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An effective synthesis of polynuclear tetraamines,
monomers for polyheteroarylenes
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An effective synthesis of polynuclear tetraamines via nucleophilic substitution of chlorine
in 2-chloro-5-nitroaniline under ultrasonic irradiation followed by catalytic hydrogenation of
dinitrodiaminoarenes in a flow reactor was proposed. A number of monomers, including those
not described in the literature, were thus obtained. Two classes of polyheteroarylenes, namely,
polynaphthoylenebenzimidazoles and polyphenylquinoxalines were synthesized by the polycy-
clocondensation in a supercritical carbon dioxide. Incorporation of trifluoromethyl substituents
and flexible oxygen bridges into the structure of monomers allowed one to improve the solubil-
ity of the polymers. Some properties of synthesized polyheteroarylenes were investigated.
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Polynaphthoylenebenzimidazoles (PNBI) and poly-
phenylquinoxalines (PPQ) are considered to be promising
polyheteroarylenes. They possess a complex of unique
properties, namely, thermal, heat, fire, and chemical sta-
bilities, high hydrolytic and radiation resistance, efc.1—4
Recently, various specific physical properties of these
polymers, which significantly expands their application in
high-technology areas, have been gradually revealed.5—8

The main reason that prevents their industrial synthe-
sis and wide application is the lack of a developed mono-
meric base. That is associated with the low efficiency of
the methods for the synthesis of high-purity monomers.
This relates primarily to the aromatic tetraamines. The
compounds containing a system of aromatic rings linked
together by bridging atoms or groups are the most interest-
ing between tetraamines. The presence of such structural
elements in polyheteroarylenes increases the flexibility of
the polymer chain, improves the solubility and process-
ability of polymers in the wares.? The methods for the
synthesis of such monomers are multistage and ineffective.
In a number of cases, 4-chloronitrobenzene is used as the
basic structure.!® The reaction of 4-chloronitrobenzene
with a bisphenol leads to a polynuclear structure. Its fur-
ther functionalization by reduction and nitration reactions
allows the preparation of target tetraamines. Taking into
account that the introduction of the nitro group is usually
carried out in acidic media, two more steps are added to
the synthesis scheme, namely, the acylation of the NH,-

group and the hydrolysis of the C—N bond in the acet-
amide substituent.

The use of 5-chloro-2-nitroaniline (1a) in the synthe-
sis is more attractive. This allows one to reduce significantly
the number of synthetic steps. An obstacle to the effective
application of this starting compound is its low reactivity
in the SNAr reaction.1! It was proposed to increase the
reactivity of the compound 1a by converting the amino
group to acetamide in order to accelerate the reaction of
aromatic nucleophilic substitution.12 Despite the fact that
pure aromatic tetraamines were obtained, for a number of
compounds posessing poor solubility carrying out acid
hydrolysis required a long time and high temperatures. All
this reduced the yield of diaminodinitroarenes.

We have developed an efficient two-stage synthesis of
high-purity polynuclear tetraamines in order to obtain new
PNBI and PPQ on their basis (Scheme 1). In this case,
both known tetraaminoarenes 4a,b and previously unde-
scribed monomers 4c¢,d have been synthesized. Due to a
presence of fluorine atoms the latter compounds are of
interest for the synthesis of PPQ with low dielectric per-
mittivity.>

Results and Discussion
As we have showed earlier,!3 ultrasonic activation

significantly accelerates the SyAr reaction. This approach
was used to produce polynuclear diaminodinitroarenes
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N, 17.38. CigHgN4O,. Calculated (%): C, 67.10; H, 5.57;
N, 17.34.

2,2-Bis[4-(3,4-diaminophenoxy)phenyl]hexafluoropropane
(4c¢). Yield 91%, m.p. 154—157 °C. Found: m/z 549.1713 [M + H|*.
Cy7Hy3F¢N,4O,. Calculated: 549.1726. '"H NMR (DMSO-dy), &:
4.37 (s, 4 H, (4-NH,),); 4.66 (s, 4 H, (3-NH,),); 6.14 (d.d, 2 H,
H(6’,6"), /= 1.6 Hz, J= 8.5 Hz); 6.28 (d, 2 H, H(2",2"), J =
= 1.5 Hz); 6.51 (d, 2 H, H(5",5"), / = 8.8 Hz); 6.92 (d, 4 H,
H@3’,37,5,5"), J = 8.5 Hz); 7.24 (d, 4 H, H(2",2",6",6"),
J = 8.4 Hz). F NMR (DMSO-dg), &: —63.49. Found (%):
C, 58.94; H, 3.98; N, 10.23. Cy;H,,F¢N4O,. Calculated (%):
C, 59.01; H, 4.01; N, 10.20.

