The Photofading of 1-Arylazo-2-naphthols

in Solution.

Part 11 — Contribution of

Photoreduction to the Anomalous
Photofading of 1-(p- and o-Nitrophenylazo)-
2-naphthols in Alcoholic Solvents

Nobuhiro Kuramoto® and Teijiro

*Department of Chemistry

Osaka Prefectural industrial Research Institute
2-1-63, Enokejima, Nishi-ku

Osaka 550

Japan

TDepartment of Applied Chemistry
University of Osaka Prefecture
Mozu-Umemachi

Sakai 591

Japan

I-(Substituted phenylazo)-2-naphthols with a nitro group
positioned para- or ortho- to the azo group, show anomalous
photofading behaviour in methanol, i.e., their fastness to light
is very much lower than that of similar compounds.

Photochemical reaction of 1-( p-nitrophenylazo)-2-naphthol
fla) in methanol, ethanol or 2-propanol produces not only
oxidative but also reductive products, while photochemical
reaction of la in acetone gives only oxidative products.
From these results and earlier observations, it is suggested
that the anomalous photofading of la is a substrate-specific
phenomenon, and may be caused by phato-reduction of the
nitro and azo groups to amino groups by the substrate,
instead of the normal photo-oxidation of the hydrazone
tautomer by singlet oxygen.

On the other hand, although 1-(o-nitrophenylazo)-2-
naphithol (11} in alcoholic salvents faded to give similar pro-
ducts via photooxidative and/or photoreductive reactions,
little photoreduction of the nitro group was detected, and
the rate of photofading of /1 was lower than that of Ia.

The contribution of intramolecular interaction, such as
intramolecular bifurcated hydrogen bonding, involving the
o-nitro group, azo group and o'-hydroxy group of 1-fo-
nitrophenylazo)-2-naphthol, are also discussed.

KitaoT

INTRODUCTION

Anomalous photofading behaviour of 4-nitroazobenzenes on
nylon has been reported by Miiller [1], and Kitao et al. [2]
have explained the anomalous behavior by assuming that the
nitro group can be photoreduced to an amino group prior to
photo-oxidation of the azo to an azoxy group. Despite its
intrinsic interest and great technical importance, little is
known about the mechanism of the anomalous photofading
of nitrophenylazo dyes.

Recently, Griffiths and Hawkins reported that 4-arylazo-
1-naphthols [3-5], and 1-arylazo-2-naphthols [4] undergo
self-sensitized or dye-sensitized photo-oxidation by singlet
oxygen. However, there has been no mention of the anoma-
lous photofading behaviour of arylazonaphthols.

In a preliminary study [6], we reported that 1-(p-substi-
tuted phenylazo)-2-naphthols undergo photo-oxidation via a
singlet oxygen mechanism, and that only 1-{g-nitrophenylazo)-
2-naphthol showed anomalous photofading behaviour in
methanol.

In further studies of these dyes, the photochemical reactions
of 1-{p-nitrophenylazo)}-2-naphthol {ia) and 1-(o-nitrophenyl-
azo}-2-naphthol (I1) in various solvents have been investigated.
It is the anomalous photofading phenomenon and the
mechanism of these photochemical reactions that are
discussed here.
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EXPERIMENTAL

Materials

1-{p-Nitrophenylazo)-2-naphthol [{ta), m.p. 252—253°C,
Anax 420 (shoulder) and 484 nm in methanol] and 1-(o-
nitrophenylazo)-2-naphthol [(Il}, m.p. 210-212°C, .
425 (shoulder) and 488 nm] were prepared by couplmgp
or o-nitrobenzenediazonium salts with 2-naphthol according
to standard methods. In addition, 1-{p-substituted phenylazo)-
2-naphthols [Ib ~ Ig); R = p-NH, {m.p. 1589—161°C, A
425 and 475 nm), —OH{m.p. 193-194°C, Anax 417 and
460 nm), —OCH; (m.p. 139.5—-140.5°C, Am 418 and 461
nm), —CHj; {m.p. 134 135°C, Amax 414 and 482 nm),
—H {m.p. 133-134°C, Amax 415 and 478 nm), —Ci (m.p.
163—163.5°C, Mnax 422 and 475 nm)] were prepared.
These dyes were chromatographically pure after repeated
recrystallization from suitable sclvents.

max

Procedures for Photofading

Photofading Behaviour of 1-Arylazo-2-naphthols, | and 1!
Unless otherwise specified, the solutions were prepared to
contain 8.0 X 107% mol/1 of 1 or {1 in 500 ml of methanol,
ethanol, 2-propanol, acetone or benzene, respectively. These
air-saturated solutions were placed in a 500-ml flask equipped
with a thermometer, condenser and magnetic stirrer, and
then irradiated at 23—25°C with an internal high-pressure
mercury lamp (Ushio Electric Inc., 100 W).

