
,.í 

THE REACTION OF 2,4-DINITROPHENYLHYDRAZINE 

WITH ALPHA,BETA-UNSATURATED KETONES 

AND BETA-ALKOXY KETONES 

by 

LI-TZU FANG, B.S. 

A THESIS 

IN 

CHEMISTRY 

Submitted to the Graduate Faculty 
of Texas Technological College 

in Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

August, 1962 



S06 
T 3 

l 

ACKNOWLEDGMENTS 

I am deeply indebted to Professor Henry J. Shine for his 

suggestion of the problem investigated herein and for the advice 

and criticism on all phases of this work. I am also indebted to 

the Research Corporation for the financial support that made a portion 

of this investigation possible. I wish to express my appreciation 

to the members of my committee for their interest in the problem and 

to all my colleagues for their help and encouragement. 

11 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGMENTS ii 

LIST OF FIGURES v 

Chapter 

I. INTRODUCTION 1 

Statement of Problem 1 

II. SURVEY OF LITERATURE 2 

The Relationship of 2,4-Dinitrophenylhydrazone 

to Pyrazoline 2 

Ethyl Vinyl Ketone 4 

2,4-Dinitrophenylhydrazone of Unsaturated Ketones . . 6 

6-Nitro-l-oxy-l, 2,3"benzotriazoles .,..,. . . 7 

5-Hydroxy-pentanone-2 15 

III. EXPERIMENTAL 16 

Preparations 16 

Propionyl Chloride 16 

l-Chloro-3-pentanone 16 

Ethyl Vinyl Ketone 17 

2,4-Dinitrophenylhydrazone of Ethyl 

Vinyl Ketone 19 

l-Ethoxy-pentanone-3 20 

2,4-Dinitrophenylhydrazone of 1-Ethoxy-
pentanone-3 21 

2,4-Dinitrophenylhydrazone of 
4-n-Butoxy-butanone-2 22 

iii 



iv 

Chapter Page 

3-Ethyl-pyrazoline-2 23 

3-Ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 23 

Reaction of 2,4-Dinitrophenyl-hydrazine in 
Ethanol with Acidic Catalyst 25 

Reaction of 3-Hydroxy-butanone-2 with 

Acidic Catalyst in Ethanol 25 

6-Nitro-l-oxy-l,2,3-benzotriazole 25 

Sodium Salt of 6-Nitro-l-oxy-l,2,3-benzotriazole. .27 

6-Nitro-l-ethoxy-l ,2,3-benzotriazole 28 

4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 29 

5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-

pentanone-3 32 

5-Hydroxy-pentanone-2 35 

2,4-Dinitrophenylhydrazone of 
5"Hydroxy-pentanone-2 35 

The Reaction of 5-Hydroxy-pentanone-2 with 
2,4-Dinitrophenylhydrazine 36 

The Reaction of Acrolein with 6-Nitro-l-
oxy-l,2,3-benzotriazole 36 

The Reaction of Acrylonitrile with 6-Nitro-l-
oxy-1,2,3-benzotriazole 37 

The Reaction of 3-Methyl-2-Cyclohexen-l-one 
with 6-Nitro-l-oxy-l,2,3-benzotriazole 39 

The Reaction of Vinyl Acetate with 

6-Nitro-l-oxy-l,2,3-benzotriazole 40 

IV. DISCUSSION AND INTERPRETATION OF RESULTS 41 

V. SUMMARY AND CONCLUSIONS 52 

LIST OF REFERENCES 59 



LIST OF FIGURES 

F igu re Page 

1. a . 5 - ( 6 - N i t r o - l - o x y - l , 2 , 3 - b e n z o t r i a z o l y l ) -
pen tanone-3 (IX) 54 

b. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (XI) 54 

c. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (X) 54 

d. 6-Nitro-l-ethoxy-l,2,3-benzotriazole 
(XI I , R - Et) 54 

2. e . 4 - ( 6 - N i t r o - l - o x y - l , 2 , 3 - b e n z o t r i a z o l y l ) -
bu tanone-2 OCVII) 56 

f. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
pentanone-3 (XVIII) 56 

g. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (XV, without using HCl in 
the reaction) 56 

h. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (XV, with HCl in the reaction) . . . .56 

3. i. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
pentanone-3 (XIII and XIV) 58 

j. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
pentanone-3 (XVI, without using HCl 
in the reaction) 58 

k. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
pentanone-3 (XVI, with HCl in the reaction) . . .58 



I. INTRODUCTION 

Statement of Problem 

McMahon et al. (12) and many other authors have mentioned the 

isomeric 2,4-dinitrophenylhydrazones or substituted pyrazolines of 

o<,/3-unsaturated ketones. The acid catalyzed reaction of ethanolic 

2,4-dinitrophenylhydrazine with carbonyl compounds usually gives 2,4-

dinitrophenylhydrazones. Matsoyan et al. (13) have reported that the 

dark yellow, shining product of refluxing 2,4-dinitrophenylhydrazine 

with a mixture of /?-alkoxybutanones in the presence of concentrated 

hydrochloric acid is 3-methyl-l-(2,4-dinitrophenyl)-pyrazoline-2. 

Schneider (14) showed that the Matsoyan's product is not 3-methyl-l-

(2,4-dinitrophenyl)-pyrazoline-2. The writer has found that the sol-

ubility characteristics of the yellow products are: (a) soluble in 

polar solvents such as hot water, ethanol, tetrahydrofuran, and hot 

chloroform, (b) slightly soluble in ether, and (c) insoluble in carbon 

tetrachloride, dioxane, and ligroin. These are the solubility char-

acteristics associated with polar compounds. Also the carbonyl group 

shows up in the infrared spectra of these yellow products. Therefore, 

the problem was to find out the nature of the yellow product. 



II. SURVEY OF THE LITERATURE 

The Relationship of 2,4-Dinitrophenylhydrazone to Pyrazoline 

Jacobs (1) has mentioned that hydrazine reacts with o(,^-unsat-

urated carbonyl compounds always giving pyrazolines. The reaction of 

substituted phenylhydrazines with unsaturated carbonyl compounds is of-

ten carried out at refluxing temperature because of the insolubility 

of the reagent, so pyrazolines are usually the product. It is not 

easy to distinguish phenylhydrazones from the pyrazolines which they 

yield. The best method is the reduction with sodium amalgam, by which 

phenylhydrazones give aniline whereas pyrazolines have no reaction. 

Since Duffin and Kendall (2) have reported that the ultraviolet ab-

sorption spectrum of l-phenyl-pyrazoline-2 differs from that of the 

corresponding phenylhydrazone, this method is useful to distinguish 

between these types of compounds. Jacobs has also mentioned that py-

razolines are unstable and readily attacked by oxidizing agents. 

Many pyrazolines are very sensitive to oxygen. Some fume in the air 

or ignite spontaneously if the hot vapors come in contact with air sud-

denly. At low temperatures oxygen is absorbed by some pyrazolines and 

a vigorous reaction may take place when they are warmed to room temp-

erature. Schneider (14) reported the synthesis of his pyrazoline 

under nitrogen atmosphere. 

Braddock et al. (3) have reported the obtaining of isomeric pro-

ducts of 2,4-dinitrophenylhydrazones. They mentioned that a rearrange-

ment to a pyrazoline ring explained the existence of two forms of 



dibenzalacetone 2,4-dinitrophenylhydrazone, one of which melts at 

175° and the other at 205°. The raixed melting point is 167°. The 

lower melting compound is considered to be pyrazoline. Morgan and 

Holmes (4), Wear (5), Spriggs et al. (6), Addy and Baker (7) have found 

that /S-ketols condense with 2,4-dinitrophenylhydrazine to form substi-

tuted pyrazolines. Allen and Richmond (8) mentioned the preparation 

of the lower melting isomeric 2,4-dinitrophenylhyrazone of the pyra-

zoline derivative of benzalacetophenone by simply recrystallizing 

the 2,4-dinitrophenylhydrazone in the presence of a trace mineral acid. 

It has been proposed by Jacobs (1) that l-(2,4-dinitrophenyl)-pyra-

zolines are formed fromq'j^-unsaturated 2,4-dinitrophenylhydrazones. 

Ramirez and Kirby (9) have treated some of the o(-bromoketone 2,4-dini-

trophenylhydrazones with hot acetic acid and claimed that the products 

are ô ,/3-unsaturated 2,4-dinitrophenylhydrazones; acetic acid treatment 

of cj(-bromopropiophenone 2,4-dinitrophenylhydrazone gave what appears 

to be an oí,(S-unsaturated azo structure. According to Chambers and 

Willard (10), when the 2,4-dinitrophenylhydrazone of phenyl vinyl ke-

tone is treated with boiling glacial acetic acid containing hydrobromic 

acid, 3-phenyl-l-(2,4-dinitrophenyl)-pyrazoline-2 (I) is the product. 

In order to prove that the product is a substituted pyrazoline, 3-

phenyl-pyrazoline-2 was prepared and treated with 2,4-dinitrochloro-

benzene in ether. The final product was identical with (I). Mousseron 

et al. (11) have reported that the ultraviolet spectrum of 3-methyl-l-

(2,4-dinitrophenyl)-pyrazoline-2 has Amax. (CHCl ) 389 mji; 7>max. (EtOH) 

392 va/L. Matsoyan et al. (13) have reported that phenyl and 2,4-dinitro-

phenylhydrazones of /S-alkoxy-butanone heated with concentrated hydrochloric 



acid gave 3-methyl-l-phenylpyrazoline-2 and 3-methyl-l-(2,4-dinitro-

phenyl)-pyrazoline-2 respectively. 

Ethyl Vinyl Ketone 

Ethyl vinyl ketone has been prepared by Blaise and Maire (15) 

utilizing the following steps: 

CH2=CHCH0 HCl ̂  CICH2CH2CHO -loU CICH^CH^COOH PCl5, 

ZnEt2 -HCl 
CICH2CH2COCI > CICH2CO2COC2H5 » CH^^CHCOG^Hc 

Delaby (16) prepared the ketone as follows: 

CH2=CHCHOHC2H5 - í ^ CH^^CHCOC^H^ 

Courtot and Pierron (17) prepared the ketone using sulfuric acid and 

chromic acid: 

H2SO4, H^CrO^ 
RCHCIC^H^ ^ RCOC2H5 

The method of preparation reported here was essentially according to 

the method of McMahon et al. (12) whereby anhydrous aluminum chloride 

catalyzed the following reaction: 

AICI3 -HCl 
CH2=CH2 + C2H5COCI ^ CICH2CH2COC2H5 > CH^^CHCOC^H^ 

The intermediate (3-chloroethyl ketone may be isolated since it is 

stable up to 50--60°. 



