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ABSTRACT

Methods were sought for the synthesis of thermally stakle,
01l resistant elastomers based on chains containing aromatic
heterocyclic rings. Three 1,3-dipole precursors, the sydnone,
the hydrazide chloride, and the tetrazole systems were studied
in terms of their usefulness as monomers for 1,3-dipolar addition
reactions. Of the three, only the tetrazoles show promise as
useful monomers. A series of polymers which possessed moderate
viscosities, high thermal stabilities, and high polarity was
generated via the 1,3-dipolar addition reaction. In general,
the polymers showed high second-order transition temperatures
and efforts to decrease the transition temperature by incorpor-
ating flexible linkages into the polymer were unsuccessful.
Methods of synthesis and characterization cf monomers, model

compounds, and polymers are described.
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INTRODUCTION

Cycloaddition reactions can be employed in theory as a mode

of propagation in the synthesis of macromolecules; the 1,2-,

and 1l,4-cycloadditions are well known organic reactions. The

Diels-Alder reaction has been used as a means of synthesizing

1 ,
polymers. Although the reaction has been emploved to prepare

a variety of polymers containing rings in the backbone,

yields high molecular weight polymers because of the frequency of

side reactions and the ease with which the reverse reaction takes

place. 1,2-Addition reactions aren't particularly good as

polymerization reactions since the yields are usually too

low to be effective propagation modes, and the additions must

be either photocatalyzed,2 or, if they are thermally induced,3

the olefins must be substituied with groups which would make

monomer synthesis very difficult. 1In addition, the strain that

exists in cyclobutane rings makes polyvmeric systems containing

such rings susceptable to degradation; the reverse cycloaddition

occurs readily at elevated temperatures.

1,3-,
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Many of the 1,3-dipole addition reactions4 are suitable
for use as polymer forming reactions since the difunctional
monomers can be synthesized readily and many of the dipolar
reactions are nearly quantitative. Especially suited to the
production of stable polymers is the fact that certain products
of the 1,3-divolar addition reactions are five-membered aromatic
heterocycles. Thus, when the dipolarophile is a triple bonded
species such as an acetylene or a nitrile and the dipole con-
tains an atom, ¥, which possesses a lone pair of electrons in
the product, the ring contains the requisite 6~77 electrons.

The object of this study was to oblain elastomeric, oil
resistant, themmally stable polymers. Through recent advances

5

in the area of heat stable polymers” it became clear that if

an organic polymer was to achieve a high degree of thermal
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stability, it would have to contain only non-degradable structures
such as aromatic or pseudoaromatic units, perfluoro units, etc.

In order to make the polymer elastomeric and oil resistant, the
polymer must have a reasonable number of highly flexible units

to maintain its flexible properti¢=, and a large number of highly
polar groups in order to impart oil resistance to the majority of
nonpolar lubricants. Systems containing pyrazole and triazole
units appeared to be desirable in terms of polarity and aromaticity.
These units are obtainable through the 1,3-~dipelar addition reactions
of sydnones and nitrilimines with acetylenes or nitriles. In this
report we outline the synthesis and polymerization reactions of

bissyditone and bisnitrilimine dipoles with double dipclarophiles.

DISCUSSION

Sydnones are generally prepared hy the dehydration of

N-nitroso-a-amino acids.e'7

The addition of acetylenes to
sydnones produces pyrazoles and the reaction is facilitated
by the presence of polar groups attached to the acetylene.g'9
The reaction presumably goes through an intermediate Diels-
Alder type adduct with subsequent loss of carbon dioxide.

The cycloadditions afford predominately one isomer when the

possibility of several isomers exist and the direction of
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addition usually can be predicted from a consideration of sites

in both the dipole and dipolarophile.
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Nitrilimines may be generated by the action of base on acid

hydrazide chlerides or by the thermal decomposition of tetrazoles. 2 14

Nitrilimines react rapidly with alkynes and alkenes to form pyrazoles

10

and pyrazolines, respectively. Although the dipolarophile activity

of the nitrile group is less, triazoles are formed when the nitrilimine

dipole is generated in the presence of nitriles.l? also only one
- N'».\ ! 1t !
R— C\/Ci MH-R R-C=sSCH . R \N,R
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pyrazole o: triazole iscmer has been reported when two are possible
and the yiela of pyrazole or triazole is increased by the presence

of electron withdrawing groups attached to the dipolarxophile.