The absorption spectra of the dye solutions were measured
before and after irradiation using a Shimadzu UV—-201
recording spectrophotometer, and refative % fading (conver-
sion) was determined at the absorption maximum of each
dye [6—7].

Photochemical Reaction of 1a and 11
In order to examine photofading products, the solutions
(8.0 X 107* mol/1) containing la or 1l {0.1172 g} in 500 m!
of methanol, ethanol, 2propanol, or acetone, were prepared,
The air-saturated solutions were irradiated with a 100-W
high-pressure mercury lamp in a similar manner to the above,
After irradiation for several hours, the solution was
reduced in velume to 5 ml, using a rotary evaporator under
reduced pressure, The resulting residue was examined using
g.l.c. and. t.l.c.

identification of Photofading Products

In the present work, nitrobenzene, aniline, nitroaniline and
phthalic acid were formed as major products, together with
smaller amounts of minor products, as given in Tables 2 and
3. They were identified by comparison with corresponding
authentic samples by means of gl.c. or tl.c. (developing
solvent: benzene—acetone =9:1, vol./vol.). The g.l.c. analysis
was carried out by means of a Shimadzu 6 APF chromato-
graph, using a 2-m column of 5% Silicon SE—30 on 80— 100
mesh Shimalite W, at 130°C or 180°C.

In addition, the amines extracted from the reaction
mixture by molar hydrochloric acid were diazotized, and
coupled with NW-acid (1-naphthol-4-sulphonic acid sodium
salt}. The coloured products obtained were identified by
comparing their A; values (developing solvent: n-butyl
alcohol—ethanol—28% ammonium hydroxide = 6:2:3, vol./
vol.} with those of corresponding authentic samples prepared
by literature methods. The R; values of the derivatives
derived from aniline, p-nitroaniline and 1-amino-2-naphthol
were 0.58, 047 and 0.32, respectively. These values were
obtained using t.l.c.

In addition, the spot corresponding to 1-(p-aminopheny!-
azo)-2-naphthol separated on a tl.c. plate was extracted by
suitable solvents, and its melting point and visible absorption

530 JSDC Volume 96 October 1980

spectrum were determined (m.p. 162—163°C, A, 465 nm
in methanol).

Photo-oxidation of 1,2-Naphthoquinone

A solution (1.6 X 107% mole/250 ml} of 1,2-naphthoquincne
in acetone was irradiated with four 100-W tungsten filament
lamps under an oxygen atmosphere. After irradiation for
several hours, the solvent was removed by careful evaporation
under reduced pressure. A colourless crystal was isolated
from the residue by sublimation; it was identified as
phthalic anhydride by comparing its m.p_ and u.v. spectrum
with those of an authentic sample. Phthalic acid was deter-
mined as phthalic anhydride by g.l.c. analysis (SE—30
column, at 180°C). When Methyiene Blue {0.033 mmole/
250 ml) was added as sensitizer, the yields of phthalic acid
increased.

1,2-Naphthoguinone in methanol was also photo-oxidized
to give phthalic acid and its dimethyl ester.

When 1,4-naphthoquinone in methanol or acetone was
irradiated under similar conditions, very little phthalic acid
andfor its ester were formed. In this case, over 95% of the
1,4-naphthoquinone was recovered.

These results suggest that 1,4-naphthoquinone shows con-
siderable resistance to light,but 1,2naphthoquinone undergoes
sensitized photo-oxidation giving exclusively phthalic acid.

