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Koch [1] allowed benzamide oxime to react with chloroacetic acid in sodium 
cthoxidc as solvent, namely 

QHsCNHz+ClCH^COONa — C 6 H 5 C N H 2 

II II 
NOH NOCH2COONa 

and obtained upon acidification an acetic derivative of the oxime. Hantzsch and 
Wild [2] treated acetic and propionic acid oximes, as well as benzaldoxime, with 
chloroacetic acid and obtained acetic derivatives of the reactants, e.g. benzaldoxim-
acetic acid C 0 H 5 C H = N O C H 2 C O O H . 

While synthesizing canavanine, Kitagawa and Takani [3] allowed benz-
hydroxamic acid to react with ethyl bromoacetate to yield benzhydroxamacetic 
acid CONHOCTbCOOH 

A survey of the available literature disclosed no report on salicylhydroxamacetic 
acids. 

In our earlier studies on salicylhydroxamic acids, and particularly on their 
halo-derivatives, intended to explore their biological activity, we allowed dihalogeno-
salicylhydroxamic acids [4] to react with chloroacetic acid and suggested the products 
to have structure (I). 

The reaction with chloroacetic acid was now investigated with the following 
hydroxamic acids: benzhydroxamic, o-methoxybenzhydroxamic, salicylhydroxamic, 
and 4-fhjoro-, 5-fluoro-, 3-chloro-5-ftuoro-, 3-bromo-5-fluoro-, 3-bromo-5-chloro-, 
and 4-fluoro-5-bromo-salicylhydroxamic, as reactants. 

While studying the hydrolyzates of the products obtained, we came to the 
conclusion that of the two possible structures (I) and (II), it is the (I) that is correct, 
m agreement with our previous supposition. 

Note. Part 11 on: Halogenosalicylhydroxamic Acids. 

[239] 



T
A

B
L

E 
I 

Pr
op

er
tie

s 
of

 d
er

iv
at

iv
es

 o
f 

hy
dr

ox
am

ac
et

ic
 a

ci
d 

A
qu

eo
us

 1
0%

 H
C

I 
hy

dr
ol

yz
at

e 

a o 
0 
u 

1 
C4 

X 
o o 
(S a 

Z 
u a 
+ 

o o u 

« o 
1 

h 

+ 
X X u O O ffl 

8<I> 
1 

+ 
X X 
o o 
8 ^ ^ - u -
u \ / 

\ ^ 
ra 

+ 
a a u 

O O CQ 

8 ^ v 
u 

+ 
a a 
o o 

8 ̂ — v 

T
A

B
L

E 
I 

Pr
op

er
tie

s 
of

 d
er

iv
at

iv
es

 o
f 

hy
dr

ox
am

ac
et

ic
 a

ci
d 

z 
5? 
so 

>, 

n 
c 
< 

T3 
C 
3 
£ 

-J 
1 

rn 
Lri 

OS 
rj 
*t 

m 

• * 

d 
00 

T
A

B
L

E 
I 

Pr
op

er
tie

s 
of

 d
er

iv
at

iv
es

 o
f 

hy
dr

ox
am

ac
et

ic
 a

ci
d 

z 
5? 
so 

>, 

n 
c 
< 

T3 
C 
3 
£ 

-J 
1 

cn 
iri 

1/1 
>n 
>* VD 

T
A

B
L

E 
I 

Pr
op

er
tie

s 
of

 d
er

iv
at

iv
es

 o
f 

hy
dr

ox
am

ac
et

ic
 a

ci
d 

s 0 T «/-> 

m 

7 
rn 
I— 

r̂ l 

7 
r-VO •—1 
1 

VO 

i n 

VO 

7 
VO 

T
A

B
L

E 
I 

Pr
op

er
tie

s 
of

 d
er

iv
at

iv
es

 o
f 

hy
dr

ox
am

ac
et

ic
 a

ci
d 

o\ r"> 
r* 

vo 
r- OO —H 

t» 

