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Reactions of Diazonium Salts with Phenols and Amines in Non-Aqueous Media

By W. Bradley and J. D. Thompson

Clothworkers Research Laboratory, University of Leeds

Although diazonium salts hâve been known for more 
than a Century only a few hâve been described which are 
soluble in benzene or ether and this has limited the 
study of their reactions.1 In some investigations suspen­
sions of diazonium salts or their complexes with zinc 
chloride hâve been used, but it was hoped to obtain 
simpler results in the present study from experiments 
in homogeneous solution.

1 W. Bbadley and J. D. Thompson, Nature 178 (1956) 1069.

Diazonium salts which are soluble in benzene are 
readily prepared by applying normal methods of dia- 
zotisation to alkoxyanilines having n-heptyl, n-decyl or 
cetyl groups in the alkoxy substituents. p-n-Decyloxy 
benzenediazonium fluoborate and the corresponding 
perchlorate, for example, are both soluble in cold ben­
zene. The diazonium salts of this type are colourless to 
pale yellow crystalline compounds of low melting-point, 
most of which are stable when kept for long periods in 
the dry state. The solubility in benzene dépends on the 
anion and whilst p-n-decyloxybenzenediazonium fluo­
borate forms a 4% solution in benzene at the room tem­
pérature the chloride and toluene-p-sulphonate are less 
soluble and the sulphate almost insoluble. The character 
of the chloride as a true diazonium sait is established by 
the following considérations. It reacts immediately and 
quantitatively with silver perchlorate in benzene form- 
ing silver chloride, and combines with stannic chloride 
to form the derivative (C10H21OC6H4N2)2SnCl6. With 
iodine monochloride it forms (C10H21OC6H4N2)+IC12_.

The diazonium character of the perchlorates and fluo- 
borates is ensured by the nature of their anions.

On the addition of a benzene solution of tetra-n- 
butylammonium hydroxide to one of p-n-decyloxy- 
benzenediazonium fluoborate an orange colour develops 
immediately and increases in intensity until two mois 
of the base hâve been added. This corresponds to the 
formation of the tetra-n-butylammonium sait of the 
diazotate:

(p-n-C10H21OC6H4N2)+BF4- + 2 (Bu4N)+ OH
I

(p-n-C10H21OC6H4-N=N-O)-NBu4+ +

+ (Bu4N)+BF4-+H2O

or of the related isodiazotate. The latter is the more 
probable because it does not couple to ^-naphthol, nor to 
dimethylaniline, even after the addition of glacial acetic 
acid équivalent in amount to the base.

The reaction with sodium iodide follows a different 
course. On the addition of sodium iodide in dry acetone 
to a benzene solution of p-n-decyloxybenzenediazonium 
fluoborate p-n-decyloxyiodobenzene is formed together 
with iodine and p-n-decyloxydiphenyl, the two last 
mentioned products being present in équivalent amount. 
The proportion of these relative to p-n-decyloxyiodo- 
benzene increases with dilution and this suggests the 
following course of events in which radical reactions play 
an important part:
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(C10palOC6H4Na)+BF4- + Nal

C10H21OC6H4-N-N-I

c10h21oc6h4- + i- + n2
benzene |

c10h21oc6h4-c6h6 cmh!xoc6h4i

The product also contained a very small proportion of 
diphenyl which must have arisen through the inter- 
mediate formation of phenyl radicals.2

Addition of phenylmagnesium bromide prepared in 
ether to a benzene solution of p-n-decyloxybenzenedia- 
zonium Chloride readily gave nitrogen but the expected 
p-n-decyloxyazobenzene was formed only in minute 
yield. The main products were n-decyloxybenzene, p-n- 
decyloxydiphenyl, and diphenyl. Evidently with Gri­
gnard reagents in benzene, although ionic reactions 
occur which result in the formation of unsymmetrical 
azo compounds, diazonium salts react mainly through 
radicals. When the reaction was carried out wholly in 
ether p-n-decyloxydiphenyl was no longer obtained but 
the yield of n-decyloxybenzene was greatly enhanced. 
In this medium the yields of azo compounds were 
higher. The following scheme summarises the observa­
tions : C1oH2JOC6H4-N=N-C6H5

C10H21OC6H4 • + N2 + Ph •

ether[

(C10H21OCeH4N2)'CF+ PhMgBr

ether-benzene , or ether

C10HälOC6H5 C1oH21OC6H4C6H5
With aniline (2 mol) in benzene at 15 ° p-n-decyl- 

oxybenzenediazonium salts react to form p-n-decyl- 
oxydiazoamino-benzene and 4-amino-4'-n-decyloxyazo- 
benzene. The diazoaminobenzene derivative is unstable 
and readily décomposés forming n-decyloxyphenyl ra­
dicals which react with the solvent to form n-decyloxy­
benzene andp-n-decyloxydiphenyl. The following scheme 
represents the course of the reaction:

(C1oH21OC6H4N2)+BF4“+ PhNH2 
i t

jC10H21OC6H4-N- n-c6h4~nh2
IcioH21OC6H4-N=N-NH-C6H6 .

CioH2iOCfiH5 C10Hz1OC6H4 CsH5
2 idem., ibid. 186 (1960) 631

An analogous reaction occurs with dimethylaniline. In 
addition to the expected product of the reaction, 4-di- 
methylamino-4'-n-decyloxyazobenzene, there was form­
ed also p-n-decyloxydiphenyl. This implies the inter- 
mediate formation of n-decyloxyphenyl radicals in such 
a scheme of reactions as :

(C10H21OC6N4N,)+BF4- + PhNMe,

[ C10H21OC6H4- N-N-C6H4-NMe2 |

I + (+) II (CloH21OC6H4- N=N-NMe2Ph) BF4“ I

c10h21oc6h4-
benzene

OioHai006H4 06H5

The tendency for radical reactions to occur when 
benzene is used as the medium was shown also in the
reaction of p-n-decyloxybenzenediazonium salts with 
the dry sodium sait of /i-naphthol. In this example too, 
although l-p-n-decyloxyphenylazo-2-naphthol is form­
ed as the main product, there is produced also p-n- 
decyloxydiphenyl. The origin of this derivative is prob- 
ably to be attributed to the intermediate formation of a 
diazo-ether which décomposés yielding n-decyloxy­
phenyl radicals :

Qo^nO^Hg '

c10hsiocsh6 c10h21oc6h4-c8h6
No reaction occurs when free ß-naphthol is added to 

a solution of p-n-decyloxybenzenediazonium fluoborate 
in benzene, but the expected azo compound is formed 
when pyridine or tetra-n-butylammonium hydroxide is 
present. The reaction in the presence of pyridine was in- 
vestigated in greater detail.

