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DIMERIC REDOX PRODUCTS FORMED FROM 
4-NITROPHENYLACETATE ION IN BASIC SOLUTION 
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(Receired in the UK 16 April 1969; Accepted for publication 5 May 1969) 

Abatraet-4-Nitrophenylacetic acid, whm dissolved in aqueous methanolic alkali, undergoes a redox- 
type dimerization leading to the formation of 4.4’~dioxaioazobenzene and the corresponding axoxy- 
compound. Structures are proven by interconversion and synthesis. The relative amounts of products are 
closely dependent upon solvent composition. 

THE formation of azo- and azoxybenzene derivatives from nitroaromatics under mild- 
ly reducing conditions has been known for many decades. ‘* ’ However, the ryPe of 
dimeric product can vary, not only with change of substituent in the aromatic ring, but 
also with relatively minor changes in the reaction conditions. Thus, in aqueous alkali, 
2nitrotoluene yields a salt of anthranilic acid 3.4 whereas, in the presence of diphenyl- 
amine in liquid ammonia, 2,2’-dinitrobibenzyl is formed.5 

With 4-nitrotoluene in methanolic alkali the reaction course alters, 4.4 - 
dinitrobibenzyl being accompanied by 4,4’-dinitrostilbene.6-* The precise nature of the 
product depends upon the presence or absence of aerial oxygen,9*‘o radical anions 
having been detected” as intermediates in this reaction. 
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The structure of II (R=CO l CO,Me) indicated by the above observations was 
cdirmed by synthesis as follows. The ethylene ketal of 4-nitroacetophenone was 
converted into 4,4’-diacetylazoxybenzene (II, R=CO *Me) by treatment with zinc 
dust in aqueous methanolic alkali followed by acid hydrolysis ofthe ketal. Oxidation 
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of the ketoMe group to the corresponding a-keto-carboxylic acid (using selenium 
dioxide in pyridine) I3 followed by esterification using methanol and sulphuric acid 
gave II (R=CO l CO,Me) identical in all respects with the product of esterification of 
the azoxy-component of the 4-nitrophenylacetate dimerization. 

The relative amounts of I and II (R=CO .CO,H) formed in the reaction varied 
with the composition of the solvent mixture. For pure water, the ratio I/II was 10; in 
75% methanol (by volume) the ratio was 0.1. In pure methanol, no reaction occurred. 
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This last observation is 
formation of IV from III 
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consistent with the prototropy necessitated in the redox 
and its precursors. as exemplified in the scheme: 

As the ratio of I/II varies with sohent composition, the disproportionation of IV’* l4 
and its reaction with III2*‘5 are presumably solvent dependent. 

EXPERIMENTAL 

Proton NMR spectra were recorded at 60 MHz using a Perkin-Elmer RlO spectrometer. Mass spectra 
were recorded on an AEI MS902 instrument. M.ps are uncorrected. 

Reaction of 4-nitrvphenylacetic acid with methanolic alkali 
To a soln of 4-nitrophenylacetic acid (2 g) in MeOH (20 ml) 2N NaOH (20 ml) was added. The red 

soln was heated on a water bath for 2+ hr and then left overnight at room temp. The orangeyellow ppt 
(I .48 g) was collected. dissolved in water, and the soln acidified (2N HCI). An orange acid (I. 12 g) was 
precipitated and showed IR absorption bands at 3517, 1718, and 1677 cm-‘. The mass spectrum 
indicated what appeared to be two products with molecular ions a1 m/e 326 and 342. 

Acid-catalysed esterffication of the orange acidtc material 

Cone H,SO, (0.3 ml) was added to a soln of the orange material (I.71 g) in MeOH (60 ml) and the 
soln heated under r&x for 90 min. ARer cooling it was poured into water. The ppt(l.6 1 g) was filtered 
off and crystallized from acetone. 
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TLC on silica (l/l. v/v; CHCl,/CCI,) revealed the presence of two compounds, a yellow material 
having R/ 0.2 and a red one, RY 0.25. The ester mixture was separated into its two components by 
preparative TIC using repeated development to give (a) 4,4’-dioxaloazo~benzene dimethyl ester (II. 

