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SUMMARY:

A new general method for thc synthesis of “step-ladder”™ polymers was developed.
It involves the interaction of aromatic diamines, containing in o-positions aromatic
heterocycles with reactive hydrogen atoms, with aromatic dicarboxylic acids or their
derivatives. This general method was used for the preparation of new classes of thermally
stable polymers of type 27, 28, 29 and 30, containing {.24-triazole-, 1,24-triazolo[4,3-c]-
quinazoline-, benzimidazole- or benzimidazolo[ 1.2-¢]quinazoline-rings. Physical proper-
ties of these polymers were determined together with those of corresponding model
compounds.

ZUSAMMENFASSUNG:

Eine neue generelle Methode zur Synthese von ,.Step-ladder”-Polymeren wurde entwik-
kelt. Dabei werden aromatische Diamine, die in o-Stellungen durch aromatische Hetero-
cyclen mit reaktivem Wasserstoff substituiert sind, mit aromatischen Dicarbonsduren
oder deren Derivate umgesetzt. Diesc generelle Methode wurde zur Darstellung neuer
Klassen thermisch stabiler Polymerer des Typs 27, 28, 29 und 30 verwendet, die 1,2.4-Tria-
zol-, 1.2.4-Triazolo[4.3-¢]chinazolin, Benzimidazol- oder Benzimidazolof 1,2-¢]chinazo-
lin-Ringe enthalten. Die physikalischen Eigenschaften dieser Polymeren sowie entspre-
chender Modellverbindungen wurden bestimmt.

Synthesis of polymers having a “ladder” or “step-ladder” structure is one
of the ways to increase the thermostability of heterocyclic polymers'-2.

At the present time two general methods of synthesizing such polymeric
systems find the most extensive applications. One of the methods combines
homo-polycondensation (XY =Z) and hetero-polycondensation of tetrafunc-
tional compounds and proceeds in two stages forming at the first stage
linear repeating units and at the second stage heterocyclic repeating units
according to the following general scheme:

" Presented at the XXIVth TUPAC Congress, Hamburg. 1973.
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The synthesis of polydihydrophenazines by homocondensation of bis(o-
phenylenediamines)>* or the synthesis of polyquinoxalines from bis(o-pheny-
lenediamines) and tetraketones>® etc., are the most typical examples of such
reactions.

The other method of synthesizing “step-ladder” and “ladder” polymers
consists of a three-stage polycyclocondensation of aromatic tetraamines or
their analogues with aromatic tetracarboxylic acids, or their derivatives and
analogues.

At the first stage of the reaction o-substituted polyamides are formed.
The second stage affords o-substituted polyimides or their analogues, and
at the third stage heterocyclic polymers with a “ladder” structure are usually
formed. The general scheme of polymer synthesis by this method using
tetracarboxylic acid dianhydrides can be described as follows:
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This method is widely used to prepare polymers such as poly(aroylenebenz-
imidazoles)”, poly(aroylene-s-triazoles)®, poly(isoindoloquinazolinediones)”’
etc.

In 1968 we proposed a new general synthetic method for “step-ladder”
polymers. The procedure is based on the two-stage polycyclocondensation
of dicarboxylic acids or their derivatives with aromatic diamines containing
aromatic heterocycles with reactive hydrogen atoms at the o-positions to
the amino groups!®. This method is a modification of the well-known general
method for the synthesis of polybenzazoles'! based on the two-stage interac-
tion of dicarboxylic acids or their derivatives with aromatic diamines containing
hydroxy, mercapto, amino and other groups with reactive hydrogen atoms
at the o-position of amino groups. At the first stage polyamides are formed
containing substituents with reactive hydrogen atoms at the o-positions of
the amide units, preformed for a condensation with the elimination of water
and the formation of the benzazole cycle at the second stage:

HX XH O 0
| 1
- nHY .

H,N NH, -
X

“—ud | - I//C R C\I

After the substitution of hydroxy, mercapto and amino groups by aromatic
heterocycles with reactive hydrogen atoms in the starting nucleophiles the
possibility of cyclization remains. In this case higher condensed heterocycles
are formed, which accounts for a “step-ladder™ structure of the final polymers.

X =0, 8, NC¢H; etc.
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As such heterocycles 1,24-triazole or benzimidazole rings were incorporated
in the starting diamines of the following general formulae:
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In the course of this investigation the synthesis of “step-ladder” polymers
based on the diamines of type A and C has received primary emphasis.
The diamines of type A (bis[ 5-(o-aminophenyl)-1,2,4-triazole-3-yl] arylenes)
were synthesized by two methods according to the following general scheme:
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The diamines of type C, bis[ 2-(o-aminophenyl)benzimidazole-6-yl Jderiva-
tives were synthesized by two methods!> according to the following general
scheme:
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The general properties of the diamines and intermediates synthesized are
represented in Tab. 1 (Exptl. Part).
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The synthesis of polymers based on diamines of type A and type B was
preceded by the investigation on several model reactions'*~'® to determine
the optimum conditions of the synthesis of polymers and their structure.

