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(3) The element composition and molecular weight of the polydioxyarylene-
phosphonitrilates obtained have been determined, and their infrared spectra
taken.

Translated by G. MoDLEN
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(Received 3 May 1965)

Ix recent years, much attention has been given to work on the synthesis of high
molecular weight compounds having fibre-forming properties. Thus two basic
problems are being solved: (1) the establishment of the connection between the
structure of the initial monomers, their tendency to form high molecular com-
pounds and the properties of the polymers obtained; (2) the creation of macro-
molecules with alternate rigid and elastic links.

The present investigation was initiated with the aim of developing a method of
obtaining regular polysuccinamides.

It is known that succinic acid has not been used for the preparation of poly-
amides because of its tendency to form 5-membered rings [1-3], as a result of
which, during the condensation of succinic acid with diamides at 160-200°C,
succinimide rings are formed at the ends of the growing polyamide chain, and
these lead to rapid termination of the growing chain and consequently to the
formation of low molecular weight products. Thus, during the condensation of
succinic acid with hexamethylenediamine, and oligomer was obtained with 4-8
units and a molecular weight of 1500-3000 [4].

We have previously shown [5], that succinimide rings easily open up in the
cold and at room temperature under the action of aqueous solutions of amines
with the formation of the corresponding diamides.
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On this basis, succinic acid was not selected as the initial product for the
preparation of polyamides, but rather its cyclic bifunctional derivatives, namely,
disuccinimides, and their reaction with various diamides was studied.

It has been shown that at 0-20°C the reaction of disuccinimides with diamines
involves the opening up of the rings according to the equation:
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where R’=(CH,),; CH,C,H,CH,; R =(CH,);; (CH,),; (CH,)g; CH,C,H,CH,-

In this way, migration copolymerization takes places with the migration of
hydrogen from the amine to the imide nitrogen with the formation of linear poly-
amides of regular structure (with an aminogroup and an imide ring as end groups),
in which R’ and R" alternate in a fixed sequence and may be selected.

With the process of polyamide formation managed in this way, halting of
chain growth can take place either because of hydrolysis with the formation of
an end carboxyl group, or because diffusion is made more difficult through an
increased viscosity in the reaction medium.

To suppress hydrolysis, the reaction was carried out in a water-alcohol me-
dium. The 1770 cm~! frequency, coresponding to the carboxyl group, was com-
pletely absent from the infrared spectra of all the synthesized polyamides. This is
confirmation of the fact that no hydrolysis took place.

The optimum conditions for carrying out the migration copolymerization are
at a temperature of 0-20°C (although in certain cases opening up of the succini-
mide rings also takes place at 10°C), in a water-alcohol medium, pH=9-9-5.
In a neutral medium (in dry dioxan and dimethyl formamide) the reaction does
not take place even at 150°C. In these experiments, the initial diimide was evolved.

A number of homogenous and mixed polyamides of regular structure, not
previously described with molecular weights up to 15,000-20,000 and melting
points of 260-300°C, was obtained. Experimental results are presented in Tables 1
and 2.

X-ray structure analysis showed that all the polyamides synthesized are
crystalline. The structure was demonstrated by the element analysis and infrared
spectroscopy. The following characteristic bands are present in all the spectra:
1690-1780 cm~? belonging to the 5-membered imide ring; 3500-3300 cm~! cor-
responding to the aminogroup; and the 1550 cm—! frequency, typical of the amide
group.



805

Preparation of regular polysuceinamides

oprux
~ewirojjAyzowtp Li(g $G1
oM 0-L eatel 101
POAJOAS opTUIp TRIHUY 0L uexotp L1 03
- 8 |095-0%¢| — - - - - - 0098 | 99 199G ¢9c|6-9-8 oyoore %96 8L
- - - - - - — |000°0%, 16 [993-99%¢)2-6-6 « 0%
009% | L 081091 T-¥1 | ¥1-6 | 9:09 |€0-FT | 6€6 |LE09 |000°9]] OL (0837093 <6 oMma 0%
- - - - - - - - 00gL | OL |0L3—09%; S-6 [oyoore snoonby 0
0009 | 0¢ 0Lg %1 | P16 | 909 €&F1 | 90-6 |ST-09 |003TL| 1-CT 008! 06 Jo%e M q
ot 093¢ %1 | $1-6 | 909 |¢6-€1 | %66 |656-09 | 00L8 | 09 [0L6-09%) 966 uBxol( 02
wo % Qo |
‘qour | ‘perd | “dw N H D N H 9 % Do Do ‘oange
‘ot | ‘ppiL| “dw | Hd wmnipay -zodwey
(joyoore ul e[qnios 9% ‘porernarso 9% ‘punoj wonoeeyy