In the past, propionyl chloride was prepared by a reaction of 

an inorganic acid chloride on an organic acid. Thionyl chloride and 

phosphorous chloride have been widely used. According to Vogel (18), 

thionyl chloride was utilized, but the yield was poor. Adams and 

Ulich (19) have reported that acid chlorides, bromides, or anhydrides 

may be prepared by the action of oxalyl chloride and oxalyl bromide 

on organic acids. Butyryl chloride has been prepared in 91.5% yield 

by reacting phthalyl chloride with butyric acid (20). Since 1937, 

the preparation of organic acid chlorides by reaction of a relatively 

nonvolatile organic acid chloride with an organic acid has been widely 

adopted. Brown (21) has suggested benzoyl chloride as a nonvolatile 

acid chloride for it is cheap and available. The procedure is very simple, 

The respective acid chloride is distilled away through a 25 cm. frac-

tionating column. The best yield is obtained by using excess benzoyl 

chloride, either in the molar ratio 2:1 or 3:2. 

The preparation of l-chloro-3-pentanone has been reported by 

McMahon et al. (12) as an intermediate for making ethyl vinyl ketone. 

They used anhydrous aluminum chloride as the catalyst, and bubbled 

dry ethylene into the mixture of propionyl chloride and solvent (nitro-

benzene, chloroform or carbon disulfide). Diethyl aniline was used 

for neutralizing the hydrogen chloride liberated during the distillation 

of ethyl vinyl ketone. Since this method is not suitable for large 

scale preparations because of the violence of the dehydrohalogenation 

reaction, the method of Woodward (22) was used for preparing 1-chloro-

3-pentanone in sizable amounts. 



2,4-Dinitrophenylhydrazone of Unsaturated Ketones 

Brady and Elsmie (23) had noticed the advantage of 2,4-dinitro-

phenylhydrazine as a reagent for aldehydes and ketones because the crys-

tals are slightly soluble in ethanol and the molecular compositions 

correspond to the theoretical calculations. Two methods were recommended 

by them: "(1) boiling the aldehyde or ketone with 2,4-dinitrophenyl-

hydrazine in alcohol; and (2) addition of the carbonyl compound to a 

solution of 2,4-dinitrophenylhydrazine hydrochloride in 2N hydrochloric 

acid." The purification of 2,4-dinitrophenylhydrazone products is dif-

ficult due to the lesser solubility of 2,4-dinitrophenylhydrazine 

than of hydrazones. Therefore, it has been suggested by Allen and 

Richmond (8) that a slight excess of carbonyl compound be used. Allen 

(24) has reported the preparation of 2,4-dinitrophenylhydrazones of some 

aliphatic and aromatic aldehydes and ketones by boiling these compounds 

in alcohol with 2,4-dinitrophenylhydrazine in the presence or absence 

of hydrochloric acid. According to Allen and Richmond (8), the hydra-

zones are usually recrystallized from ethanol. Both the type of acid 

catalyst and the solvent are important factors for the purification 

by recrystallization. Since Bredereck (25) has demonstrated that the 

2,4-dinitrophenylhydrazones of the furan series exist in several isomeric 

forms, the possibility arises that several isomers may exist of de-

rivatives of other carbonyl compounds. According to Allen and Richmond 

(8) the unsaturated ketones such as benzalacetophenone might also have 

isomeric 2,4-dinitrophenylhydrazones. They have not been able to re-

crystallize satisfactorily the derivative of methyl vinyl ketone. 



Braddock et al.(3) have reported the discrepancies of some 2,4-dini-

trophenylhydrazones found in the literature, especially o(,^-unsaturated 

ketones, may be due to the occurence of geomtrical isomers, polymor-

phism, mixed crystal formation, structural rearrangements, or side re-

actions. McMahon et al. (12) have found an isomeric derivatitive of 

the 2,4-dinitrophenylhydrazone of ethyl vinyl ketone. They thought 

that it was probably a pyrazoline type of compound. Recently, Shine 

(26) has reported a new technique for preparing 2,4-dinitrophenylhydra-

zones by using diglyme (dimethyl ether of diethylene glycol) solution 

of 2,4-dinitrophenylhydrazine. The pure derivative of methyl vinyl 

ketone was obtained by using the digljmie solution. If the ethanol so-

lution is used, the product will be the derivative of 4-ethoxy-butanone-2 

instead of the pure derivative of methyl vinyl ketone. The derivative 

of 4-methoxy-butanone-2 has also been obtained if methanol is used. 

Thus, it is obvious that the solvent used is important in determining 

the final product of reaction. 

6-Nitro-l-oxy-l,2,3-benzotríazoles 

The cyclization of o-nitro-hydrazino derivatives of aromatic 

compounds is used for preparing substituted l-hydroxy-6-nitro benzo-

triazoles (46). It is interesting that the reaction may occur when 

alkali is required in the use of 2,4-dinitrophenylhydrazine for the de-

tection of certain carbonyl compounds (27). 

0 Z ^^ ' ' ^ 2 

NHNHp NaOH 
NO. 
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2,4-Dinitro-5-carboxyhydrazobenzene undergoes cyclization by acetic 

acid. 

NHNHC^M^ 
NO^ 

?> ^ 

0^^^^ r 
0 

N^gH^ 

In this reaction, if excess hydrazo compound or other reducing agents 

are present, a hydroxy-benzotriazole instead of N-oxide is formed. 

Benson and Savell (29) have reported that fused-ring triazole 

oxides have been prepared mostly from o-nitro-aryl hydrazine compounds. 

The reaction consists of nitro molecular dehydration, such as the de-

hydration of 5-chloro-2-nitro-l-(p-nitrophenylhydrazino)-benzene by 

acetic anhydride: 

NO^ (CH^CO^^O 

NHNH f\N02 

0 
î 

" ^ 

N 
N-

O-N02 

6-Nitro-l-oxy-l,2,3-benzotriazole was first isolated by Curtius 

and Mayer (28) from 2,4-dinitrophenylhydrazine using hydrazine hydrate 

as the catalyzing alkali. The product exploded at 190--192°. This 

product was further treated with sodium hydroxide forming the sodium 

salt of 6-nitro-l-oxy-l,2,3-benzotriazole. 6-Nitro-l-alkoxy-l,2,3-

benzotriazoles were prepared by the action of the alkyl halides on 



the sodium salt of 6-nitro-l-oxy-l,2,3-benzotriazole. They also 

described the degradation of benzotriazoles. The reaction of 6-nitro-

l-hydroxy-l,2,3-benzotriazole with permanganate gave 1-hydroxy-l,2,3-

triazole-4,5-dicarboxylic acid. 

6-Nitro-l-hydroxy-l,2,3-benzotriazole has been made by Brady 

and Day (30) by reaction of hydrazine hydrate with 2,4-dinitrochloro-

benzene in ethanol. They reported that the product deflagrated at 

206° without melting. The product could be described by the following 

tautomeric formulas: 

r̂-

In 1956, Shemyakina et al. (31) reported that 3-oxide of 5-

nitro-l,2,3-benzotriazole was prepared by heating 2,4-dinitrophenyl-

hydrazine with a 17» aqueous solution of sodium hyroxide. The product 

melted at 190--191°. 

Brady and Reynold (32) have described the methylation of 6-

nitro-l-oxy-l,2,3-benzotriazole by methyl sulfate in aqueous sodium 

hydroxide. The methylation occurred only on the 1-oxygen; however 

methylation of other substituted compounds of 6-nitro-l-hydroxy-l,2,3-

benzotriazole and 1-hydroxy-l,2,3-benzotriazole under the same con-

ditions gave a mixture of methoxy and 3-methyl product. Apparently 

6-nitro-l-hydroxy-l,2,3-benzotriazole, a comparatively stronger acid. 
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would favor the methoxy compound on methylation of its sodium salt 

in aqueous solution. The methoxy compound was favored by conditions 

which favor ionization of the sodium salt. They also found that a 

sequence of reactions of 6-nitro-l-methoxy-l,2,3-benzotriazole and 

6-nitro-3-methyl-l,2,3-benzotriazole-l-oxide with methyl sulfate gave 

6-nitro-3-methyl-l,2,3-benzotriazole indicating that 6-nitro-l-hydroxy-

1,2,3-benzotriazole must behave like a tautomeric compound as shown in 

the following scheme: 

N ^ MepSO^ 
N ^^—— 

N ^ 
I 

OMe 

Me 

O^N-^^v^^S^j 
N 

OMe 
/ 

M eSO^ 

Me^SO^ 

MeSO^ 
_ Na-OH 

+ CH^O 

+ HMeSO^ 
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6-Nitro-3-methyl-l,2,3-benzotriazole-l-oxide can be reduced and 

deaminated to 3-methyl-l,2,3-benzotriazole-l-oxide, which is identical 

with the compound formed by the alkylation of l-hydroxy-l,2,3-benzo-

triazole with methyl sulfate in aqueous alkali. 

reduction 

deamination 
M «2 SO^ 

OH 

That the methylation occurs on the 3-position of 1-hydroxy-l,2,3-

benzotriazole is determined by analogy with the methylation product 

of l-hydroxy-6-methyl-l,2,3-benzotriazole under the same conditions. 

That methylation occurs on the 3-position of the latter has been 

proven by Brady and Reynold already. 

In 1950, Brady and Jakobovits (33) worked on the methylation 

of 1-hyroxy-benzotriazole by methyl sulfate. They described that 

there are two forms of l-hydroxy-l,2,3-benzotriazole present in a so-

lution of tetraalkylammonium hydroxide: the undissociated compound 

(I) and the ion (II). 
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a N N : -f- NMeEt.OH 

OH 
a) 

/^:>>^N 
_:^ 

' ^ 
N: 

• _ 

0 
CID 

-h MeEtT^N"^ -f- H^O 

In either I or II, attack will occur at the oxygen atom leading to the 

formation of 1-methoxy-benzotriazole; but, attack at the nitrogen will 

be favored in (I) according to the following mechanism: 

Me 

.cv N: + X 
N 

ÔH 

f H"" -H X X : MeSO^ ] 

In the presence of sodium hydroxide, compound (III) is the species 

in which attack at the nitrogen will be favored. 

