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Abstract-This pap deals with the oxidation of 4-amino-axobcnxnc. Mono-oxidation leads to the 

amine oxide, the structure of which is demomlratcd. II is concluded that oxygen adds first to the 
nitrogen atom with tk grcatcr clcctron dcmlty. l.c. rhc mtrogcn of rhc dimcthylamino group, and 
rhc second oxygen adds to the a70 nitrogen remote from the substituted phcnyl group. 

Trw position of the first proton in 4-amino-azob-enzene derivatives has been long 
discussed, mainly because of the diniculty to locate the protonated forms existing in 
solution. It has been assumed that the deepening colour in weakly acidic solution, 
and the correlated bathochromic shift in the absorption spectra, is due to the formation 
of an azonium ion and to the contributing resonance structures. 

Rogers er al.’ have studied the primary and secondary ionisation constants of 
4’-substituted 4dimcthylamino-azobnzcncs, Thcsc compounds add a proton in 
dilute acid and a second in strong acidic solutions. The values of pK, measured 
spcctrophotomctrically, provide cvidcncc that the first proton is added to an azo 
nitrogen atom (form. I) and the second to the dimethylamino nitrogen atom. 
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Badger er 01.~ have evaluated the primary ionisation constants of 4-amino- 
azobcnzcne and of a number of N-substituted derivatives, and assume that ammonium 
and azonium forms are in equilibrium in solution, the relative intensities of the 

Q(500&5400 A) and K’(3200 A> bands giving the approximate proportions of the two 
tautomers present. 

Klotz er ~1.~ have determined the acidity constants of a number of rclatcd substi- 
tuted azobenzenes, together with some pdimethylamino-phenylazo-pyridines. The 
results support a structure of the type (II). In aqueous solution the uptake of protons 
leads to a bcnzenoid rather than a quinonoid structure and the relative basicitics of the 
possible competing groups lie in the order: 0 > pyridinc N > -N(CH,), :, 
-N N-. 

Miller er al.’ investigated the absorption spectra of cthanolic and acid-cthanolic 
solutions of a number of derivatives of 4-amino-azobcnzcnc. Their data arc in agrec- 
mcnt with the results of Hantzschb and Badger,2 indicating that the first proton can be 

t M. T. Rogers. ‘I’. W. Campbell and R. W. Maalman. J. Amer. Chem. Sot. 73, 5122 (1951). 
* G. X4. Hadgcr. R. G. Buttery and G. E. Lewis. /. Chrm. Sot. I (1954). 
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’ G. C~lcnro. E. G. Miller and J. A. .Wtlkr. /. Amer. Chcm. Ser. 78. 1718 (1956). 
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added to either the a-azo-nitrogen or the amino nitrogen to give a mixture of tauto- 
merit forms. The work of Miller was recently confirmed and explained quantitatively 
by Pullman and Pullman.6 

Sawicki’ maintained as azonium form the tautomer (III). first suggested by 

?.I N 

Sheppard* and rejected by Rogers,’ whilst JalI? suggested a symmetrical structure 
of the protonated form of the azo group (form IV). 

The problem of the relative basicity of the nitrogen atoms in basic unsymmetrical 
azocompounds has been approachedlO with particular respect to the heterocyclic 
unsymmetrical azocompounds, on the basis of some analogies between N-oxidation 
and N-protonation. The most easily protonatcd nitrogen. and therefore the nitrogen 
first protonated in dilute acidic solutions, is the most basic one, with the greater 
electron density, the lone pair of electrons beins easily available, arc shared to give a 
co-ordinate bond with the proton. Similarly, in the N-oxidation, the same pair of 
electrons on the nitrogen atom will bc involved and the extent of availability of the 
paired electrons will bc responsible for the addition of the oxygen atom. On the other 
hand, the basicity of a nitrogen atom depends on the relative stability of the cation 
formed by the proton addition; resonance stabilisation is frequently of the same order 
of importance as clcctron density in determining their stability. However, the electron 
density on the nitrogen atoms is a determining factor of the oxygen position and rate 
control of oxidation. Consequently, sufficient dilTcrcncc among basic nitrogen atoms 
leads to only one oxidatc form, where protonisation often leads to an equilibrium 
between two forms. 

