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409. Infrared Spectra and Structure of Arylazonaphthols.
By K. J. Morcan.

Infrared spectra show the presence of an azo-hydrazone tautomerism
(e.g., Ta === Ib) both in the solid and in solutions of l-arylazo-2-naphthois
and 4-arylazo-1-naphthols. The position of equilibrium moves towards the
hydrazone in polar solvents and under the influence of electron-withdrawing
substituents in the aryl group.

THE structure of the compounds formed by condensation of diazonium salts with phenols
has provoked many investigations. Chemical evidencel has been used to support the
formulation of the products as hydroxyazo-compounds (e.g., 1a) and as hydrazones (e.g., Ib).
More valid evidence is provided by physical properties, notably of their electronic spectra.
Strong presumptive evidence for the presence of tautomerism in the hydroxyazo-com-
pounds was first provided by Kuhn and Bidr.2 The ultraviolet spectrum of 4-phenylazo-
1-naphthol * (I; R = H) shows bands at 410 and 460 my which correspond in position to
bands found in the O-methyl (II) and N-methyl derivative (III), respectively. The
relative intensity of the bands in the spectrum of the parent compound changes with
solvent, and in the more polar solvents (acetic acid, nitrobenzene) only the longer-wave-
length band is seen. Similar effects have been detected in the ultraviolet spectra of
substituted 4-phenylazo-1-naphthols.®4 1-Phenylazo-2-naphthol and the isomeric 2-
phenylazo-1-naphthol show analogous effects.
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The existence of an equilibrium in the solutions of the azonaphthols is clearly
demonstrated 3 by the formation of an isosbestic point by the spectral curves measured in
a variety of solvents. Kuhn and Bér 2 suggested that this equilibrium was that of a keto-
enol tautomerism (Ia =<==1Ib) and subsequent work 38 has supported this conclusion.
Despite the loss of a fully aromatic ring in the hydrazone, the total bond energies of the

* The designation ‘‘ arylazonaphthol”’ is used throughout this paper for convenience; it is not
intended to define the structure of the compound.

! See, e.g., (a) McPherson, Amer. Chewm. j., 1899, 22, 364; (b) Fierz-David, Blangey, and Streiff,
Helv. Chim. Acta, 1946, 29, 1718.
Kuhn and Bir, Annalen, 1935, 516, 143.
Burawoy and Thompson, J., 1953, 1443.
Shingu, Sci. Papers Inst. Phys. Chem. Res. (Tokyo), 1938, 35, 78
Burawoy, Salem, and Thompson, J., 1952, 4793.
Ospenson, Acta Chem. Scand., 1951, 5, 491.
Sawicki, [. Org. Chem., 1957, 22, 743.
Badger and Buttery, J., 1956, 614.

%X NS e e Wt


http://dx.doi.org/10.1039/jr9610002151
http://pubs.rsc.org/en/journals/journal/JR
http://pubs.rsc.org/en/journals/journal/JR?issueid=JR1961_0_0

Downloaded by UNIVERSITY OF NEBRASKA on 08/04/2013 16:47:34.
Published on 01 January 1961 on http://pubs.rsc.org | doi:10.1039/JR9610002151

2152 Morgan: Infraved Spectra and View Article Online

two forms are comparable ¢ and from recent results ® it follows that the hydrazone (Ib;
R = H) cannot be destabilised relative to the azo-form by more than 2 kcal./mole. It
has recently %10 been shown that the existence of cis-4-phenylazo-1-naphthol (IV) is too
transient at room temperatures to permit any possibility that the tautomerism involves a
cis—rans-conversion about the azo-link. No evidence for a tautomeric equilibrium is
found in the spectra of hydroxyazobenzenes or hydroxyazoanthracenes: the former
behave spectrally as phenolic compounds,t the latter as hydrazones.%$

Investigation of the infrared spectra of hydroxyazo-compounds, which can in principle
provide direct evidence of the structure, has been restricted to some isolated spectra 12-15
and to a more detailed examination of the phenylazonaphthols as solids.l® A more
complete examination of the infrared spectra appeared desirable; accordingly, spectra of
4-phenylazo-1-naphthols and 1-phenylazo-2-naphthols substituted in the phenyl ring
have been measured.