In the first experiments the concentrations of the 
diazonium sait and ß-naphthol were approximately the 
same (4 XHNgmol); pyridine (6.38 X 10 4 g mol) was 
present also, and the combined volume of reactants and 
medium was 50 ml at 20 i 0.2 °C. Formation of the azo 
compound occurred, and at suitable intervals 2 ml 
portions of the solution were withdrawn and mixed with 
25 ml of glacial acetic acid. A further quantity of the 
acid was then added to bring the total volume to 50 ml. 
The optical density of the solution was measured at
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Fig. 1. The Rate of Coupling of jt>-n-Deeyloxybenzenediazonium 
Fluoborate with/S-Naphtholin Benzene (Pyridine)

466 m/t and the concentration of azo-compound present 
was obtained by comparison with a previously deter- 
mined graph relating the optical density at 466 m^ of 
solutions of known concentrations of pure 1-p-n-de- 
cyloxyphenylazo-2-naphthol in a medium consisting of 
benzene (4 vol) and glacial acetic acid (96 vol). Over the 
concentration range studied (0 to 1.2 mg of azo-com­
pound in 50 ml of solution) the graph was a Straight 
line. The results are shown in the Tables 5 to 9 (Ex­
perimental) and graphically in Figure 1. It is clear from 
the curves that there is initially a brief, relatively rapid 
formation of azo-compound occurring during about 20 
minutes, after which a much slower reaction takes place 
at an almost constant rate, though falling slowly with 
time. The Overall rate of reaction may be gauged from 
the fact that after 2 hours the yield of azo-compound is 
approximately 16.5% of the theoretical, and 66% after 
50 hours.

In subséquent experiments the initial concentration 
of the diazonium sait was varied and it was found that 
the amount of azo-compound formed at a given time 
was roughly proportional to the square root of the ini­
tial diazonium sait concentration.

Thus at t = 70 min the concentration of azo-deriva- 
tive with different initial amounts of diazonium sait 
(/3-naphthol and pyridine concentration fixed) was:

Table 1

Concentration of 
Azo-compound 
(g mol/1 X 103) 

= (a)

Relative Concen­
tration of Diazonium 

Salt 
= (b)

(bf1/“ 
= (c)

(c)
(a)

0.625 0.5 0.707 1.13
0.875 1.0 1.000 1.14
1.125 2.0 1.416 1.26

This implies that the diazonium sait is present mainly 
as a dimer, and that dissociation to a monomolecular 
form occurs, the monomer reacting as fast as it is form­
ed. The view that an active monomeric form is being 
produced from a dimer would explain the observed 
initial rapid rate of coupling, because the diazonium 
sait solution when first prepared would be expected to 
contain the monomer at a higher concentration than at 
any subséquent time.

When the initial concentrations of the diazonium sait 
and pyridine were fixed and that of the ß-naphthol was 
varied, it was found that the amount of azo-compound 
produced after a given time was approximately propor­
tional to the square of the initial naphthol concentra­
tion. Thus at t = 70 min the concentration of azo-com­
pound was related to the initial naphthol concentration 
as shown in the following table.

Table 2

Relative Initial 
Concentration of 

^-naphthol 
= (b)

Concentration of Azo­
compound 

(g mol/1 X 103) 
= (a)

(b)l-75 

= (c)
M 
(a)

10
20
40

0.30
0.875
3.40

56.2
189
635

187
216
186

(c)At t = 60 min the corresponding values of yy are 204, 

236 and 212. Evidently two molécules of ^-naphthol are 
involved in the formation of one molecule of azo com­
pound. This situation would arise if /l-naphthol reacted 
relatively slowly with itself to form a dimer which then 
coupled with the diazonium sait, the coupling rate being 
faster than the dimérisation. One possible form of the 
dimer would be

H

I il I 0 H 0 | I!
and in this it is possible that the nucleus on the left 
would couple more readily than that of single molécules 
of ß-naphthol. Another possibility is that the diazonium 
fluoborate and /9-naphthol react to form the ion-pair

(p-n-C10H21O C6H4iN) (O-C10H7)

which then reacts further with another molecule of ß- 
naphthol, possibly by a mechanism analogous to that 
suggested by Ingold3 to explain the rearrangement of 
diazoamino into aminoazo compounds.

The effect of pyridine is smaller than that of tetra-n- 
butylammonium hydroxide and no evidence could be 
obtained that pyridine perceptibly increased the ionisa­
tion of ß-naphthol at the concentrations employed. It 
is possible that its accelerating effect is due to the for­
mation of a pyridme-/j-naphthol adduct :

3 C. K. Ingold, Structure andMechanism in Organic Chemistry, p. 612.
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In addition pyridine tends to reverse the association of 
long-chain compounds.

In the presence of tetra-n-butylammonium hydroxide 
the coupling reaction was very fast indeed. Using the 
/3-naphthol and p-n-decyloxybenzenediazonium fluobo- 
rate at concentrations of about 8 X 10*3 g mol/litre the 
coupling was complété within one minute, the amount 
of dye formed being proportional to the amount of the 
tetra-n-butylammonium hydroxide added until one 
équivalent of the base had been reached. This resuit 
could hâve arisen either because the base ionizes the 
/3-naphthol or because the base reacts with the diazo­
nium sait to form a more reactive derivative. These 
points were settled by the following considérations.

The importance of the ionisation of /3-naphthol was 
shown in a sériés of experiments in which increasing 
amounts of tetra-n-butylammonium hydroxide were 
added to the /3-naphthol before the diazonium sait was 
introduced. In each experiment coupling occurred very 
rapidly indeed, it was almost complété within one mi­
nute, and the amount of azo-compound formed was 
nearly proportional to the amount of base added up to 
one équivalent.

A very different effect was observed if the base was 
added to the diazonium sait first, the /3-naphthol being 
added last. No coupling occurred under these conditions 
because the diazonium sait reacted very rapidly with the 
base to form a non-coupling, inactive isodiazotate. The 
same kind of reaction is already well known in aqueous 
solutions but what is remarkable about the reaction in 
benzene is the great ease with which it occurs. In 
aqueous solution it is usually necessary to employ an 
excess of concentrated alkali to produce the inactive 
isodiazotates, and it seems that the medium may play 
an important rôle in facilitating the second stage of the 
following reaction sequence:

t . . OH' . . ,.
diazonium ion-----► diazotate ion —•■ isodiazotate ion.

The origin of this may be the same as for the reaction 
reported by Patterson and Montgomerie4 who found 
that at 26 0 the rate of isomérisation of syn-anisaldoxime 
into the anti-form was about 50% faster in benzene 
than in methanol or éthanol (relative k26°: MeOH 2.07, 
EtOH1.86, C6H63.13%).

4 T. S. Patterson and H. H. Montgomerie. J. Chem. Soc. 101 
(1912) 26.

It may be mentioned that not only does the isodiazo­
tate fail to react with /3-naphthol, it does not react 
either with dimethylaniline even after the addition of 
glacial acetic acid équivalent in amount to the base 
present.

These results hâve an important bearing on the re- 
sults which are obtained when the diazonium sait and

the /3-naphthol are mixed first and then the base added 
later. Experiment shows that a high yield of azo-com- 
pound results, which indicates that the reaction of the 
base with /3-naphthol is even faster than its reaction 
with the diazonium sait.