RESULTS AND DISCUSSION

Photofading of 1-(p-Substituted Phenylazo)-2-Naphthols
The photofading of 1-arylazo-2-naphthols is accelerated in
the presence of sensitizers of singlet oxygen, e.g. Methylene
Blue or Rose Bengal, and retarded by adding effective singlet
oxygen quenchers, such as DABCO or nickel dimethyldithio-
carbamate {NMC). 1t has been shown that 1-arylazo-2-
naphthols undergo selfsensitized or dye-sensitized photo-
oxidation in solution, giving the arenediazonium ion and
1,2-naphthoquinone via a hydroperoxide intermediate (f11)
by a singlet oxygen mechanism (see Scheme-1) [4, 6].
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R = —NHy{Ib), —OH(lc), —OCH;(ld),
—CHjslle), —H(If} and —Cl{lg)
Scheme 1

Substituent effects on the photofading of 1-(p-substituted
phenylazo)-2-naphthols {la—lg} in air-saturated methanol,
irradiated by a high-pressure mercury lamp, were examined.
Figure 1 shows the relation between the logarithm of the
relative % fading (conversion), log £, and the Hammett ¢-
constant of the substituent groups in the aryl ring. This
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Figure 1 — Relationships between the logarithm of the relative % fading, log f, and the Hammett o-constants of substituent
groups on the photofading of 1-fp-substituted phenylazo)-2-naphthols. The solutions containing 4.0 X 107* mole of the dyes in
500 mi of methanol or benzene were irradiated for 5 hours with a 100-W high-pressure mercury lamp, respectively —e—, urider

normal condition, —0—; under oxygen atmosphere, —0— under nitrogen atmosphere

result, with the exception of the nitro group, suggests that
the light fastness of these dyes is dependent upon the electron
density of the nitrogen atoms in the azo group {1—4], and
that the relative rate of photofading increases with electron-
releasing substitutents in the aryl ring. This is to be expected

TABLE 1

Photo-oxidation of 1,2- and 1,4-Naphthoquinones in
Acetone*

for an initial electrophilic attack by singlet oxygen on the Run Starting Reaction  Additive™” Yields of

hydrazone tautomer [4, 8]. However, in the case of 1-(p- No. material time phthalic acid

nitrophenylaza)-2-naphthol (la), a specific anomalous effect (h) (%)

could be observed. This anomalous behaviour was not ob-

served in oxygen-saturated methanol or in air-saturated 1 1,2-NQ 45 none 37.9

benzene. 2 1,2-NQ 45 MB 65.7
Photo-decomposition of azo dyes involving the reductive 3 1,4-NQ 45 MB 5.0

cleavage of the azo-group under anaerobic conditions has
been reported already by many workers [9—10]. It has also
been reported that the photolysis of 1-p-tolylazo-2-naphthol
in methanol under nitrogen atmosphere gives p-toluidine
(15%), 1-amino-2-naphthol and an unidentified material
(trace) together with the unreacted dye (52%) [6].

Photofading Products of 1-(p-Nitrophenylazo)-2-Naphthol
{1a) in Solvents

Normal photo-oxidation of 1-p-tolylazo-2-naphthol {le} in
methanol gives p-methylanisole {23%), p-anisic acid (43%),
methyl-p-anisate {19%) and anisaldhyde (trace} as the isolated
products via the toluenediazonium ion [6].

Griffiths and Hawkins reported that 1,4-naphthoquinone
could be isolated from the photofading products of 4-arylazo-
1-naphthols, and that 1,2-naphthoquinone is obtained in low
yields from the photofading reaction of 1-arylazo-2-naphthols
[4]. In our experiments, however, analysis of the products
from 1-arylazo-2-naphthols by tl.c. and g.l.c. revealed the
formation of phthalic acid and its ester, not 1,2-naphtho-
quinone. To determine the mechanism of the formation of
phthalic acid, 1,2-naphthoquinane was irradiated in acetone
and methanol, respectively (Table 1). Although 1,4-naphthe-
quinone was very stable during irradiation, it was found that
1,2-naphthoquinone undergoes photo-oxidation in acetone
giving exclusively phthalic acid {ca 38%). The vield increased
by a factor of 1.5 in the presence of a sensitizer such as
Methylene Blue. A similar reaction in methanol gives phthalic
acid and dimethyl phthalate.

*

In all runs, the solutions containing 0.2 mmole of naphthoquinones
(NQ) in 250 ml of acetone were irradiated with four 100-W
tangstene lamps from outside the vessel at 35—38°C, respectively.
** Ag an additive, Methylene Biue (MB, 0.033 mmole) was used.

In this work, the photofading products of la in methanol,
ethanol, 2-propanol and acetone were determined by means
of g.l.c. and a t.l.c.-chromatoscanner {Shimadzu, C5-900
type). The results for la are summarized in Table 2.

The photofading products of la in methanol or ethanol
were found to be nitrobenzene, phthalic acid and its ester,
formed by the oxidative process, together with the reduction
praducts aniline, p-nitroanitine, 1-amino-2-naphthol and 1-
{p-aminophenylazo)-2-naphthol. In 2-propanel, vields of the
products from the photoreductive process were increased,
whereas in the case of the acetone solutions, only photo-
oxidative products were formed.