EXPERIMENTAL

Azo compounds were prepared by the usual diazo-coupling reactions with «- and 8-naphthols
and were purified chromatographically and by crystallisation to constant m. p. The following
m. p. were observed: 4-arylazo-l-naphthols (I), R = H, 208°; 0-MeO, 177—178°; m-MeO,
159°; p-MeO, 173°; o-Me, 162—163°; m-Me, 200°; p-Me, 211-5°; 0-Cl, 189-5—190-5°; m-Cl,
227-5—228° (decomp.); p-Cl, 229-5° (decomp.); 0-NO,, 256—257°; m-NO,, 242—242-5°
(decomp.); »-NO,, 281-—282° (decomp.); l-arylazo-2-naphthols (VII), R = H, 133—134°;
0-MeO, 187—188°; m-MeO, 149°; p-MeO, 142°; o-Me, 132—133°; m-Me, 141—142°; p-Me,
133—134°; 0-Cl, 171—173°; m-Cl, 164—165°; p-Cl, 165—166°; 0-NO,, 217—219°; m-NO.,,
197—198°; $-NO,, 259—260°. These values agree with those in the literature.

1-Methoxy-4-phenylazonaphthalene, m. p. 80°, was prepared by methylation of the
naphthol; ¥ 1,4-naphthaquinone methylphenylhydrazone, m. p. 121—122°, was prepared
from the quinone with methylphenylhydrazine.!

Spectra of the solids were obtained from mulls with Nujol and Fluorolube and from discs
with potassium bromide; no significant differences could be detected between the spectra of
the mulls and of the discs. Spectra of solutions were determined at sufficient dilution (0-005—
0-007M) to be free from intermolecular hydrogen-bonding.'® The low solubility of some com-
pounds, notably the derivatives of a-naphthol, entailed the use of lower concentrations, and
several compounds proved insufficiently soluble in the less polar solvents to yield useful spectra.
Bromoform containing 4%, (w/w) ethanol was used; other solvents were of ** Spectro >’ grade.

Spectra were measured with a Perkin-Elmer Model 21 spectrophotometer equipped with
rock-salt optics.

REsuLTs AND DiscussioNn

The infrared spectra of the tauomeric forms of the hydroxyazo-compounds should show
significant differences.’® Bands characteristic of the hydroxyl and azo-groupings should
appear in the spectrum of the azo-form and be replaced by amino- and carbonyl bands in
the spectrum of the hydrazone. Changes in the position of the tautomeric equilibrium
should be accompanied by changes in the intensity of these bands. Some characteristic
hydroxy-, amino-, and carbonyl-band frequencies and apparent extinction coefficients are
given in the accompanying Tables. [The extinction coefficient, %, is defined by ¢* =
(l/cl) (log To/T), and is not corrected for the use of finite slit widths.]

9 Fischer and Frei, J., 1959, 3159.

10 Brode, Gould, and Wyman, J. Amer. Chem. Soc., 1952, 74, 4641; 1953, 75, 1856.
11 Burawoy and Chamberlain, J., 1952, 3734.

12 Druckrey, Schmihl, and Dannenberg, Naturwiss., 1952, 39, 393.
13 Le Févre, O’'Dwyer, and Werner, Austral. J. Chem., 1953, 6, 341.
14 Kendall, Analyt. Chem., 1953, 25, 382.

15 Dolinsky and Jones, J. Assoc. Offic. Agric. Chemists, 1954, 37, 197.
16 Hadzi, J., 1956, 2143.

17 Charrier and Casale, Gazzetta, 1914, 44, 228.

18 Putnam, J., 1960, 487.

19 Cf. Tanner, Spectrochim. Acta, 1959, 15, 20.
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The apparent half band width (Av;) (width at half-peak absorbance) of all the bands
listed increases with the polarity of the solvent. In these circumstances the extinction
coefficient provides a poor estimate of the intensity of the absorption, and in the present
case the triangular area, £ = 1073*. Av;%, is a more useful, if approximate, measure of the
band intensity as it takes account of the variation in band width; values of ¢ are listed in
the Tables. Similar expressions have been proposed 2 for the calculation of true band
intensities.