Following are the general points of interest which 
bave emerged from a study of the chemistry of diazo­
nium salts and the coupling reaction in benzene.

Diazonium salts containing higher alkoxy groups as 
substituents are soluble in benzene, fluoborates and per- 
chlorates being more soluble than chlorides and toluene- 
p-sulphonates. Solutions of the chlorides show ion- 
exchange reactions with silver perchlorate and combine 
with stannic chloride and iodine monochloride like 
typical diazonium salts. Solutions of ail the salts are 
stable at the room température. Addition of sodium 
iodide causes décomposition with formation of nitrogen, 
free iodine, alkoxyiodobenzenes and alkoxydiphenyls as 
the resuit of radical reactions. The first three products 
are obtained also when diazonium salts react with so­
dium iodide in water, but the formation of diphenyl and 
alkoxydiphenyls emphasises the radical character of the 
reaction in benzene. Analogous products are obtained 
when Grignard reagents are used. Here again the reac­
tion is essentially radical in character though a ionic 
reaction occurs in small degree.

With aniline diazo-amino- and amino-azo-compounds 
are formed, as in aqueous solution, but the diazo-amino- 
compounds proved to be unstable, decomposing with 
formation of nitrogen, alkoxybenzenes and diphenyl. 
The formation of the last in particular emphasises the 
radical character of the reaction. Analogous results were 
obtained using dimethylaniline.

The main conclusion from these experiments is that 
diazonium salts in benzene react primarily by ionic 
reactions, but these are frequently succeeded by radical 
reactions due to the décomposition of diazoiodides, di- 
azoethers and diazo amino-compounds formed during 
the first stage of the total reaction.

These results are of interest for the further considéra­
tion of the coupling reaction in benzene.

In the absence of other reagents diazonium salts 
couple slowly with dimethylaniline and do not couple 
with /3-naphthol. This is normal expérience in aqueous 
solution, in which dimethylaniline is weakly reactive 
and /3-naphthol inactive towards typical diazonium salts.

When an excess of tetra-n-butylammonium hydroxide 
is added to a benzene solution of p-n-decyloxybenzene- 
diazonium fluoborate the diazonium sait reacts at once 
to form the corresponding iso-diazotate. This does not 
couple to either /3-naphthol or dimethylaniline. In ben­
zene, as in water therefore, it is the diazonium sait 
which is the reactive component.

On the other hand tetra-n-butylammonium hydroxide 
ionises the /3-naphthol which then reacts immediately 
with the diazonium sait, the yield of azo-compound 
formed from équivalent quantities of diazonium sait and
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naphthol being proportional to the aniount of the 
hydroxide added, over the range 0.1 to 1.0 équivalents. 
These experiments show clearly how little is the coup- 
ling reaction affected in mechanism or speed by chang- 
ing the medium from water to benzene.

The coupling reaction in benzene in the presence of 
pyridine follows a more complicated course. Addition of 
pyridine enables the reaction to proceed but the rate is 
much slower than with tetra-n-butylammonium hydroxi­
de. Pyridine lias no apparent efïect on the diazonium sait, 
nor does it hâve any appréciable influence on the light 
absorption spectrum of /J-naphthol in benzene. However, 
with the enormous effect of tetra-n-butylammonium 
hydroxide in mind it does seem possible that the whole 
of the effect of pyridine could be due to an increase in 
the reactivity of ß-naphthol following association with 
the base.

In the pyridine-catalysed reaction the rate dépends 
on the square root of the initial diazonium sait concen­
tration, which suggests that the sait exists mainly as a 
dimer in benzene, the active monomeric form being 
produced from it at a low rate. The rate of dissociation 
of the dimeric form is not important in the tetra-n- 
butylammonium hydroxide catalysed reaction for the 
reason that the anion of /?-naphthol is reactive enough 
to décomposé the dimer.

A final point of interest is that ß-naphthol and l-D-2- 
naphthol couple at identically the saine rate with p-n~ 
decyloxybenzenediazonium fluoborate in benzene in the 
presence of pyridine. There is no kinetic isotope effect, 
such as Zollinger5 found. Reference must be made also 
to the work of Huisgen8 who observed that diazoace- 
tates coupled with ^-naphthol in benzene containing 
acetic acid.

5 H. Zollinger, Helv. Chim. Acta 38 (1955) 1597.
6 R. Huisgen, Liebigs Ann. Chem. 314 (1951) 184.

The main conclusion from the work as a whole is that 
the coupling reaction in benzene ist not essentially dif­
ferent from that which occurs in aqueous solution, but 
that by-products may arise from radical reactions if the 
conditions of coupling favour the formation of diazo- 
ethers or diazoamino compounds at the first stage of the 
total reaction.

Experimental

l,4-Di-n-decyloxy-2-nitrobenzene. A suspension of p-di-n- 
decyloxybenzene (27.0 g) in glacial acetic acid (700 cm3) was 
stirred at the room température whilst a solution of nitric acid 
(12.6 cm3, d 1.42) in glacial acetic acid (140 cm3) was added, 
heated slowly to 40°, and kept at this température for 20 min. 
The clear yellow solution was added to water (750 cm3), the 
precipitate which was formed was extracted with benzene 
(3 X 300 cm3), and the extracts were washed with 10% sodium 
hydroxide, then water. Evaporation of the solvent and distil­
lation of the residue gave a pale yellow oil (29 g, b. p. 212 to 
216°/0.05 mm.

Found: C 71.8, H 10.2, N 3.3%; C26H46NO4 requires: C 71.7, 
H 10.4, N 3.2 %.

On being heated for 20 h with hydrated sodium sulpliide (50 g) 
in water (32 cm3) the nitro-derivative (17.0 g) in alcohol 
(100 cm3) gave 2,5-di-n-decyloxyaniline (11.5 g).

l,2- Di-n-decyloxy-4-nitrobenzene. A solution of nitric acid 
(9.0 cm3, d 1.42) in glacial acetic acid (100 cm3) was added at 
24° over 15 min to a suspension of o-di-n-decyloxybenzene 
(19.0 g) in glacial acetic acid (100 cm3) and then the tempéra­
ture was raised to 55°. The suspension which was formed was 
cooled, water (300 cm3) was added and the 1,2-di-n-decyloxy- 
4-nitrobenzene (20.5 g) so obtained was crystallised from 
alcohol in pale yellow needles, m.p. 67-69°

Found : C 71.6, H 10.1, N 3.0 % ; C26H46NO4 requires : C 71.7, 
H 10.4, N 3.2%.

On being refluxed for 12 h with hydrated sodium sulphide 
(80 g) in water (50 cm3) the nitro-compound (21.75 g) in alco­
hol (200 cm3) gave 14 g of 3,4-di-n-decyIoxyaniIine.

2,6- Dichloro-4-n-decyloxyacetanilide. On being stirred with 
glacial acetic acid (100 cm3) and acetic anhydride (28 cm3), 
4-amino-3,5-dichlorophenol (48.5 g) gave 45.1 g of 2,6-di- 
chloro-4-hydroxyacetanilide which was crystallised from 
aqueous methanol as felted needles, m.p. 217°.