‘uorgoeay) oprureA[og

(foyoore ul e[gniosur ‘uoijoelj) oprueA[oq

ANITWVICANTIAHIENVXTH NV HAIWINIDOASIGINHIAHIEWVXEH NWOHL SHAINVATIOJ T HTIAV],



T. V. SHEREMETEVA and V. A, GUSINSKAYA

806

uexoIp OPIWIUTOONSTP
- 0-8T | 082012 |€L-1T |85-C |€0-L9 [99-TT |¥S-C 133-L9 |0009 | €F | 062083 |[¢-6-6 | snoenby | og “ -eUe[A[AX - vand
- S-¥% |005-08T |9%-€T 89-L| $-€9 |TT-81 |L9-L |16-29 (000°TT | 0-8% |093—09T [S-6-6 “ 08 oma “
QUTUIBIPOUD
0L0% 0% |00%-08T (9%-€1 |89-L | 789 i9€-6T |TL-L [69-€9 |000L | 0-L3 |Z83—39Z 266 oM | 01— |-IA14X-pend “
Toyoore eururerp
0003 ¥ | 085008 |L¥-9T (€5-8 |LF-9G |L0-9T F1-8 | €-99 |000°0T | 0-€1 |995—09F |S-6-6 | snoonby | og -ouolAyIy “
- 989 005061 |13-ST(69-8| 9.8G| — | — | — |00T‘CT| 0% |093-0%Z |3-6-6 “ 03 “ “
001% | 9-L% |061-081 |13-ST|69-8| 9-8G |L0-GT [99-8 |8L-8C [00€°ET| 93 |093-99Z |¢-6-6| onid | 0% ona oM
outure epruut
[o4o9ope -Ipoueld | -uponsIpous
009% 08 | CG18-00% |18-91(69-8| 9-8C | T1-ST1| 0-6 |€8-8G [00L°TT| G-LT | 00~ |g-6-6| snoenby | o1 — |-yseuremey, -TAyjeurexery
e % P IN|H|O|N]|H| DO 0 Qo | ourmerp |  eprump
‘Towt | ‘pard | “d ‘w 4 Yo Qo ‘orng v o
Towr | ‘petk | “d rw ~w1od
% ‘pere[noreo % ‘puno, d | wmipe
(foyoore 1 ofqnios % ‘poremor % ‘punog H TPOIAL ey .
‘ syonpoad 18191
uonoey) oprurefjog (Toyoore ur o[qniosur ‘uomoely) epruresfog uon e
-080Y]

SEHNINVIA SAO0I4VA ANV HAININIOONSICENATAHLAWVXHEH WOUL SEAINVATIO ‘g @1gav],



Preparation of regular polysuccinamides 807

EXPERIMENTAL

Hexamethylene and tetramethylenedisuccinimide were obtained following the method
described in [4], by heating succinic acid with the diamines for 2 hours at 180-200°C. After
recrystallization from aqueous alcohol, hexamethylenedisuccinimide with a melting point of
116-117°C and tetramethylenedisuccinimide with a melting point of 160°C were obtained.

para-Xylylenedisuccinimide was obtained by first heating succinic anhydride with
para-xylylenediamine for 3 hours at 160-180°C. The yield of the diimide amounted to 409,
of the theoretical, melting point 242-243°C (from alcohol).

Found, %: C 64-25; H 5-44; N 9-39,
C;6H,,0,N;. Calculated, 9%: C 64-0; H 5-33; N 9-33.

Migration copolymerization was carried out by mixing equimolecular quantities of
the disuccinimides with the diamines: (a) in boiling solvents (dry dioxan, dry dimethyl
formamide, 969; alcohol); (b) in water and in aqueous alcohol at —10-4-20°C.