Photodecomposition of a dye is possible by the excitation
of compounds which are present together with dye molecules
in the system. In such photochemical processes the foreign
molecules, X, react via their excited state with dye molecules
according to the scheme:

X—>X*
X* + Dye =X + Products
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TABLE 2

Photofading Products of 1-{p-Nitrophenylazo)-2-naphthoi?

Run Solvent

frradiation Conversion Phthalic Nitrobenzene

No. time {h}) (%) acid {%)
(%)

1 Methanol 5.0 72.8 11.3 40.1

2 Ethanol 5.0 85.3 3.4 87

3  2-Propanol 3.0 b8.1 3.4

4  Acetone? 8.0 - 85.0 386 12.9

Products
Anitine p-Nitroaniline Others®
(%) (%)
18.1 13.8 AN, MP
6.6 283 AN, APAN, EP
21.7 7.8 AN, APAN, PDA
trace 0 NP

4In all runs, 500 ml of 8.0 X 107 mol/1 solution was photolyzed with a 100-W high-pressure mercury lamp under normal con-

tions.
bunder an oxygen atomosphere.

°1-Amino-2—naphthol(AN‘), Dimethy| phthalate(MP}, Diethyl phthalate (EP), 1-(p- Aminophenylazo)-2-naphthol (APAN), p-

Phenylenediamine(P DAY}, p-Nitrophenol (NP).

Reactive intermediates, X*, reacting in this manner with dyes
are hydrogen danors, which tend to reduce dyes. As an
example, the conversion of azo dyes into the corresponding
amines, by mandelic acid, is shawn in scheme 2 [9, 11].

OH
NaO;5 O N=N OO N @-(}:choou
O >

hy

SO;Na
OH
r~lr1035r~1)-|2 + HzN + QCH=O + CO,
' SO,Na

Scheme 2

The analysis of photo-products in air-saturated methanol
or ethanol solutions indicates that la undergoes not only
photo-oxidation by singlet oxygen [3—6], but also photo-
reduction of nitro- and azo- groups by alcoholic solvents.
Precedent for such a photoreaction of the nitro group is
provided by Naphthol Yellow S (2 4-dinitro-1-naphthol-
7-sulphonic acid) which is photoreduced to give 2-nitro4-
amino-1-naphthol-7 sulphonic acid [12].

The most probable mechanism for the photofading of
ta in methanol and acetone is shown in Scheme 3.

These cbservations and earlier findings suggest that the
anomalous photofading of la in alcohols is substrate specific,
and may be caused by the preferential photoreduction of the
nitro- and azo- groups to the amino group by the substrate
{path b and c).

Photofading Products of 1-{o-Nitrophenylazo)-2-Naphthol
{11) in Solvents

The specific anomalous phenomenon could be observed also
in Il (Figure 1). The photofading products of 11 were deter-
mined in a similar manner to that described above. The
results for || are summarized in Table 3.

The distribution of photo-products derived from Il in
methanol, ethanol, 2-propanol and acetone resembled those
from la. However, the formation of 1-{o-aminophenylazo)-2-
naphthol could not be observed.

In the case of 2-propanol, aniline was formed in low yield,
while o-nitroaniline and t-amino-2-naphthol were formed in
very high yields. This fact suggests that cleavage of the azo-
group is the main reaction in 2-propanol.

Influence of the Position of the Nitro-Substituent on Ano-
malous Photofading

2-Nitroazobenzenes on polyester and on nylon fade in light
much more easily than the corresponding 4-nitro derivatives,
Under anaerobic conditions, 4-nitroazobenzenes are more
resistant to fading than under aerobic conditions, whereas

o
o
o v
he (10,) T 9 o2 HOO 8 ——’OZNAQN; r 0 Q
in(CH3),CO (I11a) (V) l (V) Q
‘O_ H—Q ozNO CO,H
O,N N -0
Il d o i) o
(a) Q) &) Nd ) vit)
" vy §J
in CH,OH HO
" H,N Q + ow—@—nnz——»HzNQNHz
e
Scheme 3 {(1X) (X) (X1)
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TABLE 3

Photofading Products of 1-{o-Nitrophenylazo}-2-naphthol®

Products (%)

Run Solvent Irradiation Conversion Phthalic Nitro-

No. time (%) acid benzene
(h)
1 Methanol 18.0 92.8 34.1 8.4
2 Ethanol 10.0 94,2 6.7 8.0
3 2.Propanol 3.0 297
4  AcetoneP 12.0 91.8 63.2 18.2

a8—Cgee footnotes a—c under Table 2.

the fading of 2-nitro-azobenzenes is the same under both
conditions. The anomalous fading of 2-nitroazobenzenes is
position specific and may be explained by the assumption
that intramolecular photo-oxidation of the azo group to the
azoxy group involves specifically the 2-nitro group [2].

