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Since Wncke showed in 1804 that the product of the action 

of phenylhydrazlne on 4-naphthaquinone Is Identical with the 

product of coupling +naphthol with diazotlzed anlllne, exten- 

sive work has been carried out1v2 on azophenol-quinone hydra- 

zone taut cmerl sm. Chemical reactions, such as methylation 

and Diels-Alder addition, and physical methods, such as acid 

dissoclatlon constants, W and IR spectroscopy, have b&en 

employed. As Zolllnger has stated’ , physico-chemical methods 

can in principle show which side of the azo-hydrazone equili- 

brium is favoured under given conditions, *but to date no 

exact determination of the position of such an equlllbrlum 

has been possible:’ The broad conclusions of UV spectroscopy 

are that the tautaneric equilibrium, which is solvent-dependent, 

Is Increasingly In favour of the hydrazone form In passing 

f’raa phenols to naphthols and to anthrols3. Prom IR spectra, 

Radii4 concluded that the azophenols are true azo caapounds 

and the azonaphthols are mixtures of tautomerlc forms or pure 

hydrazones. 

We have now examined the NMR spectra of azo compounds, 

and have used the deshieldlng effect of the azo group on the 

QK&Q and/or & protons ?or the identification of the two 
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,Soms; further, the lack of arcmatlc character in one of the 

rings of the hydrazone form results in diamagnetic shifts of 

Its protons as compared with those of the azophenol form. 

In the region 2.0 to 2.3 (chemical shifts on the 1 scale; 

CC14 as solvent unless otherwlso stated), where the m 

protons of _tregg-azobenzene absorba, aniline does not show 

any absorption. The appearance of multlplet absorption8 in 

the region 1.9 to 2.4 representing three protons in the 

spectra of 2-hydroxy-S-methylazobenzene and its 4’-methom 

and 4’-nltro derivatives show that all three collpounds exlst 

in the hydroxyazo form. The spectra of ehydroxy-Smethyl- 

and 2-hydroxy-B-methylazobenzene are slmllar to those of 

their methyl ethera In the arasatlc reglm. On the basis 

that 4bydroxy-2’ ,4*-dlnltroazobenzene undergoes Dlels-Alder 

addition with cyclopentadiene, It has been suggested that 

the carpound exists in the qulnonoid forw6 We find that 

both ehydroxy-3-methyl-2’ ,4*-dlnitro- and 2-hydroxy-S-methyl- 

2’ ,41-dlnltroazobenzene exist only in the azophenol form In 

dlnethylacetamlde. However, in 0~13 solution, while the 

latter exists exclusively as the azophenol, the former compound 

displays both forms. The azophenol form Is Indicated by He 

as a sharp singlet at 7.64; and the qulnone hydrazone by Me 

as tuo doublets at 7.79 and 7.66 (J=1.4 cps), probably repre- 

senting two stereoisomers. The qulnone hydrazone form la 

confirmed by a single proton absorption at -2.23 (NH chelated 

with 3-Q). 

In dlmethyl sulphoxlde, dlnethylacetamide, and acetone 

solutions 4-phenylazb-1-naphthol seems to exist cnls In the 

azaphenol form; the chealcal shift difference for the C2 and 
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and C3 protons Is too large for them to be part of a quinoila 

hydrazam system. Also, the spectrum of the methyl ether Is 

very slmllar to that of the parent dye. Because of low rolu- 

bllity or other dlfflcultles, the beharlour of 4-phenyleao-l- 

naphthol could not be studied in the solvents In rhich both 

tautanerlc forms have 38811 reported aa-the Carla of UV data, 

4(pCarbaethoxyphenylazo)-1-naphthol (In @X3) exists only 

as the qulnone hydrarone. However, the spectrum of 5-Cp-carbo- 

methoxypheny~%o)-&hydrorypuinollne (I) (In cDC13), which ha8 

been feud frar W data to display two forms? shows clearly 

that both taut-err are prerent end thet the ratio of ~o- 

phenol to qulnone hydrarune Is approximately 34166. Fig. 1 

glves the spectrum of the C4 and C3 protons. The latter rhowr 

ltn characteristic quartet l brorp$ioa at 1.12; the C4 proton 

gives rise to two quart&r, the 10~ and high field quartets 

COOMe 
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iepresentlng the azophenol and quinone hydrazone forms respec- 

tfvely. The corresponding mobile proton signals are seen at 

4.6 and -2.7; the low field signal indicates the bonding of 

the NH sind CO@le groups. In dlmethylacetamlde the dye exists 

solely in the azophenol form. 

