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STRUCTURE AND SPECTRA OF DIAZOTIZED o-AMINONAPHTHOLS AND THEIR 
ISOMERIC MONOSULFONIC DERIVATIVES 

V. V. Kozlov and I. L. Volodarski i  

Teo re t i ehe skaya  i E k s p e r i m e n t a l ' n a y a  Khimiya,  Vol. 4, No. 2, pp. 224-233 ,  1968 

The structure and behavior of o-naphthoquinonediazides and their 
monosulfonic acids in media of different acidity were studied by 
means of UV and IR spectra. In neutral, weakly acid and weakly 
alkaline solutions the diazo compounds of 1, 2- and 2, 1- amino- 
naphthols and their sulfonic acids exist in equilibrium as the dia- 
zonium and quinonediazide forms. The sulfonic acids, and also 
their metal salts, possess an ionic structure; the sulfonyl chlorides 
of the quinonediazides are nor ionized. 

It was shown that of the two extreme equilibrium forms of the 
diazo compounds the quinone diazide was the more photosensitive. 
The nature of the phototransformation products of 2, 1-naphthoquin- 
onediazide depends to a considerable degree on the medium which 
causes a shift into one or the other of the diazo forms. 

The diazo compounds of o -aminonaph tho l s  and the i r  
sulfonic acid de r iva t ives  a re  widely  used in the p r o -  
duction of p e r m a n e n t  azo dyes and as photosens i t ive  
compounds.  For  the l a t t e r  the condensa t ion  products  
of the sulfonyl  ch lor ides  of such diazo compounds with 
var ious  polyhydroxy and polyamino compounds a re  of 
g rea t  impor t ance .  The spec i f ic i ty  of such diazo c o m -  
pounds cons i s t s  of, in con t r a s t  to other a romat ic  diazo 
compounds ,  the condi t ions  of the i r  fo rmat ion ,  the i r  
s igni f icant  s tab i l i ty ,  and the i r  abi l i ty  to t r a n s f o r m  
into the so - ca l l ed  naphthoquinonediazides .  

Only r e c e n t l y  has at tent ion been paid to the o r i g i n -  
at ion of the p r o p e r t i e s  of such diazo compounds in the qui -  
nonediaz ide  and diaz onium fo rms  [1-6 l .  F or the p-  and o- 
aminophenols ,  for example ,  it  was shown that t r a n s f o r -  
mat ion  of the diaz onium cation into the quinonediazide  can 
can be cons ide red  as ionic d i s soc ia t ion  of a weak acid [1]. 

In the IR s p e c t r u m  of 1 -d i azo -2 -hydroxy-4 - su l fon ie  
acid, i so la ted  f rom acidic or  neu t ra l  aqueous solut ion,  
an absorp t ion  band at 2220 [3] or at 2229 em -1 [7] was 
detected,  c h a r a c t e r i s t i c  for the d iazonium group (a). 
In the s p e c t r u m  of the po t a s s ium sal t  of the diazo 
compound i so la ted  f rom alkal ine  so lu t ion  two in tense  
absorp t ion  bands at 2089 and 2109 cm -1 [7] or one 
band at 2110 em -1 c h a r a c t e r i s t i c  for the quinonediazide  
fo rm ( b ) w e r e  detected:  

(a) (b) 
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We studied the IR and UV spec t r a  of diazot ized 1 , 2 -  

and 2 ,1 - aminonaph tho l  a n d t h e i r  i s o m e r i c  monosul fonic  
acid de r iva t ives ,  and the condi t ions  of t r a n s f o r m a t i o n  
f rom the d iazonium fo rm to the quinonediazide  fo rm in 
solut ions  of d i f fer ing pH. It was of i n t e r e s t  to examine  
the'stat.e of the diazot ized 1 - a m i n o - 2 - n a p h t h o l  in r e -  
la t ion to the pos i t ion  in  the l a t t e r  of the su l fur  con -  

t a in ing  group,  and to i ts  na tu re  (free acid, sal t  or 
sulfonyl  chloride) .  