Found: C 43.8, H 3.1, N 6.1 %; C8H7NO2C12 requires: C 43.6, 
H 3.2, N 6.4%.

2,6-Dichloro-4-hydroxyacetanilide (22 g) refluxed for 6 h in 
éthanol (200 cm3) with n-decyl bromide (24.3 g) and sodium 
hydroxide (5.0 g) in water (10 cm3) gave 23.8 g of 2,6-dichloro- 
4-n- decyloxyacetanilide, crystallised from methanol as needles, 
m.p. 111-112°.

Found: C 60.1, H 7.5, N 3.7%; C18H27NO2C12 requires: 
C60.0, H7.5, N3.9%.

On being refluxed for 4 h with a mixture of 10% hydrochloric 
acid (60 cm3) and éthanol (75 cm3) this derivative gave 2,6- 
dichloro-4-n-decyloxyaniIine hydrochloride (19.8 g).

p-n-Decylsulphonylacetanilide. Prepared (80 g) by 6 h re- 
fluxing of p-acetamidobenzenesulphinic acid (80 g) in éthanol 
(600 cm3) with n-decyl bromide (88.5 g) and sodium hydroxide 
(17.6 g) in water (30 cm3). Crystallisation from benzene-light 
Petroleum (b.p. 60 to 80°) gavep-n-decylsulphonylacetanilide 
as colourless needles, m.p. 99 to 100°.

Found: N 4.1, S 9.3%; C18H29NO3S requires: N 4.1, S 9.4%.
This derivative (68 g) on being refluxed with concentrated 
hydrochloric acid (200 cm3) and éthanol (400 cm3) for 3 h 
gave 54 g of p-n-decylsulphonylaniline.

Other amines were prepared by alkylation of p-hydroxy- 
acetanilide followed by hydrolysis. Analyses and m. pts. are 
shown in Table 3. Figures in parenthesis indicate softening 
températures. An asterisk means soluble in benzene.

p-n-Decyloxybenzenediazonium toluene-p-sulphonate. Prepar­
ed (44 g) by diazotizing p-n-decyloxyaniline hydrochloride 
(29.4 g) in water (750 cm3) with sodium nitrite (7.3 g) in water 
(25 cm3) at 20°, and the addition of toluene-p-sulphonic acid 
monohydrate (30 g) in water (90 cm3). The pale yellow oil 
which separated gradually solidified. Crystallisation from ben­
zene at 60° gave colourless needles, m.p. 114° (decomp.),

Found: C 63.8, H 7.6, N 6.5, S 7.6%; C23H32N2O4S requires: 
C 63.9, H 7.4, N 6.5, S 7.4%.

The chloride formed colourless blades (decomp. 92°); it could 
not be analysed satisfactorily because hygroscopic. The fluo­
borate (33.0 g) prepared by the addition of sodium fluoborate 
(11.6 g) in water (100 cm3) to a solution of the diazonium 
chloride obtained from p-n-decyloxyaniline hydrochloride 
(28.6 g) was crystallised from éthanol as colourless needles 
which softened at 88° and decomposed at 108°.

Found: C 55.4, H 7.6, N 8.2%; C16H26N2OBF4 requires: 
C55.2, H 7.2, N 8.1 %.
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Table 3

Substituent Derivative m.p.(°C)
Found

Compound
Required

c H N S Cl c H N S Cl

p-n-Butoxy HBr* 170 — — 5.7 — — C10H16NOBr — - 5.6 - -
i8-C10H7SO3H 222 - _ 3.7 — C20H27NO4S _ 3.8 - -

p-n-Heptyloxy HCI* 242 (105) — 5.9 c13h22noci — 5.8 —
p-C7H7SO3H 140 (122) — — 3.9 — — c2Oh29no4s — — 3.7 — —
JV-acetyl 90-91 - - 5.6 - - C15H23NO2 - - 5.6 - _

p-n-Decyloxy HCI* 242(108) - 4.9 - c16h28noci - 4.9 — -
p-C7H7SO3H* 127 — — 3.3 — — c23h35no4s — — 3.5 — —
7V-acetyl 92 - - 5.1 - c18h29no2 - _ 4.8 -

p-Cetyloxy p-C,H,SO3H* 164(126) 2.7 — — c29h47no4s — 2.8 -
IV-acetyl 96-97 - - 3.7 - - C24H41NO2 - - 3.7 - -

p-Benzyloxy p-C7H7SO3H 186 - . - 4.3 - - c20h21no4s - - 3.8 - -

o-Decyloxy p-C7H7SO3H * 91-92 65.1 8.2 3.4 7.7 — c23h35no4s 65.6 8.3 3.3 7.6 -
N-acetyl 55—56 - „ 4.9 - c18h29no2 - - 4.8 - -

3-Allyl-4- HCI* 89-91 70.1 9.6 4.7 — 11.0 C,9H„NOC1 70.0 9.8 4.3 — 10.9
n-decyloxy IV-acetyl 104-106 76.2 9.9 4.3 _ - c21h33no2 76.1 10.0 4.2 - -

2,5-Di-n- base 42-44 77.2 11.8 3.6 — — c26h47no2 77.0 11.6 3.5 - -
decyloxy HCI* 116-118 — — 3.5 — 8.0 c26h48no2ci — .„ 3.2 — 8.1

p-C,H,SO3H* 133-134 69.1 9.6 2.3 5.4 — c35h65no5s 68.7 9.5 2.4 5.6 —
IV-acetyl 64-66 75.0 10.8 3.2 - - Ca8^49^O3 75.2 11.0 3.1 —

3,4-Di-n- base 44-45 77.2 11.7 3.6 ^26^47^02 77.0 11.6 3.5 — —
decyloxy p-C7H7SO3H * 143-144 69.1 9.6 2.5 5.5 CmH55N05S 68.7 9.5 2.4 5.6 —

IV-acetyl 101 75.2 10.8 3.1 — C28H49NO3 75.2 11.0 3.1 _ -

2,6-Dichloro- HCI 192 3.9 — c16h2(.noci3 — — 4.0 — -
4-n-decyloxy IV-acetyl 111-112 60.1 7.5 3.7 „ - c18h27no2ci2 60.0 7.5 3.9 - -

p-n-decyl base 112 64.8 9.0 4.9 10.7 — c16h27no2s 64.6 9.1 4.7 10.8 -
sulphonyl HCI 221 (dec.) 58.0 8.5 4.2 9.8 11.1 c16h28no2sci 57.6 8.4 4.2 9.6 10.6

IV-acetyl 99-100 4.1 9.3 ^i8H29NO3S 4.1 9.4

Its solubility in benzene was approx. 4% at 21°. The per­
Morale crystallised from éthanol as blades, m. p. 92° (de- 
comp. ).

Found: C 53.5, H 7.3, N 8.1, Cl 10.2 %; C16H25N2O5C1 requi- 
res: C 53.3, H 6.9, N 7.8, Cl 9.9 %.

p-u-Decyloxybenzenediazonium chloride-zinc chloride double sait 
crystallised from acetone or éthanol as colourless blades or 
plates, m.p. 121° (decomp.).