The simplest model compounds based on 1,2,4-triazolyl substituted amines,
3-phenyl-5-(o-benzoylaminophenyl)-1,2,4-triazole (13) and 3,5-diphenyl-1,2,4-
triazolo[ 4,3-c |quinazoline (14a) were obtained by the reaction of 3-phenyl-5-(o-
aminophenyl)-1,2,4-triazole (12) with benzoylchloride in hexamethyl phos-
phoric acid triamide (HMPT) followed by thermal cyclodehydration or by
the reaction of 12 with benzoic acid in polyphosphoric acid (PPA)!2~1418),

N—N
J\ CgH5COCH
N _@men)
H
NH,
12
N—N \©
/A C4HsCOOH
(PPA)
132 N — 12
_H,0 N

14a

The cyclodehydration of 13 can lead to the two isomeric compounds 14a
and 14b:

Z —_

14a —13 4~ Y 0
SN

14b

However, we succeeded in isolating but one cyclodehydration product which
is supposed to have structure 14a.
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More complex model compounds were prepared by the reaction of 12
with aromatic dicarboxylic acid dichlorides 15a—h in HMPT followed by
thermal cyclodehydration of the reaction products:
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or by the reaction of compounds 5 with benzoyl chioride in HMPT followed
by heating the reaction products:
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The structure of all model compounds was confirmed by elemental analysis,
IR and UV spectra (Tab. 2a-d, Exptl. Part). The IR spectra of all o-acylamino-
phenyl-1,2.4-triazoles have absorption maxima characteristic for the amide
carbonyl group (1640-1670cm 1), for the NH of the amide group, and of
the triazole cycle (2800-3400cm ). In the course of cyclodehydration these
maxima disappeared, and maxima at 1380cm ™! characteristic of the tertiary
nitrogen atom of the triazoloquinazoline cycle appeared. As shown by UV
spectroscopic analysis, the cyclization was accompanied by increasing absorp-
tion intensity indicating the formation of systems with a higher degree of
conjugation.

Some phys. properties of the model compounds are represented in Tab.
2a—c (Exptl. Part). It should be noted that the curves of differential thermal
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analysis of all bis(triazoloquinazoline)s show two exothermal processes, which
is indicative of the degradation of the compounds in two stages.

The simplest model compound of the polymers based on 2-(o-amino-
phenyl)benzimidazole (20), 6-phenylbenzimidazo| 1,2-¢ Jquinazoline (22), was
obtained by the reaction of 20 with benzoic acid in PPA or with benzoyl chloride
in HMPT followed by thermal cyclization of the resulting 2-(2-benzoylamino-
phenyl)benzimidazole (21).

N
74
N ( H5C0C] N
H - 11(1 H
NH, H
20
N
I C¢H;COOH
21 A N (PPA)
TN H,0 N/ — 20

The more complex model compounds 24 were prepared by the reaction
of 20 with dicarboxylic acid dichlorides in HMPT followed by thermal cyclode-
hydration of the resulting N,N’-bis[ 2-(benzimidazol-2-yl)phenyl Jarylendicarb-
oxamides (23a=h) or by the reaction of 20 with dicarboxylic acid or their
derivatives in PPA.

O
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Other model compounds, 6,6'-diphenyl-3,3"-bi[ benzimidazolo[ 1,2-c]quina-
zoline] (26a) or bis(6-phenylbenzimidazolo[ 1,2-¢ Jquinazole-3-yl) ether (26b),
were obtained from 11a or 11b, respectively, and benzoic acid under the
conditions of the one stage cyclocondensation in PPA or in a two stage
process condensation in HMPT followed by a solid phase cyclization of
the resulting N-benzoyl derivatives 26a or b, respectively:
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The structure of the model compounds was confirmed by elemental analysis,
UV (Tab. 3a, b, Exptl. Part) and IR spectra.

Some characteristics of these model compounds are given in Tab. 3a (Exptl.
Part). It should be noted that compounds 24a-h have sharp and high melting
points, whereas compounds 26a, b melt at lower temperatures with some
interval. This is probably due to the fact that the latter are not pure compounds
but are mixed with their isomers of the following structures 26" and 26"

N
O
NF N/Q\RQ\N NN q N
N,
2%’ @);—N

Investigations on the thermostability of the resulting model compounds
by differential thermal and thermogravimetric analysis showed that these
compounds begin to decompose vigorously at temperatures >400°C. Accord-
ing to the differential thermal analysis data, the decomposition proceeds

26 i
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in two stages, the temperatures of maximum decomposition rates of these
compounds being considerably higher than those of the above-mentioned
bis(triazoloquinazoline)s.

Polymers based on diamines of type A and dicarboxylic acids, poly(triazolo-
quinazoline)s, were synthesized by a one-stage polycyclocondensation in PPA
and a two-stage polycondensation according to the scheme below.

At the first stage of the two-stage process polymeric N-acylamino derivatives
of 5, polymers 27a—x"), were synthesized by low-temperature polycondensation
of Sa~c with 15a-h in HMPT in the presence or absence of lithium chloride.

If the polycondensation was carried out in other polar aprotic solvents,
dimethylacetamide, N-methyl-2-pyrrolidone etc., the polymers with more rigid
chains separated from the reaction solutions, which prevented high conversion
degrees in these processes.