Monomers

Several bissydnones have been synthesized. Both monomers
Q£3)15'16 and (}2)17'18 have been synthesized from hexamethylene-
diamine and p-phenylenediamine starting materials, respectively,
by conventional amino acid syntheses, followed by the sydnone

forming reactions.

HCN
HoN-( C Hp) g NH 3 NCCHNHICH ) NHCH,CN
2N CHaIgNH I NHICH))g 2
0. KOH
2), HY NaNO,
v
/' ! NO  NO
b by (CM3CO)0 ' |
P N=(CHg= T 17 e——————  HOLCHNICHIgNCHCO2H
oW W= 0




e M onas e Lo

e

e e Fomtame o e iiee |

C) CHLOH
ug—@-muz —> HO,CCHNH O NHCH,C O, H

HY No NOp

co (CH4C0),0 . Cencon
&
M
¢ 0,C CHoN NCHC 0,
NO NO

o-I

o
o-0
¥4 3
4 ""'n
\z/
-
2z
I+
o

The bromination of 3-phenylsydnone to form 4-bromo-3-
phenylsydnone and the treatment of this intermediate with several
reagents to give bissydnone products have been reported.19 The
reaction of the brominated sydnone with thiourea afforded the
di-4- (3-phenylsydnone)sulfide (33).20 4~Lithiosydnone Gél
could be formed from the reaction of the bromosydnone with
butyllithium or from the direct lithiation of 3-phenylsydnone
with butyllithium.21 The reaction of the lithio derivative
with phosgene, yielded the di-4- (3-phenylsydnone)ketone (222.20,22
The disydnone, 4,4'-bis(3-phenylsydnonyl)sulfoxide QZSL'23 was also
prepared from the lithium salt. 4,4'-Mercuri-bis~3-phenyl-

sydnone (2d) was prepared according to the described method. 20, 24

A T R T AL TS
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Since it was possible that electron-withdrawing groups
such as the carbonyl groups on the sydnone ring might affect
the 1, 3-dipolar addition, an attempt was made to prepare a
similar bissydnone without these groups. Unfortunately, the

reaction of the lithium salt of 3-phenylsydnone with 1,4~

( )_25

o %l

dibromobutane did not give the expected product
The synthesis ¢f 3-phenylsydnone-4-carboxylic acid Qi}
was effected by the direct lithiation of 3-phenylsydncone and
the subsequent carbonation of this intermediate according to
the known procedure.21l,23 rhis acid was converted to 3-phenyl-
sydnone-4~carbonyl chloride (gl as described.23:26 prom this
derivative a series of bissydnones was prepared through the
reactions of the acid chloride with diamines and diols.
Reaction of the acid chloride (&) with 1,6-hexranediamine,
m-phenylenediamine, p,p'-methylenedianiline, and hydroquinone
gave the respective bissydnones: N,N'-hexamethylene-bis(3-
phenylsydnone-4-carboxamide) QEE), N,N'-m-phenylene-bis (3~
phenylsydnone-4-carboxamide) SEE)’ N,N'-p-diphenylenemethane-
bis(3-phenylsydnone-4-carboxamide) (32), and p-phenylene-bis(3-
phenylsydnone-4~carboxalate) ifb)-zs

Due to the appearance of drug refractory malaria in South-

east Asia, the U.S. Army Medical Research and Developrent Command

10
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requested that any new compounds that might be effective against
malaria be screened by Walter Reed Army Medical Center.

There are some reports which indicate antimalarial activity
fox sydnones.27'28 Because of this potential antimalarial activity
of sydnones, the series of new sydnones, N,N'-hexamethylene-
bissydnone (li)' 4,4'-bis(3-phenylsydnonyl)sulfoxide ng), 4,4~
mercuri-bis-3-phenylsydnone (zg), N,N'-hexamethylene-bis (3-phenyl-
sydnone-4-carboxamide) SEE?' N,N'-m-phenylene~bis (3-phenylsydnone-
4-carboxamide) (35), N,N'-p-diphenylenemethane-bis (3-phenylsydnone-
4~-carboxamide) QEQ, and p-phenylene-bis (3-phenylsydnone-4-
carboxalate) (EE) was submitted for testing. None of the sydnones
submitted showed any significant antimalarial activity.

