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Polyphenyl-as-triazines*

P. M. HERGENROTHER and D. E. KIYOHARA

Polymer Sciences Laboratory
Boeing Scientific Research Laboratories
Seattle, Washington 98124

SUMMARY

High molecular weight soluble polyphenyl-as-triazines were prepared at
ambient temperature in m-cresol by the cyclopolycondensation of 2,6-
pyridinediyl dihydrazidine (diamidrazone) with various aromatic dibenzil
type reactants. Clear lemon yellow films, which exhibited good toughness
and flexibility, were cast from solution. The isolated yellow polymers
readily formed clear yellow to orange solutions in chloroform or sym-
tetrachloroethane at concentrations as high as 30% solids. By TGA,
polyphenyl-as-triazines exhibited a two-stage decomposition, commencing
at ~400°C, in both air and nitrogen. The polymers exhibited excellent
stability at 260°C (S00°F) in air, but at 290°C (554°F) significant weight
losses occurred. Initial evaluation as an adhesive and resin matrix in
Morganite | composites demonstrated the potential of polyphenyl-as-
triazines as structural resins. Prior to polymer work, a series of model
compounds were prepared and characterized.

INTRODUCTION

High molecular weight soluble poly-as-triazines [1] were recently pre-
pared by the cyclopolycondensation of 2,6-pyridinediyl dihydrazidine

*Presented in part at the 160th National Meeting of the American
Chemical Society, Chicago, Illinois, September, 1970.
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(diamidrazone) with p,p-oxybis(phenyleneglyoxal hydrate) and with p,p'-
oxydibenzil as shown in Eq. (1).
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where X = H or CgHs.

The work presented in this paper is an extension of earlier work and was
performed principally to determine the effect of polymer structure on
certain physical properties, such as glass transition temperature (Tg) and
solubility, and to demonstrate the potential of polyphenyl-as-triazines as
useful structural resins.

EXPERIMENTAL

Reactants

2-Pyridyl hydrazidine was prepared for model compound work following
the procedure of Case [2] and obtained as white needles, mp 95-96°C
(lit [2} mp 95-96°C).

2,6-Pyridinediyl dihydrazidine was prepared as previously described [1]
by the addition of hydrazine to 2,6-dicyanopyridine in ethanol to provide a
white solid, mp 230-231°C (dec) (lit [1] mp 230-231°C dec).

Para- and meta-bis(phenylglyoxaloyl)benzene were prepared by the re-
action of the diacid chloride of the appropriate phenylenediacetic acid with
benzene and anhydrous aluminum chloride followed by oxidation of the
resulting intermediate with selenium dioxide in acetic acid.
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The other dibenzil type reactants were synthesized as previously described
[1} through the reaction of the appropriate arylene compound with phenyl-
acetyl chloride and anhydrous aluminum chloride in methylene chloride. The
resulting intermediates were oxidized to the corresponding dibenzils with
selenium dioxide in acetic acid. To obtain p,p’-carbonyldibenzil, p,p'-
methylenedibenzil was oxidized under pressure in a bomb at 230°C with
selenious acid. The dibenzils are shown in Table 1.

Model Compounds

The model compounds were prepared in essentially quantitative yields by
refluxing stoichiometric quantities of 2-pyridyl hydrazidine with the dibenzil
in solvents such as benzene, ethanol, or m-cresol. The following procedure
is representative of model compound formation.

p.p’-Bis {6-[ 3(2-pyridyl)-5-phenyl-as-triazinyl ] } benzophenone. p.p'-
Carbonyldibenzil (0.8928 g, 2.0 mmole) was added to a solution of 2-pyridyl
hydrazidine (0.5448 g, 4.0 mmole) in benzene (40 ml). The resulting yellow
solution was stirred at ambient temperature for 5 min followed by heating
to the reflux temperature and allowing the solvent to distill off to a residual
volume of ~8 ml. The yellow residue was concentrated to dryness in vacuo
at 100°C to provide a yellow solid (1.26 g, 98% yield), mp 153-155°C.
Further drying at 78°C in vacuo over phosphorus pentoxide raised the mp to
154-155.5°C. Characterization of p,p’-bis {6-[3(2-pyridyl)-5-phenyl-as-
triazinyl] }benzophenone is given in Table 2.

Polymers

All polymers were prepared by solution polymerization in m-cresol at
20% solids content. The following procedure is representative of polymer
preparation.