Found: C 52.7, H 6.8, N 7.9%; C32H50N4O2CLZn requires : 
C 52.7, H 6.9, N 7.7 %.

Ail four salts were soluble in benzene.

Reactions in benzene
(1) A solution of silver perchlorate (0.736 g, dried at 110°) in 

dry benzene (15 cm3) at 40° was added with stirring to one of 
p-n-decyloxybenzenediazonium chloride (1.057 g) in benzene 
(15 cm3) at 63°. After 2 h the precipitate of silver chloride was 
collected, washed with benzene, and dried (0.503 g, cale. 
0.5105 g). Addition of the benzene mother liquors and washings 
to a solution of /?-naphthol (0.6 g) in benzene (20 cm3) con- 
taining pyridine (0.5 cm3) gave pyridine perchlorate, m.p. 
286° (0.61 g, cale. 0.64 g) and l-p-n-decyloxyphenylazo-2- 
naphthol (1.22 g, cale. 1.24 g), m.p. 76 to 77°, after Crystalli­
sation from éthanol.

(2) A solution of stannic chloride (0.26 g) in dry benzene 
(10 cm3) added to a suspension of p-n-decyloxybenzenediazo- 
nium chloride (0.59 g) in the same solvent (20 cm3) gave bis

(p-n-decyloxybenzenediazoniumhexachloros mnate (0.25 g) which 
was crystallised as white needles, decomp. 126°.

Found: C 44.9, H 5.7, N 6.6, Cl 25.1%; C32H50N4O2Cl6 Sn 
requires: C45.0, H 5.9, N 6.6, Cl 25.0%.
(3) lodine trichloride (1.3 g) in dry benzene (10 cm3) at 5° 

was stirred into a suspension of p-n-decyloxybenzenediazonium 
chloride (1.5 g) in the same medium (25 cm3) at 20°. A volu- 
minous yellow precipitate was formed. This dissolved on being 
heated to 50° and on being cooled the solution gave p-n-de- 
cyloxybenzenediazonium dichloroiodide (2.3 g, yield, 99 %) which 
was crystallised from benzene as pale yellow plates, m.p. 118° 
(decomp.).

Found: C 42.1, H 5.4, N 6.1%; C16H25N2OIC12 requires: 
C 41.8, H 5.5, N 6.1 %.

9.525 mg of this derivative gave 10.81 mg (required 10.80 ing) 
of mixed silver halides.

The same derivative (0.3 g) was formed by the reaction of 
iodine monochloride (0.12 g) with p-n-decyloxybenzenedia- 
zonium chloride (0.2 g) in benzene (10 cm3).

(4) a) A solution of aniline (2.32 g) in benzene (25 cm3) was 
stirred for 1 h with one of p-n-decyloxybenzenediazonium 
toluene-p-sulphonate (10.8 g) in benzene (250 cm3) at 62°. 
Aniline toluene-p-sulphonate (3.2 g, m.p. 226 to 228° and 238° 
after Crystallisation from aqueous éthanol) separated over- 
night. The suspension was filtered, the filtrate chromato- 
graphed on alumina, and the bands developed with benzene. 
The first 125 cm3 of eluate was evaporated and the rcsidue so
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obtained was crystallised from ethanol; p-n-decyloxydiphenyl 
(2.0 g) m.p. 76 to 78°, undepressed by the authentic derivative, 
was obtained. The mother liquor was evaporated and the resi­
dual oil distilled to give diphenyl (25 mg) as a white Sublimate, 
m.p. 58 to 66°, n-decyloxybenzene (0.4 g) as a pale yellow oil, 
b.p. 90 to 140° (bath temp.)/0.01 m.m., and p-n-decyloxydi- 
phenyl (0.15 g).

b) When the amount of aniline was 4.65 g and the reaction 
was at 20° for 30 h the products were aniline toluene-p-sul- 
phonate (6.3 g, m.p. 234°), p-n-decyloxydiphenyl (1.15 g), 
diphenyl (0.12 g) and p-decyloxybenzene (0.42 g). After 
750 cm3 of eluate had been removed from the column the next 
600 cm3 was collected and evaporated. The solid (0.8 g) so 
obtained gave 4-amino-4'-decyloxyazobenzene (0.25 g), m.p. 
100 to 102°, not depressed by the authentic derivative, after 
Crystallisation from light petroleum (b.p. 40 to 60°).

c) Aniline (1.86 g) and p-n-decyloxybenzenediazonium to- 
luene-p-sulphonate (4.32 g) stirred in benzene (25 cm3) gave a 
precipitate of aniline toluene-p-sulphonate (2.4 g) and a mother 
liquor which was chromatographed on alumina. Several bands 
were formed and from these were obtained diphenyl (a trace), 
n-decyloxybenzene (50mg)andp-n-decyloxydiphenyl (150mg). 
The fourth band on being eluted with benzene (1350 cm3) 
gave a solution which afforded a brown oil (1.6 g) on évapora­
tion. Crystallisation of this from ethanol gave p-n-decyloxydia- 
zoaminobenzene (1.1 g). The third band eluted with a mixture 
of benzene and acetone (600 cm3 of 10:1) gave a brown oil 
which was crystallised from ethanol. A solid (0.22 g), m. p. 
106 to 130°, separated and a mother liquor was obtained. From 
this évaporation to dryness and Crystallisation from light 
petroleum (b. p. 40 to 60°) gave 4-amino-4'-decyloxyazo- 
benzene (0.12 g), m.p. 99 to 101°, not depressed by the authen­
tic derivative, after further Crystallisation. The material, m.p. 
106 to 130°, on being crystallised from ethanol and light 
petroleum (b.p. 40to 80°) gavebrownneedles,m.p. 118 to 119°.

Found: C 74.3, H 9.1, N 11.5%; C38H55N5O2 requires: C 74.4, 
H 9.0, N 11.4%.
(5) a) Dimethylaniline (2.4 g) and p-n-decyloxybenzenedia- 

zonium chloride (3.0 g) were stirred in dry benzene (60 cm3) 
at 60° and then kept overnight. Excess of dilute aqueous 
sodium hydroxide was then added and the organic layer was 
separated, washed, concentrated to 30 cm3 and then chromato- 
graphed on alumina. Several bands were formed and from 
these were obtained by elution and Crystallisation p-n-decyl­
oxydiphenyl (0.4 g), 4-dimethylamino-4/-n-decyloxyazoben- 
zene (0.9 g) and a derivative which crystallised from ethanol as 
brownish-yellow needles (80 mg), m.p. 101 to 103° and gave 
a violet coloration with hydrochloric acid.