The acid hydrazide chlorides, isophthaloylphenylhydrazide
chloride (ZE), terephthaloylphenylhydrazide chloride (ZE), and
4,4'-oxdibenzoylphenylhydrazide chloride QZE} were prepared by
the reaction of phosphorous pentachloride on the respective
dihydrazides.?29

] Cl
] ] | 1
CGHsNHNH C-Ar-C NHNH 06H5 = 4 CSHSNHNZ C—Ar-C= NNHC6H5

7. Ar = a m-CsH4
b. 2—06H4

* OO

11
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Sn g gl

These acid hydrazide chlorides eliminate hydrogen chloride on

treatment with base to afford the intermediate bisnitrilimine dipole.

The tetrazoles, 2,2'-diphenyl-3,I’'-m-phenyleneditetrazole
(gg) and 2,2'-diphenyl-5,5'~-p-phenyleneditetrazole (gpy were
prepared by the base-catalyzed condensation (sodium in 2-methoxyethanol)

of iso- and terephthaloylphenylhydrazone with phenyl azide.3)'3l'32

"o sy N N~y e
CgHs NHN= C=Ar—C=NNH GgHg — Y </ X
NQN NN

8 Ar=zo. m--CGH4

When these tetrazoles are heated, they loose nitrogen to
yield the same intermediate bisnitrilimine dipoles as the iso-

and terephthaloylphenylhydrazide chlorides do. The higher

8 AN

~ + + -
CngN"N:C —Ar—-C=N-N~C

7

eHs

reaction temperature and loss of nitrogen instead of hydrogen

chloride in this reaction made it an attractive route¢e vo the

12
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bisnitrilimine dipole.

The diacetylenes m- and p-diethynylbenzene (9a,b)18'33 and
the dinitriles, perfluoroglutaronitrile €£9)34.35 and 4,4'-
diecyanobiphenyl @il} were synthesized for use as double dipolaro-~

phile monomers.
HCEC"CGH4""CECH N=C~(C "é)sCEN

b. p—-CgH
64 NECCEN

Model Compounds

A series of model compounds was synthesized by the reaction
of the sydnone and nitrilimine dipoles with acetylene and nitriles.
The reactions of 3-phenylsydnone36 with m- and p-diethynylbenzene,
and p-phenylene-3,3'-~disydnone Q&p) with phenylacetylene, respectively,
afforded 1,1'-diphenyl-3,3'-m-phenylenedipyrazole glgg)?4 1,1'~-diphenyl-
3,3'-p~phenylenedipyrazole {EEE),zg and 3,3'-diphenyl-1,1'-p-phenylene-
dipyrazole i&g) (Table 1).18 A study of reaction solvents for these
reactions as evaluated both by the evolution of carbon dioxide and
the yield of dipyrazole, showed that nitrobenzene and xylene gave
higher yields of product than diglyme, while m-dichlorobenzene

gave an 0i1.29:37 qne analogous reaction of (la) with phenyl-

13




T8¢ 09°0L 9%°ST SS'f 85 0L sce 2 N
= =N AN
¢ \ —_—
xwonﬂ NS oot NTHD
N 3
H
9 —
. ) yo =5
96°ST B82'S H0°8L 6Z°ST S0°9 SS°8L  607Z-807 N-N P o-N.
N - N5
]
/\\\d 00.%.
Y
= r
s s
9€°ST 28°9 T0°9L ZT°ST 80°L £2°9.L 6vTI-gpr ~HD N, N HD HO=5H55 et
N—X% 2) — N
\
59 5.9
LZ'ST 6T°S 6S'6L 9¥°ST 00°S #S°6L  L22-S2% =N \z”mo Ho=o5hRs ai
N
z/\_
o N\
TE°ST 0£°S ¥S°6L 9¥°ST 0C'S S 6L  vez-cez a6 o.me%o
OI\
3
H
LZT'ST TZ°¢ L1°6L 9P°ST 00°S ¥5°'6L zST-0ST 6 o\lz,nxou
_+Zl
OU/HN\
M
5] g ) N 7 > 5, ‘d'W aNNOJIWOD ATTAAOIVIOIId  INONALS
aNnod a,oTvd TIGOW
SISATYNY

SINONUXS WO¥Jd SANNOAWOD TAAOW

1 3174994

ot

e e e e e e e e




3
=
=
]