The I s o m e r i c  o -Aminonaphto l s .  The IR spec t r a  of 
the i s o m e r i c  naphthoqainonediazides  obtained by a lka-  
l ine po tas s ium fe r r i eyan ide  oxidation of the diazot ized 
oz- and p -naph thy lamines [  8], d e t e r m i n e d  as a s u s p e n -  
sion in hexachlorobutadiene ,  in paraff in  oil and in 
KBr table ts  were  ident ical .  The~" pos se s se d  a s t rong  
band at 2104 cm -t and a med ium in tense  band at 2136 
cm -1. These  f requenc ies  a lmos t  coincide with the 
as s igned  v ib ra t ions  for the ~N-~N bond given in the 
l i t e r a t u r e  [1 ,3 ,  9]. In addition the spec t rum of 2 , 1 -  
na ph t hoqu i none - l - d i a z i de ,  p r epa red  by d iazot iza t ion  
of the hydroch lor ide  of 1 - a mi no - 2 - na ph t ho l ,  r e -  
peatedly  r e c r y s t a l l i z e d  and r ep rec ip t t a t ed  f rom a l -  
coholic a lkal i  with a me l t i ng  point co r r e spond ing  to 
the pure  subs tance ,  pos se s se d  a weak band at 2215 
cm -1, which can be ass igned  ~o the - -N- -N  bond v i -  
b ra t ion  (Fig. la) .  The spec t r a  of these naphthoqui-  
nonediaz ides  in methanol  a3d ch lo roform do not pos -  
s e s s  this band. The s p e c t r a  of all the compounds 
p o s s e s s e d  a sharp  band at 1622 crn -1, ass igned  to a 
ca rbonyl  v ibra t ion .  

The solid chlor ide  of l -d i azo -2 -naph tho l  p r e p a r e d  
by diazot izat ion of the amine  with i s o a m y l n i t r i t e  in 
methanol  sa tu ra ted  with hydrogen ch lor ide ,  even af ter  
r epea ted  c r y s t a l l i z a t i o n  f rom methanol  sa tu ra t ed  with 
hydrogen  chlor ide ,  s t i l l  did not c o r r e s p o n d  to the pure  
d iazonium form.  Its IR s p e c t r u m  pos se s se d  a broad  
band at 2210-2200 cm -1 and a band at 2109 cm -1 (Fig. 
lb) .  A complete  shift toward the d iazonium fo rm 
occu r r ed  only in a s t rong ly  acid med ium (HC1 > 14%). 
In this  case  only one band at 2220 cm -t was detected 
in  the spe c t r um,  co r r e spond ing  to the ----N=N bond 
v ibra t ion .  The solid sulfate of 1 -d iazo -2 -naph tho l ,  
p r e p a r e d  by diazot iza t ion of the amine  in methanol  
with su l fur ic  acid,  p o s s e s s e d  only a so l i t a ry  band at 
2215 cm - i  in i ts  IR s p e c t r u m  c o r r e spond i ng  to the 
---N-~-N bond v ib ra t ion  (Fig. lb).  In the IR spec t rum 
of methanol  or ethanol solut ions  of this compound a 
weak band at 2212 em -1 and a s t rong  but somewhat  
spl i t  band at 2109 cm -1 were  obse rved  which ind ica tes  
the p r e s e n c e  of e qu i l i b r i um fo rms  of the diazo c o m -  
pound. In the IR spec t r a  of aqueous solut ions  of the 
d iazonium sulfate  and the c o r r e s p o n d i n g  quinone d i a -  
zide,  p r e p a r e d  by di f ferent  methods ,  a band at 2092 
cm -i  was observed  (Fig. lg) .  

The foregoing ind ica tes  the grea t  l ab i l i ty  of the 
diazo group in diazot ized 1 - a m i n o - 2 - n a p h t h o l  which 
read i ly  fo rms ,  in di f ferent  so lvents  and in weakly 
acid so lu t ions ,  an e qu i l i b r i um mi x t u r e  of the two ex-  
t r e m e  fo rms  --  the quinonediazide  and the d iazonium 
sal t .  The e qu i l i b r i um state  of the solid d iazonium 
chlor ide  of 1 - a m i n o - 2 - n a p h t h o l  which we noted con -  
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Table 3 