Elimination of the initial diamide from the polyamides was carried out by extraction
of the alcohol in a Soxhlet apparatus. By boiling in alcohol, a fraction was evolved, soluble
in ethanol. The molecular weight for all the products was determined by viscosimetry in
meta-cresol. The maximum molecular weight amounts to 16,000, melting point 260-300°C.
For the fractions soluble in ethanol, the molecular weight did not exceed 6000 and the
melting point 200-240°C. The experimental results are collected in Table 1 and 2.

As may be seen from Table 1, the reaction does not proceed in dry dioxan and di-
methyl formamide at the boiling point. In boiling 969, alcohol the reaction does proceed
but a product is obtained with a fairly small yield and with a lower molecular weight than
in the cold. When the reaction is carried out in a water-alcohol medium at 0 and 20°C
(Tables 1 and 2) from 30-909, of homogeneous and mixed polyamides are formed.

The authors wish to express their thanks to Ye. I. Pokrovskii for taking the
infrared spectra and also to the analytical laboratory of the Institute for High
Molecular Compounds, for carrying out the analyses.

CONCLUSIONS

(1) It has been shown that polysuccinimides with molecular weights of
up to 20,000 may be obtained by the migration copolymerization of disuccinimides
with diamines.

(2) The migration copolymerization reaction takes place at low temperatures
of from —10 up to 78°C in a water-alcohol medium at pH=9-9-5.

(3) para-Xylylenedisuccinimide, not described previously, has been obtained
and characterized.

(4) The following compounds have been obtained and characterized: poly-
hexamethyleneethylenesuccinamide, polyhexamethylenetetramethylenesuccin-
amide, polyhexamethylenesuccinamide, polyhexamethylene-paru-xylylenesuccin-
amide, poly-para-xylylenesuccinamide.

Translated by G. MODLEN



808 A. A. BErrix and N. G. MATVEYEVA

REFERENCES

1. V. V. KORSHAK, Izv. Akad. Nauk SSSR, Otd. khim. n., 47, 1950

2. W. H. CAROTHERS, J. Amer. Chem. Soc. 51: 2543, 1929

3. V. MARTELLO and U. GIOLITTI, Cazz. Chim. Ttal. 85: 1229, 1955

4, V. V. KORSHAK, T. M. FRUNZE and E. A. KRASNYANSKAYA, Vysokomol. soyed. 4:

1761, 1962
5. T. V. SHEREMETEVA, V. A, GUSINSKAYA and V. V. KUDRYAVTSEV, Izv. Akad.

Nauk SSSR, ser. khim., 1821, 1963

POLYMERIZATION AND COPOLYMERIZATION OF
TETRACYANOETHYLENE CATALYSED BY PARAMAGNETIC
POLYMERS*+

A. A. Beruiy and N. G. MATVEYEVA
Instistute of Chemical Physics, U.S.S.R. Academy of Sciences

(Recetved 7 May 1965)

I~ previous works [1-11] contributions bave already been made about the activa-
tion of the reaction capacity of compounds with a conjugated system by means of
paramagnetic polymers (the “local activation’ effect). The presence in such poly-
mers of fractions of macromolecules with distributed electrons, the macromole-
cules being bound in strong z-complexes with the diamagnetic polymerhomologues,
determines the observed ESR (Electron Spin Resonance) paramagnetism of the
compounds with a developed conjugated system [13]. The experimentally estab-
lished fact that anthracene and a number of other polynuclear aromatic com-
pounds transform upon heating in the presence of PMP (paramagnetic particles)
into polymer substances [5] as well as data about the transformation of polycon-
jugated compounds containing PMP into even higher polymer products, indicates
that in these cases a formely unknown type of polymerization reaction is taking
place, which one of us has conditionally termed ‘quasiradical polymerization”
[1, 2.

The polymerization reaction under consideration is evidently connected with
the formation of donor-acceptor complexes both in the stage of the creation of
an active centre, as well as in the stages of chain growth and termination. In con-
nection with this, it was of interest in the present work to clarify the possibility

* Vysokomol. soyed. 8: No. 4, 736-743, 1966.
1 14th Contribution in the series ‘Paramagnetism and Chemical Processes’’.



