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added, warm gradually to boiling; pour into a -beak-
er while hot and allow to cool. Filterand wash 
with 200 ec of benzene. White - crystala_-which melt 
at 131-132° are obtained. 

"Upon cooling the mother liquor in an ice bath, 
an additional 73 g , are collected - :(m.p. 129130 °C.) 

The above procedure was followed using 350 grams of 

technical beta-maphthylamine. Yields of over 90 per cent were 

obtained. Upon cooling the mother liquor, a steel-gray 

precipitate appeared which was purified by recrystallization 

and washing with benzene. No more product precipitated upon 

distilling off most of the mother liquor and cooling the 

residue. 

III Preparation of 1-nitro-2-acetvlaminonaphthalene  

The procedure is taken from 	and Smith27 . 

"In a 2-liter flask equipped-with'A mechanical 
stirrer, a thermometer, and a dropping funnel, and 
cIampedIa such a position that it may be surround-
ed by water and ice when desired, are placed 300 g 
(1.62 moles) of acetyl-beta-naphthylamine (m.p. 
132 ° ) and 500 cc of glacial acetic acid. At room 
temperature the stirrer is set in motion and 200 g 
(143 cc of 2.1 moles) of concentrated nitric acid 
(sp gr 1.4) is added drop-wise over a period of 
forty-five minutes; the temperature is kept below 
40° by Immersion in cooling bath. After about 
one-tenth of the acid has been added, the reaction 
mixture solidifies. The addition of acid is 
stopped. In from three to five minutes it again 
becomes liquid. When one-fourth of the acid is 
added, it All becomes liquid again. Considerable 

27
W. W. Hartmann, and L. A. Stith, Organic Syntheses, 

Vol. XIII, New York: John Wiley and Sons, 1933. pp. 72-73. 
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heat is evolved at this point, and much cooling is 
required to keep the temperature below 40 ° ." 

"After addition is complete, stirring is 
continued for ten minutes. The flask is stoppered 
and cooled in ice-water bath for three hours. 
Crystals are collected on a Buchner funnel, washed 
with 200 cc of 50 per cent acetic acid and then 
400 cc of ethyl alcohol. The yield is 270 to 290 
g. The crude material is placed in a 3-liter 
flask and refluxed for twenty minutes with 1700 cc 
of benzene. The mixture is allowed to cool to 40-
50 °  and filtered. The residue is a mixture of 
sparingly soluble isomers; on further cooling, 190 
to 200 g of product is obtained which melts at 117-
119 ° ." 

Recrystallization of the above product from alcohol 

gave about 40 per cent yields of fine needles melting at 

123-124 °  C.
27 

The procedure was carried through using 330 

g of acetyl-beta-naphthylamine (m.p. 132 °  C.) and 145 cc of 

chemically pure nitric acid. The acetic acid used melted at 

15-16 ° . The color of the reaction mixture upon addition of 

the nitric acid was at first white as solid in the acetic 

acid, then canary yellow. The solid was converted into a 

reddish-brown liquid, which was allowed to cool. 

IV Preparation of 1-nitro-2-naphthylamine  

The method by which Hodgson and Kilner 16 hydrolyzed 

1-nitro-2-acetylaminonaphthalene is straightforward and 

yields practically 100 per cent of the product before re-

crystallization and about 90 per cent afterwards. 

"Hydrolysis is effected by boiling a solution 
of aceto-b-naphthalide (125 g) in alcohol (500 cc) 
with concentrated hydrochloric acid (125 cc) for 
four hours; the treatment is repeated if necessary. 
The mixture is then poured into 4 liters of cold 
water and filtered off, dried, and recrystallized 
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from twice its weight of hot alcohol. Its melting 
point is 122 °  (Atterberg gives 124-125 °  and Meldola 
126-127°)." 

V Gattermann reaction on 1-nitro-2-naphthylamine  

According to Vesely
28

. 

"The 2-bromo-l-nitronaphthalene was prepared 
in the following manner: 5 g of 1-nitro-2-naphthyl-
amine were mixed with 25 cc of hydrochloric acid 
( sp Er 1.18) and 50 cc of water added, whence the 
nitronaphylamine separated out in needles. Nitrogen 
trioxide was led into the cooled mixture until 
everything had dissolved with a brown-red color. 
At that time a mixture of 5.4 g of corder sulfate, 
40 g of water, 15 g of sodium bromide and 1.4 g of 
powdered copper were added. The reaction mass 
which separated out was extracted with ether and 
washed first with dilute sodium hydroxide and then 
with water. Tne ether was driven off and the 
residue recrystallized from alcohol. The yield 
was 2.6 g. 