TR

e & 5 CH, (CECH), ———> . cu—<\\|
SN o B A /"-~//— 64 Ny N
5 oM CeMs Cs™s
90. @—CcH,
b. p—cCc i
6 4 12 a m-CH,
i o =
b + C_H.C=ECH —m— N
65 o~/ N
N N
CeMi CHs

13

acetylene was carried out to yield 3,3'-diphenyl-l,1l'-hexamethylene-

dipyrazole (14) in a low (37%) vield.38

e S
] -+ C6H5CECH e ) - /N—(CH:Z)E-N\N,
N .
GeHs

I 4

CeHs

The reaction of m-divinylbenzene with 3-phenylsydnone in
refluxing xylene afforded a 95% yield of 1,1'-diphenyl-3,3'-

@wphenylene—é}z-pyrazoline (ii).23
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CHfQCH N

The compound 2,4,6,8-tetrahydro-4,8-dioxo~2,6~-diphenylpyrazolo-
ZE,4—£7&ndazole (16) was prepared by the reaction of 3-phenyl-
lava'd

sydnone with E—benzoquinone.31

A much higher yield than that
reported39 was obtained by the use of nitrobenzene as the
reaction solvent. An oxidation takes place since the loss of
four atoms of hydrogen is required, and nitrobenzene or quinone
may serve as the oxidizing agent. 1f nitrobenzene is used, then

the stoichiometry for the reaction would be a simple 2:1 molar

balance as illustrated:

1 0 0
) /4°Co =N
CeHg— '{';-,O' + I ‘ ————— Cs“s“"N\ " ’W \-\/N* %“5
0 0
16

16
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However when nitrobenzene is not present then the stoichiometry

for the reaction would be a 2:3 ratio as shown:

OH

% 0
_ (o L
2 CGH5 N\N.:a + 3 Q-——.——_—_—) le -+ 2 O
4 OH

If the reaction were run in air, theu alr oxidation could take
place to reoxidize the hydroquinone back :to quinone and the
above statements mwight not be entirely vaiid. Nevertheless,
since most polymerizations are run in an iner: atmosphere such
as nitrogen, a polymerizetion of this type could not take
place unless the anove moncmer nalance was followed.

Reactions of the sydnones (23;29) with phenylacetylene were
investigated.25 Although tne same conditions were emploved as
those used in the reactions of 3-phenylsydnonc and p-phenylene-
3,3'--disydnone with phenylacetylene, (with the exception of Gﬁy
which produced free mercury) only starting compound was recovered
and no evolution of carben dioxide was noticed. It appears that
the electronic effect of the different groups such as carbonyl,
sulfur, or amido might have hindered the 1,3-dipolar addition.
With the mercury compound, it is quite probable that decomposition

of the bissydnone took place betere any addition reaction.

17
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The reactions of the acid hydrazide chlorides (23_,\/13_) with
phenylacetylene, and the reactions of m- and p-diethynylbenzene
M) with benzoylphenylhydrazide chloride in the presence of base
were carried out.37 These reactions afford 1,1',5,5'-tetraphenyl-

3,3'-m- and p-phenylenedipyrazole and 1,1',3,3'-tetraphenyl~5,5"'-m-

and p-phenylenedipyrazole, respectively.29'40 in addition, the

analogous reactions of (/ZE.) with phenylacetylene and benzoylphenyl-
hydrazide chloride with (10) and m-divinylbenzene were carried out

to afford a series of model compounds (Table 2) .20,34,41

Cets
N ENN W -N \

& N-N=C 0 + CHC=CH —— J O 0
T
2

Cdy

Chs  CeMs

N-— N/ N-N
I\
y CG“S{N/ (€ Fa )3 \N»‘CGH.’:

™~
T~ EtgN

H,C=CH CH=CH,, R4 '[\\)\ Gy
2 Q O
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Although a number of the model compounds from tetrazoles
were expected to be identical to those obtained from the cor-
responding hydrazide chlorides, the model reactions were carried
out for the tetrazoles because of the more stringent conditions
required for generation of the nitrilimines from tetrazoles.
The reactions of 2,5-diphenyltetrazole and 2,2'-diphenyl-5,5"'-
p-phenyleneditetrazole (QEJ with phenylacetylene and benzonitrile
were carried out.25,31 rThe analogous reactions of 2,5-diphenyl-
tetrazole with m- and p-diethynylbenzene (23&9) and with terephthalo-
nitrile yielded the expected model compounds (Table 3).31 Although
2,2',3,3'-tetraphenyl-5,5'-p-phenyleneditriazole was obtained in
good yield from the reaction of 2,2'-~diphenyl-5,5'-p-phenylene-
di tetrazole (gg) with benzonitrile, no product has ever been
isolated from the reaction of 2,2'-diphenyl-5,5'-m-phenylene~

di.tetraznle (8a) with benzonitrile.