The v(SO2) cm -1 Frequencies of the Isomeric  Monosulfonic Acids 
of 1-Diazo-2-naphthol and Their Derivatives (in paraffin 0il; t h e  

sulfonyl chlorides in hexachlorobutadiene) 

Substituent' 

SO3H 

SO3Na 

SOnBa/2 

SO~CI 

1,2,4 

Vsym Vasym 

1052 1206 

1070 1226 

1030 1210 

1,2,5 

Vsym Vasym 

1032 1243 

1059 1231 

1032 1227 

1177 1387 

Isomer 

1, 2, 6 

Vsym Vasym 

1040 1227 

1052 1230 

1041 1206 

1180 1380 

1,2, 7 

Vsym Vasym 

1049 1216 

1056 1230 

1023 1218 

1178 1376 

1, 

v sym. 

1037 

1049 

1037 

1170 

2,8 

Vasym" 

1208 

1231 

1212 

1395 

f i rms the l i terature data [10]. Such diazo compounds 
can be secured in the extreme diazonium forms either 

~0~ r2109 

i c a 

Fig. 1. IR spectra  of di- 
azotized 1-amino-2-naph-  
thol: a) in hexachlorobu- 
tadiene; b) diazonium 
chloride in paraffin oil; 
c) diazonium sulfate in 
paraffin oil; d) chloro-  

hydrate in water. 

in strongly acid solutions, or as the solid form of the 
comparatively stable sulfates. A mutual shift of the 
vibrational bands, assigned to the triple (--N---~N) and 
the cumulative (-~R~=N) bonds, the broad band at 
3400-3300 cm -1 character is t ic  of the OH group 
stretching vibration which is observed in IR spectrum 
of the solid diazonium sulfate, and finally the band at 
1622 cm -1, character is t ic  of the carbonyl stretching 
vibration in the quinonediazides, point to the possible 
existence, depending on the medium, of the equilibrium 
system 

+ + 
N~N N--=N 
I I 

(?i "~ ~ \ / \ - o -  . / --Oil = , [ II / " 

\I k// k/k J 

~ \ / \ = o  
�9 ':1 I1 I \/\// 

The UV absorption spectral data of the diazonium 
chloride and quinonediazide of 1-amino-2-naphthol in 
solutions of differing pH are presented in Table 1. The 
spectra  of the substances in water, in buffered so-  
lutions of pH 7-4,  and in alkaline solutions were p rac -  
tically identical, and the solutions themselves were 
colored yellow. Only at pH 4 did the spectrum begin 
to change owing to the observed transition of the quin- 
onediazide form into the diazonium form. Complete 
transition into the diazonium form is concluded only 
at high concentrations of mineral acid (~4 N HC1). 
Such a gradual transformation of naphthoquinonediazide 
into the hydroxynaphthyldiazonium salt and the need for 
a more acidic medium differs from the conditions for 
t ransformat ion of o-benzoquinonediazide [1]. This is 
explained by the considerable stability of the naphtho- 
quinonediazide, by its lower solubility and by the l ia- 
bility of the o-hydroxynaphthyl diazonium salt. 

On passing to more  acidic media a shift toward the 
shortwave region in the UV spectrum of 1-diazo-2-  
naphthol is observed. The progress ive  change of the 
absorption spectra  of naphthoquinonediazide with change 
in acidity of the medium is shown in Fig. 2, from which 
it is evident that the set of curves which are derived 
possess  isobestic points at 273, 308 and 410 nap. This 
confirms the presence of equilibrium forms of the 
diazo compound in the solutions studied. In Fig. 2 the 
UV spectra  of 2-diazo-i-naphthol in water and in 34% 
HC1 are also given. 

Table 4 
Absorption Frequencies Vc= O, cm -1 of Deriva-  
tives of the Isomeric Monsulfonic Acids of 1- 
Diazo-2-naphthol in the 1700-1600 cm -1 Region 
(in paraffin oil; the sulfonyl chlorides in hexa- 

chlorobutadiene). 