Poly[3,3'(2" ,6"-pyridinediyl)-6,6-(p,p'-carbonyldiphenylene)di(5-phenyl-
as-triazine)]. p,p'-Carbonyldibenzil (4.4643 g, 0.010 mole) was added to a
solution of 2,6-pyridinediyl dihydrazidine (1,9322 g, 0.010 mole) in m-
cresol (25.6 ml) at ambient temperature. After stirring for 0.5 hr at am-
bient temperature, a portion of the viscous yellow solution was poured into
methanol in a Waring Blendor to precipitate a fibrous yellow solid. The
yellow solid was thoroughly washed with methanol and dried for 4 hr at
150°C in vacuo. The resulting intermediate yellow polymer exhibited a
polymer softening temperature of 300-309°C and an inherent viscosity
(Minh, 0.5% H,S0,4 at 25°C) of 0.74.
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The remaining m-cresol solution was placed under a nitrogen atmosphere
and refluxed (200°C) for 1 hr. The final polymer was isolated by pouring
the viscous yellow m-cresol solution into methanol in a Waring Blendor
followed by thorough washing with methanol and drying for 4 hr at
150°C in vacuo. The njgh of the final polymer was 1.23. Additional
characterization is given in Tables 3 and 4.

DISCUSSION

Prior to polymer synthesis, a series of model compounds were prepared
in essentially quantitative yields from the reaction of various dibenzils as
shown in Table 1 with 2-pyridyl hydrazidine as shown in Eq. (2).

00 0O
NH [ [

f + ¢C—C-Ar—C—C¢p —
2 C

\
NHNH,

Py @

Ar = arylene

(2

Although Eq. (2) indicates the formation of a single isomer with the phenyl
groups in the 6,6'-position, the formation of other isomers is possible. For
example, different isomers would be expected from the reaction of 2-
pyridyl hydrazidine with p,p’-oxydibenzil and with p-bis(phenylglyoxaloyl)
benzene since the carbonyl groups adjacent to the arylene moiety differs
electromerically in reactivity from the carbonyl groups adjacent to the
phenyl groups. The phenyl groups in the model compounds would be ex-
pected to be located predominantly in the 6,6'- and 5,5 -position, respec-
tively, from p,p’-oxydibenzil and p-bis(phenylglyoxaloyl)benzene as indicated
in Eq. (3).
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Characterization of the model compounds is given in Table 2. The UV
spectra of the model compounds in sulfuric acid showed common absorptions
at 235+ 2 mu and 294 £ 6 mu, apparently associated with the as-triazine
ring. The effect of the increase in length of the conjugated system is
apparent in observing the Amax of the p-phenylene versus the m-phenylene
model compounds. The major Appax occurs at 298 mu for the p-phenylene
model compound and at 292 myu for the m-phenylene model compound.

Polymers were prepared from the reaction of stoichiometric quantities
of 2,6-pyridinediyl dihydrazidine with various dibenzils in m-cresol at 20%
solids content. At ambient temperature, clear yellow to light orange viscous
solutions formed in <0.5 hr. Clear lemon yellow films cast from these so-
lutions exhibited good toughness and flexibility. The polymer was isolated
from solution by quenching with methanol in a Waring Blendor to provide
a light yellow fibrous solid. Characterization of the intermediate polymers
after drying for 4 hr at 150°C in vacuo is given in Table 3. The polymer
softening temperature reflects the thermoplastic nature of these polymers
and also is indicative of their good processability. The intermediate poly-
mers were advanced to final polymers by heating their m-cresol solutions
at the reflux temperature for 1 hr under nitrogen. Although the final
polymers were of relatively high molecular weights, e.g., ninh = 1.3 dl/g
(Table 3), they exhibited solubility characteristics unique for all aromatic
heterocyclic polymers. The polymers readily formed clear yellow to orange
viscous solutions at concentrations as high as 30% solids content in chloro-
form or sym-tetrachloroethane. In a mixture of toluene and m-cresol
(4:1), the polymers readily formed clear solutions at concentration as high
as 20% solids content. In solvents such as N N-dimethylformamide,
N,N-dimethylacetamide, or N-methylpyrrolidone, the polyphenyt-as-triazines
failed to form clear solution at solids content as low as 1%.

Thermal Properties

The thermal properties of the final polymers are presented in Table 4.
The Tg's were determined by dielectric loss measurements at a heating rate
of 10°C/min and a frequency sweep of 100 to 1000 Hz on films cast from
m-cresol solutions and dried at 150°C in vacuo for 4 hr. The polymer
films were cycled in the dielectric test apparatus to 250°C in vacuo to
remove residual solvent prior to a Tg determination. A typical dielectric
loss spectrum is shown in Fig. 1 for Polymer IVP. The Tg was taken as
the temperature at the intercept of the temperature versus dissipation
factor curve at 1 Kc.
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Fig. 1. Dielectric loss spectrum of polyphenyl-as-triazine.