"Tne product so formed was of yellow needles 
with red metallic lustre, which melted at 102-103 ° . 
It was soluble in ether, benzene, acetone and 
acetic acid and distilled at 360 ° ." 

In the first two trials to duplicate the above results, 

the first was with copper turnings brightened by heating with 

9M sulfuric acid. The next used copper as precipitated from 

a copper sulfate solution by zinc in the presence of hydro-

chloric acid. Nitrogen trioxide was made by dropping hydro-

chloric acid on sodium nitrite. In both cases above, the 

reaction mixture solidified with much ebullition of freed 

nitrogen oxides and nitrogen. The color was first 

28v. Vesely, Ber., 38: 138, 1905. 
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yellow, then gray, and finally almost black on standing. 

The-reaction mass, -when heated and stirred In ether, -

continued to liberate gas slowly and retained-its dark col-

or. After long heating, the -  ether became red; upon filter-

ing and evaporating the ether extract, the only residue was 

a small amount of dark red material which partially-crystal-

lized, on standing, to flimsy red crystals. Th*yamount 

obtained was-too small to - attempt recrystallization. It gaVe 

a positive Beilstein test. - 

After the extraction with ether, the reaction products 

became darker in color. In both eases the residual -  -reaction' 

mass - was heated with alcohol; and after the - evolution ` lof 

much colorless and odorless gas, a dark solution was formed. 

The higher temperature at which alcohol boils_zaused the-

decomposition of the - diazonium compound, the. bolling'pOint 

of ether is too low-for this - to take place 29 . The expected 

reaction - here is that of aledhol with the diazontum compound 

to produce. l-nitronaphthalene. 

The solutions-obtained' by heating. the diatonium com-

pound with alcohol were filtered and allowed to stand. In 

both-eases tan colored crystals appeared in the red 

After recrystallization they melted - at 55-75°C. and did not 

29E . E. Reid, College Or anic Chemistry',  New York: 
D. van Nostrand -0 - 1930. p. 595. 
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give a positive Beilstein test. They were characterized as 

l-nitronaphthalene. The red oil would not all crystallize and 

probably contained 1-nitro-2-bramonaphthalene. 

The oil left from recrystallization of the 1-nitro-

naphthalene failed to solidify in an ice-salt bath. The 

residue, after evaporation of the alcohol extract and de-

cantation fram the above-mentioned crystals, remained in some 

Water. It was stable to steam distillation for when removal 

by distillation was attempted, droplets of red oil came over 

in the distillate of water. The oil gave a positive Beilstein 

test. There must have been some of the l-nitro-bromonaphthalene 

formed during the heating process and which was not decomposed 

by the alcohol. 

In the third trial the diazotization was carried out 

much in the same manner as above; however, after addition 

of the mixture of sodium bromide, copper sulfate and precip-

itated copper, the reaction flask was removed from the ice 

bath and allowed to stand over-night at room temperature. 

The reaction mass was insoluble in ether. It had not given 

up its nitrogen; so it was heated and allowed to froth until 

it was evident that no more gas escaped. Upon cooling and 

extracting with ether, a dark red solution was obtained. This 

time a larger amount of red oil and crystals was left after 

evaporation of the ether. This oil gave a positive Beilstein 

test and was soluble in ether, alcohol, benzene, and acetic 
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acid. Its alcohol or acetic acid solution gave a milky color 

when diluted with water, and the oil always reappeared upon 

evaporation or standing. Finally, the alcohol solution was 

evaporated to small volume and the oil decanted from and put 

on ice. It solidified to an impure red-brown mass which 

melted slightly above room temperature. 

In the fourth trial, the diazotization was modified 

only by using an excess of precipitated copper and by mix-

ing the reactants at 0 °C. The flask was immediately heated 

to decompose the diazonium compound. The mass was allowed to 

stand at 45 ° C. over-night. 

Upon extraction with ether and evaporation, much red 

oil was obtained. The oil was partially soluble in alcohol. 

The insoluble portion gave a large residue upon ignition over 

an open flame; the ash was not affected by concentrated 

nitric acid. A test for copper was negative. A simil ar 

spongy material was noted in the work on the preparation of 

1-chloro-2-nitronaphthalene. 