Isomer 
Substituent 

1,2,4 1,2,5 1,2,6 1,2,7 1,2,8 

SO3Na 
SOaBa/2 
SO~CI 

1615 
1606 

1618 
1604 
1618 

1609 
1604 
1619 

1618 
1603 
1618 

1615 
1606 
1616 

The light sensitivity of diazo compounds existing 
in the quinonediazide form, in weakly buffered acidic 
solution (pH 5) is somewhat higher than of those in 
the diazonium form (Fig. 3). The quantum yields in 
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water and 60~c sulfuric acid of I-  diazo-2-naphthol are, 
respectively, 0.23 and 0.19, and for 2-diazo-l-naphthol 
it is 0.32 in the quinonediazide form, and 0.29 in the 
diazonium form. On photolysis of 2, 1-naphthoquinone- 
1-diazide, in weakly buffered acidic solution (pH 5) a 
faintly colored substance was isolated, in whose IR 
spectrum bands of the starting substance (2104, 1622 
cm -I) were present, as well as new bands at 1676 
cm-i corresponding to the carbonyl vibration in aromatic 
carboxylic acids, and a broad band at 3400-3200 cm -i. 

4.<; '~ /./~,:.~,, 
- -  I . / . 3  " . \ \  

t. ~:~ ~ : - ' . ,~q.~.~   ili! ' 
300 350 400 A, m# 

Fig.  2. UV spec t r a  of diazot ized 1 -amino-2 -  
naphthol: 1) in buffer solution, pH 7; 2) in 
0.42%HC1; 3) in 3.8%KC1; in 11.05%HC1; 5) 

in 34 % HC1. 

The substance mel ted  at 160 ~ and no marked  depress ion  
was displayed on mel t ing of a mixed probe with indene 
carboxyl ic  acid [11]: Photolysis  of the same naphtho- 
quinonediazide, d i sso lved  in concentrated sulfuric  acid, 
leads mainly  to the formation of 1 ,2 -d ihydroxynaph-  
thalene,  identif ied by its melt ing point and TR spect rum.  

Thus, the con t rad ic to ry  s ta tements  r ecorded  by many 
inves t iga tors  r egard ing  the nature of the photochemical  
t r ans fo rmat ion  products  of quinonediazides [11, 12, 13] 
a re  poss ib ly  due to d i s r ega rd  of the medium's  effect 
on the equi l ibr ium shift of the ex t reme forms  of the 
diazo compound. Under conditions favoring the ex-  
i s tence  of the diazo compound in the quinonediazide 
form, the phototransformat ion is accompanied by r ing  
contract ion and format ion of a compound of another 
cycl ic  sys tem.  Under conditions favoring the p r e dom -  
inant exis tence of the diazonium form of the diazo c o m -  
pound, photolysis  leads predominant ly  to formation of 
a product  in which the diazo group is rep laced  by a 
hydroxyl.  

Sulfonic Acid Deriva t ives  of 1-Diazo-2-Naphthol .  
F rom the data of Tabl~ 2, it  is  evident that for  all 
solid i s o m e r i c  monosulfonic acids of diazot ized 1-  
amino-2-naphthol  the vibrat ional  frequency v(N 2) l ies  
within the l imi t s  2215-2230 cm -i .  The diazonium 
group is  cha r ac t e r i z ed  by a single absorpt ion band 
which is  located not far  above the absorpt ion band of 
the solid diazonium sulfate of unsubsti tuted 1 -amino -  
2-naphthol (2215 cm-1). In addition, although the 
difference is not l a rge ,  there  is  a tendency for the 
vibra t ional  value to i nc rease  in the p re sence  of an 
SO3H group in the pa ra  and pe r i  posi t ions with r e -  
spect  to the diazo group. In these posi t ions ,  c loses t  

to the diazo group, the SO20- groups form the most  
stable and most difficultly soluble in t r amolecu la r  
diazonium sa l t s .  Such sulfonic acids  a re  s t ronger  than 
the other i somer i c  diazonium sulfonie acids (see Table 
6). 