N^ 
Ji 

ÔNa.(Solvent) 

cn) 
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The proportion of the formation of N-methylation increases due to 

the steric effect of the solvent. 

Krollpfeiffer et al. (34) have mentioned that in 1-substituted-

1,2,3-benzotriazoles, the nitrogen atoms can be bound only as shown 

in structure IV: 

/^í^^X^N r:̂ ^̂ N-̂ N 

m 
NR 

whereas in the 2-substituted derivatives, both the bonding possibil-

ities of structure (V) and (VI) exist. 1,2,3-Benzotriazole and its 

1-alkyl derivatives are soluble in dilute hydrochloric acid, and are 

precipitated instantly and quantitatively from ether by hydrochloric 

acid as the solid hydrochloride salt, whereas the 2-alkyl derivatives 

are insoluble in dilute hydrochloric acid, and are not precipitated 

from ether by hydrochloric acid. 1,2,3-Benzotriazole behaves the same 

as 1-alkyl derivatives; therefore, the structure of 1,2,3-benzotriazole 

N ^ 
N 

N'^ 
H 

IS Also, the ultraviolet absorption 

of the 1-methyl derivative and 1,2,3-benzotriazole have almost identi-

cal Amax. between 284--254 raji in hexane. 

In 1942, Specker and Gawrosch (35) reported the ultraviolet 

absorption spectra of 1,2,3-benzotriazole in methanol, 0.1 M sodium 

methoxide and 0.1 N hydrochloric acid. They also reported the spectra 
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of 1-methyl- and 2-methyl- 1,2,3-benzotriazoles in methanol, and 0.1 

N hydrochloric acid in methanol. The absorption of the 2-methyl deri-

vative differed from those of 1,2,3-benzotriazole and its 1-methyl de-

rivative; the maximum was 2750 A in methanol and also in 0.1 N hydro-

chloric acid methanol. The salt of 1,2,3-benzotriazole and its 1-methyl 

derivative showed the same optical behavior and the maximum was about 

0 
2700 A. 

Wiley et al. (36) have reported the base catalyzed reactions be-

tween benzotriazole and triazole with o(,^-unsaturated compounds. 

The addition reactions give either a 1- or a 2- substituted benzotria-

zole and triazole compounds. The 1-substituted types show a single max-

imum at 275 m ^ 

Macbeth and Price have reported that in alcoholic solution 

1-hydroxy-l,2,3-benzotriazole exists as a tautomeric mixture, 207o being 

in the 1-oxide form. The absorption of 6-nitro-l-methoxy-l,2,3-ben-

zotriazole in alcohol gives two main bands at 241.5 m/6 and 273 m/í-with 

an inflexion at 315 m/í,; in water it gives two main bands at 280 and 

244 mytu with two inf lexions at 315 and 232 m/t; whereas the absorption 

of 3-methyl-6-nitro-l,2,3-benzotriazole-l-oxide in water gives two 

main bands at 338 and 262 m/L with three inflexions at 379, 357 and 

252 mju,; in alcohol this compound gives two main bands at 349 and 263 mjl. 

The displacements of maxima on the change of solvent from alcohol to 

water are probably due to ionization of the compounds in water. 
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5-Hydroxy-pentanone-2 

Swadesh et al. (38) have reported that the hydrogenation of 

2-methylfuran in water containing 987« formic acid over nickel catalyst 

gives 5-hydroxy-pentanone-2. Londergan et al. (39) and Copelin (40) 

have described a method of making Vitamin Bĵ  from 2-methylfuran in 

which 5-hydroxy-pentanone-2 can be isolated as an intermediate. The 

hydrogenation of 2-methylfuran in this synthesis is carried out by 

hydrogenating 2-methylfuran in acetone and 0.2 N hydrochloric acid 

with hydrogen over palladium-charcoal catalyst. 5-Hydroxy-pentanone-2 

is obtained in yield of 757,. The melting point of the 2,4-dinitrophenyl-

hydrazone of 5-hydroxy-pentanone-2 has been taken as 150° (41); 149° 

(42); and 145.5--146° (38). 



III. EXPERIMENTAL 

Preparations 

Propionyl Chloride 

The method of Brown (21) was used for the preparation of pro-

pionyl chloride. The yields from several preparations were in the range 

of 72—95.27,. 

Propionic acid (111 g.; 1,5 moles) and 316 g. (2.25 moles) of 

benzoyl chloride were placed in a round bottom flask fitted with a 

short fractionating column connected with a downward distilling con-

denser; the receiver was immersed in ice. The acid chloride was dis-

tilled off as rapidly as was consistent with good separation from the 

other materials in the flask. The fraction boiling at 63°/680 mm. 

consisted of propionyl chloride (132 g. ; 95.27,). 

l-Chloro-3-pentanone 

l-Chloro-3-pentanone was prepared according to the method of 

McMahon (12), with chloroform used as solvent instead of nitrobenzene. 

Quantities of reactants used were according to Woodward (22). Diethyl-

aniline was not used here. 

Propionyl chloride (399 g.; 4.3 moles), 600 g. of aluminum 

chloride and 1330 ml. of chloroform were stirred in a three-necked 

flask by means of a magnetic stirrer. The mixture was cooled below 

10° and ethylene gas was passed in for ten and one half hours. 

16 
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The black complex was poured onto a mixture of cracked ice, water, and 

dilute hydrochloric acid. The reaction was vigorous. This treatment 

decomposed the aluminum chloride complex. The mixture was stirred 

constantly and kept cold by the addition of ice until decomposition 

was completed. The organic layer was reddish-purple in color; it was 

separated and washed with 107, hydrochloric acid several times until no 

white flocculent solid appeared upon testing the washing layer with 

ammonium hydroxtde. All inorganic and washing layers were extracted 

with chloroform. The organic phase and chloroform washings were com-

bined and dried over ai3i,hydrous magnesium sulfate. The magnesium sul-

fate was removed by filtration and the chloroform was removed by dis-

tillation at atmospheric pressure. The residue was distilled. The 

fraction, 24--30°/2 mm. was collected (231 g. ; 44.47,). 

Ethyl Vinyl Ketone 

Ethyl vinyl ketone was made according to the following two 

methods. 

1. The direct method of McMahon (12) was used for the prepa-

ration of ethyl vinyl ketone. Propionyl chloride (14 g.) was added 

through a dropping funnel to a stirred mixture of carbon disulfide 

(70 g.) and aluminum chloride (12.2 g.) cooled to 0° in an ice bath. 

Ethylene was passed into the solution seven hours. The mixture was 

then refluxed on a water bath at 40° to 50° for 20 minutes until the 

initial brisk evolution of hydrogen chloride gas had diminished. On 

cooling to room temperature overnight the dark brown complex was de-

composed by pouring it onto ice giving a vigorous exothermic reaction. 
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The mixture was washed with dilute hydrochloric acid and extracted with 

ether; two layers formed. The organic layer was separated and washed 

with dilute hydrochloric acid (5 ml. of concentrated hydrochloric acid/ 

95 ml. of water), water, then dilute sodium bicarbonate solution (8.5 g. 

of sodium bicarbonate/250 ml. of water) until an alkaline solution 

was obtained. Ether and carbon disulfide were removed by distillation 

through a short column at atmospheric pressure up to 50°. Ten mil-

liliters of water were added to the residue. The azeotropic mixture 

of ethyl vinyl ketone was distilled off at 52--96°. The distillate 

was dried over magnesium sulfate and then redistilled through a short 

fractionating column and the fraction boiling up to 90° was collected; 

the yield was 1.2 ml. 

2. The method of Archer (43) was used for the preparation of 

ethyl vinyl ketone. A three-necked flask was equipped with a mechanical 

stirrer and a distillation-head condenser set for distillation. The 

receiver was immersed in ice. A mixture of 115.5 g. of l-chloro-3-

pentanone and a little hydroquinone were placed in the flask and 

stirring was started. Anhydrous sodium benzoate (153 g.) was added in 

small portions over a period of 10 minutes. A second 115.5 g. of 1-

chloro-3-pentanone was added, followed by a second 153 g. portion of 

sodium benzoate. After the reagents were thoroughly mixed, the flask 

was heated by means of a heating mantle. The material in the flask 

changed to a white paste. Stirring was continued and the distillate 

boiling from 95--130° was collected (145 g. ; 89.67,). 
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2,4-Dinitrophenylhydrazone of Ethyl Vinyl Ketone 

2,4-Dinitrophenylhydrazone of ethyl vinyl ketone was made by 

using dilute Shine's reagent (1 g. of 2,4-dinitrophenylhydrazine/60 ml. 

of diglyme). Three drops of concentrated hydrochloric acid were added 

to a mixture of 30 drops of ethyl vinyl ketone and 30 ml. of Shine's 

reagent. After cooling, water was added until the solution appeared 

cloudy. Then the solution was cooled overnight with a mixture of 

crystals forming. The crystals were filtered, washed with aqueous 

ethanol, dried, and separated with a needle. The red crystals melted 

at 102--103°; the orange crystals melted at 106--107°. The mixture 

of crystals was recrystallized from ethanol. A small portion of red 

crystals formed almost at the same time as the orange crystals formed. 

The main portion of orange crystals formed slowly. The mixture was 

filtered, washed with aqueous ethanol, and dried. The red crystals 

melted at 113--114°; the orange crystals melted at 125--126°. This 

mixture was recrystallized again from ethanol. All crystals (I) formed 

at room temperature were red in color, melting at 116-117°. The 

ultraviolet spectrum showed Amax. (CHCI3) 369.2 m/t, log£ 4.43. The 

Beilstein test was negative. These red crystals were very soluble in 

benzene. Thus, they were recrystallized from ethanol. Some of the 

crystals (I) were recrystallized from saturated ethanolic solution. 

The crystals formed at room temperature were of two forms. They were 

separated with a needle. The red granular crystals gave a micromelting 

point of 127.9--128.8 ; the ultraviolet spectrum was Tunax. (CHCl ) 

370.6 m/t; and the orange, needle-like crystals (II) gave a micromelting 
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point of 129.8--131.8°; the ultraviolet spectrum wasAmax. (CHCI3) 

370.7 mjl. The mixture of the two forms melted at 129.8--131.8°. 