R=CO*CO$4e), yellow needles m.p. 182-183’. (Found: C, 58.1; H, 4.0; N, 7.7. C,sH,,NsO, 
requires: C, 58.4; H. 3.8; N. 7.6%); 1,, nm (E in CHCI,) 276 (ll,lOO), 351 (18,WO); v,,cm-’ 1730. 
1692, 1598, 1462, 1223, 1210; NMR (CDCl,) T 1.2-1.75 m I8H1, 5.93 s 16HI; mass spectrum (M+) 
Found: 370.0799. C,sH,,N,O, requires: 37OXt801; m/e (hi’) 370, (M‘ -0) 354, (M’ -CO,Me) 295. 
283,208, 196, 163, 135, 104,76 and(b) 4.4’~dioxalwzobenrene dimethyl ester (I. R =CO .CO,Me), red 
needles m.p. 207-208“. (Found: C. 61.0; H, 4.0; N. 7.7. C,,H,,N,06 requires: C, 61.0; H, 4.0; N. 
7.9%); 1,, nm (E in CHCI,). 341 (35,600). 474 (950); v,, cm-’ 1732,1679,15%, 1202; NMR (CDCI,) 
r 1.61. 1.78 (AB quartet. J,,=9.6 c/s) iSHi, 5.96 s [6Hl; mass spectrum (M’) Found 354.0848. 
C,,H,,N,O( requires: 354.0852, m/e (M’) 354,309, (M’ -CO,Me) 295.267.208, 163, 135, 120, 104. 
76. 

Ester@ation of the acid mixture using di~vclohe.~lcarbodiimide 

To a saturated soln of tbc acid mixture in dioxan (50 ml) MeOH (10 ml) dicyclohexylcarbodiimide 
(I g) was added; the resulting suspension was heated overnight on a steam bath. After cooling the mixture 
was filtered and the solvent removed in racuo. Chromatography of the chloroform-soluble residue on 
silica plates (CHCI,/CCl,: l/l. v/v) showed the presence of I (R=CO*CO,Me) and II 
(R=CO*CO,Me). 

Variation in composition of the reaction product with change in the reuction medium 

Aliquots of 4-nitrophcnylacetic acid (2 g) were heated for 2+ hr on a steam bath with a constant 
quantity of NaOH in solns of varying MeOH/water content. The precipitated Na salts were converted 
into the acid mixture and esterified with MeOH/HzSO,. The ratio of I (R=CO*CO,Me) to II 
(R = CO * CO,Me) was determined spcctrophotometrically using chloroform solutions, the former 
absorbing at 341 nm and the latter at 276 nm. The results are given in the accompanying Table. 

TABLE. VARIATION IN PRODUCT RA~O wnn s0~vm-r cohrmsmoN 

Vol. 2N NaOH 
used (ml) 

Vol. H,O 
used (ml) 

Vol. MeOH 
used (ml) 

wt. of mixed 
salts obtained 

(9) 

% (II, R=CO.CO,Me) 
in ester mixture 

20 20 - 1.23 10 
20 10 10 . 1.39 51 
20 - 20 1.12 81 
l 10 - 30 0.39 91 
0.92 g sodium in 40 - - 

* 4N NaOH . 

4,4’-Dkmboxyazoxybense (II, R = CO,H) was prepared by the method of Reid and Pritchett” in 
45% yield, and recrystallized from dimethylformamide, m.p. >360’. (Found: C, 58.75; H. 3.5; N, 9.9. 
Calc. for C,,H,&O,: C, 58.7; H, 3.5; N, 9.8%); v_ cm-’ 2665,2550,1692,1292; 1, nm (e in 0. IN 
NaOH) 262 (10,2tXi~ 334 (17,790) NMR (in d6-DMSO) r 154, 1.74 (AB quartet J, = 9.3 C/S) 14HI 
I.70 s 14Hj; mass spectrum m/e, (M’) 286, 270, 258, 149, 121, 109, 93, 76.65. 

4,4’-Dicarboquzobenzene (I. R=CO,H) was prepared by the method of Reid and Pritchett” in 45% 
yield, and recrystallized from dimethylformamide. m.p. >360’. (Found: C, 61.8; H, 3.9; N, 10.5. 
Calc. for C,,H,,N,O,: C, 62.2; H, 3.7; N, 10.4%); v_ cm-’ 2670, 2550, 1684, 1295; 1, nm (e in 
O.lN NaOH) 233 (I 1,900), 332 (25,800). 435 (1.250); NMR (in d’-DMSO) r 1.62, I.78 (AB quartet 
J,,=9.3 c/s) 18~1; mass spectrum m/e (M’) 270, 149, 121, 104, 93, 76, 65. 

Peroxide oxidatfon of II (R = CO - CO,H) using hydrogen peroxide 

The salt (727 mg) from the reaction between 4-nitrophenylacetic acid and MeOH/4N NaOH (see 
Table above) was dissolved in water and the acid precipitated with 2N HCI. The ppt was dissolved in 
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