The structure of the resulting polymers was confirmed by clemental analysis
and by comparison of their IR and UV spectra with those of the corrresponding
model compounds (Tabs. 2 and 4).

r

O

] O
N/

27
i \/N ] NC-R’--CN
27 —— N—N i PRS-

- 2nH,0 \ N
()

28

* According to “IUPAC”, Information Bulletin No. 29, Nomenclature of Regular Single-
Strand Organic Polymers, 1972: Poly(triazole-3,5-diylarylenetriazole-3,5-diyl-1,2-
phenyleneiminocarbonylarylenecarbonylimino- 1,2-phenylene)s.
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The polymers 27a—x are powdery white to light brown substances, soluble
in HMPT, trifluoroacetic acid, formic acid and sulfuric acid depending on
their structure.

Rather lower viscosities of the resulting polymers (123:¢=0,28-0,72dl/g),
indicative for a relatively low degree of polymerization, may be attributed
both to low nucleophilities of the diamines used and to the possibility of
forming, along with linear macromolecules, various macrocycles, the simplest
of which being represented as follows:

N—N N—N
I\ I\
CW SRS
H H
N—C—R’—C—N
H I Il H
(6] (0]

Brittle films were cast from the polymer solutions due to the low viscosities.

X-ray analysis of polymers 27 showed that they are partially crystalline,
which points to some structural regularity of these systems irrespective of
the asymmetry of their macromolecules.

This regularity can be explained by the predominant fransoidal structure
of the macromolecules of 27:
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Polymers 27 begin to soften in the range of 300-350°C (from the thermome-
chanical analysis), differential and integral thermogravimetric analysis showed
that these polymers reveal a weight loss in the temperature ranges of 60-150,
of 300-350 and >475°C. The weight loss at 60—-150°C is probably connected
with the release of adsorbed moisture, that at 300-350°C with the cyclization
of the o-acylaminophenyl-1,2,4-triazole units to triazoloquinazoline units with
the formation of poly(1,2,4-triazolo[4,3-c]quinazoline-5,3-diylarylene-1,2,4-
triazolo[4,3-c Jquinazoline-3,5-diylarylene)s (28a—x) and that at 470°C with
the decomposition of poly(triazoloquinazoline)s (28).

The general properties of polymers 27 are given in Tab. 4a— (Exptl. Part).
Cyclodehydration of 27 to 28 was carried out under vacuum (= 0,5 mbar)
at a maximum temperature of 350-375°C for 12h. Cyclization conditions
are given in the Exptl. Part.

The structure of 28 was confirmed by eclemental analysis as well as by
comparison of the UV and IR spectra with those of the model compounds
(Tab. Sa—c, Exptl. Part).

As in the case of the model compounds the cyclization of 27 to 28 is
accompanied by the disappearance of an absorption maximum in the IR-spec-
tra which is ascribed to the amide bonds and -——NH-groups of amide and
triazole cycle (1640 — 1670 and 2800-3400 cm ~ 1), as well as by the appearance
of a maximum at 1380 c¢m ™!, ascribed to the tertiary nitrogen atom. According
to the data of the UV spectral analysis the cyclization is accompanied by
an increasing absorption intensity which suggests the formation of polymers
with a higher conjugation system.

According to the X-ray analysis data, the cyclization is accompanied by
an increasing structural regularity.

The resulting poly(triazoloquinazoline)s 28 are brown powdery substances
soluble in trifluoroacetic and sulfuric acids. (1s,/c)?> of 0,5% solutions in
sulfuric acid are 0,20-1,02dl/g (Tab. 5a—).

Polymers with higher solution viscosities were obtained by a one-stage
polycyclocondensation of 5 with aromatic dinitriles. (1755/c)2*™ of 0,5% polymer
solutions in H;SO4 were as high as 0,8-1,5dl/g.

As shown by thermomechanical curves, these polymers soften in the range
of 400450°C.

Some characteristics of 28 obtained by the two-stage method are given
in Tab. 5.

Decomposition temperatures of 28 were determined by dynamic and isother-
mal thermogravimetry in air. According to the dynamic thermogravimetry
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(AT=4,5°C/min) the polymers begin to decompose in air (weight loss=10%,)
at 460-550°C. Some results of the dynamic thermogravimetry analysis are

listed in Tab. 5.

According to the isothermal thermogravimetry (in air, 10h), the polymer
28j reveals a weight loss of only 8%, at 425°C, at higher temperatures strong
pronounced decomposition takes place (Fig. 1a). A comparison of polymers
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Fig. 1. Curves of isother-
mal thermogravimetry (in
air, 10 h).