The mixture of these two forms was recrystallized from ethanol. 

A large amount of red crystals were formed, although the solution was 

seeded with orange needles II. So, they were redissolved and seeded 

with II as soon as the solution was removed from the hot plate. A 

large amount of orange crystals were formed without any red crystals 

present melting at 129.7--130.8°. 

Analy. Calcd. for C-^i^.^^^^^- ^ ^9.96; H 4.58; N 21.21. 

Found: C 49.75; H 4.43; N 21.50. 

l-Ethoxy-pentanone-3 

l-Ethoxy-pentanone-3 was prepared according to the method of 

Killian (44). One gram of mercuric oxide and 1 ml. of borontriflouride 

etherate (457,) and then 1 ml. of absolute ethanol were placed in a 

three-necked flask fitted with a dropping funnel, magnetic stirrer and 

a reflux condenser. The mixture was heated gently to dissolve part 

of the mercuric oxide. Absolute ethanol (20.7 g.; 0.45 mole) was then 

added and the magnetic stirring was started. A mixture of 0.51 mole 

of absolute ethanol and 0.71 mole of ethyl vinyl ketone was added into 

the mercuric oxide mixture through the dropping funnel. After the ad-

dition was completed, the mixture was allowed to reflux overnight with 

stirring. Heat was removed, but the stirring was continued until the 

substance in the flask had cooled. The mixture, dark brown in color, 

was filtered to remove mercury metal which was present as a result 

of reduction during the reaction. The filtrate was stirred with 
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anhydrous potassium carbonate for three hours in order to neutralize 

the borontriflouride. It was then washed with saturated potassium 

carbonate and dried with anhydrous potassium carbonate overnight. 

Potassium carbonate was removed and the residue was washed with absolute 

ethanol. The filtrate was fractionally distilled under 2 mm. 

Fraction: 1 30--32°C 14.95 g. n^^ 1.4111 
2 33--36° 10.59 1.4113 
3 34--36° 9.72 1.4111 
4 33--35° 12.25 1.4112 

Yield was 47.51 g. (44.27,). 

Analy. Calcd. for CjR^^O^: C 64.58; H 10.84. Found: C 64.68; 

H 10.93 

2,4-Dinitrophenylhydrazone of l-Ethoxy°pentanone-3 

2,4-Dinitrophenylhydrazone of l-ethoxy-pentanone-3 was prepared 

by using dilute Shine's reagent (0.5 g. of 2,4-dinitrophenylhydrazine/ 

30 ml. of diglyme). Three drops of concentrated hydrochloric acid were 

added to a mixture of 20 drops of l~ethoxyl-pentanone-3 and 60 ml. of 

dilute Shine's reagent. The solution was cooled for three hours; no 

precipitate formed. Water was then added dropwise until the solution 

appeared cloudy; the solution was cooled overnight, giving a large 

quantity of yellowish-orange crystals. They were filtered and washed 

with aqueous ethanol. After drying they were dissolved in hot ethanol. 

The solution was left overnight at room temperature. Orange crystals 

formed, melting at 80.5--81.5°. The ultraviolet spectra had Tunax. 

(CHCI3) 368.6 m/t, Amax. (EtOH) 367.0 m/J,. 
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Analy. Calcd. for C13H18N4O5: C 50.32; H 5.85; N 18.05. 

Found: C 50.46; H 6.06; N 18.20. 

2,4-Dinitrophenylhydrazone of 4-n-Butoxy-butanone-2 

2,4-Dinitrophenylhydrazone of 4-n-butoxy-butanone-2 was made 

by using Shine's reagent (1 g. of 2,4-dinitrophenylhydrazine/30 ml. 

of diglyme). 4-n-Butoxy-butanone-2 (2.6 g.) was dissolved in 20 ml. 

of n-butanol followed by the addition of 135 ml. of Shine's reagent 

and 3 drops of concentrated hydrochloric acid. The solution was cooled 

for 4 hours, but no precipitate formed. Water was added dropwise 

until the solution became cloudy; the solution was then cooled over-

night. Only an oily derivative (I) was formed. The clear solution 

(II) was decanted into another flask. Water was added dropwise to 

II until the solution appeared cloudy; on cooling overnight, yellowish-

orange crystals (III) were formed. The crystals were filtered, washed 

with ethanol, and dried. The oily derivative I was frozen and orange 

crystals (IV) were formed. These crystals were filtered, washed with 

ethanol, dried, and melted at 60--66°. Crystals III and IV were combined 

and recrystallized from ethanol. An oily derivative was formed in the 

solution at room temperature. Additional ethanol was added to this 

solution; the yellowish-orange needle-like crystals were formed. 

These crystals were filtered, washed with ethanol, dried, and melted 

at 72--73°. The ultraviolet spectrum of these crystals had: A.max. 

(CHCI3) 367.4 mjL; Amax. (EtOH) 364.9 mJJ-. 

Water was added to the filtrate, a mixture of yellow and orange 

crystals formed. This mixture was filtered, washed with ethanol, and 

dried (m.p. 42--55°). Some of the yellow and orange crystals were 
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separated with a needle. The yellow crystals melted at 49--50O; the 

orange crystals melted at 42--55°. This mixture was recrystallized 

from ethanol by seeding with the orange needles (m.p. 72--73°); on 

standing overnight, yellow needles formed, melting at 74.5--75°. 

3-Ethyl-pyrazoline-2 

3-Ethyl-pyrazoline-2 was prepared according to the method of 

Beech (45). Ethyl vinyl ketone (20 ml.) in 40 ml. of 957 ethanol was 

mixed with 20 ml. of hydrazine hydrate (957o) in an ice bath. The re-

action was vigorous. The mixture was refluxed for 30 minutes. The 

resulting solution was extracted with ether; the ether solution was 

dried over potassium carbonate. The ether was removed and the residue 

was distilled fractionally under 3 mm. pressure in a nitrogen atmos-

phere. The material boiling between 60--65 was collected. In an-

alogy with 3-methyl-pyrazoline-2 (14), this fraction was considered 

to be the desired material. 

3-Ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 

3-Ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 was prepared ac-

cording to the methods of Chambers (10). 

1. A mixed solution of 0.528 g. (0.002 mole) of 2,4-dinitro-

phenylhydrazone of ethyl vinyl ketone in 100 ml. of glacial acetic 

acid containing 0.7 ml. of 347, hydrobromic acid was refluxed for two 

hours. The solution was brownish-red in color; it was concentrated to 

about 30 ml. and cooled, but no precipitate formed. Sodium hydroxide 

(107o) was added to neutralize the solution until the solution appeared 

cloudy. The resulting solution was left at room temperature overnight; 
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an oily material formed. The solution was decanted from the oily mate-

rial. To the oily material ethyl acetate was added and the resulting 

solution was frozen overnight. Again no precipitate was formed. The 

decanted solution was cooled overnight; no reaction product was isolated. 

2. A solution of 1.5 g. of 2,4-dinitrobromobenzene in 20 ml. 

of ether was mixed with a solution of 30 drops of 3-ethyl-pyrazoline-2 

in 20 ml. of ether. The resulting solution was orange in color as 

wa3 allowed to stand at room temperature overnight. Long yellowish-

orange needle-like crystals with a small amount of oily compound 

were formed. The crystals (I) were filtered and washed with ether. 

On cooling the filtrate, some more yellowish-orange crystals (II) 

formed. Crystals of I were recrystallized from ethyl acetate and 

formed long, orange needle-like crystals (m.p. 115--117°, III), Crys-

tals of II were recrystallized from ethyl acetate and formed long, 

orange needle-like crystals (m.p. 115--117°, IV). The infrared spectra 

indicated that III and IV were 3-ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 

which were compared with the spectrum of 3-methyl-l-(2,4-dinitrophenyl)-

pyrazoline-2 (14). The ultraviolet spectra: of crystals III Timax. 

(CHCI3) 390.3 m/t, A.max. (EtOH) 393.9 m/ji; of IV Amax. (CHCI3) 390.2 m/t, 

Amax. (EtOH) 393.7 m^. 

III and IV were combined and recrystallized from ethanol and 

formed yellowish-orange crystals (m.p. 117--118°). Some more yellowish-

orange crystals formed in the filtrate (m.p. 117--118°). 

Analy. Calcd. for G11H12N4O4: C 50.03; H 4.58; N 21.00. 

Found: C 50.02; H 4,52; N 21.00. 



25 

Reaction of 2,4-Dinitrophenylhydrazine in Ethanol 
with Acidic Catalyst 

2,4-Dinitrophenylhydrazine (4 g.) was added to 20 ml. of 957, 

ethanol followed by 5 ml. of concentrated hydrochloric acid. The 

resulting mixture was refluxed for more than 11 hours and then cooled 

to room temperature and formed red and yellow precipitates. The pre-

cipitates were filtered, washed with ethanol and dried (sintering at 

172°, m.p. 181--183°, and decomposing at 183°). The infrared spectrum 

was proven to be that of 2,4-dinitrophenylhydrazine. 

Reaction of 3-Hydroxy-butanone-2 
with Acidic Catalyst in Ethanol 

3-Hydroxy-butanone-2 (3.75 g.) was added to 20 ml. of 957o 

ethanol followed by the addition of 5 ml. of concentrated hydrochloric 

acid. The mixture was stirred and then 4 g. of 2,4-dinitrophenylhydra-

zine were added. The resulting solution was refluxed for 18 hours with 

magnetic stirring; on cooling to room temperature, brown particles formed, 

The particles were filtered, washed with ethanol, and dried. They were 

insoluble in ether, ethyl alcohol, ethyl acetate, water, chloroform, 

ligroin, and slightly soluble in dioxane (sintering at 150°, decom-

posing at 215°). The infrared spectrum did not indicate a carbonyl 

group. 