2,2-Bis[4-(4,5-diamino-2- trifluoromethylphenoxy)phenyl]
hexafluoropropane (4d). Yield 89%, m.p. 232—235 °C. Found:
m/z685.1463 [M + H]". Cy9HyF3N40,. Calculated: 685.1474.
'"H NMR (DMSO-dy), 8: 4.76 (s, 4 H, (4-NH,),); 5.27 (s, 4 H,
(5-NH,),); 6.29 (s,2 H, H(6",6")); 6.85 (s, 2H, H(3",3")); 6.95
(d,4H,H(3",3",5',5"),/=8.5Hz);7.29(d,4H,H(2",2",6",6"),
J=8.5Hz). ”FNMR (DMSO-d), 8: —57.53, —63.46. Found (%):
C, 50.76; H, 2.89; N, 8.20. C,9H,(F,N40,. Calculated (%):
C, 50.80; H, 2.92; N, 8.18.

Synthesis of polynaphthoylenebenzimidazoles P1, P2 (general
procedure). A carefully stirred mixture of dianhydride of
1,3-bis(4,5-dicarboxynaphthalen-1-ylcarbonyl)benzene (5),
tetradiamine 4a or 4d, a mixture of benzimidazole and benzoic
acid, taken each 1 mmol, was loaded into high-pressure reactor
with volume of 22 mL. The reactor was purged with carbon di-
oxide to remove water vapors before the synthesis. Then it was
heated to a temperature of 90 °C in a thermostat with a program-
mable temperature controller. Stirring in the reactor was carried
out with a magnetic stirrer. The carbon dioxide was fed into the
reactor and the necessary pressure of 150 bar was created by
means of a piston generator (High Pressure Equipment Company,
USA). After the required conditions were created, the reactor
was held for 6 h. At the end of the reaction and cooling of the
system, stirring was switched off and the system was decom-
pressed. The resulting polymer was dissolved in NMP, then
precipitated with water, filtered, washed with ethanol, and dried
under vacuum for 10 h at 100 °C.

Synthesis of polyphenylquinoxalines P3, P4 (general proce-
dure). A thoroughly mixed mixture of 1,4-bis(phenylglyoxalyl)-
benzene (6), tetraamine 4a or 4d, taken 1 mmol each, and ethyl
or benzyl alcohol (1 mL) was charged into a 22 mL high-pressure
stainless steel reactor. The reactor was purged with carbon diox-
ide to remove water vapor before synthesis, and then heated to
50 °C. After conditioning, the reactor was held for 6 h at this
temperature. Formed polyphenylquinoxaline was then treated as
described above.

The work was financially supported by the Russian
Foundation for Basic Research (Project No 16-03-00119
and 16-53-52032 MNT_a) and the Ministry of Science
and Technology (Taiwan, R.O.C.) (Project MOST
105—2923-E—-006—003-MY3).

References

1. B. Sillion, Comprehensive Polymer Science, Vol. 5, Eds G. C.
Eastmond, A. Ledwith, S. Russo, P. Sigwalt, Pergamon Press,
Oxford, 1989, 499 pp.

2. P. M. Hergenrother, in Encyclopedia of Polymer Science and
Engineering, Vol. 13, Eds H. F. Mark, N. M. Bikales, C. G.
Overberger, G. Menges, J. I. Kroschwitz, Wiley, New York,
1988, p. 55.

3. G. Rabilloud, High Performance Polymers. 2. Polyquinoxalines
and Polyimides: Chemistry and Applications, Editions Technip,
Paris, 1999, 350 pp.

4. P. M. Lindley, B. A. Reinhardt, J. Polym. Sci., Part A: Polym.
Chem., 1991, 29, 1061.

5.H.J. Ni, J. G. Liu, S. Y. Yang, Chem. Lett., 2016, 45, 75.

.N. Li, S. Zhang, J. Liu, F. Zhang, Macromolecules, 2008, 41,
4165.

. H. Mao, S. Zhang, Polymer, 2014, 55, 102.

8. N. M. Belomoina, A. L. Rusanov, M. Bruma, Polym. Sci.,
Ser. C (Engl. Transl.), 2007, 49, 1426.

9. M. L. Keshtov, A. L. Rusanov, V. V. Kireev, A.A Kirillov,
S. V. Keshtova, F. W. Harris, Polym. Sci., Ser. B (Engl. Transl.),
2001, 43, 737.