It has been shown, in phenylazo-pyridines and quinolincs, that the mono- 
oxidation goes toward the nitrogen with highest electron density, to which the first 
proton adds; thus in the 4phcnylazo-dcrivativcs the first oxygen atom goes to the 
pyridinc nitrogen, to which the first proton adds. In the further oxidation the sL%ond 

0 

oxygen atom adds to the azo nitrogen farthest from the hetcrocyclic nucleus ((L posi- 
tion), presumably the same azo nitrogen to which the second oxygen adds. 

Whereas in the case of the Cphenylazo-pyridinc there is no doubt about the 

* A. Pullman and R. Pullman. C.R. Arod. See.. Paris 243, 1322 (lYS6). 
’ E. Sawcki. 1. Org. Chem. 22. 365 (1957). 
l S. Ii. Sheppard and P. T. Ncwsomc. /. Amer. Chrm. Sot. 6% 2937 (1942). 
* II. H. JaffC and R. W. Gnrdncr. /. Amer. Chcm. SM. 80. 319 (1958). 

I@ M. Colonna. A. Riullrl and L. Pcntimalli. Garz. Chim. Irol. 86, 1067 (1956). 
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position of the first proton, and consequently of the first oxygen, the position of the 
first proton in p-dimethylamino-azobenzcne is not known for certain from previous 
work. 

cIY, N..N 

(Y) (VI) (VT!) 

On the basis of the above assumptions, in the mono-oxidation of Butter Yellow, 
the a-azoxy (V) and the amino oxide (VII) arc the most probable structures. 

The structure (VI) seems unlikely, on the basis of Kogcrs’considcrations, supported 
afterward by Badger et al., 2 who rule out the form (111) protonatcd on the azo nitrogen 

closest to the substituted phcnyl group. While in the unsubstitutcd azobcnzcne the two 

nitrogens arc equivalent. the presence of the dimcthylamino grouping inpara position, 
with its ‘: I and ;.M effect. gives rise to an electronic conjugation producing an 

increase of the negative charge on the nitrogen farthest from 
Both the azoxy compounds (V) and (VI) arc reported in 

the amino group. 
literature.” The single 

structure of the two tautomer isomers has been established by Anderson” on the basis 

of their properties, as stability and absorption curves (Fig. I). 
Mono-oxidation of 4-dimcthylamino-azobcnzcne leads almost exclusively to the 

N-oxide on the amino nitrogen (VII), the structure of which has been unequivocally 
demonstrated. 

This result is not surprising and it is in agreement with the acidity constant values 
reported by Klotz rf al. 3 From the conjugation scheme (VIII) it would seem that the 

presence of the dimethylamino group should result in a higher basicity for the z-azo 
nitrogen with respect to the amino nitrogen. Actually, bccausc of the reciprocal effect 
bctwcen the two substitucnts. -N(CH,), and -N --N--, the azo group does become 
more basic than it is in the unsubstituted azobenzcne, while the dimethylamino group 
bccomcs less basic with regard to the unsubstituted dimethylanilinc; the relative 
basicity will be still higher for the dimethylamino group which will be thereby oxidiscd, 
and protonatcd, first. 

l-AH1 F I. AcrrmY CoNslAh-ls. pKu. A? 2s c 
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‘I W. Anderson. 1. Chrm. Sot. 1122 (1952). 
I* C. K. Ingold. .Strvcturr and Mrrhanirm in Orpnic Chrmirrry p. 746. Cornell Lnlverstly Press. New York 

(1953); thr hlghcr value has been reportal by W. C. Davies and H. W. Addi,, 1. Chrm. Ser. 1622 (1937). 
the lower value by (i. Thompwn. J. Chcm. SOC. 1 I12 (1946). 
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The observed vaIuc of the second acidity constant for the 4_dimcrhyIamino-a7obcnrfnc 
referring to the azogroup, is Iovvcr than that of the unsubstitut~d azobcnzcne, due to 
the --I effect of the protonated amino group. 

U-N 

--- . 
-‘-’ I ----T 

. . . . . . . . . * 1 _f_*_. 