(a) Poly(triazoloquinazo-

line) 28j at 400°C (1),
425°C (2), 450°C (3),
475°C (4), 500°C (5)
poly(triazoloquinazo-
line)s 28b (1), 28j (2),
and 28r (3) at 425°C in
air
poly(triazoloquinazo-
line)s: 28e (4}, 28i (2).
281 (3), 28m (4), 280 (5),
28f (6), 28n (7) at 425°C
in air

28b, 28j, and 28r obtained from various diamines and terephthaloyl chloride
(Fig. 1b), showed that the thermal stability of the polymers decreases depending

on the diamine residue in the following order:
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\

A comparison of the polymers obtained from 1,3-bis[5-(0-aminophenyl)-
1,2,4-triazole-3-yl|benzene (Sa) and various dicarboxylic acid dichlorides (Fig.
1c) showed that the introduction of flexibilizing groups in the macromolecules
would lead to a considerable decrease of thermostability of the polymers,
which agrees well with the results obtained previously?®. The investigation
of the influence of the acid residue on the stability of 28 showed that the
thermostability of the polymers decreases in the following order:

Poly(benzimidazoloquinazoline)s,  poly(benzimidazolo[ 1,2-¢]quinazoline-
2,6-diylarylenebenzimidazolo| t,2-¢ Jquinazoline-6,2-diylarylene)s (30), have a
thermostability still higher than poly(triazoloquinazoline)s 28. They were
obtained via 29 and the latter by the reaction of 1la, b in HMPT with
aromatic dicarboxylic acid chlorides. Similar to the synthesis of 28, these
polymers may also be prepared by a one-stage polycyclocondensation of
11 with dinitriles in PPA.

H R H
1y SIOC-R-coc] ND/ \OiN
-
Y/,
\N N
NH HN
/ ¢

. C—R—C—| ..

g I

—n

29
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The structure of 30, prepared by the two methods was confirmed by elemental
analysis as well as by comparison of the UV and IR spectra with those
of the corresponding model compounds.

The values of #3%€ of the 0,5% H,SO, solutions of 30 were found to
be 0,3-0,5dl/g. According to the data of the dynamic thermogravimetry (air,
AT=4,5°C/min), poly(benzimidazoloquinazoline)s 30, even those containing
ether bonds in the macromolecules revealed a weight loss of 5%, at 560°C
or higher and a weight loss of 109, at 580°C or higher.

The method for synthesizing “step-ladder” polymers described in this article
is rather universal. It can be used both in the synthesis of polymers based
on diamines containing a 1,24-triazole or a benzimidazole ring in o-position
to one amino group and those based on diamines containing in o-position
to the amino group indole, pyrrole, pyrimidine or other aromatic nitrogen-con-
taining heterocycles with a reactive hydrogen atom.

Experimental Part

Starting compounds

Diethyl isophthalimidate (1a) was prepared by the known method?# and purified by
crystallization from dry ether cooled to —15 to —20°C. Mp 71°C; (Lit.2¥: mp 71°C).

Diethy! terephthalimidate (1b) was prepared by the known method?®' and purified
by crystallization from dry diethyl ether. Mp 105°C; (Lit.**: mp 102,5-103,5°C).

Diethyl 2,6-pyridinedicarboximidate dihydrochloride: 12,9 g (0,1 mol) of 2,6-pyridinedicar-
bonitrile (synthesized by the known method?*), 250 ml of anhydrous dioxane and 15ml
of dry ethanol were saturated at 0°C with anhydrous hydrogen chloride for 14-16h.
The reaction mixture was kept at 0°C for 5 days. The resulting precipitate was filtered,
washed with diethyl ether and dried. Mp 110°C. Yield 87%,.

C11H1sN30,Cl-2HCI (329,6) Calc. C44.89 HS578 N 1429 Cl 24,15
Found C4483 H569 N 1425 (12401

Diethyl 2.6-pyridinedicarboximidate (1¢): The dihydrochloride was dissolved in distilled
water at 0°C, then neutralized with a 309, solution of potassium carbonate. The product
was purified by crystallization from dry diethyl ether. Mp 67°C. Yield 909.

1250



A General Method of the Synthesis of “Step-Ladder” Polymers

C11HsN;0; (221,3) Calc. C6000 H678 N 1899
Found (35992 H670 N 19,00

o-Nitrobenzhydrazide was synthesized by the known method?” and purified by crystal-
lization from ethanol; yield 95%; mp 123°C. (Lit.?": mp 123°C).

Isophthalamidrazone (2a) was synthesized by the known method?® and crystallized
from acetonitrile; the product becomes orange at 150°C and colourless at 280°C, which
corresponds to the reported data?®,

Terephthalamidrazone (2b) was obtained by the known method?®; the product has
no melting, becomes orange at 180°C and colourless at 300°C, which corresponds
to the reported data?,

2,6-Pyridindicarbamidrazone (2¢) was produced by the known method® and purified
by recrystallization from water. Dec.-p. 231°C in a bath, preheated to 210°C. (Lit.3":
dec.-p. 231°C).

N,N'-Bis(o-nitrobenzoyl Jamidrazones (3a—) were obtained by the following procedures:
(a) 0,1 mol of the diethyl diimidate (1a—c) was boiled with 0,2 mol o-nitrobenzhydrazide
in 300ml of ethanol. The yellow product formed during the boiling was filtered off
and crystallized.

(b) 0,02 mol of o-nitrobenzoic acid chloride was added dropwise at 0°C to the stirred
mixture of 0,01 mol of the dicarbamidrazone (2a—¢), 30ml of dimethylacetamide, and
2,12g (0,02mol) of sodium carbonate. The reaction mixture was stirred for 3h and
poured into ice/water; the resulting yellow products were identical to those synthesized
by method (a). The properties and the results of the elemental analyses of the products
3a—c are given in Tab. 1.