As expected, the polyphenyl-as-triazine containing the rigid p-phenylene
moiety exhibited the highest Ty while the polyphenyl-as-triazines containing
flexibilizing moieties such as diphenyl ether and diphenyl methane displayed
lower Tg’s (Table 4).

The thermal stability of the polymers was determined by thermogravi-
metric (TGA) and isothermogravimetric analyses (ITGA). A typical
thermogram for Polymer IP is shown in Fig. 2. As previously indicated
[11, as-triazine polymers undergo a two-stage decomposition in both air
and nitrogen and exhibit higher apparent stability in air than in nitrogen. The
temperature of initial weight loss (T, ) and the temperature of the initial
break (T) as shown in Table 4 is higher in air than in nitrogen for all poly-
phenyl-as-triazines except the polymer containing the diphenylmethane
moiety (IIIP). An investigation [6] on the thermal degradation of Polymer
IVP in vacuo was recently conducted which showed that initial decomposition
occurs in the as-triazine ring by thermal cleavage of the N—N bond eliminating
benzonitrile to yield a stable intermediate which subsequently degrades. No
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Fig. 2. Thermogravimetric analysis of polyphenyl-as-triazine.

insight was gained, however, to explain why as-triazine polymers exhibit
higher apparent stability in air than in an inert atmosphere.

The polyphenyl-as-triazines exhibited excellent stability at 260°C (500°F)
in air but at 290°C (554°F) significant weight losses (20-25%) occurred after
45 hr, Isothermal weight loss data is given in Table 4.

Mechanical Properties

Polymer IVP underwent preliminary evaluation in application work as an
adhesive and resin matrix in composites. No optimization of process param-
eters such as surface preparation, primer, filler, or cure conditions was per-
formed. The specimens were fabricated under process conditions derived
from preliminary flow tests which were thought to provide specimens suit-
able for initial testing.

Standard tensile shear specimens were fabricated on abraded titanium
(6Al1-4V) substrate using an unfilled tape prepared by solution coating
112-A 1100 carrier followed by drying in a forced air oven at 300°F to a
volatile content of <5%. The bonds were cured in an autoclave starting
at room temperature and increasing the temperature to 550°F during
~ 30 min and maintaining at SS0°F for 1 hr under 35 psi. The resulting



P. M. HERGENROTHER AND D. E. KIYOHARA

380

“amjrey ousejdoursay L q
*1:8 one1yidap o) ueds ‘weaq WSenge
unur of
008y qQ~ 6C q91 000°18 q000°'LY Iayye 4 00S
uw o]
001S qoove [43 q9¢ 000'v8 q000°89 1a1e  00€
14,49 001§ [43 o€ 000°S8 000°8L 1d
pamoisod  pamodjsodun) paInoisod pamojsodup) paIndIsog pamojsodup) uonIpuod
15d gIBAYS JRUTWE[IU] 4,01 X 1sd ‘sn[npopy 1sd ‘yi8uans ainxa[] ’L

sajeurwre [ ayruedIop
[BUOII0a M prup) auizetn-se-[AusydAjog jo sarrador [edtusyosy Areunuuraid °s Ijqex

1102 Alenuer Gz TS:0T : IV Papeo |uwog



10: 51 25 January 2011

Downl oaded At:

POLYPHENYL-AS-TRIAZINES 381

tensile shear specimens exhibited average room temperature strength of
2500 psi, and after aging for 2000 hr at 500°F in air, the average room
temperature strength was 2100 psi. No testing was performed at ele-
vated temperature and all failures were adhesive type.

Small (2 in. X 4 in. X 9 ply) unidirectional Morganite type 1 laminates
were fabricated at SS0°F for 1 hr under 200 psi from prepreg dried at
350°F in vacuo to a total volatile content of <2%. The resulting laminates
had void contents of <1% and resin contents of ~28%. As indicated in
the test data in Table 5, thermoplastic failure occurred at elevated tempera-
ture for unpostcured laminates while laminates postcured in nitrogen
through 2 hr at 550°F showed no thermoplastic failure.

CONCLUSIONS

High molecular weight polyphenyl-as-triazines are readily prepared in
solutions and exhibit good solubility in a variety of solvents. Films cast
from solution exhibit good flexibility and toughness. The phenyl-as-triazine
polymers exhibit good stability at 260°C (S00°F) in air but undergo sub-
stantial weight losses at 290°C (554°F). By TGA, these polymers exhibited
polymer decomposition temperatures of ~400°C in both air and nitrogen.
Preliminary application work indicated the potential use of polyphenyl-as-
triazines as adhesive and laminating resins at temperatures up to SO0°F in
air.
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