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Summary

Azoxyarylene compounds can be qtitively formed by oxidative cupling of N-
arylhydroxyamines in the presence of apper-pyridinecatalyst and aixygen. This new
method was tilized to synthesize a poly(axy arylene). Polymeb obtained has a weight
average molecular weight 6f500 and a number averageletular weight o#,400.

Introduction

Copperamine catalysts have been extensively used in theufaeture of the important
engineering plastic pgoxy-2,6-dmethyl1,4-phenylene) RPO).(1,2) This catalyst
system has also been used in the synthesis of polydisyl8e®spoly(azo arylene)s,(6,7)
and polyacetylene@) The mechanismfor the oxicative ®upling reaction has been
recently revistd.(9-11) Herein, we wish to report a new @tide ®upling reaction
catalyzed by aapper-pyridinecatalyst in the presence ofodiygen, mmely the oxidative
coupling of N-arylhydroxiamines tadform azoxyarylene compounds.

Experimental Section

'H-NMR and “C-NMR were performed on a Varian Unity 300 NMR instrument. GPC
analysis was performed using Phenomenex Phenogel columns and a Beckman 160 UV
detecor. THF was used as the eluent and polystyrenes were used as stafidanaéstal
analyses were performed by Desert Atia; Tuc®n, Arizona.

Nitrobenzene, hydrzine nonohydate, 2,2'-isopropylidene-bisphenol (bis-phenol
A, BPA), 4-fluoronitrobenzene, pyridine, CuCl, and 5% Rh/C were purchased from
commercial eurces and used as received. N-Phaygfdoxylamine la was prepared
according to a literature procedure(12). The  pre@on of N-(4-
phenoxyphenyl)hydroxgmine 1b has also been reported previously (13), as has the
synthesis of the bis-p-nitrophenyl ether of bis-phengl £4)

Synthesis of Azoxybenz&tse
A 25 mL three neck round bottom flask equipped with a condenser, eetiagtirrer and
an dioxygen itet was charged witB.05g of CuCl (0.5 mmol) and 5.0 mL of pyridine. The
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mixture was vigorously stirred for 15 min with dioxygen bubblingdily into the reaction
mixture. Then, 1.0 g (9.2 mmol) of N-phenylhydréxyine la dissolved in 5.0 mL of
pyridine was added to thesaction mixture in ongportion. The eaction temperature
increased immediately by ®. The resulting mixture was stirred for 30 min and then
poured into 100 mL of ater to precipitate out thproduct, which was dlected by
filtration. The product was rectgdlized from ethanol and dried at rootemperature
under vacuum for 48 h, 0.87 g of greezllgw crystal was obtained. Yield, 96 %. M. p.:
33-35C (lit.(15) 35 - 6°C). FT-IR (KBr): 1470 crii ( -N=N(O)- ).

Synthesis of Azoxy-bis(4-phenoxybenzghe)

The synthesis was carried as described above. The amount of N-(4-phenoxyphenyl)hydr-
oxylamine 1b used was 2.0 g and 1.62 g of azoxy-bis(4-phenoxybenzene) wainenb

after recrystallizatiorfrom ethanol. Yeld: 85 %. M. p.:88-90°C. ‘H-NMR (CDCI,, 300

MHz): & (ppm), 8.27 (t, 4H), 7.42 (m, 4H), 7.20 (m, 2H), 7.06 (m, 8EJ-NMR
(CDCL): & (ppm), 160.4, 158.3, 156.1, 143.1, 139.4, 130.1, 129.9, 127.7, 124.5, 124.1,
124.0, 119.9, 119.7, 117.9, 117.6, 11E@mental analysi¢®): Cald.: C, 75.38; H, 4.74;

N, 7.33; Found: C, 75.32; H, 4.56; N, 7.51. M8/%): 382 (M). FT-IR (KBr): 1467 cm

" (-N=N(O)-).

Polymerization reaction.

A 100 mL three neck round bottom flask equipped with a condenser and atroaginrer
was charged with 0.1 g of 5 % Rh/C, 5.0 g (0.011 molB,0hnd 25 mL of THF. The
reaction flask was placed in an ice water bath A2dg of hydazine nonohydate was
added dropwise over 10 min. After stirring at rotemperaturdor 2h, the mixture is dried
with anhydrous sodium saife and filtered. The solution is concentrated lloud 5 mL
and immediately added to theopper-pyridine catalyst system. Theopper-pyridine
system wagormed by 0.20 g of CuC and 25 mL of pyridine with dioxygen bubbled in
directly. The reaction temperature increased immediately t§. 9he resulting mixture
was stirred for 1 h and then poured into 200 mimethanol containing 5 mL of conc. HCI
solution to precipitate out theroduct, which was dlected by filtraton. The powder was
collected by filtration angburified once more by dissolving in 30 mL of chloroform and
precipitate oufrom methanol. Yield, 86 %.H-NMR (CDCI,, 300 MHz): & (ppm), 8.27
(d, 4H), 7.26 (m, 4H), 7.04 (m, 8H). FT-IR (KBr): 1462 t(N=N(O)- ).

Results and Discussion

Oxidative oupling reaction of N-arylhydsgylamines.