10. E. P. Fokin, I. G. Sivakova, K. I. Matoshina, Izv. Sib. Otd.
Akad. Nauk SSSR, Ser. Khim. Nauk (Engl. Transl.), 1969,
3,92.

11. R. W. Thies, G. R. Collins, T. Sekin, C. K. Welborne, C. B.
Svendsen, A. A. Ross, S. D. Grimes, Macromolecules, 1992,
25, 1207.

12. A. N. Valyaeva, PhD Thesis, P. G. Demidov Yaroslavl State
University, Yaroslavl, 2013, 142 pp.

13. R. S. Begunov, A. N. Valyaeva, V. V. Belyaev, N. O.
Dobretsova, Russ. Chem. Bull., 2015, 64, 1971.

14. ). Wang, N. Li, F. Zhang, S. Zhang, J. Liu, Polymer, 2009,
50, 810.

15. E. Kiran, J. Supercrit. Fluids, 2016, 110, 126.

16. N. M. Belomoina, E. G. Bulycheva, L. N. Nikitin, V. G.
Vasilyev, 1. V. Elmanovich, M. Bruma, J. Supercrit. Fluids,
2016, 113, 66.

17. H. Zhang, X. Li, C. Zhao, T. Fu, Y. Shi, H. Na, J. Membr.
Sci., 2008, 308, 66.

18. S. Kohama, J. Gong, K. Kimura, S. Yamazaki, T. Uchida,
K. Shimamura, K. Kimura, Polymer, 2008, 49, 1783.

19. W. Huang, S. Qing, J. Yang, D. Yan, Chin. J. Polym. Sci.,
2008, 26, 121.

20. A. Kh. Kuptsov, G. N. Zhizhin, Fur’e KR- i Fur’e IK-spektry
polimerov | Fourier Raman and IR spectra of polymers],
Fizmatlit, Moscow, 2001, 656 pp.

. Infrared Absorption Spectroscopy, Ed. K. Nakanishi, Holden-
Day, San Francisco, 1962, 233 pp.

22. F. Gong, N. Li, S. Zhang, Polymer, 2009, 50, 6001.

23. W. Y. Wrasidlo, Polymer Preprints, 1971, 12, 755.

24.V. V. Korshak, A. L. Rusanov, A. M. Berlin, S. Kh. Fidler,
F. 1. Adyrkhaeva, Polym. Sci., Ser. A (Engl. Transl.), 1979,
21, 68.

25. E. S. Kronhaus, Polym. Sci., Ser. A (Engl. Transl.), 1984, 26, 227.

(=)}

N

2

—_

Received January 22, 2018;
in revised form February 27, 2018;
accepted April 12, 2018




“YTBEPK/AIO”

" BPHIO mipékeopa UHOC PAH

e YVCRALEY/YZ ®  2018r.

IKCHEPTHOE 3AK/IOYEHHUE O BO3MOKHOCTH OIIYBJIMKOBAHMUS

Pykosoautens-skcnept PenepanibHOro rocy1apcTBEHHOTO OIOIKETHOTO YUPEKICHU s
Hayku MHcTHTYTa anemeHTOOprannyeckux coenunernnid uMm. A.H.Hecmesnosa Poccuiickoit

aKaJIeMHH HayK, paccMoTpeB_cmambio 6 ycypnan Hieecmus AH, bezynosa P. C., Baiaesou

A.H., bawukuposoit A.A., Benomounou HM., byaviueeoit E.I'. «ddexTHBHBIH c1ocod

CHHTE3A NMOJUAICPHBIX TETPAAMHHOB — MOHOMEPOB /ISl ITOJIMIeTEPOoaApHJIeHOB»

MNOJATBEPIKIACT, YTO B MaTepHalle He coldepicamca CBEACHHS, IIPeJyCMOTPEHHBIE
Iloctanosnennem IlpaBurensctBa P® Nel233 ot 30.11.1994r. w Ha nybGaukanuio
MarepHana He ciedyem nonyuars paspemeine @PAHO uw/unu llpezudouyma PAH

3aKka0UYeHHe: CHAmba MONCem 0bimb ONYONUKOGAHA 8 OMKPLIMOL Heyamil, M.K. OHA He

cooepycum ceedeHUll, He HOOJeHCAUUX OMKDPIMOU NyOIUKAUNUU
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