In the spec t r a  of all the i somer i c  diazonium mono- 
sulfonic acids of 1-amino-2-naphthol ,  and also the 
diazonium sulfate of this amine,  there  is a broad  band 
at 3400-3300 cm -1 (in hexachlorobutadiene),  c h a r a c -  
t e r i s t i c  for OH group s t re tching vibra t ions ,  and the 
absorpt ion band of the carbonyl  frequency was not de-  
tected.  Examination of the TR spec t r a  of the sodium 
sa l t s  of the i s o m e r i c  monosulfonic acids of diazotized 
1-amino-2-naphthol  showed that the f requencies  of the 
p (N 2) vibrat ions lay 135-138 cm-1 below the frequency 
of the main band of the corresponding free sulfonic 
acid of these  diazo compounds. F u r t h e r m o r e  these 
bands, assigned to the-~N=N bond vibrat ion,  are  
spl i t  (see Table 2). 

By compar ing  these vibra t ions  for  the separa te  
i s o m e r s ,  the same tendency for the vibrat ion to in-  
c r e a s e  in value for compounds with sulfonic acid 
groups si tuated in the p a r a  and pe r i  posi t ions with 
r e s pe c t  to the diazo group can be noted. By assigning 
these vibrat ions to the unsubstituted 2 ,1-naphtho-  
quinone-l-diazide (in the solid state 2104, 2136 em -I) 
the conclusion can be drawn that the presence of the 
SO3Me group markedly lowers the frequency of the 
second split band (by 9 to 28 era-i). In the IR spectra 
of the barium salts of the same sulfonie acids of the 
diazo compounds, the main band undergoes a signi- 
ficant change; the frequencies rise on average by 
30-35 cm -I with respect to the unsubstituted naphtho- 
quinonediazide, and to the sodium or potassium salts. 

90 

~ea 

8 2o 
c~ N r 

Fig .  3. Rate of photolysis  of 
i s o m e r i c  diazot ized o - a m i n o -  
naphthols: 1) diazo compound 
f rom 2-aminonaphthol at 
pH 5; 2) diazo compound from 
1-amino-2-naphthol  at pH 5; 
3) diazo compound from 1- 
amino-2-naphthol  in 60% 

H2SO4. 

An analogous picture is noted for the zinc, calcium 
and cobalt salts of these diazo compounds. Thus the 
SO3Me group in salts of differing dissociation, vari-  
ously affects the frequency of the vibration of the diazo 
group. Consider the v(N2) vibrational frequencies of 
the sulfonyl chlorides: first, they also lie below the 
vibrational frequencies of the N2-group of the isomeric 
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1,2,8 

Isomer ' I SO~O-- SO~CI 

q~ 0,23 

Table 7 

Quantum Yields of Isomeric Monosulfonie Deriva- 
tives of Diazotized l-Amino-2-naphthol (0.02 g �9 
�9 mole of substance, 80 ml of solution (i % 

NaHCOa), 25 ~ C, 200-500 m~). 

0-26 I 0-261 0.231 0,26 ] 0.16] 0,16 0.14 I 0.18 

Table  8 

C h a r a c t e r i s t i c s  of the I s o m e r i c  Monosulfonie Acids of 1 -Diazo-2-naph tho l  and 
Their Derivatives 

u_ .= 

~o Di__. azo_ _N. I '% Diazo N 

Substance mp Found Calc.l] Substance rnp Found 
1/ 

4-SO3H 
4-SOaNa 
4-SO3Ba/2 
5-SO3H 
5-SOaNa 
5-SO3Ba/2 
5-SO~C1 
6 -SOaH 
6-SOaNa 
6-SOaBa/2 

195--196 ~ 

136--I37 ~ 

145--146 ~ 
149--150 ~ 

11.3 i 
10,3 
8.90 I 

t0.7 
l0.2 
8.70 

10.3 
11.1 
10,t 
8,63 

i1,2 
10,2c~ 
8.81 

11.2 
10.2c 
8.81 

10,43 
11.2 
10,29 
8.81 

6-SQCI 
7-SO~H 
7-SO3Na 
7-SOaBa/2 
7-SQC1 
8-SOaH 
8-SOaNa 
8-SOsBa/2 
8-802C1 

148--149 ~ 
167--168 ~ 

157--158 ~ 
137--138 ~ 

136--137 ~ 

10,6 
11 .t 
10.4 
8.5 

10,4 
11.2 
10.0 
8.6 

10.2 

Calc. 