6-Nitro-l-oxy-l,2,3-benzotriazole 

6-Nitro-l-oxy-l,2,3-benzotriazole was made according to the 

method of Brady and Day (30) and Curtius and Mayer (28). 
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1. 6-Nitro-l-oxy-l,2,3-benzotriazole was prepared according to 

the method of Brady and Day (30). A hot solution of 7.5 g. of 2,4-

dinitrobromobenzene in 100 ml. of ethanol (957) was made and to this 

mixture was added a solution of 15 ml. of 507 hydrazine hydrate in 

45 ml. of ethyl alcohol through a dropping funnel. After the addition 

was completed, the resulting solution was refluxed for six and one half 

hours. The soluble 2,4-dinitrophenylhydrazine was immediately sepa-

rated from the hot solution but slowly disappeared until a clear, dark 

red solution of the hydrazine salt of the triazole compound was obtained, 

On cooling, the triazole compound separated out. It was filtered 

and washed with absolute ethanol. This solid was dissolved in a min-

imum amount of water and formed a dark red solution; dilute hydrochloric 

acid was added dropwise. A pale yellow solid formed as soon as the 

acid was added. This pale yellow solid (I) was filtered and washed with 

water. To the filtrate, dilute hydrochloric acid was added dropwise 

until no more yellow solid formed. This second crop of solid (II) 

was also filtered, washed with water, and dried. Both solid I and II 

exploded at 205°. They were soluble in ethanol, hot water, slightly 

soluble in ether, insoluble in benzene and ligroin. Solids I and II 

were combined and recrystallized from hot water forming brownish-yellow 

needle-like crystals which exploded at 203°. The infrared spectrum 

indicated an azo group. The ultraviolet spectrum in ethanol was 248.1 

and 277.8 mJÅ^ 

2. 6-Nitro-l-oxy-l,2,3-benzotriazole was prepared according 

to the method of Curtius and Mayer (28). 2,4-Dinitrophenylhydrazine 

(15 g.) was heated in 90 ml. of absolute ethanol followed by the 
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addition of a solution of 15 g. of hydrazine hydrate (957») in 20 ml. 

of absolute ethanol through a dropping funnel with a magnetic stirring. 

The resulting solution was refluxed for seven and one half hours. 

On cooling overnight, bright yellow crystals formed. These crystals 

were filtered, washed with absolute ethanol and dried (exploding at 

207 ). The yield of this hydrazine salt of triazole compound was 

9.5 g. (59.37o). These yellow crystals were dissolved in a minimum 

amount of water and formed a dark red solution. Dilute hydrochloric 

acid was added dropwise and pale yellow solid formed as ««on as the acid 

was added. The solid was filtered, washed with water, and dried. 

Dilute hydrochloric acid was added to the filtrate until no more yellow 

solid was formed. The yield of the benzotriazole was 7.4 g. (43.67,). 

The solid was soluble in ethanol and hot water, slightly soluble in 

ether, and insoluble in benzene, chloroform, and carbontetrachloride. 

The solid changed to brown color at 193.5° and exploded at 197°. 

All of the solid was recrystallized from hot water and decolorized with 

charcoal. Brownish-yellow needle-like crystals were formed at room 

temperature and exploded at 194.5°. Recovered yield was 6.9 g. 

(93.47,). The infrared spectrum was the same as the spectrum of 6-

nitro-l-oxy-l,2,3-benzotriazole by using Brady and Day's method (30), 

except that the latter showed an OH group which was probably due to 

moisture. 

Sodium Salt of 6-Nitro-l-oxy-l,2,3-benzotriazole 

Sodium salt of 6-nitro-l-oxy-l,2,3-benzotriazole was prepared 

according to the method of Curtius and Mayer (28). 6-Nitro-l-oxy-

1,2,3-benzotriazole (4 g.) was moistened with a small amount of water 
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and mixed with a solution of 1 g. of sodium hydroxide in 18 ml. of water 

The solution was warmed on a water bath. Impurities were removed by 

gravity filtration; the filtrate solidified after cooling for one and 

one-half hours. The solid was filtered, washed with cold ethanol, 

and dried. The yield was 9.8 g. (91.37) of the sodium salt. This 

solid was very soluble in water and insoluble in ether, benzene, and 

ligroin. It was recrystallized from ethanol and many yellow particles 

formed. These particles were redissolved in ethanol and the solution 

was left at room temperature overnight. A yellow precipitate was 

formed. It was filtered, washed with cold ethanol, dried, and placed 

in a dessicator overnight. The yellow solid upon standing overnight 

changed to a reddish-orange color. The ultraviolet spectrum had 

Aínax. (EtOH) 277.1 and 391.0 m)X. 

6-Nitro-l-ethoxy-l,2,3-benzotriazole 

6-Nitro-l-ethoxy-l,2,3-benzotriazole was prepared according 

to the method of Curtius and Mayer (28). Sodium salt of 6-nitro-l-

oxy-1,2,3-benzotriazole (2.5 g.) was refluxed with 2.5 g. of ethyl 

iodide in 50 ml. of absolute alcohol for 4 hours. The condenser was 

then set downward for distillation; and excess ethyl iodide and ethanol 

were distilled until a thick, oil-like solution remained. On cooling 

to room temperature, the solution solidified. The solid was filtered 

and washed with absolute ethanol, resulting in the formation of white 

crystals. The crystals were put in a separatory funnel and covered 

with water; ether was then added to extract the organic compound. 

The organic layer dried over anhydrous magnesium sulfate. 
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The magnesium sulfate was removed, the ether was evaporized. Long 

pale yellow, needle-like crystals formed. These crystals were recrys-

tallized from aqueous ethanol; an oily compound formed. The clear so-

lution (I) was decanted from the oily compound (II). The solution was 

left at room temperature and white, needle-like crystals formed rapidly. 

Some aqueous ethanol was added to dissolve the oily compound (II). The 

resulting solution was left at room temperature, and white needle-like 

crystals formed. All of the crystals were filtered, washed with water 

and dried; m.p. 79--81°. The infrared spectrum (Fig. 1-d) was run in 

order to compare with the compounds which were obtained from ketones 

using Matsoyan's treatment to determine whether these compounds were 

N-substituted or 0-substituted banzotriazole. The ultraviolet spectra 

were: 7\,max. (EtOH) 241.7 and 277.3 m/t with an inflexion at 315.5 m/-; 

Amax. (CHCL3) 280.4 and 320.3 m/c. 

4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-butanone-2 

1. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-butanone-2 (X) was 

prepared using procedure of Matsoyan (13). 4-Hydroxy-butanone-2 

(3.75 g.) was added to 20 ml. of ethanol followed by 5 ml. of concen-

trated hydrochloric acid. The mixture was stirred; then 4 g. of 2,4-

dinitrophenylhydrazine were added. The resulting solution was refluxed 

for 17 hours with magnetic stirring. On cooling to room temperature, 

a black viscous substance formed. This viscous substance was filtered 

off. A brownish-yellow precipitate formed in the filtrate. This 

precipitate was filtered, washed with ethanol, and dried (sintering 

at 158°, m.p. 162--165°). The yield was 2.3 g. (25.97,). The infrared 

spectrum (Fig. 1-c) showed a carbonyl group which was similar to the 
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spectrum (Fig. 1-a) of 5-(6-nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 

(IX), and exactly the same as the spectrum (Fig. 1-b) of 4-(6-nitro-l-

oxy-l,2,3-benzotriazolyl)-butanone-2 (XI). This crude product was 

insoluble in ligroin; slightly soluble in cold ethanol; and soluble in 

hot chloroform. It was recrystallized from dimethyl sulfoxide. Yellow 

plate-like crystals (I) were formed. These crystals were filtered, 

washed with cold dimethyl sulfoxide and dried (sintering at 168°, m.p. 

170.5--171.5°). Water was added to the filtrate until the solution 

appeared cloudy. The solution was allowed to stand at room temperature 

for 2 hours. Yellow crystals (II) formed. These crystals were filtered, 

washed with cold dimethyl sulfoxide and dried (sintering at 168°, m.p. 

169.5--170.5°). Crystals of II were recrystallized from water. Large 

yellow plate-like crystals were formed. These crystals were filtered, 

washed with cold water, and dried (m.p. 179--179.5°). 

2. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-butanone-2 (XVII) 

was prepared by refluxing 6-nitro-l-oxy-l,2,3-benzotriazole in ethanol. 

4-n-Butoxy-butanone-2 (0.75 g.) was refluxed with 0.8 g. of 6-nitro-l-

oxy-1,2,3-benzotriazole in 10 ml. of ethyl alcohol and 1 ml. of con-

centrated hydrochloric acid for 16 hours. On cooling to room temperature, 

bright yellow crystals formed. These crude crystals were filtered, 

washed with ethanol, dried and then recrystallized from hot water. 

Yellow plate-like crystals formed (m.p. 179--179.5°). The infrared 

spectrum (Fig. 2-e) showed a carbonyl group and was exactly the same 

as the spectra (Fig. 1-b) of (XI) and (Fig. 1-c) of (X) of 4-(6-nitro-

l-oxy-l,2,3-benzotriazolyl)-butanone-2. The ultraviolet spectrum had 

/jnax. (EtOH) 263 and 350.2 m/̂ ; Amax. (CHCI3) 267.2 and 362.9 mp.. 
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3. 4-(6-Nitro-l-oxy-l,2,3-benzotriazoly])-butanone-2 (XV) was 

prepared using 6-nitro-l-oxy-l,2,3-benzotriazole with methyl vinyl ke-

tone in the solvent ethanol with or without acid catalyst. 

a. 6-Nitro-l-oxy-l,2,3-benzatriazole (0.45 g.) was added to 

the solution of 0.5 g. of methyl vinyl ketone in 7.5 ml. 

of ethanol with shaking. The resulting solution was left 

at room temperature overnight. The solvent was removed by 

air jet; some yellow crystals formed (m.p. 169.5--170O). 