An attempt was made to locate in the spectra characteristic bands other than those
listed in the Tables; this was to some extent hampered by the opacity of the solvents
over much of the spectral range. Typical aromatic bands and C-H deformation bands
characteristic of the various substitution patterns were observed.?® HadZi % assigned
bands near 1250 and 1540 cm.™? in the spectra of the phenylazonaphthols to in-plane
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TABLE 1. Hydroxyl and amino-stretching bands in the spectra of 4-arylazo-1-naphthols.
o Amino (N-H) bands Hydroxyl (O—H) bands
Rin (I) Solid CgH,, C,.l, CCl, CH,Cl, CHCl; CgH,, C,Cl, CCl, CH,Cl, CHCl,
H 3140 — — — 3360 3360 — — — 3580 3570
3260 40 45 90 70
— J—— 32 P
0-MeO 3320 3380 3370 3370 3350 3340 0 0 0 0 0
75 95 110 130 130
1.8 2-4 2-7 4-0 4-2
m-MeO 3130 —_ — —_— 3350 3350 — —_ —_ 3560 3560
3250 55 55 60 45
2-3 — 26 —
$-MeO 3130 — — —_ 3340 3340 — — — 3575 3570
3250 30 35 105 105
o-Me 3300 0 0 3380 3360 3360 3610 3610 3600 3570 3570
3240 30 40 40 145 110 108 70 65
0-7 — — 36 3-3 3-2 3-1 —
m-Me 3140 — — — 3340 3340 — — —_ 3580 3575
3250 40 45 80 60
14 — 32 —
p-Me 3140 — — — 3350 3350 — — — 3580 3570
3270 40 40 85 70
16 — 3:2 —
0-Cl 3340 3370 3370 3370 3350 3340 0 0 0 0 0
55 105 105 75 70
14 21 21 2:6 28
m-Cl 3280 — _ — 3350 3340 —_ —_ — 35680 3570
50 55 60 25
2-3 — 1-5 —_
p-Cl 3220 — — — — — — — — — —
3170
0-NO, 3320  — 3330 — 3320 3300 — 0 — 0 0
120 115 90
3:0 34 34
1m-NO, 3280  — — — — 3330  — — — — 0
75
p-NO, 3280  — — — — — — — — — —

bending modes of the hydroxyl and amino-group; similar bands were detected but proved
of little diagnostic value. A band near 1450 cm.™! in the spectrum of many azo-compounds
has been assigned 1322 to the -N=N- stretching frequency; comparison of the spectra of
the N-methyl (III) and O-methyl (II) compounds showed that the latter contained a very

20 Fox and Martin, Proc. Roy. Soc., 1938, A, 187, 257; Ramsay, J. Amer. Chem. Soc., 1952, 74, 72.

21 Randle and Whiffen, ‘* Molecular Spectroscopy,”” Institute of Petroleum, 1954, p. 111; Hawkins,
‘Ward, and Whiffen, Spectrochim. Acta, 1957, 10, 105.

22 Le Feévre, Sousa, and Werner, Austral. J. Chem., 1956, 9, 151; Le Févre and Werner, ibid., 1957,
10, 26.
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weak band at 1445 cm.™ not found in the former. Similar bands occur in the spectra of
the p-hydroxyazobenzene and of many of the arylazonaphthols; in all cases they are weak
and no significant changes in intensity could be detected.