I 

Evidence for the structure assigned to the amino-oxide azo (VII) is provided by the 
following facts: 

(a) Analytical data correspond to the formula C,PH,,N,O, with one more oxygen 
atom than the ~~imethylamino-azo~nzene; 

(b) The intense orange colour is favourablc to the ato structure, the azoxy 
compounds Mng markedly less coloured ; 

(c) The compound is different from the a- and &tzoxy compounds described by 
Anderson,” as to coiour, crystat form, solubility and absorption spectrum; 

(d) The features of the absorption curve are in agreement with the assigned 
structure. The values of i.,, and related absorption intensities ofpdimcthylamino- 
azobcnzcnc and related oxidation derivatives arc collected in Table 2. 

AII of the azocompounds show an absorption band (R band) at about 440 rnp, with 
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Azhcnzcnc 
Azoxy-bcnrmc trans 
p-Dlmcthylamrno-;rrobenzene 

p-Dlmcthylamlno-azobenlrne 

(rnethiodidc)” 

z-Aroxy (V) 

;LAzoxy (VI) 

Amino-oxldc-a70 (VII) 

Amino-oxide-z-azoxy (X) 

318 (4.32) 440 (2.73) 
322 (4.19) _ 

4 IO (444) 

3 I9 (4.23) 443 (2.73) 

410 (4.55) -_. 

394 (4.49) 

318 (4.28) 435 (2.78) 

321 (4.1X) - 

low intensity (log F about 2.73). rcgardcd as characteristic for the azo group (Fig. 2); 
this band is undoubtedly also present in the spectrum of the pdimcthylamino- 
azobenzcnc but it is hidden by the broad band in the same region, with A,,,, at 410 

l-l 
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xv 

FIO. 2. 

I’ A. Pongratz. G. Markgraf and E. Mayer-Pltsch, &r. Drrch. Chrm. Grs. 71, 1293 (1~38). 
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m/r. With the azoxy-compounds, where the N .. N .- group is rcplaccd by the 
azoxy group, such a band does not appear and it is doubtless absent also for the 
z- and $- Butter Yellow azoxy derivatives, wherein the corrcsp~)nding region is 
covcrod by the broad conjugation band of the dimethylamino grouping. Evidence 

-: 

1. - -Lb 1 - .‘ . 

2!Kl 300 x50 400 4% MO 550 
A v 

FK;. 3. 

for this is provided by the spectra of the azoxybenzene and of the pdimcthylamino- 
azoxybenzcncs amino-oxides (IX) and (X), showing no absorption beyond 400 rnp 
(Fig. 4). 

The peak at 435 m/c with a low intensity value, log F: 2.78, for the oxidation 
compound with suggested structure (VII), indicates clearly the occurence of the 
--N :- N group. 

The amino oxide structure is also supported by the disappearance of the broad 
intense absorption band at I.,,,, about 410 rnp, associated with the conjugation of 
the substitucnt. This is shown by the comparison of the values collected in Table 3: 
the spectrum of the amino-oxide azo is practically identical to that of the methiodide 
and thcrcforc identical to that of the unsubstituted azobenzcne (Figs. I and 3). 



Hcscarchr~ on the aromatic arocompounds 

TABLE: 3. i.,,, (m/r) ANI) l!awsm~_~ (log t) OF ABSORPTION SPECTRA IN TTIiANOI. 

33 

Azohcnrcne 229 (4.1 I) 318 (4.32) 440 (2.73) 

p-Dtmcthylamino- (mcthiodidc) ; . . . 3 I9 (4.32) 443 (2.73) 

p-I~imcthylamino ammo ox& 229 (4.05) 318 (4.28) 435 (2.78) 

The conclusion that the first oxygen, in p-dimethylamino-a/obenzenc. goes to the 
amino nitrogen is consistent with the results reported by Klotz er al., who attribute 
to the amino group the primary ionisation constant. The question of the absorption 
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spectra of amino-azobcnzcnes in weakly acidic solution, however, is not readily 
resolved. It has been seen, from the resonance structure (VIII), that the effect of 
conjugation between the amino group and the azo group is to increase the basicity 
of the latter at the expense of the basicity of the former. The deep red colour and the 
strong spectroscopic absorption of the acidic solutions can be explained by the 
cxistcncc of two tautomcric forms, ammonium and azonium, prcscnt in equilibrium. 
as maintained by cited authors. 