Both 2-phenylazo-l-naphthol and the 1,2-lstmer exist as 

hydrasones. The two well-resolved groups of signals below 2.5 

centered at 1.85 and 2.25 in the spectrum of l-naphthol 

@‘lg. 2A) may be assigned to the protons in the 8 and 5 posl- 

tioris respectively. A complex multiplet between 2.48 and 2.76 

represents the protons In the 4, 6 and 7 podtlons and the 

quartet at 3.34 the C2 proton. Fig. 2B shows the spectrum 

of 2-phenylazo-1-naphthol. If the compound exists In the 

aaophenol form, we may expect to find at least four protons, 

excluding that of the OH group, In the region below 2.4 In the 

)ectrum. The fact that only one is seen Indicates the 
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hydrazone structure (II) for the co~pou& Since ring A ai 

(II) is not aromatic, the proton at Cg may be expected to 

absorb at higher field than the corresponding one of l-naphthol. 

The C6 proton remains at low fleld in the hydrazone because Qf 

the nelghbourlng C=O group. The doublets at 3.2 and 2.22 MY 

be assigned to the C3 and Cd protons and they confirm strut- 

ture (II). The methyl ether, which has to be in the atophenol 

form, shows absorptions for four protons in the region 1.7 to 

2.4, ati no arollatic proton signal Is seen above 2.76. 

I-Phenylazo-2-naphthol and l-phenylazo-2-anthrol also exist 

as qulnone iwdrazones. In the light of our experience with 

l-hydroxy-4azo system, it may be expected that the azophenol 

forms would be present at least as minor caponents in these 

solutions. We have examined their spectra for the possible 

presence of small amounts OS the azophenol forms in both 

CC4 and CTX13 solutions, but could not detect any. Repid 

exchange between the two forms Is apparently making it lmpossl- 

ble to observe the minor component. 

Unlike l-phenylazo-2-naphthol, its 4’0methoxy derivative 

seems to exist entirely in the azophenol form. The protons of 

the I?-methoxyphenyl group in this compound and in 2-hydroxy- 

S-methy1-4t -methoxyazobenzene show nearly identical ohwical 

shifts. This is in agreement with the observation that 

electron donor groups tend to stabilize the azophenol form. 

However, l-E-methoxyphenylazo-2-anthrol retains the hydrazone 

structure, one methoxyl group being inadequate to effect even 

a partial conversion to the azophenol form. 

The tautoaerlsm of 4arylazo-6-pyrazolones and three 

possible structures have been discussed recently by Jones nfi &.8 
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The HM spectm of 3-methyl-l-phenyl-4pheny~zoS-pyraeolone 

showed a highly deshlelded proton (-3.8 to -4.2) which was 

readily exchangeable with D20. The hydrazone rtructurr (III) 

was preferred oL1 the doubtful ground that the low-field reso- 

nanae was very broad. More coWlnclng evidence for (III) 

becomes l railabl6 when the IMR data on pyrazolones are exami- 

ned using the criteriaa now employed. The spectrum of 3-aethyl- 

l-phepyl-S-pvasolme shows a two-proton multlplet centered 

rt 2.16, repreaaztlng the &&-protons of the benzene ring 

011 whloh the adjacent C=O group hzs a deshleldlng effect. W 

spectrum (In UKZl3; pig. 3A) of the 4phewlazo derivative 

has a two-proton multiplet centered at 2.03, aorrespoadlng 

to the -protam of ring A; but the *methyl derivative 

(IV) ha8 farr protona which give a ccmplex aultiplet centered 

at 2.3 (Pig. 3B), and the two l ddltltmal low-fleld protons of 
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the j&methyl derivative are clearly the -protons of 

ring B. The parent pigment must therefore exist in the hydra- 

zone form (111). The spectrum OS the &methyl derivative (V> 

(Fig. 3C) eonflms this conclusion, since lt resembles Fig. 

3A. The p-methoxyphenylaso anslogue of (III) Is found to 

retain the hydrasone structure like l-E-methoxyphenylaso-2- 

anthrol and unlike the corresponding <- and fMmphtho1 derl- 

vatives. 

The spectrum of .thG phenylaso derivative of acetoaceta- 

nlllde. shows that It exists fis the y/p’..” 

hydrazone of structure (VI). The I I 

hydrazane and amide NH groups f.+C/NLPh 

I (YI 1 
occur at -4.63 and -1.47 respec- N 

Ph’ ‘i-l’* 
.a 

tively. A hydrazcne form Is also 

Indicated for the pmethoxyphenylazo derivative. 
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