Fa e

Polymers

The polymerization reactions of the sydnones with the
diacetylenes afforded polypyrazoles in variable conversions.
The reactions with p-phenylene-3,3'-disydnone (lgz and the
diacetylenes gave nearly gquantitative yields of polypyruzole5.34-40
However, the reactions with N,N'-hexamethylene-disydnone and the

diacetylenes afforded the polymer in low yields.lb This 1is not

"
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unexpected considering the low yield of (}é) obtained from the

reaction of (}3) with phenylacetylene. Polymers (l19¢2) whose

speci.ra were nearly superimposable to those of the corresponding

model compounds, were obtained when the reactions were carried

out in nitrobenzene at 1900C. Polymers (18a,b) whose spectra
PN N

were also very similar to those of the corresponding model

compound, were prepared in tetralin at 175°C. These polymers

g (1
b 4 oser s [
+ \N/ \N/ C5H4

17 a. m—C6H4

b.2~CH,

N

were slightly soluble in such polar solvents as dimethyl-
formamide, dimethylacetamide, and hexamethylphosphoramide.
Only low molecular weight polymers were obtained (Table 4).
The low molecular weights could be due to precipitation of
the polymer before it reached a high molecular weight, but
when the reaction was carried out in a sealed tube at 250°C
under such conditions that the polymer did not precipitate,

no 1increase in molecular weight was noticed.
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The polymerization of (ig) with m-divinylbenzene in nitro-
benzene gave polymer (Lg) containing the pyrazoline unit.4! The
spectra of the model compound (;é) and the polymer were nearly
superimposeable.

The polymerization of (;EQ with p-benzoquinone in nitro-
benzene at 190°C gave a 63% yield of poly/2,4,6,8-tetrahydro-
4,8—dioxo-2,6~Qgphenylpyrazolozg,4-§7indazolg7 (gg).4l Unlike
the polymers QLZQLB), polymer (gg) remained in solution. An
inherent viscosity of 0.6 was obtained for this polymer (Table
4). The polymerization of N,N'-hexamethylene-bis-sydnone and
p-benzoquinone was carried out to yield polyé§>4,6,8—tetrahydro—
4,8—dioxo-2,6~hexamethylenepyrazolozg,4—§7indazolg7 (21)38 in a
40% yield. An inherent viscosity of 0.12 was obtained (Table 4).
The rared spectra of polymers (22) and (Elz showed the char-
acteristic maxima displayed by the corresponding model compound
(16) -

Thermogravimetric analvses (Table 4, Figure 1) of the
polymers (l7a,b), (19). and (29) showed breaks near 420°C in
air and 500°C in nitrogen. Polymers (;ggég) and (3}2 showed

. . o . .
breaks near 400°C in air and 420 C in nitrogen.
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X-Ray powder patterns showed the polypyrazoles (12352)
and (;gg) to be highly crystalline; however, polymer (}93)
showed very little crystallinity. Differential thermal analyses
of the polymers shows (}gg) having a crystalline transition
temperature at 155°, Polymers (lZELEJ and (igi) show no crystal-
line transition; presumably these lie above the decomposition
temperature. Second order transition temperatures were found
for (17a) (75 and 80%¢), (17b) (75 and 100%), (18a) (70°C)
and (igg) (55 anad 80°C). Polymers containing the (CHZ) link
show slightly lower second order transition temperatures;
polymers containing the P~phenylene link display two second
ordex transitions.