T
A

B
L

E 
I 

Pr
op

er
tie

s 
of

 d
er

iv
at

iv
es

 o
f 

hy
dr

ox
am

ac
et

ic
 a

ci
d 

i 

g 
5 3 
j 
a a 
X o -o -~. B 

a o o Q 
a Q o 
a a -
Z o U 

a o o u 
a 
0 o a a u 
Z O cq 

O o 
0 
a 
y o 
a a 
z o 

o 

a 

a a u z o m 

a o o 
0 
a 
8 
a a z o 

i m 
c '<_> 

\ 
u 

\ 

6 <n 



1 
A

qu
eo

us
 1

0%
 H

Cl
 

hy
dr

ol
yz

at
e 

+ 
X X 
o o 

+ 
o o 
O : X 
u \ . > 

+ 
X 

X u o o o /,—\ u O 
a 
o + 
8<3 

A
na

ly
sis

, 
%

N
 

-o c 
3 

a 

ri 
t 
'/i 

oo 

vo 

o vo 
<N 
r-° 

A
na

ly
sis

, 
%

N
 

-o c 
3 

a 

vo 

•* 
vo 
vo 

<N 
O 

oo 

p» 

4 CJ 
2 ;' 

o 
VO 

7 
OS 

0 0 

7 o 
oo 

© 

© 

r-l 
»*• 

7 

o 
oo CO 

vd vo 

H
yd

ro
xa

m
ic

 a
ci

d 

X o o 0 
N 

• o 
X x z o 

o o 
Q a • o 
X X z o 
P '/ vx 
u< > 

X o o 
0 
X 

2 a a c z o 

a o o u 
a • o 
X 
z 

N
o.

 

VO 1 
0 0 

1 
0> 



u 
i — ! 

< 

A
na

ly
si

s, 
%

 

a 
0 0 
u 

ca
lc

. 
| 

fo
un

d 

26
.98

 

24
.3

4 

24
.9

8 

26
.2

6 

A
na

ly
si

s,  
%

 

a 
0 0 
u 

ca
lc

. 
| 

fo
un

d 

29
.0

2 

25
.7

5 

25
.7

5 

24
.5

4 

A
na

ly
si

s, 
%

 

z 
fo

un
d 

5.
42

 

4.
56

 

4.
68

 

3.
95

 

A
na

ly
si

s,  
%

 

z 
ca

lc
. 

4.8
4 

4.
19

 

4.
19

 

3.
99

 

A
na

ly
si

s,  
%

 

a 

fo
un

d 

3.
12

 

2.
63

 

2.
69

 

2.
75

 

A
na

ly
si

s,  
%

 

a 

ca
lc

. 

3.
11

 

2.
67

 

2.
67

 

2.
57

 

A
na

ly
si

s,  
%

 

0 

fo
un

d 

45
.0

2 

39
.05

 

39
.71

 

37
.8

8 

A
na

ly
si

s, 
%

 

0 

ca
lc

. 

45
.6

0 

39
.5

2 

39
.5

2 

37
.6

6 
2 ° 

11
0.

5—
11

2 

11
2 

—
11

3 0-

1 
OO 
T T 

r-

1 
SO 

Y
ie

ld
, 

/o
 00 85
.4

 

Vl r- OO OO 

D
er

iv
at

iv
e 

»N
H

O
C

O
C

H
3 

O
C

O
C

H
3 

\ 
CI

 

a 
CJ 
0 a 
Q u 
0 0 
a Q =0 
1 °—/ 

« 

a 
2 a 
2 & 0 0 a u z 0 

ft 
a 
0 n 

0 a 
fi & 

1 ° - < r " 
B . Q 8^ S 

\ 
ti­ ca 

8< > 
\ 

u 

No
. H ts n 



A
na

ly
si

s, 
%

 

U 
c 
0 

fo
un

d 

1 

20
.5

5 

1 

A
na

ly
si

s, 
%

 

U 
c 
0 

ca
lc

. 

1 
•* 

cs 1 
A

na
ly

si
s, 

%
 

z 
fo

un
d 

s 

3.6
0 

3.2
6 

A
na

ly
si

s, 
%

 

z 
ca

l. 

3.9
9 

3.
52

 

3.
17

 

A
na

ly
si

s, 
%

 

z 
fo

un
d 

2.
14

 

2.3
8 

1.9
7 A
na

ly
si

s, 
%

 

z 
ca

lc
. 

2.
57

 

1 

2.2
6 

2.0
4 

A
na

ly
si

s, 
%

 

0 

fo
un

d 

37
.6

3 

33
.7

0 

29
.9

9 

A
na

ly
si

s, 
%

 

0 

ca
lc

. 

37
.6

6 

1 

33
.2

1 

29
.8

6 

2 0 

15
0.