The oxidative oupling reaction of N-arylydroxylamine toform azoxyarylene compounds

in the presence of a copper-pyridinatalyst and daixygen is a fasteacton. Once the
reactant was added to the catalytic system, the intensive green color dutoto#teon of
copper(ll)pyridine complex disappear@dmediately and temperature increased 1y°C.

As the reactiomproceeded, the reaction mixture became green in color again and remained
stable. After stirring at roortemperaturdor 30 min, the eaction mixture wapoured into

water to precipitate out crystalline @@ compounds. The products weretaibed in
quantitative yields.
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(1)

It should be pointed out that the startimgiterials, N-anflydroxylamines, do not
necessarily have to be isolated gnulified. They can be used datly in the solution after
the reduction of the precursor nitrocompounds simpliltsring off the catalyst.

Poly(azoxy arylene)s by oxidativeupling reaction of N-arylhydpo/lamines.

Encouraged by the above results, we set out to synthespoly(amxy arylene) by this
novel oxidative oupling reacon. A number of azoxy group-ctaaning aromatic
polyesters have been reported to exhibit liquid crystalline behélé) Poly(azoxy
arylene ether)s have been previously synthesized by aopidie substitution reaction
and their propéies have been briefly studi€17)

oo Do

3
NHoNHH>O CHs
0,
5% Rh/C - Ho-N—@—CO—@—H—OH
THF H CHy
4

CuCl, Pyridine, O» CHs Q
) (0] (0] N=N
CH3 n

5
(2)

By the present oxidativeoapling reacon, polymer5 was obtained in high yield
starting from the bis-nitro compound 3 without thdasion of the intermediaté. The bis-
nitro compound3 was simply prepared from BPA and 4-fluoronitrobenzengN in the
presence of anhydrous potassium caabenfollowed by recrystallizatiolnom ethanol.(14)
The reduction to the bishydrobymine derivativet was carried out in THF using hydrine
monohydate in the presence of Rh/C catalyst. At the end of adine eaction mixture
was filtered and concentrated. The resulting solution was added twpipereyridine
solution in one portion with the bubbling of dioxygen. The polyragion bok pace
immediately as evidenced by the color change. The solution was stirredormat
temperaturdor 60 min and poured into 150 mL ofethanol containing 5 mL of conc. HCI
solution to precipitate the polymer which was collected by fiiratiThe polymer had a
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weight average molecular weight 6f500 and a number average lecular weight of
4,400.

N,N'-Dihydroxyl-1,4-phenylengdmine, which can be recrystallizedrom
cyclohexane/methylene chloride, failed farm polymer in theseeaction onditions.
Oxidation of this compound forms reddish low lewular weight material. This behavior
has also been observed for thdempted oxidative aupling of 1,4-phenylenéamine
which also failed to yield high molecular weight poly(azo phenyléne 1,2-
Phenylenediamine has beempaeed to formcis,cismucononitile in the presence of a
copper-pyridine catalyst and  dixygen.(18) Bcause N,N'-diydroxyl-1,4-
phenylenediamine has a much lower oxidation potential fthdsphenylenedmine and
1,2-phenyleneédmine, it is not grprising that high mlecular weight polymers could not
be obtained.

Acknowledgment

Major financial sipport was provided by the U. S. Army Researcho®fivith additional
contributions from the BMP program funded by ONR.

References

# Present address: Inraiive Membrane Systems, Praxair Ind89 Dean Seet,
Norwood, MA, 02062

Hay AS, Blanchard HS, Endres GF, Eustance JW (1959) J Am Chem Soc 81: 6335.

Hay AS (1962) J Polym Sci 58: 581.

Hay AS (1966) US&ent3294760.

Ding Y, Hay AS (1996) Macronhecules 296386.

Ding Y, Hay AS (1997) Polymer 38: 2239.

Bach HC, Black WE1967) J Polym Sci C 22: 799.

Kuo T, Hall HK(1987) Synth Met 22: 115.

Hay AS (1960) J Org Chem 25: 637.

Baesjou PJ, Driessen, WL, Challa, G, Reedif®9) Macromtecules 32270.

10. Baesjou PJ, Driessen, WL, &lla, G, Reedij1997) J Am Chem Soc 119: 12590.

11. Baesjou PJ, Driessen, WL, dllla, G, Reedij1998) J Mol Gital A153: 293.

12. Oxley PW, Adger BM, Sasse MJ, Forth MA (1988) Org Synth 67: 187.

13. Ding Y, Padias AB, &ll HK (1999) J Polym Sci Polym Chem Ed (in press).

14. Pecec V, Okita §1993) J Polym Sci Polym Chem Ed 31: 923.

15. Sakaue S,Tsubakino T, Nishiga Y, Ishii Y(1993) J Org Chem 58: 3633.

16. Blumgein A, Vilsagar S, Ponarathnam SpGgh SB, Blumiein RB, Maret G (1982) J
Polym Sci Polym Phys Ed 20: 877.

17. Mohanty DK, Bhatnagar A, Schroder A (1997) Polymtét Sci Eng 76393.

18. Kajimoto T, Takahashi H, Tsuji(1976) J Org Chem 41: 1389.

©CooNoOh~wWNE