In the nitrilimine dipole system, the reactions of the

s RN ~ Y

acid hydrazide chloride monomers (7a-c) w he diynes (%a,b)

AN Al
in refluxing anhydrous tetrahydrofuran in the presence of
triethylamine afforded the polypyrazoles (gg:g&) in high con-
versions (Table 5).34’40 Similarly, the polypyrazoline (25)
was obtained when an olefin dipolarophile, m-divinylbenzene,
was employed in the polymerization reaction with terephthaloyl-

phenylhydrazide chloride (7b).41
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The polymerization of (ZE) with perfluorogluiaronitrile

ggz) in a sealed tube in anhydrous tetrahydrofuran and in the

presence of triethylamine afforded the polytriazole (gp) con-

taining perfluoromethylene units in the chain.zo
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the reactions of acid hydrazide chlorides with alkyl nitriles
in the presence of triethylamine generally do not give high
yields of triazoles, electron withdrawing groups attached to
the cyano function have been shown to increase the yield
dramatically.12
Since carbon disulfide has been reported to undergo cyclo-
addition reactions with l,3~dipoles,40 a polymerization employing
this dipolarophile was carried out. The reaction of (lb) wich
carbon disulfide in tetrahydrofuran in the presence of triethyl-
amine gave the polymer Q%Z) containing spiro-bisthiadiazole
units.zo
The infrared spectrum cf each polymer sample showed maxima

characteristic of the particular heterocyclic structure which it

pecssessed and could be

9]

ompared directly to the spectrum of the

corresponding model compound.

25
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All of the polypyrazoles from hydrazide chlorides were
completely soluble in 98% formic acid, The solubility of QEEE),
for example, which contains all m-phenylene links along the
chain is much greater in polar organic solvents (hexamethyl-
phosphoramide) than (23b), which contains all p-phenylene links.

The high thermal stabilities of the polypyrazoles in both
air and nitrogen atmospheres are comparable with those of other
polymers containing heterocyclic aromatic rings in the backbone.
A comparison of the thermogravimetric analysis of the poly-

pyrazoline (25) with the polypyrazoles (22-24) is particularly
P P e e S

32
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interesting. An initial break in the curve in air (Fig. 2) is
obtained at 360°C and, after approximately a 15% weight loss
the remainder of the curve follows that of the polypyrazoles and
shows a break at 520°C. 1In nitrogen, the thermogravimetric
analysis of the polypyrazoline shows 3 break followed by com-
plete decomposition at 360°C. This greater ultimate stability
in air rather than nitrogen can be explained on the basis of

the oxidation or dehydrogenation of the pyrazoline moieties to

43

pyrazole units. The 15% weight loss is of course greater than

__Nﬁﬁs
;\ H2
NS

|
ﬁ\:
]

that calculated for the loss of hydrogen only, so evidently some
pyrazoline groups are degrading before their oxidation takes
place. The infrared spectrum indicates that this preliminary
degradation proceeds with the incorporation of nitrile groups
(2220 cm—l) into the polymer backbone. This conversion of
pyrazoline to pyrazole was supported by comparing the infrared

spectrum of the polymer taken just following the 360°C break,

33
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but prior to the 520°¢ break, to the spectra of the untreated
polypyrazoline and corresponding polypyrazole.
A possible reason for the relatively low viscosities obtained

for the polymers derived from nitrilimines is that . side reaction

during polymerization may be occurring to upset the monomer balance.

Nitrilimines are known to undergo head-to~tail self-dimerization

reactions in the absence of a gcod dipolarophile.44 In fact,

dihydrotetrazine polymers (28a,b) can be obtained from the
N4
reactions of iso- and terephthaloylhydrazide chloride with tri-

ethylamine in refluxing tetrahydrofuran.l6'40 This reaction
could, in fact, account for the rather low molecular weights

(inherent viscosities, Tables 5 and 6) of the polyvmers obtained

in the cycloaddition reaction of the nitrilimines. Thus a

disruption of monomer balance through the self-dimerization

would afford low molecular weight polymers with acetylene or

nitrile ends. This dimerization could also explain the difficulty

encountered in obtaining good elemental analyses on the polymer

samples (Tables 5 and 6). Altering the initial monomer balance

over a range of larger molar ratios of acid hydrazide chleride

and tetrazole to dipolarophile, however, did not increase the

molecular weight. All polymers were obtained in high yields.

34
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In the case of the acid hydrazide chlorides, most of the
polymerization reactions were carried out near room temperature
in the presence of base, however, in the case of the tetrazoles,
because of the higher reaction temperatures (160—220°C),ll'45
all of the polymerizations were carried out inside of evacuated
sealed reaction tubes.