I0,43 
11.2 
10.29 
8,81 

10.43 
11.2 
10.29 
8.81 

10.43 
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sulfonic  ac ids  (by 95 cm -1) and a r e  sp l i t ;  and second ,  
the va lue  i t s e l f  l i e s  be tween the v i b r a t i o n a l  va lues  of 
the  sodium and b a r i u m  s a l t s .  Although we did not have 
the i s o m e r  with the  SO2C1 group  in the 4 pos i t i on  of 
the d iazo  compound ava i l ab l e ,  n e v e r t h e l e s s  t h e r e  i s ,  
ev iden t ly  ( see  Tab le  2), a t endency  t oward  i n c r e a s e  in 
v i b r a t i o n a l  f r equency  for  the i s o m e r s  with the SOzC1 
group in the p o s i t i o n  n e a r e s t  to the d iazo  group.  T h e s e  
v i b r a t i o n s  of the sulfonyl  c l o r i d e  c o r r e s p o n d  to the 
v i b r a t i o n s  of the ~N==N bond c h a r a c t e r i s t i c s  for  the 
naph thoqu inoned iaz ides .  

LgC 
#.5! .: 

/: ! 
..~.. : 

~......, ~: 

i , r t i _ 

250 300 350 ~ ,I, mg 

Fig.  4. UV s p e c t r a  of some  
d e r i v a t i v e s  of d i a z o t i z e d  1- 
a m i n o - 2 - n a p h t h o l :  1) d i azo  
compound f rom 1 - a m i n o - 2 -  
naphthol  in w a t e r ;  2) d iazo  
compound f rom 1 - a m i n o - 2 -  
n a p h t h o l - 8 - s u l f o n y l  ch lo r ide  
in dioxane;  3) d iazo  compound 
f r o m  1 - a m i n o - 2 - n a p h t h o l - 8 -  

su l fonic  ac id  in wa t e r .  

A s tudy  of the pos i t i on  of the bands  of the SO 2 
group s t r e t c h i n g  v i b r a t i o n  showed that  the su l fon ic  
ac ids  and m e t a l  s a l t s  of the  sul fonic  ac ids  of d i a z o -  
t i z e d  1 - a m i n o - 2 - n a p h t h o l  p o s s e s s  an ionic  s t r u c t u r e  
(Table  3). The band of the s y m m e t r i c a l  s t r e t c h i n g  
vibration ~svm (S02) is a strong symmetrical band 
at i028-I056 cm-l; the antisymmetrical stretching 
vibration Vasy m (SO 2) is represented by a broad band 

at 1206-1243 cm -I. The highest vibrational frequency 
is observed for diazo compounds with the sulfonie group 

in one ring in the fi -position to the strong electron 
acceptor diazonium group (I, 2,4-isomer). The fre- 
quencies of the SO 2 group stretching vibrations for 
the isomeric sulfonyl chlorides lie within the limits: 

~:asym (SO2) 1373-1396 cm -I, Vsy m (SO 2) 1167-1186 
cm -I. Both bands are single, symmetrical, and nar- 
row, which indicates the nonionized state of this 
group (see Table 3). 

If the stretching vibration of the C~O bond at 1622 
cm -I x is a characteristic band for unsubstituted 2, 
l-naphthoquinone-l-diazide, then introduction of a 
sulfonate (SO3Me) or sulfonyl chloride group into any 
position of the naphthalene nucleus insignificantly 
reduces the value of the C==O group vibration (Table 

4). The greatest reduction is noted for the barium 
salts of the sulfonie acids of naphthoquinonediazide 
(1603-1606 cm-l). In all these compounds corre- 
sponding to OH group vibrations Were not detected. 

In order to clarify the character of the intramo- 
lecular interactions in the sulfonic acid derivatives 