Found: C75.3, H 9.0, N 11.2 %; C21H36N3Orequires: C 75.6, 
H 9.2, N 11.0%

b) Dimethylaniline (1.21 g) and p-n-decyloxybenzenedia­
zonium toluene-p-sulphonate (2.16 g) were stirred in dry ben­
zene (35 cm3) at the room température for 5 days, by which 
time the mixture no longer gave a red coloration when shaken 
with an aqueous solution of R-salt. Dimethylaniline toluene- 
p-sulphonate had separated as a red oil and the dark mother 
liquor was decanted and chromatographed on alumina. The 
products obtained were p-n-decyloxydiphenyl (15 mg), 4- 
dimethylamino-4'-n-decyloxyazobenzene (1.45 g, m.p. 103°) 
and a derivative (6 mg), m.p. 84 to 100°, which gave a violet 
coloration with hydrochloric acid.

(6) a) A solution of sodium iodide (3.832 g, 1 mol) in acetone 
(25 cm3) was added dropwise with stirring to a solution of p-n- 
decyloxybenzenediazonium fluoborate (7.050 g, 1 mol) in dry 
benzene (200 cm3) at 21°. Each drop produced a yellow colora­
tion and a brisk évolution of gas; a precipitate of sodium fluo­
borate was formed. After 1 h the amount of free iodine, 
(0.152 mol) was determined in the supernatant brown solu­
tion by titration with standard sodium thiosulphate. The 
whole of the reaction product was then extracted with sodium 
thiosulphate solution, then the benzene solution was washed 
with water, dried and evaporated. The residual dark brown 
solid (6.2 g) was taken up in benzene (10 cm3) and chromato­
graphed on alumina. Three bands were formed and from these 
were obtained diphenyl (a trace), p-n-decyloxyiodobenzene, 
m.p. 21 to 22.5° (4.3 g, 0.6 mol) and p-n-decyloxydiphenyl, 
m.p. 74 to 78° (0.845 g, 0.137 mol), which after further Crys­
tallisation did not depress the m.p. of the authentic derivati­
ves.

b) When the volume of benzene used was 600 cm3 the pro­
ducts of the reaction were iodine (0.258 mol), diphenyl 
(0.0005 g), p-n-decyloxyiodobenzene (3.3 g, 0.46 mol) and 
p-n-decyloxydiphenyl (1.63 g, 0.263 mol).

Reaction of Diazonium Salts with ß-Naphthol in Benzene
a) ^-Naphthol (2.88 g, 1 mol) in dry ether (40 cm3) was con- 

verted into the sodium sait by reaction with sodium (0.7 g) 
under nitrogen. After the addition of dry benzene (25 cm3) the 
whole was added to one of p-n-decyloxybenzenediazonium 
toluene-p-sulphonate (8.64 g, 1 mol) in dry benzene (200 cm3) 
at 60°. A red colour developed and this changed through 
orange to dark reddish-brown. Gas was evolved, sodium 
toluene-p-sulphonate was precipitated and after having been 
kept overnight was removed by filtration as a white powder 
(3.3 g, 0.87 mol). The filtrate was concentrated to 50 cm3 and 
then chromatographed on alumina. Four main bands formed 
and from these were obtained n-decyloxybenzene (0.3 g, 
0.065 mol), p-n-decyloxydiphenyl (0.4 g, 0.065 mol), and 1- 
(p-n-decyloxyphenylazo)-2-naphthol, m.p. 75 to 77° (5.75 g, 
0.71 mol), raised to m.p. 78 to 79° by further Crystallisation 
from ethanol.

Table 4

Substituent ».p-CO Compound
Found Required

c H N c H N

p-n-Propyloxy 121 ^19^18^2^2 — — 9.2 — 9.4
p-n-Butyloxy 106 ^20^20^2^2 — — 8.7 — — 8.8
p-n~ Heptyloxy 75-76 ^23-^26^2^2 — — 8.0 — — 7.7
p-sec.-Octyloxy 76-78 C24H28O2N2 76.3 7.4 7.4 76.6 7.5 7.5
p-n-Decyloxy 78-79 C26H32O2N2 — — 7.1 — — 6.9
p-Benzyloxy 141 Cz3HlgO2N2 — — 8.2 — _ 1.9
2,5-Di-n-decyloxy 103-104 ^36^82^2^2 — — 4.7 — — 5.0
2,6-Dichloro-4-n-decyloxy 110-112 C26H3o02N2C18 65.7 6.4 6.2 66.0 6.3 5.9
p-n-Decyl-sulphonyl 139-140 C2öH32O3N2S — — 6.5 — 6.2
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b) A solution containing p-n-decyloxybenzenediazonium 
perchlorate (0.7 g) in dry benzene (25 cm3) at 24° was added 
to a stirred solution of /?-naphthol (0.3 g) in benzene (25 cm3) 
containing pyridine (0.5 cm3); a red colour developed. After 
being kept overnight the precipitate of pyridine perchlorate, 
m. p. 288° (0.3 g, 88% of cale.) was collected, the filtrate was 
concentrated and the residue which was obtained was crystal- 
lised from éthanol to give red prisms of l-(p-n-decyloxyphenyl- 
azo)-2-naphthol (0.65 g, 85% of cale.), m.p. 78 to 79°, not de- 
pressed by the authentic derivative.

In a similar préparation using p-n-decyloxybenzenediazo­
nium toluene-p-sulphonate (4.3 g) in dry benzene (50 cm3) at 
60° and a solution of ^-naphthol (1.5 g) in dry benzene 
(100 cm3) containing pyridine (1.7 cm3) at 55° the isolated 
Products were pyridine toluene-p-sulphonate, m.p. 118 to 120° 
(2.0 g, 80 %of cale.)and l-(p-n-decyloxyphenylazo)-2-naphthol, 
m. p. 73 to 76° (3.4 g, 85 % of cale.). The last was identical after 
Crystallisation with the derivative prepared from diazotized 
p-n-decyloxyaniline hydrochloride (4.3 g) and ß-naphthol 
(2.4 g)in aqueous alkaline solution; yield, 5.8 g, m.p. 78 to 79°.

Found: N 7.1%; C26H32N2O2 requires: N 6.9%.
The following derivatives of l-phenylazo-2-naphthol were 

prepared by coupling diazonium salts to |8-naphthol in sodium 
hydroxide-sodium carbonate solution ; all were red in colour.

p-n-Decyloxydiazoaminobenzene. A solution of benzenedia- 
zonium chloride prepared from aniline (1.35 g) was added 
dropwise to a stirred suspension of p-n-decyloxyaniline (from 
4.5 g of the hydrochloride) in éthanol (100 cm3) and water 
(20 cm3) containing anhydrous sodium acetate (8.2 g). The 
precipitate which was formed was Collected, washed with water 
and crystallised (5 g) from aqueous éthanol as pale brown 
plates, m.p. 69 to 70°.

Found: C 74.4, H 8.7, N 11.6%; C22H31ON3 requires: C 74.8, 
H 8.8, N 8.9 %.

The silver derivative was crystallised from light petroleum 
(b.p. 40 to 60°) as a brown powder, m.p. 156° (decomp.).

Found: C 57.2, H 6.4%; C22H3OON3Ag requires: C 57.4, 
H 6.5 %.