Bis[ 5-( o-nitrophenyl )-1,2,4-triazole-3-y1 J-benzenes or -pyridine (da—c) were obtained by
heating of 3a—¢ i. vac. (0,5-1 mbar). The conditions of the synthesis, the general characteris-
tica and the results of the elemental analyses of 4a—c are given in Tab. I.

Bis[ 5-( o-aminophenyl )-1,2.4-triazole-3-yl J-benzenes or -pyridine (Sa—¢) were obtained
by reduction of 4a—c with hydrazine-hydrate on Raney-Ni in boiling ethanol for 4-6h.
The general properties of the products are listed in Tab. 1.

2-( 0-Aminophenyl )benzimidazole was synthesized by three routes:

(a) N-( 2-Nitrophenyl )-2-nitrobenzamide was synthesized by the method described ear-
lier'>. The product was recrystallized from acetic acid; yield 80%: mp 168-169°C:
(Lit.'*: mp 167-168°C). 10g of N-(2-nitrophenyl)-2-nitrobenzamide were dissolved in
100ml of DMF and placed together with Raney-Ni into the rotating autoclave to
accomplish catalytic reduction at 25°C and a hydrogen pressure of ~101 bar (100atm).
After a pressure decrease to x40 bar (40atm) the reaction mixture was filtered to
remove the Raney-Ni, 85m! of DMF were distilled off on a rotatory evaporator and
200ml of distilled water were added to the residue. The resulting light-grey product
was recrystallized from aqueous methanol to yield N-(2-aminophenyl)anthranilamide.
Yield 90%; mp 127°C; (Lit.'®: mp 129-130°C). 5g of the resulting anthranilamide
were placed in a reaction flask and 50ml of 4 M HCl were added. The mixture was
heated under reflux for 2h. The precipitate was then filtered off, washed with water
and treated with aqueous ammonia. The resulting product was sublimated at 150°C
(10~ *mbar) to give 2-(o-aminophenyl)benzimidazole; mp 211-212°C. (Lit.*": mp 213-
214°C). Yield 70%,.
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Tab. 1. Conditions for the synthesis, properties and elemental analysis of diamines and

some intermediates

Compound Cyclization Recrystallization
temp. in °C from
(reaction
time in h)

N2 N'2-Bis(o-nitrobenzoyl)isophthal- DMF

amidrazone (3a)
N?,N’2-Bis(o-nitrobenzoyl)terephthal-
amidrazone (3b)

N2 ,N’2-Bis(o-nitrobenzoyl)-2,6-pyridine-
dicarbamidrazone (3c)

1,3-Bis[ 5-(o-nitrophenyl)-1,2,4-triazol- 260(3)
3-yl]benzene (4a)
1,4-Bis[ 5-(o-nitrophenyl)-1,2 4-triazol- 260(3)
3-yl]benzene (4b)
2,6-Bis[ 5-(o-nitrophenyl)-1,2,4-triazol- 210(4)

3-yl]pyridine (4c¢)

1,3-Bis[ 5-(0-aminophenyl)-1,2 4-triazol-
3-yl]benzene (5a)

1,4-Bis[ 5-(0-aminophenyl)-1,2 4-triazol-
3-yl]benzene (Sh)

2,6-Bis[ 5-(0-aminophenyl)-1,2,4-triazol-
3-yl]pyridine (5c)
3,3'Dinitro-4,4'-bis(2-nitrobenzoyl-
amino)biphenyl (8a)

Bis[ 3-nitro-4-(2-nitrobenzoylamino)-
phenylJether (8b)
3.,3’-Diamino-4,4’-bis(2-aminobenzoyl-
amino)biphenyl (9a)

Bis[ 3-amino-4-(2-aminobenzoylamino)-
phenylJether (9b)

DMF/water (1:1)

Ethanol

Ethanol/water (1:1)

Acetone/water (1:1)

Acetone/water (1:4)

Dioxane/water (1:1)

DMF/water (1:2)

Ethanol

DMF

DMF/H,O0 (i:1)

Sublimation

Sublimation

(b) 2-(o-Aminophenyl)benzimidazole was synthesized by the reaction of o-phenylenedi-
amine with anthranilic acid in PPA by the method described earlier?!’. Yield 70%.

Mp 212°C. (Lit.*"’: mp 213-214°C).
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Tab. 1. Continued
Yield Mp Brutto Elemental analysis
in %, in °C Formula
Found Calc.