of the d iazo  compound of 1 - a m i n o - 2 - n a p h t h o l  we have 
s tud ied  the e l e c t r o n i c  s p e c t r a  of t he se  compounds .  In 
aqueous  so lu t ion  of the sod ium su l fona tes  of the d iazo  
compound,  the a bso rp t i on  cu rve  of each  one c o m p l e t e l y  
p r e s e r v e s  a l l  the f e a t u r e s  c h a r a c t e r i s t i c  of the a b -  
s o r p t i o n  of the unsubs t i tu ted  2 , 1 - n a p h t h o q u i n o n e - 1 -  
d i az ide  (see Tab le  5 and Fig.  4). A s m a l l b a t h o c h r o m i c  
shi f t  of the a bso rp t i on  band was  o b s e r v e d ,  p r i m a r i l y  
of the sho r twave  group.  A l l  this  i nd i ca t e s  the in -  
duc t ive  c h a r a c t e r  of the i n t e r a c t i o n  of the su l fonate  
g roup  with the d iazo  group  and the whole a r o m a t i c  
s y s t e m .  In the e l e c t r o n i c  s p e c t r a  of the i s o m e r i c  
sulfonyl  c h l o r i d e s  the to ta l  c h a r a c t e r  of the a b s o r p t i o n  
characteristic of the unsubstituted naphthoquinone- 
diazide is preserved. However, both with respect to 
the unsubstituted naphthoquinonediazide, and to the 
sodium salts of its sulfonic acids, the absorption 
curve is somewhat shifted toward the longwave region 
wherein the value of the shift does not depend on the 
position of the SOzO-grou p in the molecule. The total 
bathoehromic shift of the absorption curve confirms 
that an electron acceptor substituent such as the SO2 CI 
group has been introduced. 

The UV spectra of the isomeric sulfonic acids of 
1-diazonium-2-hydroxynaphthalene in 80% sulfuric 
acid are similar to the spectrum of the unsubstituted 
diazonium sulfate of 1-amino-2-naphthol, but with a 
small shift of the absorption bands toward the short- 
wave region. This shift of the absorption maxima was 
noted also for the diazotized 1-amino-2-naphthol-4- 
sulfonic acid on passing from its aqueous solution to 
a solution in concentrated sulfuric acid [3]. The mag- 
nitudes of the shifts did not depend on the position of 
the SO20-grou p on the nucleus of the diazo compound. 
Any effect of the SO3H-grou p in the diazonium form 
compared to the naphthoquinonediazide, apparently, 
is due to the predominant effect of the strong electron 
aeceptor diazonium group. Solutions of 1-diazonium- 

2-naphthol-4-sulfonic acid or its sodium salt in water 
or in weak hydrochloric acid solution show a band at 
2227 cm -I corresponding to the ---N~-N bond. There 
are no bands in the 2100-2200 em -I region corre- 
sponding to the vibration of the ~--N==N bond. On 
making the indicated solutions weakly alkaline the first 
band (2230 cm -I) is preserved but a band at 2093 cm -I 
also appears. This indicates that alongside the dia- 
zonium form there appears in the solution the quinone- 
diazide form. The greater lability of the sulfonic 
acids of diazotized 1-amino-2-naphthol in solution is 
analogous to the transformation of the unsulfonated 
diazo compound noted above. 

To determine the degree of ionization of the studied 
diazo compounds (pK a) a spectrophotometer [14] was 
also employed. In accordance with the data of Table 
5, t h e r e  w e r e  s e l e c t e d  (for 800/0 H2SO4) a na ly t i c a l  
wave leng ths  at which  the ex t inc t ion  coe f f i c i en t s  ( e )  
w e r e  m e a s u r e d  of the d iazo  so lu t ions  of 1 - a m i n o - 2 -  
naphthol  and i t s  monosu l fon ic  ac id s ,  con ta in ing  the 
quinonoid and d iazon ium f o r m s ,  and t h e i r  m i x t u r e s ,  
in e q u i l i b r i u m  (Table  6). On this  b a s i s  [16] the  pK a 
va lue s  w e r e  c a l c u l a t e d  (Table  6). The g r e a t e s t  change  
in the  pK a va lue s  i s  o b s e r v e d  for  the  i s o m e r s  inwhich  
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the sulfonie group is in the nearest  position to the 
diazo group (4- and 8-sulfonic derivatives). 

Comparison of the values of the quantum yields of 
the sulfonyl chlorides with those of the sulfonic acids 
of 2, 1-naphthoquinone-l-diazide are presented in 
Table 7. 