On being heated with aniline (1.7 g) and aniline hydrochloride 
(0.35 g) at 40° for 30 min and then at 50° for 8 hp-n-decyloxy- 
diazoaminobenzene gave k-amino-k' -n-decyloxyazobenzene (0.6 g) 
which was crystallised from benzene-light petroleum and then 
from methanol as brown needles, m.p. 102 to 103°.

Found: C 74.7, H 8.8, N 11.8%; C22H31ON8 requires: C 74.8, 
H 8.8, N 11.9%.

4-Acetamido-4'-n-decyloxyazobenzene was crystallised from 
éthanol as pale yellow plates, m.p. 144°.

Found: C 73.0, H 8.6, N 10.5%; C24H33O2N3 requires: 
C 72.9, H 8.4, N 10.6%.
i-n-Decyloxy-i'-dimethylaminoazobenzene. Prepared (6.7 g) 

from dimethylaniline (2.42 g) and the diazonium sait from 
p-n-decyloxyaniline hydrochloride (5.7 g) in water (300 cm3) 
containing éthanol (7.5 cm3), concentrated hydrochloride acid 
(3.0 cm3) and anhydrous sodium acetate (16.4 g). It was 
crystallised from éthanol as a yellow powder, m.p. 103°.

Found: N 11.3%; C24H35ON3 requires: N 11.0%.
n-Decyloxybenzene prepared from phénol and decyl iodide 

had b.p. 103 to 104°/0.2 mm(Talvitierecordsb.p. 178°/15mm).
Found: C 81.8, H 11.1 %, cale, for C16H26O: C 82.0, H 11.1 %.
p-n-Heptyloxydiphenyl was prepared by 4 h’s heating of 

p-hydroxydiphenyl (4.25 g) and n-heptyl bromide (4.5 g) in 
éthanol (25 cm3) with sodium hydroxide (1.1 g) in water 
(5 cm3). It was crystallised from éthanol as white plates, m.p. 
72 to 73°.

Found: C 84.9, H 9.2%; C19H24O requires: C 85.1, H 9.0%.

p-n-Decyloxydiphenyl was prepared similarly using n-decyl- 
bromide (5.5 g). It was crystallised from éthanol as colourless 
plates, m.p. 78 to 79°.

Found: C 85.2, H 9.4%; C22H30O requires: C 85.2, H 9.7%.

p-Bromo-n-decyloxybenzene prepared from p-bromophenol 
and n-decyl bromide was obtained as an oil, b.p. 124 to 
126°/0.03 mm, which solidified to a colourless solid, m.p. 18°.

Found: C 61.2, H 8.1, Br 25.9%; C16H25OBr requires: 
C 61.4, H 8.0, Br 25.6%.
p-n-Decyloxyiodobenzene prepared similarly from p-iodo- 

phenol was crystallised at 0° from methanol as colourless 
needles, m.p. 23.5°.

Found: C 53.3, H 6.9, I 35.2%; C16H25OI requires: C 53.3, 
H 6.9, 135.3%.
p-n-Decyloxyazobenzene prepared fromp-hydroxyazobenzene 

crystallised from éthanol as yellow plates, m.p. 64 to 65°.
Found: C 77.8, H 9.0, N 8.7%; C22H30ON2 requires : C 78.1, 
H 8.9, N 8.3 %.
p-Cetyloxyazobenzene, prepared by Giles and Neustadter, 

has m.p. 77 to 79°.
Found: C 79.7, H 10.1, N 6.3%; cale, for C28H42ON2: C 79.6, 
H 10.0, N 6.6%

after Crystallisation from light petroleum (b. p. 60 to 80°) and 
éthanol.

1-p-n-Decyloxyphenylazonaphthalene was prepared by 4 h’s 
refluxing of 1-p-hydroxyphenylazonaphthalene (6.2 g) in 
éthanol (25 cm3) with n-decyl bromide (5.5 g) and sodium 
hydroxide (1.1 g) in water (5 cm3). It was crystallised from 
éthanol as yellow plates, m.p. 65 to 67°.

Found: C 80.3, H 8.4, N 7.1%; C2eH32ON2 requires: C 80.4, 
H 8.3, N 7.2 %.

p-n-Heptyloxybenzenediazonium fluoborate. This derivative 
(1.35 g) was prepared from p-n-heptyloxyaniline hydrochloride 
(1.2 g) by the method used for the p-n-decyloxy analogue. It 
was obtained by Crystallisation from éthanol at 3 ° in the form 
of needles, m.p. 70°.

Found: C 50.9, H 6.6, N 9.0%; C13H19ON,BF4 requires:
C51.0, H6.2, N9.2%

that were moderately soluble in éthanol, acétone and warm 
benzene but insoluble in ether and light petroleum (b.p. 
60 to 80°).

2, 5-Di-n-decyloxybenzenediazonium chloride. Prepared from 
2,5-di-n-decyloxyaniline hydrochloride (8.1 g) in éthanol 
(650 cm3) and sodium nitrite (2.1 g) in water (6 cm3) with 
concentrated hydrochloric acid (30 cm3), this derivative 
(8.0 g) was obtained as long needles. Crystallisation from ben­
zene gave lemon-yellow prisms which softened at 78° and de- 
composed at 88°.

Found: N 6.0, Cl 7.9%; C28H45O2N2C1 requires: N 6.2, 
Cl 7.9%.

It was insoluble in ether, water or light petroleum. Réduction 
with hypophosphorous acid gave p-di-n-decyloxybenzene.

When a larger proportion of water was used in the above 
préparation the diazonium sait crystallised from solution and 
then reacted with the free amine giving 4-amino-2,5-2',5'-tetra- 
decyloxyazobenzene (47 % ) which was crystallised from éthanol 
as lustrous brown plates, m.p. 100 to 101°.

Found: C 76.2, H 11.0, N 5.7%; C52H91O4N3 requires: 
C 76.0, H II.1, N 5.1%.

The hydrochloride was a dark purple crystalline powder with a 
greenreflex, m.p. 132 to 134°.

Found: C 72.5, H 10.5, N 4.8, Cl 4.2%; C62H92O4N3C1 re- 
quires: C 72.8, H 10.7, N 4.9, Cl 4.2%.
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2-Amino-l,b-y A'-tetra-ii-decyloxyazobenzene. This derivative 
was formed when 3,4-di-n-decyloxyaniline Hydrochloride 
(1 g) in éthanol (40 cm3) was mixed with amyl nitrite (0.3 g) 
in éthanol (3 cm3) at 4°. A precipitate formed and this was 
collected after 12 h (0,4 g), extracted with benzene and the 
extract chromatographed on alumina. The red band which was 
formed gave 2-aminoA,5-y,i'-tetra-n-decyloxy-azobenzen# as red 
prisms from benzene-light petroleum (b.p. 60 to 80°), m.p. 
115 to 116°.

Found : C 76.3, H 10.8, N 4.7%; C52H91O4N3 requires: 
C 76.0, H 11.1, N 5.1 %.
p - n- Decylsulphonylbenzenediazonium loluene - p - sulphonate. 