4-Arylazo-1-naphthols.—The infrared spectrum of solid 4-phenylazo-1-naphthol shows
bands in the single-bond stretching region at 3140 and 3260 cm.™. In spectra of solutions
these are replaced by bands near 3360 and 3580 cm.™! which may best be ascribed to N-H
and O-H stretching frequencies.?® Similar bands are found in the spectra of a number of
substituted derivatives (Table 1) and establish the presence of a tautomeric mixture both
in solution and in the solid. The intensity of the bands varies both with solvent and with
the substituent carried by the phenyl group. In general the intensity of the amino-band
increases and that of the hydroxyl band decreases as the polarity of the solvent is increased.
Further, the presence of electron-withdrawing groups on the phenyl ring increases the
intensity of the amino-band at the expense of the hydroxyl band. This effect will be
discussed in more detail below.

The spectrum of solid 4-phenylazo-1-naphthol shows only onc band near the carbonyl
stretching region, at 1625 cm.™. This frequency is low: benzophenone and anthronc 2
absorb at 1650 cm.™, and 1,4-naphthaquinone at 1664 cm.”l. However, the carbonyl band
in the spectrum of the N-methyl derivative (III} appears at 1632 cm.™1, and consequently
the band in the spectrum of the parent compound can confidently be ascribed to a carbonyl
vibration. The low frequencies of these bands must be due in part to the electron-releas-
ing character of the hydrazone group, and in part to intermolecular interactions. Low
values have also been reported 2* for 2-amino-anthraquinones and related compounds.
Similar bands appear in the spectra of the phenyl-substituted derivatives (Table 2) and
confirm the presence of the hydrazone tautomer in the solid state. No such band is found
in the spectrum of the O-methyl derivative (II).

In solution the band moves to higher frequencies (Table 2). The position is dependent
both on solvent and on substituent: higher frequencies are shown in the less polar solvents
and by compounds containing electron-withdrawing substituents. The quantitative
dependence of the frequency on the electron-withdrawing ability of the substituent can
be seen in the linear variation of frequency with the Hammett substitution constant (o)
(Fig. 1). The displacement of the band by solvents is that typical of a carbonyl band.?
The correlation of these shifts has been systematised by Bellamy ef al.26 by plotting relative
frequency shifts (Av/v) against those of a standard compound. Similar plots for those
4-arylazo-l-naphthols yielding sufficient data, with the N-methyl compound (III) as
standard, are essentially linear (Fig. 2): this further substantiates the assignment of this
band to a carbonyl stretching frequency and so confirms the presence of the hydrazone
tautomer.

The intensity of the carbonyl absorption also varies with both solvent and substituent.
In the more polar solvents the intensity of the band increases. (Examination of the
extinction coefficients does not reveal this: the apparent band width increases faster than
the band intensity, and the extinction coefficients actually decrease.) A similar increase
in intensity is found in the carbonyl band of the N-methyl compound but the ratio
tuyarazone/tn-me (Where hydrazone = Ib, R = 0-MeO, o-Me, 0-Cl, 0-NO,) also increases on
passing from the less to the more polar solvents. This, together with the corresponding
changes in intensity shown by the amino- and hydroxyl bands, strongly suggests that as
the solvent is changed the amount of hydrazone tautomer increases in the order: cyclo-
hexane < tetrachloroethylene << carbon tetrachloride < methylene chloride < chloro-
form < bromoform. and so confirms the findings of Burawoy and Thompson 3 from the

23 Bellamy, * The Infra-red Spectra of Complex Molecules,” Methuen, London, 1958.

* Flett, J., 1948, 1441.

25 See, ¢.£., Bayliss, Cole, and Little, dustral. J. Chen., 1955, 8, 26; Archibald and Pullin, Spectro-
chim. Acta, 1958, 12, 34; Thompson and Jewell, ibid., 1959, 13, 254.

26 Bellamy, Hallam, and Williams, Zvans. Faraday Soc., 1958, 54, 1120; Bellamy and Williams,
ibid., 1959, 55, 14.
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ultraviolet spectra. A similar order is found ¥ for the effect of solvents on simple keto-
cnol tautomerism. Solvents can affect the position of equilibrium in two ways. Stabilis-
ation of the hydrazone form is provided by the ability of the solvent to interact directly

TaBLE 2. Carbonyl bands in the spectra of 4-arylazo-1-naphthols.