. ._ 
1 

I 
- ._ _ . 1 : 

450 500 550 

Xv 



Another fcaturc apparently inconsistent vvith results is the structure assigned by 
Angeli” to the bis-oxidation product ofp-dimethylamino-azobenzcnc. By oxidation of 
Butter Yellow by cxccss pcracelic acid an amino-oxide azoxy is obtained to which 
Angcli assigned the structure (IX). Among the possible mono-oxidation products, 
an amino-oxide $-azoxy can bc obtained only through the P-azoxy (VI), which by 
oxidation can give only the corresponding amino oxide (IX). As the mono-oxidation 

0 c 0 

x 

furnishes the N-oxide at the amino group, (VII), that is the primary oxidation step, 
even in the bis-oxidation, and through it, by further oxidation, one can obtain only 
the amino oxide z-azoxy (X). Indeed, of the two azo nitrogen atoms in the azo amino 
oxide (VII), the ti nitrogen becomes positively charged, owing to the I effect of the 
substituent, and will have less tendency to bind the oxygen atom, which takes up the 

free electron pair on the x nitrogen atom. 

C&N-N- ( 
*: $__NI/c+’ 

L-n t ‘.c-c, 
0 

To explain this the p-dimethylamino-azoxy compounds described by Anderson 

have been prepared. Additional evidence that the structures assigned to the azoxy 
isomers are correct was obtained by the action of bromine. The 11 isomer undergoes 
smooth bromination while the r isomer under the same conditions does not react. 
By oxidation of the z isomer with peracetic acid a product was obtained which was 

P’, 
c& N=N J 

;7, 

d, 

‘h N; 
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(, 

P._/ A 

- -/ ‘c y 

identical with the amino oxide azoxy prepared from Butter Yellow by oxidation with 
an excess of peracetic acid. 

By oxidation of the @ azoxy (VI) a bis-N-oxide was obtained, having properties 
diffcrcnt from those of the bis-oxidation product of Butter Yellow. The assigned 

I’ A. Angeli. Rmd. kc-ad. Linctf 24 1190 (IY 15); C;n:z Chim. Ifal. 46, 94 (1916). 
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structure of amino oxide d azoxy (IX) is therefore correct. The absorption spectra 
{Fig. 5) arc very similar for the two bis-N-oxides, owing to the analogous structures 
and the lack of different conjugation forms. 

Hence, in 4-dimethylamino-azobenzene the nitrogen atom with higher electron 
density is the amino nitrogen and for the bis-oxidation compound the structure 
of x-azoxy amino oxide is correct. 

- 

FIG. 5. 

EXPERIMENTAL 

pDimethyIamino-azobenzene amino-oxide (WI) 

To a cold solution of ~-dimcthyIamino-a~o~nzene (10 g, 1 mole) in chloroform 
(I 5 ml) a cotd solution of perbenzoic acid (6 I2 g, 1 molt) was added dropwise. After 
standing overnight the peracid had disappeared, the solvent was evaporated and the 
residuestirred for 1 hr with sodium carbonate solution (200 ml) filtered and washed 
with water. The orange yellow crystals were air dried, washed with ether and dried 
over P,O, in racw; yield, m.p. 123-I 25”. 11 g. Long orange prisms (dioxane), dried 
for 
for 

24 hr in LWCUO over P,O,, yield 9.8 g, m.p. 126127’. (Found: N, 17.36; Calc. 
C,,H,,N,O : N, 17.42%). 



ix- and i~-p-dinteth?.lantino-a:(~.~.~,h~~n~enf~.~ (V and VI) 

The isomcric p-dimethylamino-azoxybcnzencs were prepared by condensation of 
phenylhydroxylaminc with nitroso-dimcthylaniline.ll 

T hc 11 isomer (VI). m.p. 122’ (I g) in chloroform (20 ml) was added to a solution 
of bromine (1 ml) in chloroform (7 ml); after 4 hr in the refrigerator crystals 
separated. These wcrc filtered. stirred with sodium carbonate solution, washed with 
water and dried. Orange yellow plates (ethanol), of brominated azoxy compound, 
wcrc’ obtained. (Found: N. 13.20; Calc. for C,,H,,Br.“l,O : 13.121);)). 

