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?oly-as-triatines from Oxalamidrazone* 

?I. EZRGZSROTHER 

Mate rials Section 
Xer3space Group 
The Boeicg C o r n p n y  
Seartie, Washington 93124 

X B S T R X C T  

3 g h  rzoiecukir veignt so!uble poly-zs-trkzzt?es were ?re- 
p r e d  b y  soiLxion cyclopolycoi~densati3n of osalamidrazone 
- ~ 5 k  n r i o n s  bisziyosals and bisbenzils. Soiations cf :he 
rhenyl-scosarxed polp-as-trizzines at solids content of 
-205 ..re rr,e:rstahle. increasing in viscosirp and, in s o c e  
C ~ S ~ S ,  g e i l i q .  The gelling phemmenon can be alleviated 
wi:tout cny zppreciable detrimental  ef:?CK u?on the ?oiy-ner 
‘ny u p e t t i n g  the sxoicniornetrl; of the reac-ants. Reiativeiy 
high a c l e c u i a r  u-ei&t po1:yrner (e.  g.. 7inh = 1.76)  can be 
cbrained wnsn  the s toichionetry is a p e t  by iCc in favor of 
either r e a c n x .  Polyphenpl-as-triazines f i h s  exhibited 
TOO= t e x p e r a t a r e  (RT) tensiie strength as hi&. as ?6,400 psi  
( tensi ie  modulils of 400.000 psi and ultimate elongatior. of 
2-c) .  Titanium and stainless steel tensile shear specimens 
provided ET srrengch of 2850 2nd 3400 psi, respectively. 
E’oivphenT;!-as-triazines es!!iSit good thermal  oxidative stzb- 
i!ity after aging for 1000 nr at 500” F (250’C) in circulating 
a i r .  
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I N T R O D U C T I O N  

KERGENROTHER 

The preparation oi high molecular weight soluble poly-as-triazines 
by the cyclopolycondensation of 2,6-pyridinediyl diamidrazone 
(dihydrazidine) with an aromatic bisglyowl and vith various aromatic 
dibenzils, a s  shown in Eq. ( I), have been reponed  [ 1, 21: 

H$@H + XOCCC-Ar<OCOX 
H2NHN< -NHNH2 

where X = H o r  CSH, and Ar = arylene. 
The work reported herein concerns the preparation of a variety of 

as-triazine polymers from the reaction of oxalamidrazone with various 
aromatic bisgiyoxals and bisbenzils: 

where X = H o r  C, H, and Xr = arylene. 
This work was performed primarily to determine the effect two 

as-triazine rings adjacent to each other in the backbone of the polymer 
chain has upon the overall properties of the polymer and to determine 
if these polymers exhibited any unique properties as structural  o r  
functional resins. 

E X P E R I M E N T A L  

R e a c t  ants 

Cyanogen was prepared following a 'mown phcedure  [ 31 from the 
reaction of potassium cyanide and copper sulfate. 

Gxalamidrazone was  prepared following a procedure by Oedichen [ 41. 
Dicyanogen (16 g, 0.5 mole) was bubbled through a solution of hydrazine 
(95%, 120 ml) in ethanol (600 m l )  at -10" C with vigorous s t i r r ing during 
15 =in. After complete dicyanogen addition the resulting nhite sus- 
pension was stirred for 1 h r  at -1O'C and filtered. The white soiid was 
washed with cold ethanol and dried over phosphorus pentoxide in MCUO 
to field a vhite crystalline solid ( 27 g, 46.5% yield), mp 1'79- 180' C 
(dec,  introduced into preheated oil 'oath at 160-lC). Analysis: Calculated 
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P OLY - AS- TRLAZ IN? S FROM OXALX~VIDRAZ OXE 57 5 

f o r  C Z H 8 N 6 :  C, 20.685; H. 6.945: N, 72.37%. Found: C, 20.44%; 
H,  6.96 Fc; K, 72.51%. 

The aromatic bisglyoxals a s  reported in  Table 1 were prepared 
follomng a known procedure [ 51 by the selenium dioxide oxidation of 
the aromatic diacetyl compounds (obtained by the Friedel-Crafts 
acetylation of the arylene compounds). 

Para and meta-bis ( phenylglyoxaly1)benzene were prepared as 
previously described [ 21. 

The other dibenzil-type reactants as reported in Table 1 were pre- 
pared through a known procedure [I] by the selenium dioxide oxidation of 
the respective di( phenylacetyl) compound (obtained from the reaction of 
t h e  arylene compound with phenylacetyl chloride and aluminum chloride). 