Substituent Solvent
Rin (I) Solid CeH,, C,Cl, CCl, CH,Cl, CHCl, CHBr,
H 1625 —_ — — 1641 1634 1629
370 320 190
7-1 - 54
H 1632 1653 1649 1648 1636 1633 1629
(N-methyl 750 800 705 360 540 490
deriv.,, III) 109 120 12-3 13-4 14-0 11-7
0-MeO 1639 1650 1649 1648 1643 1641 1628
745 710 700 580 445 390
13 56 9-7 10-5 11-0 10-8 9-8
m-MeQ 1630 — - - 1642 (1636) 1630
410 380 —
t 72 — -
$-McO 1625 — — — 1639 1630 . 1626
120 104 —
¢ 37 — —
o-Me 1625 1648 1647 1647 1642 1638 1626
120 180 170 365 290 280
t 1-2 2:4 2.7 6-2 7-3 —
m-Me 1620 —_ — — 1641 1639 1628
455 360 —
t 6-8 79 —_
p-Me 1625 —_ —_ — 1640 1633 1627
310 210 —_
¢ 6-2 —_— —
o-Cl 1625 1653 1652 1650 1644 1642 1636
480 710 730 632 590 365
t G-7 7-1 7-3 8-9 10-0 9-1
m-ClL 1630 —_ —_ —_— 1643 1640 1635
350 515 —
t — 88 —
p-Cl 1627 — — — — — 1633
0-NO, 1640 — 1655 — 1651 1647 1643
610 650 520 450
¢ 6-4 10-4 10-4 10-9
1m-NO, 1627 — — —_— 1648 1643 1638
340 455 —
¢ — 9-1 —
$-NO, 1628 — — — — — —

with the carbonyl group, probably through a weak hydrogen-bond; 26 additionally, an
increase in dielectric constant stabilises the charge separation that accompanies the
hydrazone tautomer, 7.e., stabilises the zwitterionic form (V). Both effects act to reduce

R R R
ZNHT N
N N’N’l-‘ N,N\};l
OO0 ) =
vy o~ (Vi) (Vi)

the carbonyl frequency and to displace the tautomeric equilibrium towards the hydrazone
form. Direct solvent-solute interaction accounts most satisfactorily for the frequency
shifts of simple carbonyl compounds,? and although the greater charge separation

27 Sec, e.g., Meyer, Ber., 1912, 45, 2843; Mecke and Vunk, 7. Ilektrochem., 1956, 60, 1124; Wilde
Delvaux and Teyssié, Spectrochim. Acta, 1958, 12, 289.


http://dx.doi.org/10.1039/jr9610002151

Downloaded by UNIVERSITY OF NEBRASKA on 08/04/2013 16:47:34.
Published on 01 January 1961 on http://pubs.rsc.org | doi:10.1039/JR9610002151

2156 Morgan: Infrared Spectra and View Article Online

generated in this system may increase the contribution due to the change in dielectric
constant, it seems possible that direct solvent-solute interaction is of paramount
importance here also. This is supported by the results obtained from the isomeric 1-aryl-
azo-2-naphthols (see below).

Superimposed on the solvent effect is that due to the substituents in the phenyl group.
meta- and para-Substituents exert simple electron-donor and -acceptor forces on the
hydrazono-azo-system. An sp? hybridised nitrogen atom is essentially more electro-
negative than one having sp® hybridisation; 28 additionally, while the lone pair in the
azo-grouping lies close to the plane of the aromatic ring, in the hydrazone it is correctly
orientated for interaction with the conjugated system. In consequence, the relatively
electron-withdrawing azo-grouping (p-C¢H;~N=N-, 6, = +0-64 ) is stabilised by electron-
donating substituents and the position of equilibrium shifts accordingly. As a corollary
it follows that the electron-donating properties of the hydrazono-group in the tautomer are

F1G.2. Correlation of frequency shifts (veusr, —

Fi1c. 1. Correlation of the Hammett substitution Veolv.) Of 4-avylazo-1-naphthols (I, R = o-Me
constant (o). with the frequency (v) of the @, 0-OMe O, o-C1 ) with those for naphth-
carbonyl band in the spectra of l-arylazo-4- aquinone methylphenylhydrazone (I1I). A
naphthols (1) in bromoform X, chloroform denoles overlap of filled and open circles.