C H N C H N
90 230 dec. C,,H sNgO¢ 53.60 3,62 22,54 53,88 3,67 2283
92 245 dec. C,,H 1 4NgO, 5370 3,59 2248 5388 3.67 22,83
88 199--200 dec. C, H7NO¢ 5098 338 25,63 51,40 346 25,66
78,5 246-247 C,,H14NGO, 5933 284 2433 58,15 307 24,67
80 313-315 C,:H 1 4NgOy 57,72 290 24,65 58,15 307 24,67
90 315 C,H 3N,O, 55,15 240 2735 5540 242 27,70
70 318-320 C,:H i gNg 6602 494 27,90 66,62 463 2835
75 330-331 C,,H gNyg 66,84 4,52 28,04 66,62 4,63 2835
70 338-340 C,H,+Ny 6345 387 31,63 63,81 405 3190
68 365 CooH16NgO o 5459 254 14,61 54,55 282 14,68
65 277 CyeH sNOy; 5248 2,62 1426 5307 274 1528
50 364-366" C,6H2oNg 75.16 489 20,10 74,98 484 20,18
50 295-297¢ C16H,0N,O 7247 504 19.29 7221 4,66 1948

2 Lit.'®: mp 338°C.

® Lit.!”: mp 372-373°C.

¢ Lit.!'”: mp 296-297°C.

(c) 4,3 g of o-phenylenediamine and S0ml of DMSO were placed in a flask. The
solution was heated to 50°C and equal amount of o-nitrobenzaldehyde was gradually
added. Then, the temperature of the reaction mixture was raised to 80°C and the
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stirring was continued at this temperature for 6h. After cooling the reaction mixture
was poured into water. The yellow powder-like product was recrystallized from ethanol
to give 2-(o-nitrophenyl)benzimidazole in 85% yield; mp 266-268°C; (Lit.>?: mp 263°C,
yield 80%). 4,4g of 2-(o-nitrophenyl)benzimidazole and 90ml of ethanol were placed
into the reactor and 20m! of hydrazine hydrate and Raney-Ni were added to the
mixture, which was boiled for Sh with stirring. The Raney-Ni was filtered off from
the hot solution and 2-(o-aminophenyl)benzimidazole precipitated from the filtrate on
cooling; mp 211-212°C.

Bis{ 2-( 2-aminophenyl )benzimidazole-5-yl Jether (11b): 8,7g of bis(4-amino-3-nitro-
phenyl)ether 6b were dissolved in 80 ml of N-methylpyrrolidone. 13.2 g of 2-nitrobenzoyl-
chloride were dropped into the solution at 25°C with vigorous stirring. The mixture
was stirred for 20h and the resulting solution was poured into water to obtain a
yellow powder, which was filtered off and recrystallized (Tab. 1). 10g of the resulting
bis[4-(o-nitrobenzoylamino)-3-nitrophenyl] ether (8) was dissolved in 100ml of DMF,
and the solution was placed into a rotatory autoclave together with Raney-Ni. The
catalytic reduction was carried out at 25°C and an initial hydrogen pressure of = 101
bar (100atm). When the hydrogen pressure has dropped to x40 bar (40atm) after
7h the reduced product was separated from Raney-Ni and poured into 500 ml of water.
The precipitated powder-like product was filtered off, washed with water and boiled
with 100ml of 4 M HC! without additional purification. After 1 h a powder-like product
began to precipitate from the resulting solution. It was filtered off and treated with
aqueous ammonia. The product was neutralized with water, dried i. vac. at 50°C (5mbar)
and sublimed at 270-310°C (10~ # to 10~ 3 mbar). Mp 295-297°C.

2,2'-Bis(2-aminophenyl)-5,5'-bi(benzimidazole) (11a) was synthesized from 3,3’-dinitro-
benzidine under similar conditions. Mp 364-366°C.

Aromatic dicarboxylic acid dichlorides 15a~h were synthesized by known methods'?.

Synthesis of the model compounds

3-Phenyl-5-( 0-benzoylaminophenyl )-1,2,4-triazole (13) was synthesized by the known
method’? and purified by crystallization from DMF/water (1:1). Dec.-p. 256°C.

3.5-diphenyl-1,2 4-triazolo[ 4,3-0 Jquinazoline (14a) was obtained:

(a) By the reported method'? and crystallized from ethanol; mp 175°C.

(b) By the reaction of 0,01 mol of 5-(o-aminophenyl)-3-phenyl-1,2,4-triazole (12) with
0,01 mol of benzoic acid in 15ml of PPA at 50°C for 1h, then at 100°C for 1h, at
150°C for 1h, at 200°C for 1h, and finally at 220°C for 12h. The synthesized product
was sublimed at 250-255°C (1 mbar) and crystallized from ethanol. Mp 175°C.

N,N’-Bis[( 5-phenyl-1,2,4-triazole-3-y! )phenyl Jarylene diamides and derivatives (16a-h)
were prepared by known methods'*!®; the general properties, yields, and elemental
analyses of the products are given in Tab. 2a—d.

Bis( 2-phenyl-1,2,4-triazolo[ 4,3-c Jquinazole-5-yl )derivatives of aromatic hydrocarbons,
diarylethers diarylketones, and diarylsulfones (17Ta~h) were prepared by thermal cyclodehyd-
ration of 16a-h their general properties yields, and elemental analyses being represented
in Tab. 2a-d.
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Bis[ 5-( o-benzoylaminophenyl )-1.2.4-triazole-3-yl]-benzenes or -pyridine (18a—c) were
synthesized by described methods'*'®, their general properties yields, and elemental
analyses are given in Tab. 2a—d.