!.lode1 C o m o o u n d s  

Two model compounds ( I  and TI) as shown in Eq. ( 3 )  were prepared 
in essentially quantitative yields from the reaction of stoichiometric 
quantities of oxalamidrazone with phenylglyoxal hydrate and with 
benzi! in refluxing ethanol. Model Compound I was obtained a s  a 
yellow solid (9€% yield), mp 247-249’C, and recrystallized from a 

Ll 

1:l mixture of X,N-dimethylformamide (DMF) and methanol t o  
afford yellow needles: m p  249-25O‘C (lit. [ 141, mp 244-246). Model 
Compound II was obtained similarly’as a yellow solid (97% yield), 
rap 298-3OOcC, and rec,ystallized from DMF ( 4  g/250 ml) to afford 
yellow needles, n p  301.5-302°C (lit. [ 41,  mp 297°C). 

P olym e r s 

The unsubstituted poly-as-triazines (Polymers No. IP to mP, 
Table 2 )  were prepared by adding the bisglpoxd as a fine powder to 
a s lurry of oxalamidrazone in m-cresol at 205  solids content. The 
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reaction mixture was heated t o  70’C for 2 h r  t o  form a viscous 
yellowish-orange solution (except for Polymer IP). The resulting 
viscous solution u a s  poured slowly into methanol in a Waring 
Blender to precipitate a fibrous yellow solid which was thoroughly 
washed in hot methmol. Mter clrying for 4 h r  at 130’C in vacuo, 
the yellow polymer was characterized as shown in Table 2. Polymer 
IP was also prepared following this procedure, but failed to form a 
complete solution even at 5% solids content. 

The phenyl-substituted poly-as-triazines (8olymers  No. IVP to 
Vm, Table 2 )  were prepared at 1% solids content in m-cresol,  1:l 
mixture of m-cresol and xylene, chloroform, o r  sym-tetrachloro- 
ethane by adding the tetracarbonyl reactant to a s l u r r y  of oxalamidra- 
zone. After s t i r r ing  at ambient temperature  for  1 h r  a viscous solution 
formed which was s t i r r e d  overnight. Polymer isolation and drying 
were performed as previously described for  the unsubstituted polymers. 
Characterization is given in Table 2. 

D i s c u s s i o n  

Prior to polymer synthesis, two model compounds, as shown in 
Eq. ( 3 ) ,  were prepared to s e r v e  as a guide for polymer synthesis and 
identification The two model compounds were obtained in essentially 
quantitztive yieid as relatively pure materials.  

As shown in Eq. ( 2 )  and Table 2, several  as-triazlne polymers 
were prepared from the reaction of oxalamidrazone with various 
bisglyoxals and bisbenzils, The unsubstituted as-triazine polymers 
were generally prepared as the soluble high molec’dar wei@t form 
in m-cresol a t  2Eo solids content a t  temperatures  of -7O’C except 
for Polymer No. IP. During the preparation of this  polymer in 
m-cresol  the polymer precipitated f rom solution as an orange solid. 
Even at 5% solids content, Polymer IP failed to dissolve completely 
in m-cresol o r  in  several  other solvents such as hexarnethylphos- 
phoramide (EiMPA) and dimethyl sulfoxide (DMSO). The other two 
unsubstituted as-triazine polymers (IP and TIP) readily formed 
viscous solutions at 20% solids content in m-cresol, but failed to  form 
complete solutions in HMPA o r  DMSO at 5% solids content. 

The polyphenyl-as-triazines (IVP to VTIP) were prepared in high 
molecular weight form from the reaction of oxalamidrazone with 
various bisbenzils in solvents such as m-cresol,  1:l mixture of 
rn-cresol an6 xylene, ch loroforn ,  o r  sym-tetrachloroethane at 
ambient temperature at solids content of 10%. A clear  yellowish- 
orange viscous solution formed on 2 0.010-_M scale  af ter  - 0 . 5  hr ,  
the t ime dependizg upon the reactivity of the dibenzil. Tough, flexible 
transparent yellow f i lms were cast from these solutions. 
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POLY-AS-TRMZBTS FROM OXXWiIDRAZONE 579 

TIME, H O U R S  

FIC. 1. Solutign viscosity of a polyphenyl-as-triazine( VT) (20%) solids 
content, 1:l mixture of m-cresol and xylene). 