The infrared spectrum (Fig. 2-g) showed a carbonyl group which 

was exactly the same as spectrum (Fig, 1-b) of 4-(6-nitro-l-

oxy-l,2,3-benzotriazolyl)-butanone-2 (XI). The ultraviolet 

spectrum had Amax. (EtOH) 263.6 and 349.9 mjJi. 

b. 6-Nitro-l-oxy-l,2,3-benzotriazole (0.45 g.) was added 

to the solution of 0.5 g. of methyl vinyl ketone in 7.5 ml. 

of ethanol followed by addition of 5 drops concentrated hy-

drochloric acid. The resulting mixture was shaken and left 

at room temperature overnight. The solvent was removed by 

air jet; yellow crystals were formed (165--165,5°). The 

infrared spectrum (Fig, 2-h) showed a carbonyl group and was 

exactly the same as spectrum (Fig. 2-b) of 4-(6-nitro-l-

oxy-l,2,3-benzotriazolyl)-butanone-2 (XI). The ultraviolet 

spectrum had Amax. (EtOH) 263.6 and 349.7 m/í,. Both of these 

crude products were combined and recrystallized from hot 

water. Yellow plate-like crystals formed, melting at 169,5--

170.5°. 
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5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 

5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 was made 

using several methods, 

1. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 (IX) was 

prepared using the procedure of Matsoyan (13). l-Ethoxy-pentanone-3 

(3.75 g.) was added to 20 ml. of ethanol; this was followed by adding 5 ml, 

of concentrated hydrochloric acid, Then magnetic stirring was started 

and 4 g, of 2,4-dinitrophenylhydrazine were added. The mixture was re-

fluxed for 21 hours with continuous stirring; the resulting solution was 

allowed to cool to room temperature, Some brownish-orange crystals formed 

rapidly. The crystals were filtered and washed with ethanol, after which 

they changed to a yellow color (m.p, 159,5--160.5°). The yellow crystals 

were recrystallized from hot chloroform (m,p, 150.5--151.5°), The second 

crop of the yellow crystals was obtained from the filtrate (m.p. 150,5--

151.5°). A Beilstein test was negative. The infrared spectrum (Fig. 1-a) 

showed a carbonyl group and was similar to the spectrum (Fig. 1-b) of the 

4-(6-nitro-l-oxy-l,2,3-benzotriazolyl>butanone-2, but different from the 

spectra of 3-methyl-l-(2,4-dinitrophenyl)-pyrazoline-2, 5 methyl-1-(2,4-

dinitrophenyl)-pyrazoline-2 and 3-ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 

which did not show a carbonyl group. The ultraviolet spectrum Amax. (EtOH) 

348.1 and 263.1 m/ which was similar to the Amax. (EtOH) 348.7 and 263.2 mjl 

of 4-(6-nitro-l-oxy-l,2,3-benzotriazolyl)-butanone-2; the ultraviolet 

spectrum Amax. (CHCI3) 267.5 m/, log£4.2, 361.3 m/., logf.3.8 was similar 

to the spectrum of 4-(6-nitro-l-oxy-l,2,3-benzotriazolyl)-butanone-2 (X) 

Amax. (CHCI3) 267.5 m/, log£4.2, 360.3 mjl, log^3.8. 
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Analy. Calcd. for CiiH^^N^O^: C 50.00; H 4.58; N 21.20. 

Found: C 49.95; H r.82; N 21.07. 

2. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 (XVIII) 

was made by the reaction of l-ethoxy-pentanone-3 with 6-nitro-l-oxy-

1,2,3-benzotriazole. l-Ethoxy-pentanone-3 (3 g.) was added to 20 ml. 

of ethanol followed by 4 ml. of concentrated hydrochloric acid. Stir-

ring was started; and 3.5 g. of 6-nitro-l-oxy-l,2,3-benzotriazole was 

added. The resulting mixture was refluxed for 12 hours. On cooling, 

yellow crystals were formed. These crystals were filtered, washed with 

ethanol and dried. The yield was 4.3 g. (97.77,). These crystals were 

recrystallized from hot water, forming yellow plate-like crystals 

(m.p. 151.5--153°). The infrared spectrum (Fig. 2-f) showed a car-

bonyl group which was exactly the same as the spectrum (Fig. 1-a) of 

5-(6-nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 (IX). The ultra-

violet spectrum had Ajnax. (EtOH) 263.8 and 349.5 mjJL. 

3. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 (XIV) 

was prepared using alkylation procedure of Curtius (28). The sodium 

salt of 6-nitro-l-oxy-l,2,3-benzotriazole (3 g.) was refluxed 

with l-chloro-pentanone-3 (3 g.) in absolute ethanol (60 ml.) for 4 

hours. A yellow solid was formed during the refluxing. The ethanol 

was distilled off; the residue was cooled to room temperature. The 

yellow solid was filtered off and recrystallized from hot water. Yellow, 

plate-like crystals were formed. The crystals were filtered off, washed 

with cold water, dried and melted at 151.5--153°. The Infrared spectrum 

(Fig. 3-i) was exactly the same as that of (Fig. 1-a) of 5-(6-nitro-

l-oxy-l,2,3-benzotriazolyl)-pentanone-3 (IX) which showed the presence 

of a carbonyl group. The ultraviolet spectrum in ethanol showed 
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absorption maxima at 264.1 and 249.8 m . When ether was used instead 

of ethanol as a solvent, under the same conditions, no reaction took 

place. 

4. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-pentanone-3 (XVI) 

was made by the reaction of ethyl vinyl ketone with 6-nitro-l-oxy-

1,2,3-benzotriazole. 

a. One gram of ethyl vinyl ketone and 0.5 g. of 6-nitro-

l-oxy-l,2,3-benzotriazole were mixed in 15 ml. of ethanol. 

The resulting mixture was left at room temperature overnight; 

some 6-nitro-l-oxy-l,2,3-benzotriazole did not dissolve; 

and some yellow plate-like crystals formed (sintering at 

142°, m.p. 148--149.5°). The infrared spectrum (Fig. 3-j) 

showed the presence of a carbonyl group and was exactly the 

same as the spectrum (Fig. 1-a) of 5-(6-nitro-l-oxy-l,2,3-

benzotriazolyl)-pentanone-3 (IX). 

b. One gram of ethyl vinyl ketone and 0.5 g. of 6-nitro-

l-oxy-l,2,3-benzotriazole were mixed in 15 ml. of ethanol 

followed by 5 drops of concentrated hydrochloric acid. The 

resulting mixture was left at room temperature for 2 hours; 

some yellow plate-like crystals formed (sintering at 146°, 

m.p. 150--151°). The infrared spectrum (Fig. 3-k) showed 

the presence of a carbonyl group, and, was exactly the same 

as the spectrum (Fig. 1-a) of 5-(6-nitro-l-oxy-l,2,3-benzo-

triazole)-pentanone-3 (IX). Both of these crystals were 

combined and recrystallized from hot water. Plate-like 

yellow crystals were formed (m.p. 151.5--153°). 
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5-Hydroxy-pentanone-2 

5-Hydroxy-pentanone-2 was prepared according to the method 

of Londergan (39). Sixty grams of 2-methylfuran, 60 g. of acetone, 

21 ml. of 0.2 N hydrochloric acid and 1.2 g. of 107 Palladium-charcoal 

catalyst were placed in a bottle and connected with a Parr Shaker 

Apparatus. The system being previously flushed with hydrogen. The 

hydrogenation was conducted under 30 p.s.i. for 7 hours; and the cat-

alyst was then filtered off. The filtrate was neutralized to pH 7 by 

stirring with anhydrous potassium carbonate for 30 minutes, the re-

sulting solution was purple. Acetone and other low boiling compounds 

were distilled off up to 85° at atmospheric pressure. The residue was 

then distilled through a 6 in. Vigreux column under 2 mm. pressure to 

give 47.5 g, (63.77o) of the crude 5-hydroxy-pentanone-2. This crude 

distillate was distilled fractionally: #1 30--50°, ^^^1,4349; #2 50--

56°, n^^l.4350; #3 56--66°, n|7i.438i. The second fraction, 40,4 g., 

was considered to be suitable for use; (literature b.p. 74--75°/3 mm. 

n^j5^1,4360), 

2,4-Dinitrophenylhydrazone of 5-Hydroxy-pentanone-2 

The 2,4-dinitrophenylhydrazone of 5-hydroxy-pentanone-2 was 

prepared by using dilute Shine's reagent (0.5 g. of 2,4-dinitrophenyl-

hydrazine/30 ml. of diglyme), Concentrated hydrochloric acid (0,1 ml.) 

was added to a mixture of 5-hydroxy-pentanone-2 (1 ml.) and dilute 

Shine's reagent (30 ml.) The resulting solution was cooled for one hour; 

no precipitate was formed. Water was added dropwise until a little 
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precipitate formed; and after cooling the solution overnight, orange 

crystals formed. The crystals were filtered, washed with aqueous 

ethanol, and dried. Water was added to the filtrate, and more orange 

crystals formed. These crystals were filtered, washed with aqueous 

ethanol and dried. Both crops of the crystals were mixed and recrys-

tallized from ethanol. The resulting orange crystals were filtered, 

washed with aqueous ethanol, and after being dried, m.p. 149--150°; 

[literature: 149° (42), 150° (41)) 

The Reaction of 5-Hydroxy-pentanone-2 with 2,4-Dinitrophenyl-
hydrazir e " " 

This experiment was performed using Matsoyan's procedure (13). 

5-Hydroxy-pentanone-2 (3.75 g.) was added to 20 ml. of ethanol followed 

by 5 ml. of concentrated hydrochloric acid with thorough mixing. 

2,4-Dinitrophenylhydrazine (4 g.) was then added; the resulting mix-

ture was refluxed for 18 hours with magnetic stirring. On cooling the 

solution, a black paste formed. No suitable solvent has been found 

to bring a solid out of the paste. 

The Reaction of Acrolein with 6-Nitro-l-oxy-l,2,3-benzotriazole 

1. Acrolein (0.18 g.) and 6-nitro-l-oxy-l,2,3-benzotriazole 

(0.15 g.) were mixed in 22 ml. of ethanol followed by 3 drops of con-. 

centrated hydrochloric acid. The mixture was left overnight at room 

temperature; all of the solid dissolved. The solvent was removed by 

air jet; a yellow solid was left, exploding at 207.5°. The infrared 

spectrum was the same as the reactant, 6-nitro-l-oxy-l,2,3-benzotri-

azole. 
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2. Acrolein (0.18 g.) and 6-nitro-l-oxy-l,2,3-benzotriazole 

(0.15 g.) were mixed in 22 ml. of ethanol. The mixture was left over-

night at room temperature; all of the solvent was removed by air jet; 

a yellow solid was left, exploding at 207.5°. The infrared spectrum 

was the same as the reactant, 6-nitro-l-oxy-l,2,3-benzotriazole. 

