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Although the organic compounds containing
a chain of more than three nitrogen atoms ap-
pear to be very interesting, they have not been
fully investigated. Our laboratories have, there-
fore, been investigating the chemistry of vari-
ous polyazanes; in this paper the chemistry
of 1, 3, 5-tri-p-tolyl-1, 4-pentazdiene (TTP) will
be described.

Pechmann and Frobenius' studied the syn-
theses of TTP and other pentazdienes and
found that these compounds underwent the
following decomposition :
CeH;-N=N-N-N=N-C;H; — 2!,

l organic solvents
Me  CiHN.Cl + MeNHN=NCH;
HCl | H:0

'— C¢H;0H + CgH:NH: + MeOH + N,

Wicklatz® prepared TTP and other pentaz-
dienes, and used these compounds as the ini-
tiators of the emulsion polymerization of
butadiene and styrene at 0—350°C. Hall and
Seed® used 1, 5-diaryl-3-alkyl-1, 4-pentazdienes
as the initiators of the polymerization of
ethylene at 120—150°C and of methyl metha-
crylate at 40°C. Rondestvedt and Davis* re-
ported on the syntheses of 1, 5-diaryl-3-methyl-
1, 4-pentazdienes as the by-products of the
syntheses of triazenes. However, the spontane-
ous decomposition of 1, 3, 5-trisubstituted 1, 4-
pentazdienes has never been investigated.

Results and Discussion

1, 3, 5-Tri-p-tolyl-1, 4-pentazdiene (TTP) was
obtained as a yellow solid when two moles
of p-toluenediazonium chloride and one mole
of p-toluidine were coupled in the presence of
sodium methoxide, according to the method
of Pechmann and Frobenius.”> TTP is sparingly
soluble in diethyl ether, alcohols or ligroin.
It dissolves in acetone, benzene or chloroform,

* American Chemical Society - Petroleum Research
Fund Scholar.
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with a rapid evolution of nitrogen, at room
temperature. The recrystallization of TTP is
possible when it is handled quickly in ether,
benzene or acetone-water at 0°C.

The spontaneous decomposition of TTP was
investigated by dissolving one gram of TTP
in one hundred milliliters of cumene at lower
temperatures and by keeping the solution at
0°C, 15.0°C or 25.8°C. The decomposition
followed good first-order kinetics, as may be
seen in Fig. 1. The first-order rate constants
at those three temperatures are shown in
Table I, together with the half-lives. When
In (k/T) was plotted against 1/T, a straight
line was obtained, as may be seen in Fig. 2.
The values of activation parameters obtained
from the slope of Fig. 2 were 4H*=22.6 kcal./
mol. and 4§8%=3.8e¢.u. Table II lists the prod-
ucts obtained from the decomposition of TTP
at 25.8°C.

0 100 200
Time, min.
Fig. 1. Rate of decomposion of TTP in cumene
at 15.0°.

hy, by and h. are the difference of the mer-
cury heights at r=0, r=¢ and f=o0, respec-
tively.

TaBrLe I. RATES OF DECOMPOSITION oF TTP
IN CUMENE
Temp. ki Half life
“C sec~! min.
25.8 12.9x 10—+ 8.95
15.0 2.93x 10—+ 39.2
0.0 0.325x10-4 354
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Fig. 2. Ink/T versus 1/T for the decomposi-

tion of TTP.

TasLe II. PRODUCTS OF DECOMPOSITION OF
TTP IN CUMENE AT 25.8°%

Product mmoles moi%%{]r’nole
N, 2.52 0.871
MeC:H N=NNHC:HMe 2.90 0.994
MeC¢H; 2.58 0.884
{CeH;CMe:); 1.18 0.405

* 1.000g. of TTP (2.91 mmol.) was dissolved
in 100.0 ml. of cumene, and decomposed at
25.8°C for 20 hr. in the absence of air.

The three most plausible mechanisms of the
decomposition of TTP in inert solvents are
the following:

MeCel‘h— N=N-N-N=N -CeH;MC -

[
CsH Me
MeCeH4-N=N—-N9 -+ Nz + $CQH4MB (1)

CsH;MC
MCCQH-;— N= N—blI-‘N=N‘CaH .|Ml3 —
CsH;Me

MeCeH, - + N; + -N-CsH,Me + N + -CgH,Me

(2
MeCe,H;-N:N'-lT"N:N—CsH{Me s
C¢HMe
MGCGH-FNT—N"IT- + Ng + -CgH Me (3)
CsH,Me

Mechanism 1 cannot, however, account for
the production of toluene and 2, 3-dimethyl-
2, 3-diphenylbutane. Mechanism 2 can account
for the production of these two hydrocarbons,
but it cannot account for the production of
1, 3-di-p-tolyl-triazene. Only mechanism 3 is
consistent with the experimental results. Thus
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the mode of the decomposition of TTP re-
sembles that of azohydrocarbons, which de-
compose to yield a nitrogen molecule and two
free radicals.