At solids content of 2w3, solctions of the phenyl-as-triazine 
polymers from stoichiometric amounts of nign purity reactants a r e  
gineraily mecastable, increasing in viscosity ( Fig 1) and in many cases 
exhibiting various degrees  of gelation afrer stirr-hng for 1 to  5 days. The 
gel, once formed, is i r revers ible .  The polymer can be isolated from 
the gelled state by dilution with methanol and redissolved at a lower 
sclids content (e.  g., 5% instead of 20%). The gelling phenomenon is 
tentatively attributed to a combination of t x o  factors,  high molecular 
weight species and a small  amount of branching. Evidence to support 
branching in some cases  is based upon the fact that the inherent viscosity 
in concentrated sulfuric acid decreases  gradually to a certain value and 
remains constant. The acid apparently hydrolyzes the cross-linked sites 
which are presuziably Schiff bases  as shown in Eq. (4). The assumption 

HN 
H 2 ~  ~~-24 

+ 

H 5 ~ 6 0 c  oc -A+ 

f 
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580 HERGEXROTHZR 

is made that complete ring closure has occurred where possible; 
othenvise the incompletely ring-closed material would d s o  undergo 
cleavage, resulting in a decrease in the dilme solution viscosity. For 
example, as shown in Fig. 2 for a polymer having the structuze of V l P  

r 
f M-CAESOL 

*a. 2 5  *- 
*.- 

0. 

' 0 .  

*. **. 

1.5 9. *. H z S 0 4  i 9.8 .................* 
0.5 '"t 

0 L 5 10 15 20 25 30 35 40 

TI ME, HOU RS 

FIG. 2. Dilute solution viscosity of a polyphenyl-as-trizine( VT) 
(0.5% concentration at  23'C). 

(Table 2), the inherent viscosity ( qinh, 0.5% concentration at 25" C) in 
concentrated sulfuric acid was initially 2.6 (as soon as solution formed) 
and decreased to 1.25 after an additional 20 hr, whereas the vinh in 

m-cresol remain unchanged after 40 hr. The branching is assumed to 
be slight, since certain properties such as the glass transition tenper- 
ature (TJ, as measured by differential scanning calorimetry (DSC), 
and the IR spectrum showed essentially no difference Then compared with 
that of another sample of polymer of comparable molecular weight [ qinh = 

1-41 (0.5% H,SOIat 25'C),  this one did not e.xhibit a decrease in the 7- 
in H,SO ,]. 

Ln addition, polymer isolated from other gelled solutions ( Z P O  solids 
content) e-xhibited no decrease in their dilute solution viscosity in sulfuric 
acid PFior to gelling, half of the polymer solution was diluted to 10% 
solids content. This dilute solution did not gell. Hence, gelling here was 
tentatively attributed to high molecular weight forms (7 Inh = 2.4) and the 
associated factors (association, entanglement, etc. f. 

3 

In an attempt co alleviate the gelling problem, a brief study was 
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POLY-AS-TRWZB'ES FROM OXAWlllIDR4ZONE 581 

conducted on the synthetic procedure for polypnenyl-as-triazines. The 
general method of synthesis involved the addition of the tetracarbonyl 
reactant as a fine powder during about 5 min to a s lur ry  of oxalamidraz- 
one. Other modes of addition were also studied where the tetracarbonyl 
reactant as a powder was added over a relatively long period of time 
(e. g., 2.5 h r ,  98% added during 0.5 hr ,  and remaining 2% added during 
2 hr)  and also where a solution (m-cresol)  of the tetracarbonyl reactant 
was added durmg a period of 2 hr. In general, the mode of addition 
failed to  have any significant effect upon alleviating the gelling, problem 
at 20% solids content. 

The gelling phenomenon can be overcome by upsetting the stoichi- 
ometrp in polymer preparation. The effect of stoichiometric imbalance 
upon the properties of a polyphenyl-as-triazme is presented in Table 3. 
Wnen the stoichiometry was upset by 1% in favor of the amidrazone or  
benzil reactant, relatively high molecular weig!!t polymers (qu = 1.61 
and 1.76) were obtained whose films provided high tensile strength 
(14,100 and 14,900 psi). Even when the stoichiometry was upset by 2.5$, 

TABLE 3. Effect of Stoichiometrp on PPT from the Reactian of 
ihialamidraone and p,p' -Cxydibenzil ( 2 s  solids contont in 1:l nix- 
t i re  of n-creso l  and q-lene? 0.C2 mole scale) 

Mole of amidrazone/ Solution Film (tensile 
1.000 mole. berzil viscosity q h h  ( d / g j D  strer?gth, psi)  

0.975 
0. 983 
0. 990 
0. 995 
1,000 

1.005 
1.010 

1.015 
1.025 

24,000 1.07 6,100 
35,000 1.23 8,300 
18,000 1.61 14; 100 
87,300 1.92 16,900 
115,000 2.31 17,400 
84,000 1.87 16,400 
80,600 1.16 14,900 
52,000 1.44 9,200 
35,500 1.25 7,000 

Brookfield viscosity at 2 5" C. a 
brn-Cresoi solution (0.5'3) at 25'C. 

film-forming polymers with qinh of 1.07 and 1.26 were obtained. This 
was unexpected since in condensation polymers formed from AA-BB 
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582 EIERGENROTHZR 

type reactants, stoichiometric quantities of reactants a r e  generally re- 
quired to form high molecular weight polymer (excluding interfacial 
condensation). This polycondensation exhibits many features of inter- 
facial polycondensation and, a s  explained by Morgan ( 151, the rate of 
polymerization is faster than the rate of mixing or  dissolution such 
that there may be temporary interfaces within .arhich polycondensation 
is proceeding independently of the stoichiometry of the tvo reactznts 
in the complete system. 