The Reaction of Acrylonitrile with 
6-Nitro-l-oxy-l,2,3-benzotriazole"~ 

1. Acrylonitrile (0.25 g.) and 6-nitro-l-oxy-l,2,3-benzotriazole 

(0.225 g.) were mixed in 20 ml. of ethanol with shaking. The mixture 

was left overnight at room temperature; all of the solid dissolved. 

The solvent was removed by air jet; a yellow solid was left, sintering 

at 196°, exploding at 202°. 

2. Acrylonitrile (0.25 g.) and 6-nitro-l-oxy-l,2,3-benzotri-

azole (0.225 g.) were mixed in 20 ml. of ethanol followed by 4 drops of 

concentrated hydrochloric acid with shaking; all of the solid dissolved. 

The solution was left at room temperature overnight. The solvent was 

*removed by air jet; a yellow solid was left, sintering at 194°, exploding 

at 200°. 

3. This experiment was performed according to the procedure 

of Wiley for /§-(1'-benzotriazolyl)-propionitrile (36). A mixture of 

0.9 g. (0.005 mole) of 6-nitro-l-oxy-l,2,3-benzotriazole and 0.265 g. 

(0.005 mole) of acrylonitrile were heated on a water bath. Some 6-

nitro-l-oxy-l,2,3-benzotriazole did not dissolve. Five drops of Triton 

B. (benzyl trimethyl ammonium hydroxide) and some more acrylonitrile 

were added. The resulting mixture was refluxed for five and one half 



38 

hours on the water bath. Some 6-nitro-l-oxy-l,2,3-benzotriazole still 

remained. This solution was left overnight at room temperature; some 

yellow crystals (I) formed on the surface of the vessel. The solution 

was decanted and was cooled overnight. Yellow crystals formed, decom-

posing at 189°. The infrared spectrum showed the same as the spectrum 

of 6-nitro-l-oxy-l,2,3-benzotriazole. 

4. Acrylonitrile (2.7 g.) and 0.5 g. of 6-nitro-l-oxy-l,2,3-

benzotriazole were mixed in 25 ml. of ethanol followed by 5 drops of 

triethylamine. The resulting mixture was refluxed for 18 hours. 

After cooling to room temperature, the solvent was removed by air jet; 

a yellowish-orange solid formed, sintering at 121°, melting at 174--

176.5°, decomposing at 176.5°. The infrared spectrum did not show the 

-C r N group. This solid was recrystallized from 957, ethanol. Both 

orange and yellow needle-like crystals formed, melting at 129--139°. 

The micromelting point of orange crystals was 131.5--132.5° (some 

solid matter remained in the melt); the yellow crystals decomposed 

at 202—210°. The infrared spectrum of the orange crystals did not 

show the presence of -C 3 N group. 

Tetrahydrofuran was used to dissolve 6-nitro-l-oxy-l,2,3-ben-

zotriazole in the above mixture by warming; and the orange crystals 

(II) still remained. The solution was filtered by gravity. The fil-

trate (I) was saved. The orange crystals (II) were dried in the air; 

and inspected under microscope. Some small particles were present 

among these orange crystals. Most of the crystals melted at 147.5--

149 . Some of these orange crystals were recrystallized from water. A 

yellow solid formed, sintering at 189°, without melting even up to 270°. 
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The infrared spectrum showed the same as 6-nitro-l-oxy-l,2,3-benzo-

triazole. Some orange needle-like crystals (III) formed in the fil-

trate I, sintering at 134°, melting at 143.5--149.5°. The sharp melting 

point was 146—146.5° by means of several trials, starting from 146 in 

oil bath. The ultraviolet spectra had Amax. (EtOH) 277.3 and 388.8 m/e., 

inflexion at 267.6 and 315.0 mjl; Amax. (H^O) 270.5 and 387.9 m/̂ , in-

flexion at 311.6 mji. 

All of the orange crystals II and III were combined and recrys-

tallized from tetrahydrofuran; yellow needle-like crystals formed, 

melting at 146--146.5° (starting from 146° in oil bath). Microscopic 

investigation showed other types of crystals present. 

Analy. Calcd, for C9H7N3O3: N 30.02. Found N 28,98 and 29,12, 

5. When absolute ether and tetrahydrofuran were used as solvent, 

no reaction of 6-nitro-l-oxy-l,2,3-benzotriazole took place. 

The Reaction of 3-Methyl-2-cyclohexen-l-one with 
6-Nitro-l-oxy-l,2,3-benzotriazole 

1. One gram of 3-methyl-2-cyclohexen-l-one and 0.5 g. of 6-

nitro-l-oxy-l,2,3-benzotriazole were mixed in 15 ml. of ethanol; and 

the resulting mixture was left overnight at room temperature; all of 

the solid dissolved. The solvent was removed by air jet; a yellowish-

brown solid formed, sintering at 196°, exploding at 205°. 

2. One gram of 3-methyl-2-cyclohexen-l-one and 0.5 g. of 6-

nitro-l-oxy-1,2,3-benzotriazole were mixed in 15 ml. of ethanol fol-

lowed by 5 drops of concentrated hydrochloric acid. The resulting 

mixture was left at room temperature overnight; all of the solid dissolved, 
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The solvent was removed by air jet; a yellowish-brown solid was formed, 

sintering at 194°, exploding at 204°. 

The Reaction of Vinyl Acetate with 6-Nitro-l-oxy-l,2,3-
benzotriazole 

1. Vinyl acetate (0.4 g.) and 0.3 g. of 6-nitro-l-oxy-l,2,3-

benzotriazole were added to 7 ml. of ethanol. The mixture was shaken 

overnight. Some solid did not dissolve. Twenty-three milliliters of 

ethanol were added with shaking. This was left overnight at room tem-

perature. All of the solid dissolved. The solvent was removed by air 

jet. A yellow solid was left (exploding at 207°). The infrared spec-

trum showed the same as that of the pure 6-nitro-l-oxy-l,2,3-benzo-

triazole. 

2. Vinyl acetate (0.4 g.) and 0.3 g. of 6-nitro-l-oxy-l,2,3-

benzotriazole were mixed in 7 ml, of ethanol and followed by the ad-

dition of 5 drops of concentrated hydrochloric acid, The mixture 

was left overnight at room temperature, Some solid did not dissolve, 

Twenty-three milliliters of ethanol were added with shaking. All of 

the solid dissolved, The solvent was removed by air jet. A yellow 

solid was left (exploding at 206,5°), The infrared spectrum of this 

solid showed the same as that of the pure 6-nitro-l-oxy-l,2,3-benzo-

triazole. 



IV. DISCUSSION AND INTERPRETATION OF RESULTS 

In 1948, McMahon et al. (12) pointed out that in the reaction 

of ethyl vinyl ketone with 2,4-dinitrophenylhydrazine a nonhomogeneous 

precipitate was formed, One portion was recrystallized from ethanol, 

melting point 128,8--129° (VIIA). This compound VIIA was assumed 

(12) to be the adduct to the olefinic linkage. (Anal. Calcd. for 

C11H14N4O5: N, 19.85. Found: N, 19.44). Another portion was recrys-

tallized from chloroform with difficulty, melting point 166--166.5° 

(VIIB). It was assumed (12) to be either the 2,4-dinitrophenylhydra-

zone or the isomeric pyrazoline-type compound. (Anal. Calcd, for 

^ 1 1 ^ 2 ^ 4 • ̂ ' 21.21. Found: N, 21.80.) 

In 1955, Matsoyan (13) reported that the product of refluxing 

/3-alkoxy-butan-2-ones with 2,4-dinitrophenylhydrazine in ethanol and 

hydrochloric acid was 3-methyl-l-(2,4-dinitrophenyl)-pyrazoline-2 

(VIII), having melting point 160--161°. 

0 
ROCH2CM2CCH3 -H 

HCl 

HpC—C-CH. 

H X N 
2 ̂N^ 

NO-

NO' 

CID 

41 
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The present research was undertaken to find out the nature of 

the product by Matsoyan's treatment. 

Shine (26) had reported a new technique for preparing 2,4-di-

nitrophenylhydrazones by using a solution of 2,4-dinitrophenylhydrazine 

in diglyme or tetrahydrofuran. In the present work, the pure derivative 

of ethyl vinyl ketone was made by using a diglyme solution of 2,4-

dinitrophenylhydrazine. It had a melting point of 129.7--130.8°. 

Analysis agreed well with the 2,4-dinitrophenylhydrazone. The ultra-

violet spectrum hadAmax. (CHCl^) 370.6 mytwhich corresponded with 

the 2,4-dinitrophenylhydrazone of methyl vinyl ketone Ajnax. (CHCI3) 

370 m/x.(26). Therefore, compound VIIA is 2,4-dinitrophenylhydrazone 

of ethyl vinyl ketone instead of being an adduct (12). 

3-Ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 was prepared by 

reaction of 3-ethyl-pyrazoline-2 (45) with 2,4-dinitrobromobenzene 

according to the method of Chambers et. al. (10). The melting point 

of 3-ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2 was 117--118 . Analysis 

agreed well with 3-ethyl-l-(2,4-dinitrophenyl)-pyrazoline-2. The in-

frared spectrum corresponded with 3-methyl-l-(2,4-dinitrophenyl)-pyra-

zoline-2 (14). The ultraviolet spectrum had Amax. (CHC1„) 390.2 mjjL; 

Amax. (EtOH) 393.8 m ^ This corresponds well with the spectrum re-

ported by Mousseron and coworkers (30) for 3-methyl-l-(2,4-dinitro-

phenyl)-pyrazoline-2 Amax. (CHCl^) 389 rn/6; Amax. (EtOH) 392 n ^ There-

fore, compound VIXB isi neither the 2,4-dinitrophenylhydrazone of ethyl 

vinyl ketone nor the isomeric pyrazoline-type compound (12). 

Schneider (14) has prepared 3-methyl-l-(2,4-dinitrophenyl)-

pyrazoline-2 which melted at 131--1320. Therefore, compound VIII 

is not 3-methyl-l-(2,4-dinitrophenyl)-pyrazoline-2. 
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It has been mentioned by Allen and Richmond (8) that the lower 

melting pyrazoline derivatives may be prepared by simply recrystallizing 

the 2,4-dinitrophenylhydrazone of benzalacetophenone in the presence 

of a trace of mineral acid. It is possible that the substituted pyra-

zoline was formed in an ethanolic solution during the preparation of 

the 2,4-dinitrophenylhydrazone of ethyl vinyl ketone (12). In other 

words, to date the pure 2,4-dinitrophenylhydrazone of û̂ ,/̂ -unsaturated 

ketones can be obtained with certainty only by using a diglyme or similar 

solution of 2,4-dinitrophenylhydrazine. 