5—
15

2 

3 \ o 
> 

r-
oo OO 

o 

D
er

iv
at

iv
e 

X 

O X 

o o 
B y u 
Z o / Io 

\ 
pq 

X 

C I 
0 c S o 
z o / 

X 
u n 

O X 
o o 
X 0 « 
z o / 

X 

O X 

o o 
B y u 
Z o / Io 

\ 
pq 

8 o 
\ 

0 

N
o.

 



244 

CONHOCH 2 COOH CONHOH 
I I 

/ \ OH f \ OCH,COOH 
\ x 

' y Y where X, Y=F, CI, Br, I or H. 
(I) (II) 

The hydrolysis was carried out with aqueous 10 per cent hydrochloric acid. 
The hydrolyzates were: salicylic acid or its halo-derivatives and O-hydroxylamino-
acetic acid hydrochloride. If formula (II) were to be correct, the hydrolysis should 
alford hydroxylamine hydrochloride and a phenoxyacetic derivative of benzoic acid. 

With o-methoxybenzhydroxamic acid as reactant, the product of the reaction 
could have the structure (1) only. The hydrolysis with dilute hydrochloric acid 
afforded o-methoxybenzoic acid and O-lrydroxylaminoacetic acid hydrochloride. 
This fact is a further support for structure (I). 

The salicylic acids obtained were identified by m.p. and equivalents, the latter 
being determined by titration with 0.1 N sodium hydroxide against phenolphthalein 
as indicator. O-hydroxylaminoacctic acid hydrochloride isolated upon hydrolysis 
had a m.p. of 156°C in agreement with the literature [5]. The properties of the 
hydroxamacetic acids obtained are listed in Table I. 

Salicylhydroxamacetic acids give a colour reaction with ferric chloride. The 
colour is presumably produced by the phenolic group, because neither benzhydroxam-
acetic acid*) nor o-methoxybenzhydroxamacetic acid CONiiOCH 2 COOH 
give the colour reaction with ferric chloride. OCHb 

Carbon dioxide and hydrogen cyanide were found to evolve during the reaction 
of the hydroxamic acids with chloroacctic acid. The reaction is presumably 
accompanied by hydrolysis of the hydroxamic acids to corresponding carboxylic 
acids and hydroxylamine which, in turn, reacts with sodium chloroacetate to yield 
glyoxalic acid oxime; this, according to Hantzsch [2], undergoes decomposition in 
the presence of alkalis and yields carbon dioxide and hydrogen cyanide: 

C H = N O H 
CH2C1 I 
I + 2NH 2OH+NaOH -* COONa -i NaCl I NHj + 2H20 

COONa / 
/ 

/ 

H C N + C 0 2 I NaOH CH-N—OCH 2 COONa 

COONa 
/ 

/ H 2 0 
/ 

C02 + HCN-1 OHCH2COONa 
*) Kitagawa and Takani [3] claim their benzhydroxamacetic acid to give a colour reaction 

with ferric chloride. This is believed to be due to minute amounts of unreacted benzhydroxamic acid 
present in the product. 
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For verification of this hypothesis, hydroxylamine was made to react with sodium 
chloroacetate. Upon acidification of the mixture, carbon dioxide and hydrogen 
cyanide were found to evolve. 

Of the various hydroxamic acids investigated, halogenosalicylhydroxamic acids 
were found to react most easily with chloroacetic acid. With unsubstituted salicyl­
hydroxamic acids the reaction was slower and still more so with benzhydroxamic 
acid. Also the purity and uniformity of the reaction products decreases on passing 
from the dihalo-substituted derivatives to benzhydroxamic acid. This fact is 
presumably associated with the acid strength and related to the mobility of the 
hydroxamic group hydrogen. In this connection, />A'-values of the hydroxamic 
acids were measured; they will be reported in a forthcoming communication. 

HMDSO 

Fig. I. NMR spectrum of diacetylated 3-chloro-5-fluorosalicylhydroxamic acid 

Fig. 2. IR spectrum of diacetylated 5-fluoro-3-bromosalicylhydroxamic acid 

Attempted reactions of the hydroxamic acids with dichloro- and dibromo-
aectic acids were a failure. Nor was the acetylation of the salicylhydroxamacctic 
acids successful. 
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The dihalogenosalicylhydroxamic acids, viz., 3-chloro-5-fluoro-, 3-bromo-5-
fluoro-, 4-fiuoro-5-bromo-, 3-bromo-5-chloro-, 3-chloro-5-bromo-, 3-iodo-5-chloro-, 
and 3-bromo-5-iodo- were acetylated with acetic anhydride, and a number of 
diacetylated derivatives were obtained. Analytical and other data are listed in 
Table II. The structure of the diacetylated compounds was confirmed by NMR 
spectra. Two signals, T = --7.74 and —7.68 ppm, correspond to the double 
C H 3 group in the acetyl grouping. Then follows a signal characteristic of 
two protons of the benzene ring and a very diffuse signal T = 1.5—0.5 ppm 
attributable to the NH group proton (Fig. 1) 