T h e r m a l  S t a b i l i t y  

The T s of the polymers as  presented in Table 2 were determined by 
DSC at a heating rate of 20" C/min in nitrogen. A typical curve is shown 
in Fig. 3. 

g 

w 4 

TEMPERATURE. oc 

FIG. 3. Differential scanning calorimetry of a polyphenyt-as- 
triazine (VI) ( A T  = 20" C/min, X2 ). 

The thermal stability of the polymers was determined by thermo- 
gravimetric analysis (TGA). X typical thermogram is shown in Fig. 4. 
As previously shown [ 1, 21,  as-triazine polymers undergo a 2-stage 
decomposition in both air  and nitrogeen 4 thermal degradation study 
[ 161 on as-triazine polymers showed that initial degradation occurred 
in the as-triazine ring by thermal cleavage of the W-N bond. As- 
triazines polymers reported in this paper,  where two as-triazine 
rings a re  adjacent, a r e  less Lhermally stable than the as-triazine 
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POLY-AS-TRLLZES FROM OXALAXIIDRAZ 0h-E 583 

40 "1 
2 20 

0 
: 7 - - AIR ------. NITROGEN 

A T  = G'CIMIN 
PARTlCtE  SIZE <W MESH 

- 
i I I 1 1 1 I I I I 

100 200 300 400 500 600 700 800 900 
TEMPERATURE. OC 

FIG. 4. Thermogravimetric analysis of a polyphenyl-as-triazie (VI). 

polymer previously reported [ 1, 21 where the a s - t r i z i n e  rings were 
separated by a pyridine moiety (2,6-position). 

The thermaloxidative stability of the poiymers Fas determined by 
isothermal aging on fi lms 3t 450'F (232°C) and at  500°F (250'C) in 
circulating zir. The fi lms were prepared by doctoring the polymer 
solution (105 solias content) in a mixture ( 1:1, of m-cresol and 
xylene onto piate glass fo i lmed by d r m g  in a f x c e d  air oven at 
-70°C for 6 hr. After further drying a t  130°C fo r  4 hr  in vacuo the 
t ramparent  yellow films exhibited the aging properties 3s presented 
in Table 4. The phenyl-substituted as-triazine polymers exhibited 
,exe l len t  oxidative stability at 232 and 26O'C in air for  1000 h r  
wherezs the unsubstituted poly-as-triazine undervent pronounced 
degradation af ter  430 h r  at 232°C. 

M e c h a n i c a l  P r o p e r t i e s  

Polymer XVP (Table 2 )  underwent prelirnb-ary evaluation as an 
adhesive. KO optirnization of process parameters  such as surface 
preparation, pr imer ,  filler, tape weight. o r  cure  conditions was per- 
formed. Standard tensile shear  specimens were fabricated under 
process  conditions derived from preliminary flow tes t s  on the ad- 
hesive tape. An unfilled tape ( 9  mils thick. -4% volatile content) was 
prepared by solution coating 112-E glass with A-1100 finish followed 
by drwg at 15O'C in a forced a i r  oven. Additional drying was done 
at  130'C in vacuo. Titanium (6A1-4V) and stairiless steel ( 17-7PH) 
panels having a p h s p h a t e  flucride surface treatment were press  
cured. start ing at room temperature and increasing the temperature  

. 
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POLY-AS-TRIAZBTES FZOM OXALAMLDRAZOhi 585 

to 525'F during -0.5 h r  and maintaining a t  525°F for 1 h r  under 100 
psi. Titanium and stainless steei tensile shear  specimens provided 
average room temperature strength of 2850 and 3400 psi, respectively. 
XU failures were adhesive types and no testing was performed at 
elevated temperature. 

Fi lms of a polp-as-triazine (Polymer IVP, Table 2 )  prepared as 
previously described in  the thermal  stability section but further dried 
a t  150°F in vacuo for  18 h r  provided room temperature tensile 
s t r e n e h  as high as 18,400 psi, tensile modulus of 400,000 psi, and 
ultimate elongation of 5% 
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