
on the reaction mechanism. 

Two possible structures may be considered 
as the intermediate responsible for the stabiliza
tion of radicals within the shell of solvent 
molecules. 

Although the present study cannot afford a 
decisive answer to the question about the two 
proposed formulas, it is more plausible to as
sume (B) as the structure of the intermediate 
in operation, because the relative amount of 
coupling products decreases in the presence of 
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Table V. ( 
Et isoPr ) 

Products distribution of unsymmetrical azo compound CH3-i-N=N-i-CH3 

CN CN 

in presence of cobalt complexes 

Products, 9'6 

[Azo compound] Et isoPr isoPr C C Et Et Et isoPr isoPr isoPr 
I I I "' / I I I I I I Formation 

Run [Complex] C-C C=C C-C C=C C-C-C-C C-C-C-C C-C-C-C ratio of 

molar ratio I I I / "' I I I I I I (2)/(1)+(3) 
CN CN CN C CN CN CN CN CN CN CN 

( 1) (2) (3) 
-~- ---- ------- -------

4 5 9 0 22 44 16 1.16 

2 637• 12 0 11 16 26 25 11 0.68 

3 430• 12 0 12 17 20 29 IO 0.97 

4 295• 15 0 12 23 19 26 5 1.08 

5 151• 19 0 13 25 17 22 4 1.05 

6 157b 33 0 IO 41 IO 6 0 0.60 

[azo compound], 0.1 M, 80°C in benzene for 2 days. a [Co(II)(sal)2((R)-CHXDA)]; b [Co(Il)TPP]. 
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a metal complex. The metal complexes are 
considered to participate in the decomposition 
reaction before the formation of radicals within 
the solvent shell, because interactions between 
an azo compound and the complex, Co(Il)(salk 
((R)-CHXDA), were observed in CD spectra, and 
no change at all was observable in the distribu
tion of the coupling products of an unsym
metrical azo compound in the absence or pres
ence of the metal complex. 

CONCLUSION 

The present study has revealed that the mode 
of the decomposition reaction of a series of 
azo-type initiators depended strongly upon the 
bulkiness of substituents. The ratio of the 
coupling products to noncoupling ones de
creases with an increase in bulkiness of the 
substituents. It was also found that some tran
sition metal complexes, especially cobalt com-
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plexes, caused a prominent influence on the 
products distribution in the decomposition re
action. The effect of the metal complexes is 
explained in terms of the stabilization of radicals 
through the interaction with d-orbitals of the 
metal species. 
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