O, and methylene chioride @. ~
X o s 15)
o6t z v 7
/ / 20 u/ og/
O-4r X ,0 e =l n/
) / / z
0-2- X ¥ 5+
A £
/ bd
X [¢) [ d
Or x,x' / o = 1ok
-0-2 [e) [ ] &
1630 1635 1640 1645 2 _,e,
v (in cm™) 0 15 20

Av(em’'), 4-Arylazo-
[-naphthols (1)

increased by donor substituents and give lower carbonyl frequencies. Substituents in the
ortho-position show rather different effects. The methoxy-, chloro-, and nitro-substituted
derivatives all exist mainly in the hydrazone form. This is undoubtedly due to additional
stabilisation of the hydrazone by internal hydrogen bonding; no such effect is shown by
the o-tolyl derivative. It is noted that the solubility of the ortho-substituted derivatives
is markedly higher than that of the meta- and para-isomers: this may be due to shielding
of the polar nitrogen atoms by the ortho-substituent.

With the assumption that the intensity of the carbonyl band provides an approximate
measure of the concentration of hydrazone in the tautomeric mixture, the hydrazone
content increases in thc order: p-MeO << o-Me = p-Me << m-Me << H << m-MeO < mi-
Cl < m-NO, << 0-MeO = 0-NO,; a similar order is derived from the data on the amino-
and hydroxyl bands; it closely resembles the order established 34 from ultraviolet spectra.

A brief examination of the spectra of some p-hydroxyazobenzenes (VI; R = MeO,
NO,, H) confirmed that these are correctly represented as azo-compounds: neither amino-
nor carbonyl bands could be detected.

1-Arylazo-2-naphthols.—Neither in the solid nor in solution do the spectra of o-hydroxy-
azo-compounds show distinct bands in the hydroxyl stretching region.!%16.30 In the
spectra of the l-arylazo-2-naphthols (VII) a series of weak, broad bands can be detected

28 Walsh, Tvans. Faraday Soc., 1947, 43, 60; Dewar and Schmeising, Tetrahedron, 1959, 5, 166.
29 Hammett, ** Physical Organic Chemistry,” McGraw-Hill, New York, 1940, p. 188.
30 Henricks, Wulf, Hilbert, and Liddel, J. Amer. Chem. Soc., 1936, §8, 1991.
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in the range 2400—3100 cm.™® and may be ascribed to a chelate hydrogen-bonded system.
A similar effect is found in hydroxy-naphtha-3! and -anthra-quinones #* and in some
Schiff’s bases (VIII) 3 [but not in the isomeric compounds 3 (IX)]. These bands are of
little use for diagnostic purposes.

A band appears in the spectra of the azo-compounds derived from B-naphthol near
1620 cm.? (Table 3). This value can be compared with the frequency of the carbonyl
bands found in the spectra of 1-hydroxy- and l-amino-anthraquinones and anthrones
(1614—1633 cm.™) and of the corresponding naphthaquinones 3! (1623 cm.™) and there
can be little doubt that it is correctly assigned to a carbonyl stretching frequency. The
reduction of this frequency below that found in the derivatives of a-naphthol must be
ascribed to strong internal hydrogen bonding: 33 confirmation of this is provided by the
small shifts which accompany changes in solvent and indicate that the environment of
the carbonyl group remains largely unaltered. The small changes that do occur may be
indicative of the contribution made by dielectric changes to the larger shifts found in the
1,4-derivatives.