This derivative was obtained when concentrated hydrochloric 
acid (5 cm3) was added to a mixture of sodium nitrite (0.53 g) 
in water (3 cm3) and p-n-decylsulphonylaniline (1.5 g) in 
éthanol (100 cm3) at 15°. After 10 min the solution which was 
formed was filtered, mixed with toluene-p-sulphonic acid 
monohydrate (1.5 g) in water (100 cm3), and cooled to 0°. The 
diazonium toluene-p-sulphonate was precipitated as a white, 
difficultly filterable solid, m.p. 94° dec.

Found: C 57.2, H 6.7%; C23H32O6N2S2 requires: C 57.5, 
H 6.7%.
o-n-Decyloxybenzenediazonium fluoborate. This sait (2.2 g) 

was prepared from o-n-decyloxyaniline hydrochloride (2.86 g). 
It was crystallised from a mixture of ethyl acetate and light 
petroleum (b.p. 60 to 80°) as pale yellow prisms, m.p. 68°, 
which were readily soluble in cold benzene.

Found: C 55.6, H 7.4, N 8.3%; C16H25ON2BF4 requires: 
C 55.2, H 7.2, N 8.1%

ß-Naphthol Couplings
a) Wt. of diazonium sait = 133.4 mg (3.83 X 10-4 g mol).

Wt. of /3-naphthol = 57.7 mg (4.00 X 101 g mol).
Wt. of pyridine = 50.4 mg (6.38 X 10-4 g mol).
Volume of reaction mixture = 50 ml.

Table 5

Time 
(min)

Optical 
Density

Azo body in 
diluted solution 

mg/50 ml

Azo body in 
reaction mixture 
g mol/litre X 103

0 0.000 0.000 0.00
7 0.069 0.208 0.26

14 0.102 0.299 0.37
20 0.126 0.370 0.46
53 0.202 0.586 0.73

118 0.351 1.011 1.25
166 0.450 1.291 1.60
223 0.557 1.598 1.98
309 0.670 1.931 2.39
503 0.885 2.531 3.13

3000 1.430 4.080 5.00*

* This figure corresponds to 66 % of the theoretical maximum con­
centration of azo compound.

c) Wt. of diazonium sait = 132.5 mg (3.81 X 10 1 g mol).
Wt. of /3-naphthol = 1’2.3 mg (7.80 X 10 4 g mol).
Wt. of pyridine = 50.4 mg (6.38 X 10~4 g mol).
Volume of reaction mixture = 50 ml.

Table 7

Time 
(min)

Optical 
Density

Azo body in 
diluted solution 

mg/ 50 ml

Azo body in 
re action mixture 
g mol/litre X 103

8 0.204 0.591 0.73
19 0.327 0.943 1.17
41 0.650 1.860 2.30
71 0.960 2.750 3.40

d) Wt. of diazonium sait = 66.4 mg (1.91 X 10“4 g mol).
Wt. of /3-naphthol = 56.8 mg (3.94 X 10-4 g mol).
Wt. of pyridine = 50.4 mg (6.38 X 10 4 g mol).
Volume of reaction mixture = 50 ml.

Table 8

Time 
(min)

Optical 
Density

Azo body in 
diluted solution 

mg/ 50 ml

Azo body in 
reaction mixture 
g mol/litre X 103

7 0.049 0.151 0.187
16 0.074 0.221 0.273
43 0.128 0.382 0.474
70 0.172 0.500 0.620

e) Wt. of diazonium sait = 271.2 mg (7.79 X 10 1 g mol).
Wt. of /3-naphthol = 58.0 mg (4.03 X 10 4 g mol).
Wt. of pyridine = 50.4 mg (6.38 X 10 4 g mol).
Volume of reaction mixture = 50 ml.

Table 9

Time 
(min)

Optical 
Density

Azo body in 
diluted solution 

mg/50 ml

Azo body in 
reaction mixture 
gmol/litre X 103

8 0.099 0.293 0.36
16 0.148 0.431 0.59
41 0.242 0.701 0.87
74 0.313 0.901 1.11

The Coupling of l-D-2-Naphthol
Wt. of diazonium sait = 133.7 mg (3.84 
Wt. of l-D-2-naphthol = 56.7 mg (3.91 
Wt. of pyridine = 50.4 mg (6.38 
Volume of reaction mixture = 50 ml.

X 10"4 g mol).
X 10-4 g mol).
X I01 g mol).

b) Wt. of diazonium sait = 135.2 mg (3.89 x 10“4 g mol).
Wt. of /j-naphthol = 28.4 mg (1.97 X 10“4 g mol).
Wt. of pyridine = 50.4 mg (6.38 X 10-4 g mol).
Volume of reaction mixture = 50 ml.

Table 6

Time 
(min)

Optical 
Density

Azo body in 
diluted solution 

mg/ 50 ml

Azo body in 
reaction mixture 
g mol/litre X 103

9 0.027 0.088 0.10
18 0.038 0.118 0.15
41 0.064 0.191 0.24
71 0.085 0.253 0.29

Table 10

Time 
(min)

Optical 
Density

Azo body in 
diluted solution 

mg/ 50 ml

Azo body in 
reaction mixture 
gmol/litre X 103

1.5 0.033 0.105 0.13
7 0.072 0.216 0.27

15 0.108 0.314 0.39
34 0:163 0.481 0.60
85 0.273 0.789 0.98

137 0.393 1.131 1.40
230 0.520 1.491 1.85
315 0.648 1.860 2.30
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The Coupling to ß-Naphthol in Benzene in the Presence of Tetra- 
n-butylammonium Hydroxide
Wt. of diazonium sait = 133.4 mg (3.84 X 10-4 g mol).
Wt. of /Fnaphthol = 57.7 mg (4.00 X 10^ g mol).

N/10 Tetra-n-butylammonium hydroxide dissolved in a mix­
ture of benzene (9 vol) and methanol (1 vol) was added in the 
amounts stated in the first column (4.0 ml = 4.00 X 10“4 g mol).
The total volume of the reacting solution was 50 ml.

Table 11

Volume of N/10 Tetra- 
n-butylammonium 

hydroxide solution (ml)

Amount of Azo- 
compound formed 
after 1 min (mg)

Yield 
%

0.40 15.75 10.5
0.60 23.90 15.4
0.80 29.50 19.0
1.00 40.75 26.2
1.20 45.20 27.7
1.40 57.50 37.0
1.60 68.50 44.1
1.80 77.00 49.6
2.00 90.00 58.0
2.20 91.50 59.0
2.40 98.00 63.2
2.60 105.0 67.7
2.80 115.0 74.1
3.00 121.0 78.0
3.20 132.0 85.1
3.60 135.0 87.0
3.80 142.0 90.1
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to Mr. N. M. Dhuldhoya who carried out the experiments 
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sity of Leeds for the award of a Hickson and Welch Ltd. 
Research Scholarship to one of us (J.D.T.).

Fig. 2. Relation between the amount of azo-compound formed and 
the volume of N/10 tetra-n-butyl ammonium hydroxide added