The reaction of tetrazoles (8a,b) with m- and p-diethynyl-

N — -
benzene (9a,b) in tetralin or 1,2,4-trichlorobenzene solvent
AN X
afforded the polypyrazoles (22-23) in high yields (Table 6).25'32
Nt
Although the nitrilimine dipoles from acid hydrazide chlorides
did not react to any great extent with nitriles, with the
exception of (}2), the nitrilimine dipoles from the tetrazoles
{8a,b) did react to produce a series of polytriazoles (29-32)

in good yield. Possibly the higher reaction temperature obtain-




Y

8¢ <+ 9%ab —m>

22 o. m-CeHy

b. 2-CgHy

8b -+ 9e,b

23 a m-CgHy

b. aCeHy

able with the tetrazoles produced more reactive nitrilimine
dipoles. The reactions of tetrazoles (9342) with perfluoro-
glutarylnitrile (lg),zo terephthalonitrile,38 tetrafluoro-

terephthalonitrile32 and 4,4Ldicyanobiphenyl Q£l123 yielded
a series of polytriazoles having viscosities ranging to 0.4

(Table ©).
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Although problems of polypyrazole solubility were encountered
especially when tetralin was used as a solvent, samples of all
of the polypyrazoles were eventually obtained which had the
viscosities indicated (Table 6), and which were completely
soluble in 98% formic acid. Treatment of the tetralin Lo remove
peroxides, resulted in polymers having higher viscosity and
salubility, thus the insoluble samples probably <contained a high
degree of crosslinking due to the presence of peroxides during the
polymerization reaction. The poiypyrazoles from tetrazoles were
similar to those obtained from hydrazide chlorides in that the
solubility increased and viscosity lowered as the percentage of

m-phenylene linkages was increased. Most of the polytriazoles

were insoluble in 98% formic acid, but were soluble in 1,2,4-

trichlorckenzane.

The thermal stabilities of the polypyrazoles (gg;gg) derived
from tetrazoles were comparable to the stability of the correspond-
ing polymer derived from hydrazide chlorides. 1In general, the
polytriazoles seemed to be about as stable as the polypyrazoles.
Bach underwent only partial decomposition when heated under
nitrogen to BOOOC. (Fig. 3). This prcbably accounts for some of

the difficulty in obtaining satisfactory values for elemental

analysis on the polymers. This was especially not: ceable in the

40
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case of the triazole polymers where definite tailing of the CO,
peaks could be detected on the F and M Model 185 Carbon, Hydrogen,
Nitiogen Analyzer (Tabkle 6).

Differential thermal analyses of the polymers derived from
tetrazoles showed second order transitions for (EE;EE) at 240-
2550C. with the transition temperature increasing as the number
of para~linkages increased. Second order transitions were also
found for the polytriazoles (29-32) (Table 7}.

TABLE 7

SECOND ORDER TRANSITION TEMPERATURES

Polymer Transition Temperature
22a 240
22b 250
23a 245
23b 255
29a 130, 34¢°
29b 250, 3652
30a 200, 3009
30D 225, 3209
3la 125, 265
31b 225
32a 140, 270
32b 210, 255

a. Polymer appeared to melt at this point.

In the case of tha polytriazoles (32333)’ the transitions
range 25-120%%. higher for the polymer derived from the p-bis-
tetrazole than for the correspvonding one derived from the meta-

isomer .
41
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CONCLUSIONS

0f the three types of 1,3-dipole precursors used in this
study, only the tetrazole system shows promise of being a useful
monomer system for 1,3-dipolar addition polymerizations. Although
model compounds were prepared in most cases before polymerizations
were carried out, the procedure wasn't completely reliable.
Occasionally the polymers weren't comparable to the model
compounds in terms of physical properties. In addition, the
yield of model compound couldn't be taken as an indication of
what to expect in terms of yield of polymer.

In general, the polymers showed good thermal stability.
The polymer structures are polar and therefore, should show
good oil resistance to st nonpolar lubricants. The polymers
are, for the most part, basic in nature and soluble in acids.

Differential thermal analysis of the polymers containing
a high percentage of aromatic linkages show second order transi-
tions at temperatures far higher than desired for poiymers which
would be ex ~ected Lo show elastomeric properties at room tempera-
tures.

Attempts to incorporate flexible units such as the perflucro-

glutaryl linkage into the polymer choins in ovder to lower the
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second order transition temperature were unsuccessful due to

poor monomer reactivity and difficulty in monomer synthesis.
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