CH Ar "_.H\ H +

o o (o 3R ¢)
g | <> ] I R@NHCOPh
’ \C‘zc\ /C\scrc\
X (X1)

(VIII) (IX)

The intensity of the carbonyl band in the spectra of 1-arylazo-2-naphthols (Table 3) is
considerably less than that of the 1,4-derivatives. As no adequate model compound is
available for comparison, it is not immediately apparent whether the reduction in intensity
is to be ascribed to a lower hydrazone concentration. The intensity of carbonyl bands
has been correlated 3 with the availability of a charge-separated electronic configuration.
In agreement with this, enolisable pB-diketones 3% (X) and their amino-analogues 36 show
intense carbonyl bands. A similar effect operates with both the 1,4- and the 1,2-azo-
naphthols and will be differentiated only by the presence of internal hydrogen-bonding
in the latter. This might be expected to increase the intrinsic intensity of the band, but
comparison of the carbonyl bands in the spectra of o-hydroxy- and o-amino-benzaldehydes
and -benzoates 37 with those of the unsubstituted and para-substituted compounds 38
shows that the former are slightly weaker. This effect clearly requires further investig-
ation. It is possible that in the hydrazone some coupling of the carbonyl and aromatic
C=C stretching modes near 1600 cm.™ occurs, but if so this cannot account for the reduction
in intensity of the carbonyl band, for the aromatic band is in general weaker in the spectrum
of the 1,2-compounds than the corresponding band in the spectrum of the 1,4-isomer.

The ultraviolet spectra were originally thought to indicate that the l-arylazo-2-
naphthols were largely present as hydrazones.2-3® This was based on comparisons with
inadequate model compounds,' and further examination suggested that comparable
amounts of hydrazone are formed from both the 1,4- and the 1,2-derivatives.58
Conversely, the weight of infrared evidence suggests that part at least of the diminution

31 Josien, Fuson, Lebas, and Gregory, J. Chem. Phys., 1953, 21, 331.

32 Baker and Shulgin, J. Amer. Chem. Soc., 1959, 81, 1523.

33 Cf, Hunsberger, J. Amer. Chem. Soc., 1950, 72, 5626.

3¢ Richards and Burton, Trans. Favaday Soc., 1949, 45, 874; Barrow, J. Chem. Phys., 1953, 21, 2008.

35 Rasmussen, Tunnicliff, and Brattain, J. Amer. Chem. Soc., 1949, 71, 1068; Hergert and Kurth,
bid., 1953, 75, 1622.

36 Cromwell, Miller, Johnson, Frank, and Wallace, J. Amer. Chem. Soc., 1949, 71, 3337.

37 Krueger and Thompson, Proc. Roy. Soc., 1959, 4, 250, 22.

38 Thompson, Needham, and Jameson, Spectrochim. Acta, 1957, 9, 208.

3 Burawoy and Markowitsch, Annalen, 1933, 503, 180.
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in carbonyl intensity must be ascribed to a decrease in hydrazone concentration, and it
may well be that the ultraviolet evidence overestimates the amount of hydrazone present.

TABLE 3. Carbonyl bands in the spectra of 1-arylazo-2-naphthols.

Substituent Solvent
R in (VII) Solid CeH,, C,Cly CCl, CH,Cl, CHCl,
H 1622 1624 1623 1622 1622 1621
190 195 200 215 230
t 27 2-7 2-8 3-0 3-1
0-MeO 1615 1625 1624 1622 1622 1622
265 280 285 295 370
13 34 3-7 3-8 4-0 4-1
m-MeO 1622 1625 1623 1623 1621 1621
195 195 210 225 250
t — —_— — — —
P-MeO 1612 1624 1624 1623 1622 1622
1856 185 190 205 210
t — ——- — —- —
o-Mc 1618 1624 1622 1621 1621 1621
150 190 190 205 260
¢ 1-9 25 2:6 2.7 2-9
m-Me 1620 1624 1623 1623 1622 1622
190 195 195 220 260
¢ —_— 2-7 2.7 2.9 3-0
p-Me 1617 1624 1623 1622 1621 1620
170 185 190 200 220
¢ 2:2 2:6 —_ 2-8 2-9
0-Cl 1617 1623 1623 1622 1622 1621
225 220 245 275 275
¢ 32 33 33 37 39
m-Cl 1620 1625 1623 1623 1621 1622
215 215 220 275 280
¢ 30 3-0 31 34 35
p-Cl 1620 1625 1623 1623 1622 1622
210 205 210 230 235
2-8 2-8 2-9 32 33
0-NO, 1622 — 1628 — 1624 1622
285 290 285
t — J— -
m-NO, 1615 — 1625 — 1624 1621
285 306 305
37 — 39
$-NO, 1625 — — - 1624 1624
275 250