The representat ives of one of the extreme forms 
of the diazo compound of l-amino-2-naphthol, as its 
sulfate, and also the isomeric diazonium sulfonic 
acids as solids, are gray or weak yellow in color. All 
representatives of the other extreme f o r m -  the 
isomeric sulfonyl chlorides of diazotized 1-amino-2- 
naphthol -- are bright intense yellow. All the sulfonyl 
chlorides, in contrast to the sulfonie acids of diazo- 
tized 1-amino-2-naphthol, do not combine witheither 
resoreinol or with m-toluylenediamine in dioxane or 
dimethylformamide solutions. Only in dioxane with a 
weakly alkaline medium does the sulfonyl chloride 
pass progressively from the stable and unreactive 
form of the naphthoquinonediazide into an active form 
able to azo couple. 

EXPERIMENTAL 

Starting Materials. 2, l-naphthoquinone-l-diazide 
synthesized from i-amino-2-naphthol [17], and also 
from oz-naphthyiamine [8], crystallized from hexane 
as yellow needles, mp 94.5-95 ~ Found: N, 16.5%. 
Calc. for CI01-16N20: 51, 16.4%. 1,2-naphthoquinone- 
2-diazide, synthesized from ~ -naphthylamine [ 8], 
crystallized from hexane, and then chloroform as 
yellow prisms, mp 74 ~ Found: N, 16.2%. Cale, for 
CIoH~N20: N, 16.4%. The same substance, synthesized 
from 2-amino-l-naphthol [ 17], crystallized from 
hexane as yellow prisms, mp 74. 5-75 ~ Found: N, 
16.3%. Calc. N, 16.4~ 2-naphthol-l-diazonium 
chloride was prepared by introducing 4 ml of isoamyl- 
nitrite (0~032 g-mole) at 0-5 ~ into a fine suspension 
of 6g l-amino-2-naphthol (0.032 g-mole) in absolute 
methanol, saturated with HCI, with subsequent pre- 
cipitation with absolute ether. Found: N, 14.3%. Calc. 
for CIoHTN2OCI: N, 13.56%. We prepared 2-naphthol- 
1-diazonium sulfate analogously in methanol solution 
with 3 ml of concentrated sulfuric acid, which was a 
colorless powder mp 136-138 ~ Found: N, 9.85~. 
Calc. for CIoH~N2SO 5. N, 10.44%. The monosulfonic 
acids of 1-diazo-2-naphthol were prepared by diazo- 
tization of the isomeric sulfonic acids of 1-amino-2- 
naphthol [18]. The latter were prepared from the 
corresponding naphtholsulfonie acids, previously 
purified by chromatography on A1203 columns and the 
homogeneity verified on paper chromatograms [19]. 
The sulfonyl chlorides of the diazo compounds were 
prepared by treating the sulfonic acids of 2 ,1 -  
naphthoquinone-l-diazide with ehlorosulfonie acid[20]. 
We also established that in the reaction of ehlorosul-  
fonic acid on unsubstituted o-naphthoquinonediazides 
the sulfonyl chlorides were smoothly formed [21]. 
From 2,1-naphthoquinone-l-diazide was formed 2, 
1-naphthoquinone-l-diazide-6-sulfonyl chloride, from 
1,2-naphthoquinone-2-diazide was formed 1 ,2 -  
naphthoquinone-2-diazide-5-sulfonyl chloride (Table 8). 

Quantum Yields. Determination of the quantum 
yields was carr ied out by measuring the quantity of 
nitrogen liberated during irradiation of a solution of 
the compound with the unfiltered light from a PRK-4 
lamp, in a quartz cell at 21 ~ , and by measuring the 
quanta of radiation absorbed by uranyl oxalate [22]. 
The concentration of the compound was 2.10 -2 g-mole/ l ,  
height of column of solution in the cell was 50 mm, 
irradiated area 4.17 em [2]. 

Spectra. Infrared spectra were measured on the 
IKS-14 spectrophotometer in the range 4000-1800 
cm -! with an LiF prism (spectrum calibrated with 
indene), in the range 1900-700 em -I, with a NaCl 
prism (spectrum calibrated with polystyrene). The 
spectra in methanol were measured in fluorite cells; 
in water, methanol saturated with HCI, and in acids they 
were measured in quartz cells. The UV spectra were 
measured at room temperature on the SF-4A spectre- 
photometer. 
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