In Table III the rate of the decomposition
of TTP is compared with the rates of the
decomposition of several azohydrocarbons. The
fact that TTP decomposes about 300 times as
fast as 1',1', 1'-triphenylbenzeneazomethane is
rather surprising. The order of the increasing
ease of decomposition in the series of azo-
methane, azobisisobutyronitrile, 1', 1'-diphenyl-
benzeneazomethane and 1',1', 1'-triphenylben-
zeneazomethane may be ascribed to the pro-
duction of free radicals with an -increasing
stability. However, it is difficult to suppose

that the resonance energy of MeCsH;N-N=N-
CsH:Me is greater than that of the triphenyl-
methyl radical. Therefore, some factors in
addition to the resonance energy must be
responsible for the rapid decomposition of TTP.

It has been found that peroxyoxalates de-
compose relatively fast among various peroxy-
esters.’®~1> The similarity of the rate of de-
composition of ethyl r-butylperoxyoxalate to

O

I
EtO—(HZ—C—O—O—CMea
(0]

Half life at 60°C, 35.6 min.

PthH—(IT"-O—O—CMea Half life at 60°C, 26 min.

that of t-butyl diphenylperoxyacetate suggests
that the ethoxycarbonyl radical is about as
stable as the diphenylmethyl radical. How-
ever, since the ethoxycarbonyl radical has no
special structural characteristic which might
account for this apparent stabilization, it is
likely that the rate difference is due to the
ease of the cleavage of the carbon-carbon bond
of oxalates rather than to any special stabili-
zation of the carbon radical formed. This
reasoning may also be applicable to the rapid
decomposition of TTP. Just as the decomposi-
tion of peroxyoxalates is aided by the repulsion
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TasLe IIL
Azo compound Solvent
Me-N=N-Me (Gas)
Me:(NC)C-N=N-C(CN)Me: Xylene
Ph-N=N-CHPh, Decalin
Ph-N=N-CPh, Toluene
Benzene
Cumene

C7H7—N=N~N (CTH?) —N=N—C7 HT

of the two central positively-polarized carbon
atoms, the decomposition of TTP is aided by
the repulsion of the electronegative nitrogen
atoms, which weakens the bond between Ny
and N. in the structure MeCsH -Na=Np-Ne-
(CsHiMe)-Np=N.-CsH Me.

In a number of cases, polar substituent effects
have been discerned in the reactions of homo-
Iytic cleavage. For instance, Bartlett and
Riichardt’® found that the thermal decomposi-
tion of substituted phenylperoxyacetates fits
the Hammett equation when ¢* is used rather
than ¢, and the observed p value was —1.04
at 100°C. The transition state has been pic-
tured as a resonance hybrid of ionic and
radical structures:

XCsHaCH:' o Cr=0---eOCMey —

(0]
XCel-I‘CHzGB"']?mO"-eOCMea

O

In a similar fashion, the transition state of the
decomposition of TTP can be presented as a
resonance hybrid of ionic and radical structures:

MeCgH;e---NT=N--- e N-N=N-C¢H;Me «—

|
C5H4M€

MeCgH,®---NT=N---6N-N=N-C;H,Me
(l:aHlMC

The ionic form had a negative charge on the
electronegative nitrogen atom, and this is a
favorable form. The contribution of the ionic
form to the transition state will reduce the
activation energy required for the decomposi-
tion of TTP. Hence, this may be one of the
factors responsible for the rapid decomposition
of TTP.

One of the remarkable features of TTP is
that it is very stable as a solid, whereas it is
unstable in a solution. As has been described
above, the half life of TTP is 9.0 min. at
25.8°C, but no apparent decomposition was
observed for the solid TTP when it was allowed
to stand at room temperature for several weeks.
Such unusual behavior was never observed in
other free radical initiators, such as peroxides

16) P. D. Bartlett and C. Riichardt, ibid., 82, 1756 (1960).
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RATES OF DECOMPOSITION OF VARIOUS AZO COMPOUNDS

104k,

Temp.
°Cp sec—! Ref.
300 5.6 6)
80 1.53 5)
54 1.01 7)
53 2.25 8)
25 0.042 9)
25.8 12.9
Arf
Q/N — N ®N=Ny
Ar O O® Ar
Ar—N=N-N—N=N-—Ar
|
Ar
e @
Ar—N —N=l\|I—N=N—Ar
Ar
Fig. 3(a)
Al" Ar
F
Y
NO 70
VH’%?: ﬁ—f%‘)\
91\—"1\‘\5 Ar C'}\N—N% Ar
A0 O Ar O O

Ar—N=N —N —Ar

!

Ar—N—N=N —Ar
Fig. 3(b)

and azohydrocarbons. The reason for the ab-
normal behavior of TTP is not clear, but the
following speculation is attractive.

The lone pair electrons of the central nitro-
gen atom of TTP are in resonance with the
p-orbitals of azo linkages, and hence these or-
bitals are parallel with one another, as is shown
in Fig. 3(a). The structure of solid TTP is
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fixed as such. However, when the molecule
of TTP with the structure shown in Fig. 3(a)
is to decompose, the radical MeC;H N=

NNCsH:Me to be formed at the transition
state does not have the resonance energy
which is available for the molecules with the
structure 3(b). The rotation of the groups in
3(a) to obtain 3(b) is possible in solution, but
it is not possible in solids. This might be
the reason why TTP is very unstable in solu-
tions, though it is very stable as a solid.