P — —

It may be noted that in the 1-arylazo-2-naphthols internal bonding O-H - - * N will stabilise
the azo-form by a mechanism not available to the 1,4-compounds. This bonding, and
that in the complementary O -+« H-N system, involves orbitals in the plane of the
aromatic rings and hence not directly linked to the conjugated system. It is to be
expected that the more acidic phenolic form will be bonded the more strongly and in
consequence be relatively stabilised.

The effect of both solvents and substituents on the intensity of the carbonyl band is
analogous to that found for the 1,4-derivatives. The same solvent order is found, but the
change in intensity is smaller and may be due largely to change in dielectric constant 40
since direct carbonyl-solvent interaction is inhibited. The effect of substituents also
follows an order closely similar to that of the 1,4-derivatives. The greater solubility of
the 1-arylazo-2-naphthols enables sufficient data to be collected to justify plots of intensity
against Hammett substitution constants (¢). These plots (Fig. 3) are linear and
demonstrate the quantitative dependence of the carbonyl intensity on the electron-with-
drawing properties of the substituents. It is well known 373841 that band intensities in

4 Cf. Taft, Glick, Lewis, I'ox, and Ehrenson, J. Amer. Chem. Soc., 1960, 82, 756.
11 Thompson and Jameson, Specirochim. Acta, 1958, 13, 236.
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many non-tautomeric compounds can be represented as linear functions of substitution
constants. To examine whether a similar effect was responsible for the intensity changes
here, a series of benzanilides (XI; R = H, MeO, Me, Cl, NO,) was examined (the arylazo-
naphthols can be regarded as vinylogues of amides). The plot (Fig. 3) of the intensity
of their carbonyl bands shows a small negative gradient (a similar result is provided by the
data of Thompson and Jameson 4!) and confirms that the changes in intensity in the
spectra of 1-arylazo-2-naphthols are due to changes in hydrazone concentration.

| )
06k \.‘ /
\
Fi16. 3. Correlation of the Hammelt substitution constant O-4f- “/
(o) with the intensity (f) of the carbonyl band in the A //.(0
spectra of 1-arylazo-2-naphthols (VII) (in chloroform O, 02+ [ Nej | JCOMEN
methylene chlovide @, carbon tetrachloride (1, tetvachloro- / v
cthylene ) and (¢[3) of the amides (XI) (in chlovoform ol sn @0
-1-). 4 d and open squares. o @0 |
I-).  © denotes overlap of fille q /08 \
-0-21R ® O +\
1 1 i 1 i - 1
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Structure of the Arylazonaphthols.—It was suggested 42 that the arylazonaphthols could
be adequately represented by zwitterionic formule (e.g., V). Such structures alone are
incapable of interpreting the ultraviolet and infrared spectroscopic evidence and can be
discounted. The presence of a tautomeric azo-hydrazone mixture in both l-arylazo-2-
naphthols and 4-arylazo-1-naphthols is clearly indicated, but the infrared spectra show
that the structure of the hydrazones must contain some electronic displacement, i.e.,
significant contribution from a zwitterionic canonical structure (e.g., V). Equally to be
discounted is the suggestion 1430 that no distinction can be drawn between the azo- and
hydrazono-forms of the l-arylazo-2-naphthols. The interaction between the mobile
hydrogen atom and the adjacent oxygen and nitrogen atoms is best described in terms of
a hydrogen bond whose potential-energy curve shows a double rather than a single
minimum.
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