The products (IX), (X), (XI), prepared by using Matsoyan's 

treatment (13), were apparently polar due to the solubility charac-

teristics: soluble in hot water, ethanol, tetrahydrofuran and hot 

chloroform; slightly soluble in ether; and insoluble in other organic 

solvents such as ligroin, carbon tetrachloride, benzene and dioxane. 

A carbonyl group was indicated in the infrared spectra (Fig. l-a,b,c). 

These properties indicated the possibility that these products are 

substituted compounds of 6-nitro-l-oxy-l,2,3-benzotriazole. 

NH2 

-NO' 
0 

-+ ROCH^CH^CR 

NO 

refluxing in 
EtOH with 
HCl 

IX; R = ET, R' = Et 

R = H. R' = Me 

XI: R = n-Bu, R' = Me 
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In order to ascertain the structure of compounds IX, X, and IX, 

6-nitro-l-oxy-l,2,3-benzotriazole was prepared. Crutius and Mayer (28) 

and Shemyakina et al. (31) have reported a method of preparing 6-nitro-

1-oxy-l,2,3-benzotriazole from 2,4-dinitrophenylhydrazine in the pre-

sence of an alkali. Brady and Day (30) have also described a method 

of preparing 6-nitro-l-hydroxy-l,2,3-benzotriazole from the action 

of hydrazine hydrate on 2,4-dinitrochlorobenzene, the excess hydrazine 

hydrate acting as the catalyzing alkali. The following preparation 

herein described utilized both Curtius's et al. (28) and Brady's 

method. 

NH 
refluxing in 

N O p EtOH with 

NO 

alkaline catalyst 

refluxing in 
EtOH with 

excess N2H4 

Br 
NO-

NO-

The tautomeric property of 6-nitro-l-oxy-l,2,3-benzotriazole 

has been mentioned by several authors (30, 32, 33, 37). 
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In 1907, Curtius et al. (28) prepared alkoxy compounds, XII, 

from the sodium salt of 6-nitro-l-oxy-l,2,3-benzotriazole and an alkyl 

halide. 

NaOH 

ONa 

RX 
in abs. EtOH 

CXE) 

+ NaX 

This procedure was used in the present research with l-chloro-3-pen-

tanone. The product possessed the same properties as those of compound 

IX, X, and XI. The infrared spectrum (Fig. 3-i) indicated the pre-

sence of a carbonyl group. 

NaOH 
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ClGH^CH^CEt 

i n a b s . EtOH 0 
II 

CH) 
OCH^CH^CEi 

It follows from Brady and Jakobovits's argument concerning 

compound III (see literature survey) in which attack at the nitrogen 

will be favored due to the steric effect of the solvent, that compound 

(XIV) should be the product of the above reaction instead of compound 

(XIII) 

0 

ClCH^CH^CEt 
— > 

0 N ei (Solvejit) 

0 

(^H^CH^CEt 

CXEI) 

4- NeiCl 

6-Nitro-l-oxy-l,2,3-benzotriazole has been made to react with 

methyl and ethyl vinyl ketones. The products (XV) and (XVI) have 

the same solubility properties as (IX), (X), (XI) and (XIV). The 

infrared spectra (Fig, 2-g and h) of (XV), and (Fig. 3-j and k) of 

(XVI) show the presence of carbonyl groups. 
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OoN 

0 

CH3CCH = CH2 
with or without HCl 

0 

C^HcCCH — CHo 
with or without HCl 

0 
CH^CH^CEt 

cm^ 
Also, 6-nitro-l-oxy-l,2,3-benzotriazole has been made to react with 

|3-alkoxy ketones using Matsoyan's treatment for alkoxy butanones. 

0 
II + T^-BuOCH^CH^CCH^ 

refluxing in 
EtOH with HCl 
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O^N-

0 
II 

(ĵ H^CH^CCH-T^ 
r ^ ^ ^ ^ N ^ I -J^ -̂ ^^x^N^ 

I 
0 

cm) 

0 

-f ELOCH^CH^CEt 

refluxing in 
EtOH with HCl 

O^N 

(̂ Ĥ CĤ CEt 

I 
0" 

OM:) 

The products XVII and XVIII also possessed the same properties as com-

pounds IX, X, XI, XIV, XV, and XVI, The infrared spectra (Fig, 2-e) 

of (XVII) and (Fig, 2-f) of (XVIII) indicated the presence of the car-

bonyl group. Thus it has been shown that these compounds (X = XI = 

XV = XVII, IX = XIV = XVI = XVIII) are substituted 6-nitro-l-oxy-

1,2,3-benzotriazoles, Whether these compounds are N-substituted or 

0-substituted is demonstrated as follows. 
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Macbeth and Price (37) have reported that the ultraviolet ab-

sorption of l-methoxy-6-nitro-l,2,3-benzotriazole in water gives two 

main bands at 280 and 244 m^ with two inflexions at 315 and 232 m/^ 

and in ethanol gives two main bands at 273 and 241,5 m/iwith an in-

flexion at 315 mji; whereas the absorption of 3-methyl-6-nitro-l,2,3-

benzotriazole-1-oxide in water gives two main bands at 338 and 262 

my^ with three inflexions at 379, 357 and 252 mju^ and in ethanol gives 

bands at 263 and 349 m^. In the present case, compound XII (R = Et) 

was made by using Curtius's method, The ultraviolet absorption of 

XII in ethanol gave two main bands at 277,3 and 241.7 m|L with an in-

flexion at 315.5 m^corresponding to the bands of the 1-methoxy com-

pound as mentioned above. 

The ultraviolet absorption of compounds IX, X, XI, XIV, XV, 

XVI, XVII and XVIII in water showed two main bands at 262.3 and 337.8 

m^with no inflexion present; whereas the absorption in ethanol gave 

two main bands at 263--264 and 349--350 m/U The absorption bands of 

these compounds in both ethanol and water correspond to the absorption 

bands of 3-methyl-6-nitro-l,2,3-benzotriazole-l-oxide reported by 

Macbeth and Price (37), as above. 

The ultraviolet absorption bands suggest that these polar pro-

ducts (X = XI = XV = XVII, IX = XIV = XVI = XVIII) are probably the 

N-substituted compounds of 6-nitro-l-oxy-l,2,3-benzotriazole, general 

formula 

TEXAS TECHNOWîâíÔAL MLLEÎGÍ 
LUBBOCK. TEXAfi 
LlBRARY 
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0 
II 

CH^CH^CR 

N ^ 

The 2,4-dinitrophenylhydrazones of ^-alkoxy ketones, treated 

by Matsoyan's procedure, did not give substituted 6-nitro-l-oxy-l,2,3-

benzotriazoles. Also 2,4-dinitrophenylhydrazine, treated byMatsoyan's 

procedure, did not give the parent 6-nitro-l-oxy-l,2,3-benzotriazole. 

Ci) 

ROCH^CH^CR 
N 

refluxing in 
EtOH and HCl 

0 
II 

(TH^CH^CR 

N 

(ii) 
NHNH^ j:^;-^rHc 
NO9 ^^ ' 

Results of the first reaction show that the intermediates of the re-

action of 2,4-dinitrophenylhydrazine with A-alkoxy ketones or with 

o(,/3-unsaturated ketones in the presence of hydrochloric acid leading 
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to substituted benzotriazole oxides are not 2,4-dinitrophenylhydrazones. 

Also, results of the second reaction indicate that an*intermediate in 

the reactions of 2,4-dinitrophenylhydrazine with /î-alkoxy ketones or 

with í3̂ ,/5-unsaturated ketones in the presence of hydrochloric acid is 

not 6-nitro-l-oxy-l,2,3-benzotriazole. The mechanism of formation 

of these compounds is not yet known. 

5-Hydroxy-pentanone-2 and 3-hydroxy-butanone-2 under Matsoyan's 

treatment did not give substituted 6-nitro-l-oxy-l,2,3-benzotriazoles. 

The reason is not yet knov/n. 5-Hydrqxy-pentanone-2 is a íf-hydroxy 

ketone and 3-hydroxy-butanone-2 is an o(-hydroxy ketone. From the ex-

perimental work, it seems all the ^-alkoxy, ^-hydroxy, or û(,/?-unsa-

turated ketones under Matsoyan's treatment give substituted compounds 

of 6-nitro-l-oxy-l,2,3-benzotriazole, whereas an c(- or a íT̂  hydroxy 

ketone does not. 



V. SUMMARY AND CONCLUSIONS 

1. Pure 2,4-dinitrophenylhydrazones of ethyl vinyl ketone 

can be obtained by using acidic diglyme solution of 2,4-dinitrophenyl-

hydrazine. 

2. The product of refluxing /5-alkoxy, /?-hydroxy and (V,/?-un-

saturated ketones in acidic ethanolic solution are N-substituted-6-

nitro-l-oxy-l,2,3-benzotriazoles. 

3. ô - and íf- hydroxy ketones do not form substituted-6-nitro-

1-oxy-l,2,3-benzotriazoles. 

4. The reactions of o(,^-unsaturated conjugated compounds with 

6-nitro-l-oxy-l,2,3-benzotriazole are observed. 
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LEGEND TO FIGURE 1 

a. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl) 
pentanone-3 (IX) 

b. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl) 
butanone-2 (XI) 

c. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl) 
butanone-2 (X) 

d. 6-Nitro-l-ethoxy-l,2,3-benzotriazole 
(XII, R = Et) 
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Figure 1 



LEGEND TO FIGURE 2 

e. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (XVII) 

f. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
pentanone-3 (XVIII) 

g. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (XV, without using HCl in 
the reaction) 

h. 4-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
butanone-2 (XV, with HCl in the reaction) 
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Figure 2 



LEGEND TO FIGURE 3 

i. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl)-
pentanone-3 (XIII and XIV) 

j . 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl) • 
pentanone-3 (XVI, without using HCl 
in the reaction) 

k. 5-(6-Nitro-l-oxy-l,2,3-benzotriazolyl) 
pentanone-3 (XVI, with HCl in the 
reaction) 
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