7 9
N-0O hv A O’\ he
O 3O

In 1-arylazo-2-naphthols, the o-nitro compound (l1} is
more stable to light than the p-nitro compound (la}, which
contrasts with the results for nitroazobenzenes [2] . It seems
that this can be explained by assuming a contribution from
an intramolecular hifurcated hydrogen bond (Scheme 4) to
the mechanism involving the o-nitro group, azo group and
o'-hydroxy group of the azo-tautomeric form [13]. For
example, the hydrogen bond in the hydrazone tautomer is
shared between two oxygen atoms, one from the —NO,
group and the other from the naphthalene group. Of course,
it is impossible to form the bifurcated bond in la.

N=O

Scheme 4

TABLE 4

NH or OH Chemical Shifts in Some Azo Compounds

Aniline o-Nitre Others®
aniline
6.5 trace MP
15.3 1.6 AN, EP
32.0 AN
trace 0

The contribution of an intramolecular hydrogen bond was
suggested from the NH or OH chemical shifts of a and 1l.
The values of the proton chemical shifts for these dyes, to-
gether with those of phenylazopyrazolone derivatives [14, 15]
are summarized in Table 4.

In all the compound pairs listed in Table 4, NH or OH
chemical shifts of the o-compounds appear at lower-field
than those of the corresponding p-compounds. The o-com-
pounds in both series of 2-arylazonaphthols and phenylazo-
pyrazolones are more stabie to light than the corresponding
p-compounds in a nylon fiim,

As further supporting evidence for the interaction, Korolev
et al. [16] demonstrated the effect of the orthochlorine atom
on the ionization of the hydroxy group in o-hydroxyo'-
chloroazobenzenes, and the effect could be attributed to the
formation of a bifurcated hydrogen bond. Whitaker deter-
mined the bond lengths of the bifurcated hydrogen bonding
in azo pigments involving 2-naphthol by a crystal structure
analysis [17] .

CONCLUSION

Following studies on the phatofading of 1-arylazo-2naphthols,

the photofading behaviour of 1-(p-nitrophenylazo)-2-naphthol

{la) and 1-(o-nitrophenylazo)-2-naphthol (Il) in various

solvents was examined. The following results were obtained:

(i) ta shows an anomalous photofading behaviour in
methano! and in ethanol, i.e. a dramatic reduction in
light fastness. From analysis of the photofading products,
it appears that the anomalous photofading may be due
to the contributions of a photo-reduction of the nitro-
and azo- groups to amino groups by alcoholic solvents,

Compound Solvent Chemical shifts (5, p.p.m.)
/: ‘\1}77‘7'\'7[7”“ cH, H . p-N(CH*3)2 p-CI p*NOz O-NOz
=1 et CDCl, 13.6 13.7 13.6* 13.6

CH, PhNO, 13.6 14.7
R phNO, P NO: o-NO:

Hoooow ™ 2 14.0 14.5

Y e — cn, H p-Cl o-Cl p-OCH4 0-OCH,
S CDCl4 9.3* 9.05* 10.1* 9.1* 10.0*
It ﬂ 0/ 5 p-OCH3 O'OCH3 p-NO; O-N02
o N N’—'ﬂ\_\)? CDCli;, 15.6* 16.6*

u PhNO, 16.0 16.5

*These values were cited from the following reference: Snavely and Yoder, J. Org. Chem., 33 {1968} 513.
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{ii)

instead of or prior to a self-sensitized photo-oxidation
via a singlet oxygen mechanism.

The distribution of photo-products derived from il in
methanol, ethanol and acetone resemble those from la.
In 2-propancl, products corresponding to a reductive
cleavage of the azo-group were obtained.

(iii} The influence of the position of the nitro substituent

on photofading has also been investigaged. It is found
that 1l is more stable than la to light. This may be due
to intramolecular interactions, namely the presence of
an intramolecular bifurcated hydrogen bond.

* % %

The authors thank Prof. M Tanaka, University of Osaka
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paper.
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