Bis( 5-phenyl-1,2,4-triazolo[ 4,3-¢ Jquinazole-3-yl }-benzenes or -pyridine 19a—¢ were syn-
thesized by the described methods!* !®'; their general properties together with the yields
and elemental analyses are given in Tab. 2a—d.

2-( 0-Benzoylaminophenyl )benzimidazole (21) was prepared by the reaction of equal
amounts of 2-(o-aminophenyl)benzimidazole (20) and benzoyl chloride in freshly distilled
dry N,N-dimethylacetamide. The product was precipitated by pouring the reaction mixture
into water, filtered and recrystallized from ethanol. Yield 90%: mp 252-254°C (Lit.>*"
mp 251 °C).

N,N'-Bis[ 2-( benzimidazol-2-yl )phenyl Jarylenediamides 23a-h were prepared by reaction
of 2-(o-aminophenyl)benzimidazole (20) with aromatic dicarboxylic acid dichlorides 15
in dimethylacetamide. The products were separated by pouring the solutions into distilled
water. The products were washed with water, ethanol and dried 1. vac.

2.2'-Bis( o-benzoylaminophenyl )-5.5'-bi( benzimidazole ) (23a) and bis[ 2-( o-benzoylamino-
phenyl )benzimidazole-4-yl] ether (25b) were prepared by the reaction of 11a and 11b,
respectively, with benzoyl chloride in dimethylacetamide. The products were separated
by pouring the reaction solutions into water, filtered, washed with water, ethanol and
dried i. vac.

6-Phenyibenzimidazolof I,2-¢ Jquinazoline (22) was prepared by heating 2-(2-benzoyl-
aminophenyl)benzimidazole at-250°C (1 mbar) for 6 h or by the reaction of 2-(2-amino-
phenyl)benzimidazole (20) with benzoic acid in PPA at 210-220°C for 10 h. The product
was purified by recrystallization from ethanol or by sublimation at 220°C (1 mbar).
Yield 90%,. Mp 240-241°C. (Lit.'*: mp 242°C).

Bis( benzimidazolo[ 1,2-¢ Jquinazole-6-y1) derivatives of aromatic hydrocarbons, diaryl-
ethers, diarylketones, and diaryvisulfones (24a—h) were prepared by heating 23a—h at 300-
350°C (10™* to 10~ * mbar). Yields 70-80%,. Mp and elemental analyses are given
in Tab. 3a. b.

6,6'-Diphenyi-3,3'-bi( benzimidazolo[ 1.2-¢ Jquinazoline ) (26a) and bis( 6-phenylbenzimida-
zolo[ 1,2-¢ Jquinazole-3-yl) ether (26b) were prepared by heating 25 at 300-350°C (10~*
to 10~ 3 mbar) and purified by sublimation at 350-380°C (10~ * to 10~ 3 mbar), or
recrystallization from DMF. Yields: 70-80%,. Mp and clemental analyses are given
in Tab. 3a, b.

Syathesis of polymers

Poly(triazole-3,5-divlaryienetriazole-3,5-diyl-1,2-phenyleneiminocarbonylarylene  car-
bonylimino-1,2-phenylene (27a—x) and poly( 6,2-benzimidazolediyl-1,2-phenyleneiminocar-
bonylarylenecarbonylimino-1,2-phenylene-2,6-benzimidazolediyviarylene )s (29) were synthe-
sized by the following general method: 0,01 mol of the starting diamine and 30ml
of HMPT containing 5%, of LiCl were placed in a 50 ml four-necked flask equipped
with a mechanical stirrer, a thermometer, an argon inlet. and a funnel for the introduction
of aromatic dicarboxylic acid dichlorides. The mixture was stirred until complete dissolu-
tion of the diamines was achieved and then equal amounts of the corresponding aromatic
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dicarboxylic acid dichloride were added with vigorous stirring. The reaction was carried
out at room temp. for 6-8 h. The resulting reaction mixtures wer¢ poured into distilled
water and the resulting polymers were thoroughly washed with water until the reaction
of C1~ was negative. Then it was extracted with ethanol for 45-50h and dried i. vac.
at 50-60°C to a constant weight. The yields, general properties and analyses of 27a—x
are given in Tab. 4a—d.

Poly( 1,2,4-triazolo[4,3-¢ Jquinazoline-5 3-diylarylene-1,2 4-triazolof 4,3-¢ Jquinazoline-
3.5-divlarylene )s (28a—x) and poly(benzimidazolo[ 1,2-¢ Jquinazoline-26-diylarylenebenzimi-
dazolof 1,2-¢ Jquinazoline-6,2-diylarvlene )s (30) were prepared by solid-phase cyclodehyd-
ration of 27 and 29, respectively, i. vac. (pressure 0,5-1,0 mbar) under the following
conditions: 50°C/th, 100°C/th, 150°C/th, 200°C/1h, 250°C/1h, 300°C/th, 350-
375°C/12h.

The general characteristics, of yields and elemental analyses 28a—x are listed in Tab.
Sa-d.