The alcoholic solution of the red oil above was 

concentrated by evaporation. It solidified when cooled in 

an ice bath. The Beilstein test was positive. The liter-

ature on 2-bromo-l-nitronaphthalene (see Introduction) is 

very uncertain and misleading. The literature gives two 

widely difference melting points, 80 °18 and 102-103°
28 
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VI a. Action of hydrazine hydrate on product of Gatter-

mann-tyoe reaction, without solvent  

One gram of the 1-nitro-2-bromonaphthalene (the impure 

red oil) and 5 g of hydrazine hydrate were refluxed on the 

water bath for five hours. The oily substance had oracti-

cally the same appearance at the end of the treatment as at 

the beginning. It was insoluble in sodium h -droxide solution. 

Hydrochloric acid acted on t_e reaction products to give 

hydrazine hydrochloride, a white precipitate soluble in water. 

The oil was allowed to stand for three weeks at room 

temperature. It was extracted with ether and the ether 

allowed to evaporate slowly. 	ell-formed, almost white crystals 

appeared .which, when recrystallized , melted at 51-54 °C. They 

gave positive test for halogen and negative test for nitrogen 

and were characterized as 2-brome-naphthalene. The appear- 

ance and analysis of these crystals proved to be almost 

exactly the same as that of those formed from the oily product 

of the action of hydrazine hydrate on 1-nitro-2-bromonaphthalaie 

in an alcoholic solution. It ap ears that the same reaction 

takes place between the above materials whether or not alcohol 

is present. 

VI b. Action of hydrazine -irate on Gattermann-type  

reaction product, with alcohol as solvent 

The procedure by which Muller 11 claims to have prepared 

a trIazole from 2 ,1-dinitro-l-chloronaphthalene was repeated 



32 

with some modifications in another attempt to prepare the 

corresponding triazole from 2-nitro-l-bromonaphthalene (see 

page 27). Fifteen grams of that material which was thought 

to be impure 1-nitro-2-bromonaphthalene was mixed with alcohol 

and refluxed for six hours with an alcoholic solution of 

hydrazine hydrate on the water bath. No precipitate appeared 

when the mixture was filtered hot. Upon cooling the filtrate 

an oil separated out which was lighter in color than the 

beginning material--more separated on dilution. 

Acidification of the diluted filtrate with hydro-

chloric acid produced hydrazine hydrochloride, and the oil 

remained unchanged. It was extracted with ether; and the 

ether extract, on slow evaporation from an open container, 

left light-brown crystals. When recrystallized from alcohol 

and ether they melted at 51-56 °C. and showed halogen present 

but nitrogen absent. They were concluded to be 2-bromonaph-

thalene. The same or similar crystals were produced from the 

same reaction without the use of the alcohol solvent. This 

seems to Show that the halogenated nitro compound has been 

present. It also brings out the fact that the halogen or 

other group in the one-position is activated b-r the nitro 

group in the four-position. 
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SUMMARY 

The preparation of ,3-hydroxy-3-naphthoU14triazole: 

has been attelvted-,by_the,use of severaltypes of beginning 

materials,and-reactions. 

-Goodyields of:, 2 -nitro-l-naphthol : have been ::prepared 

from: alpha-naphthol. _epreviously untried reaction of 

phosphorus Apentach1oride,with2-nitro-l-naphthol gave no 

pure product, The impure , l-chlor0-2nitronaphthalene did 

notgiyethe desired reaction with hydrazine hydrate to form 

37hydroxynaphthop,2]traizole. These results are not 

surprisingwhen_it , is: noted that Muller11  was able to obtain 

only smsll,Yieldeora similarjoroduc*rnitro7 -2-hydroxy,7:- 

aphtholl4gtriazole, by means-ofblockintheposition 

with anAtro : gronpand. thereby increasing theactivity of 

the_one7positionikewise, the closed 4.rppsition enabled 

the4ameperimeters ]' to produce 	nearlypurepro__ 
1, 

dactof4henl!.chlorp : compound through the Ullmann method. 

Upon appAicationof)the UlImannmethodtp the synthesis of 

1-c?-.nitronaphthalene (note the open 4-position which 

seems 2,to.:TeducetheactiviLy of the one-position to se - 

reagentsititramhydroAy.72,,-nitronaphthalene,anester_was 

forme&Instead:of the desired chloro substitution product. 