1% 

— 1 A MA i t I 
CONHOCH2C0OH 

rOe, 
I f 1 

CONHOCH2C0OH 

rOe, n i 
CONHOCH2C0OH 

rOe, r 
CONHOCH2C0OH 

rOe, 
i— 

— — — — 

4000 3500 3000 2500 2000 ' 1500 ' 1000 500 
on"1 

Fig. 3. IR spectrum of 3-bromo-5-fluorosalicylhydroxamacetic acid 

Eckstein [6] acetylated salicylhydroxamic acid and bromomethyl-, and dibromo 
salicylhydroxamic acids and obtained monoacetylated derivatives. It is possible 
that the presence of two halogen substituents in the acids here investigated results 
in a greater reactivity of the hydrogen and favours formation of diacetylated 
derivatives. 

IR absorption spectra (Fig. 3) of salicylhydroxamacetic acids exhibit a band at 
3358 3340 c m . - 1 which should presumably be assigned to the NH group. 

On the other hand, the spectra of the diacetylated acids exhibit only a band at 
3150 c m . - 1 which mry also be attributed to the NH group shifted towards longer 
wavelengths. 

Experimental 

IR absorption spectra were recorded on a Hilgcr H-800 spectrophotometer with a rock salt 
prism. 

NMR spectra were recorded on a Varian HR-60 spectrometer and are given relative to TMS. 

1. 3-Bromo-5-fluorosalicylhydroxamacetic acid 

To a solution containing 2.5 g. (0.01 mole) 3-bromo-5-ftuorosalicylhydroxamic acid and 0.8 g. 
(0.02 mole) sodium hydroxide in 50 ml. water, 1.9 g. chloroacetic acid dissolved in 50 ml. water 
containing I g. sodium hydroxide was added. The mixture was refluxed for 1 hr., cooled to room 
temperature, and acidified with diluted hydrochloric acid to precipitate 2.4 g. (73",,) of 3-bromo-
-5-fluorosalieyl hydroxamacetic acid, m.p. 173 175 C upon recrystallization from water. 

Other dihalogenosalicylhydroxamacetic acids were prepared in the same fashion. 
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2. Hydrolysis of 3-bromo-5-fluorohydroxamacctic acid 

The acid was relluxed for about 2 hrs. with aqueous 10 per cent hydrochloric acid. The pre­
cipitate formed was filtered and identified as 3-bromo-5-fluorosalicylic acid, m.p. 232°—233'C. 
The filtrate was evaporated under reduced pressure to leave a crystalline O-hydroxylaminacetic 
acid hydrochloride m. about U 5 C . After double recrystallization from water the hydrochloride 
melted at 147°—-148°C (Analysis: N calc. 10.98; N found 11.12, 11.04%). 

3. Reaction of chloroacetic acid with hydroxylamine 

Hydroxylaminc hydrochloride, 6.2 g., was refluxed 1 hr. with 9.5 g. chloroacetic acid in 100 ml. 
water containing 12 g. sodium hydroxide. Qualitative analyses confirmed the presence of carbon 
dioxide and hydrogen cyanide. 

4. Acetylation of 3-bromo-5-chlorosalicylhydroxamic acid 

The acid, 13.5 g. (0.05 mole), was dissolved in 15 ml. acetic anhydride and boiled for 5 min. 
on a glycerol bath. Then the mixture was cooled and a precipitate was formed; the mixture was 
shaken with 100 ml. distilled water to decompose unconverted acetic anhydride. The precipitate 
was filtered and washed thoroughly with distilled water to give 15.4 g. (88%) of the acetylated 
acid, m.p. 166.5J—16TC upon recrystallization from ethanol. 

Other diacetylated hydroxamic acids were obtained in the same way. 

INSTITUTE OF ORGANIC CHEMISTRY, POLISH ACADEMY OF SCIENCES 
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