Wicklatz® reported that a mixture of 72
parts of butadiene and 28 parts of styrene
slowly polymerized and that the conversion of
90.6% was attained in 11 hr. when the mono-
mers were mixed with 180 parts of water, 5
parts of soap flakes and 3.43 parts of TTP at
50°C. The slow rate of the decomposition of
TTP in this system is surprising compared
with the half life of 9.0 min. in cumene at
25.8°C. Although TTP dissolves in styrene, it
does not dissolve in ligroin, diethyl ether or
alcohols, and hence it would probably not
dissolve in butadiene. The solubility of TTP
in the mixture of butadiene and styrene may
be very small, especially when they are scattered
as oil droplets covered with soap molecules in
the aqueous phase. Therefore, the slow pro-
longed polymerization may be ascribed to the
fact that TTP is sparingly soluble in this
emulsified system. As soon as molecules of
TTP dissolve at 50°C, they will quickly de-
compose to yield free radicals, which in turn
initiate the polymerization of butadiene and
styrene.

Experimental

Materials.—Tokyo Kasei Co. G. R. cumene was
shaken wih portions of concentrated sulfuric acid
until the acid layer no longer became colored upon
long shaking. After it had been washed with water,
a sodium bicarbonate solution, and water again,
the cumene was dried with calcium chloride and
distilled from sodium through a 90-cm. column
packed with glass helices. The center fraction
boiling at 152—152.3°C was stored under a nitrogen
atmosphere and used.

All the other chemicals were of the best grade
commercially available and were used without
further purification.

The Synthesis of 1,3,5-Tri-p-tolyl-1, 4-pentaz-
diene (TTP).— The method of Pechmann and
Frobenius!?? was modified a little and used for the
synthesis of TTP. 10.7g. of p-toluidine (0.1 mol.)
in 15ml. of water was diazotized by the addition
of 6.9g. of sodium nitrite (0.1 mol.) in 20 ml. of
water and 25.1g. of 359 hydrochloric acid (0.1
mol.) at 0°C. 5.1g. of sodium (0.22 mol.) was
dissolved in 150 ml. of methanol, and to this so-
dium methoxide solution 5.35g. of p-toluidine
(0.05mol.) in 110ml. of methanol was added.
Then this methanolic solution was stirred, drop by
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drop, within half an hour to the aqueous soluion of
p-toluenediazonium chloride. The yellow TTP pre-
cipitated was filtered and washed with cold ether.
When the crude TTP was quickly recrystallized
from cold ether, 5.5g. of yellow crystals was ob-
tained (162%). M.p. 84.5—85.0°C (decomp.)
(literature :1> 85.0°C).

When the ethereal solution of TTP was kept at
—3°C for 36hr., all the TTP were found to have
decomposed. When TTP was added to acetone,
benzene, ether or chloroform at room temperature,
it quickly dissolved, with a rapid evolution of nitro-
gen. When TTP was added to chloroform, the
decomposition was accompanied with a strong smell
which resembled that of phenyl isocyanide. When
the chloroform solution was viewed against pure
chloroform in the infrared region, an absorption
at 2220cm~! was observed ; this may be ascribed
to p-tolyl isocyanide.

Kinetic Procedure.—One gram of TTP was placed
in a container attached to one end of a U-shaped
tube, while 100 ml. of cumene was placed in a con-
tainer attached to the other end of the U-shaped
tube, as is shown in Fig. 4. These two were de-
gassed and then mixed at —78°. This U-tube was
attached to an evacuated system of a known volume

To
Vacuum :{Z} é

5

TTFP Cumene

—
Manometer

Fig. 4. Vacuum system used for kinetic and
product studies.

with a mercury manometer. Then a water bath of
a constant temperature (0.00, 15.00 or 25.80+
0.05°C) was raised so that the U-tube was im-
mersed in the bath. By turning a cock, the U-tube
was opened to the evacuated system, and the in-
crease in the pressure of the system was measured
versus the time. After the U-tube had been warmed
to the temperature of the bath, the plots of the
increase in the pressure showed good first order
behavior. The infinity point was taken after about
ten half lives.

Procedure for Product Studies.—The TTP solu-
tion used for kinetic studies was analyzed for the
products of decomposition. The amount of nitro-
gen was determined from the data on the pressure,
the volume and the temperature of the system. The
cumene solution was distilled to yield brownish
solids and a distillate. When the distillate was in-
vestigated by a Shimadzu Gas Chromatograph GC-
2B, the only peaks observed were those of toluene
and cumene. The amount of toluene was deter-
mined by using benzene as the internal standard.
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When the brown residue was recrystallized from
cold petroleum ether, brownish yellow crystals of
1, 3-di-p-tolyltriazene were obtained, while upon the
evaporation of the filtrate crystals of 2,3-dimethyl-
2,3-diphenylbutane (bicumyl) were obtained. The
melting points and the infrared spectra of these
two products were the same as those of authentic
samples.
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