The z isomer (V). under the same conditions, was recovered unchanged. 

p-I)ir,leril~.lar)lino-z-a:o.n,-hen=encI amino oxide (X) 

(a) his-Oxidation o_f the Butter Yellow,. To a lint suspension of p-dimcthylamino- 
azobcnzcne (10 g) in glacial acetic acid (75 ml), 36:‘;; hydrogen peroxide (50 ml) was 
added and the mixture heated at 40“ for 48 hr until the purple colour became orange- 
yellow. To the cooled solution, diluted with an equal volume of \\atcr, a great excess 

(ca. 400 ml) of dilute (I : IO) H,SO, was added, by cooling in ice. The sulphatc of the 
azoxy-amino-oxide separated as bright orange leaves. After 6 hr in ice the sulphatc 
was filtcrcd, suspcndcd in little water and stirred for 30 min with sodium carbonate 
solution (200 ml). The crude compound, yellow leaves, (IO g) gave pale yellow prisms 
(dioxane), m.p. 125-126”. after 3 days over P,O, in rucuo. (Found: N, 16.30. Calc. 

for C,,H,,N,02 : N, l6*33”,,). 
(b) Oxidation of the p-~finlerh?.lamino-cI-a:o,~~.-hen=ene (V). To a deep green 

solution of z-azoxy compound (0.3 g) in glacial acetic acid (IO ml) 361,, hydrogen 
peroxide (I ml) was added, and heated at 40” for 24 hr. A citron yellow solution 
resulted which was ncutraliscd with sodium hydroxide and extracted with chloroform. 
The solvent was evaporated and the residue. washed with benzene and dried in t’acuo 

over P,O,, melted at I I8 123”. The crude compound was poured onto an alumina 

column in dioxanc. The upper broad yellow band gave an yellow product, m.p. 
I25 -126” (dried over PZO, in r~acuo), identical with the above p-dimethylamino-z- 
azoxybcnzene amino oxide, as shown by mixed m.p. and the U.V. spectra. (Found: 
N, 16.40. Calc. for CI,H,,N,O, : N. 16*33”,,). 

(,c) Osidu:ion of rhe p-~~ir~fellt.~~lanrirro-a:ohen=c~rte amino oxide (VII). To a 
suspension of the azocompound amino oxide (2 g) in glacial acetic acid (20 ml), 36’:,, 
hydrogen proxidc (2 ml) were added and the mixture heated at 40” for 48 hr. The 
resulting yellow solution was neutraliscd with sodium hydroxide and extracted with 

chloroform. The solvent was evaporated to give an yellow residue which was 
recrystalliscd from dioxanc in pale yellow prisms, m.p. 126 127” (dried for 3 days 
over P&, in racuo), identical with the ahovc a-azoxy-amino-oxide compound. 

(F’ound: N, 16-51; Calc. for C,,H,,K,O, : N. 16*33”,,). 

p- I~if~rc~llr~~lunrino-~~-a~o,r~~hen~c~ne amino oxi& (IX). Oxidalion of the ;~-UZO.VJ’ 

i.somc*r (VI). 

To a solution of p-dimcthylamino-/?-azoxybcnzenc (2 g) in glacial acetic acid 
(20 ml), 36”” hydrogen peroxide (2 ml), were added and the mixture heated at 40” 
for 24 hr. The resulting orange solution was ncutraliscd with sodium hydroxide and 

extracted with chloroform. The solvent was evaporated to givs brown crystals which 
were washed with little kn/cnc and rccrystallised from dioxanc in yellow needles, 
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m.p. I 17. I IV, of p-dimethylamino-,3-azoxy-bcnzcne amino oxide, not identical with 

the isomer r-azoxy amino oxide, as shown by the physical aspect and m.p. (Found: 

N, 1644. Calc. for C,,H,SN,O, : N, 16*33”,,). 

C’ilra-i.iok~f-l,isihle absorption spectra 

‘I’hc absorption spectra were dctcrmincd in 95:” ethanol with a Beckman Model 
DIJ Quartz spcctrophotomctcr. 
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