Synthesis of polymers in PPA: 0,01 mol of the starting diamine, 0,01 mol of an aromatic
a,w-dinitrile and 20g of PPA were placed in a three-necked flask equipped with a
mechanical stirrer and an argon inlet. The mixture was stirred under the following
conditions: 100°C/1 h, 150°C/1 h,200°C/1 h,250°C/3 h. The resulting polymers are soluble
only in H,SO..

Physical measurements with the polymers and model compounds

Dynamic thermogravimetry and differential thermal analysis were carried ont with a
“Paulic, Paulik and Erdey” Derivatograph (Hungary) in air. The temp. increase rate
was 4,5°C/min.

The IR spectra of the model compounds and polymers were taken on IR-10 and IR-20
spectrophotometers with powders pressed with KBr.

The UV spectra of the model compounds and polymers were taken on a “Hitachi”
spectrophotometer.

D M. M. Tessler, J. Polym. Sci. Part A, 4, 252t (1966)

2 M. M. Tessler, Polym. Prepr., Amer. Chem. Soc., Div. Polym. Chem. 8, 152 (1967)

3 U.S.P. 3598766 (1971), Research Corp.; Inv.: C. S. Marvel, D. Fabbro; C. A. 75,
152352¢ (1971)

4 C. Banihashemi, D. Fabbro, C. S. Marvel, J. Polym. Sci. Part A, 7, 2293 (1969)

5 J. K. Stille, J. Macromol. Sci. A 3, 1043 (1969)

%' K. Imai, M. Kurihara, L. Mathias, J. Wittmann, W. B. Alston, J. K. Stille, Macromole-
cules 6, 158 (1973)

7 A. A. Berlin, B. I. Liogon’kiy, G. M. Shamraev, Usp. Khim. 40, 513 (1971)

8 V. V. Korshak, A. L. Rusanov, Izv. Akad. Nauk SSSR, Ser. Khim. 1968, 2661

1270



A General Method of the Synthesis of “Step-Ladder™ Polymers

?7 G. Rabilloud, B. Sillion, G. de Gaudemaris, C. R. Acad. Sci. Paris, Ser. C 263,
862 (1966)

10 A L. Rusanov, Ts. G. Iremashvili, L. Kh. Plieva, O. M. Zurlova, Theses to the
XVIIIth Conference on High Molecular Compounds, Kazan 1973, p. 66

'H V. V. Korshak, M. M. Teplyakov, J. Macromol. Sci., C 5, 409 (1971)

12 v, V. Korshak, A. L. Rusanov, E. L. Baranov, Ts. G. Iremashvili, T. B. Bezhuashvili,

Dokl. Akad. Nauk SSSR 196, 1357 (1971)

V. V. Korshak, A. L. Rusanov, Ts. G. Iremashvili, I. V. Zhuravleva, S. S. Gitis,

E. L. Vulakh, V. M. lvanova, Khim. Geterozikl. Soedin. 11, 1574 (1973)

' V. V. Korshak, A. L. Rusanov, Ts. G. Iremashvili, I. V. Zhuravleva, E. L. Baranov,

Macromolecules 6, 483 (1973)

V. V. Korshak, A. L. Rusanov, L. Kh. Plieva, Yu. E. Doroshenko, I. Batirov, Khim.

Geterozikl. Soedin. 10, 1405 (1974)

1) P, M. Hergenrother, J. Heterocycl. Chem. 9, 131 (1972)

17 US. P. 3503929 (1970), Minnesota Mining and Manufactoring Co.: Inv.: B. L.

Loudas: C. A. 72, 134281n (1970)

USSR P. 334219 (1972): Inv.: V. V. Korshak, A. L. Rusanov, Ts. G. Iremashvili;

C. A. 77, 48504j (1972)

S. Niementowski, Ber. Deut. Chem. Ges. 30, 3067 (1897)

N. Saga, M. Hachihama, T. Shono, J. Polym. Sci. Part A, 8, 2265 (1970)

21 P. M. Hergenrother, J. Polym. Sci. Part A, 9, 2377 (1971)

22) p, M. Hergenrother, Polym. Prepr.. Amer. Chem. Soc., Div. Polym. Chem. 12, 255

(1971)

W. Wrasidlo, J. Polym. Sci. A 8, {107 (1970)

Jap. P. 15991 (1968)

E. L. Zaitseva, A. Ya. Yakubovich, G. 1. Braz, G. P. Bazov. Zh. Obsch. Khim.

34, 3708 (1964)

28 F. H. Case, J. Org. Chem. 31, 2398 (1966)

27 R. Curtius, R. Trachmann, J. Prakt. Chem. [2] 168 (1895)

28 H. Kersten, G. Meyer, Makromol. Chem. 138, 265 (1970)

29 W. Ried, P. Schomann, Liebigs Ann. Chem. 714, 128 (1968)

39 P. M. Hergenrother, J. Polym. Sci. Part A, 7, 945 (1969)

31D, W. Hein, R. J. Alheim, L. 1. Leavitt, J. Amer. Chem. Soc. 79, 427 (1957)

320 W. Pulawski, J. Prakt. Chem. [2] 59, 261

33 S, Niementowski, Ber. Deut. Chem. Ges. 32, 1472 (1899)

13

15

18

19

20

23

24

25

1271