Th1„4 1,resumabl7due to the absence of the activating group 

A_ 
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In the 4 -po siUG4 t  and hence the decreased _actjvjj 	 of the 

hydroxyl group In _ the one -p o si ti on . 

The same difficulty was encaunteredhe,Attempted-

substitution of thehydroxylgroug,inPnitroPAPhthol-by 

chlorine through the_ use of ,-phosphorus pantachloride._ - This 

type- of replacement 	 in the case of --picric -acid  

and -fairly well 	 --:244-dinitrophenoll  but 

replacement __of -thke hydrozroup in ortho.7flitrophenal by,,- 

phosphorus,„pentachlonide ,-(see Introduction) gives only very 

small yields 	the --desired substitution product. .Tiy:„- 

comparison, the difficulty of preparation of l-chloro-2- 

nitronaphthalene,in- -any qUantities by the „phosphorus-penta-

chloride reaction is easily seen. - 

,group in the 4-potition s  both -the Uilmann-

and the :phosphorue---pentachloride-type reactions :seem to pro- 

duce, no -appreciablemount of 1-chloro-2--nitronaphthalene 

from 2-1itronaphthOl. If formed, the l-chloro-2-nitro- 

naphthalAtPeacka4sufficient-activation toproduce-the ,triazole 

structurethe-presence of hydrazine hydrate, 

Intheattempted production of 3-hydroxy-3.-naphtho 

g4,-Ctriazole directly from 2-nitro-l-naphthol by the use of 

hydrazine hydrate with solvent under reflux, the failure to 

product the desired material is attributed, to the same causes 

as above--chiefly the lack of activating groups in strategic 

ring positions. Neither was the triazole formed by the 

• 
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heating of 2-nitro-I-naphthol in an aqueous solution of 

potassium hydroxide. 

The synthesis of 1-hydroxy-l-naphtho[I,2]triazole has 

been attempted through the problematical preparation of 2- 

bromo-l-nitronaphthalene. The 1-nitro-2 -naphthylamine was 

synthesized from beta-naphthylamine. The chief difficulties 

in the formation of 1-hydroxy-l-naphtho[1,2]triazole by this 

chain of reactions are those encountered in the substitution 

of a halogen into the correct ring position and in leaving it 

in a state active enough to react with the hydrazine hydrate 

reagent. 

No pure product resulted from the attempted Gatter-

mann-type reaction for the production of 2 -bromo-l-nitro-

naphthalene from the corresponding 1-nitro-2-naphthylamine, 

and this impure product did not give the desired triazole 

when treated with hydrazine hydrate under reflux, either 

with or without alcOhol as solvent. 

In every case above when the reaction did not proceed 

as desired, the desired product was proved not to be present; 

and in practically every case those products which were 

formed were identified. 



CONCLUSIONS 

From a study of this work and the various references 

given, it is noted that if a triazole compound is to be form-

ed in any appreciable yields by the treatment of 1-(or 2-) hal-

ogeno-2-(or-1-) nitronaphthalene with hydrazine hydrate, there 

must be an activating group (or groups) placed at an activat-

ing point (or points) on the rings -- preferably at the num-

ber four position. Even under these conditions the reported 

yield is mall. 

One of the chief problems lies in the preparation of 

the 1- (or 2-) halogeno-2-(or -1-)nitronaphthalenes themselves, 

for attemps to purify these intermediates seem to fail due 

to their instability and their tendency to revert to the naph-

thols. 

Hydrazine hydrate may be synthesized in good yields 

from hydrazine sulfate. 

The replacement of the hydroxyl group of the 2-nitro-

1-naphthol with chlorine by the use of phosphorus pentachlor-

ide gives a more vigorous reaction than the reported action 

of the same reagent on the corresponding derivatives of phe- 

nol. 

Hydrazine hydrate refluxed in an alcoholic medium for 

several hours with 2 -nitro-l-naphthol may yield some 2-nitro-

1-hydrazonaphthalene; but if so, it is unstable in acid 

medium. 
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Reid
29 

has been confi_rmed in his statement that some 

diazonium derivatives of naphthalene are stable at room 

conditions for long peri ods of time. 

hs a possible sagrestion to future workers in this 

field, it seems that the desired naphthotriazole may be 

formed by substitution of such activating groups in the 

rings that may be removed after activating the formation 

of the triazole ring. 
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