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A STUDY OF ,8-BENZ YLFORMYDROXAMIC ACID ADD HYDROXADIC ACIDS OF
SUBSTITUTED ACETIC ACID.
PART I
.-iB-BENZlOLiFORMYDO-OXAUIC ACTD.
Of the type of substituted hydroxyla,mines to which p-benzylforrnhydroxamic acid belongs 3-f ^ m y3rpaeny-lhjfe.roxami-c acid, [3Q no+uT
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are the only other representatives known. The first of these com
pounds was described by Bamberger and Destraz

who obtained it

by treating B-phenylhydroxylamine with formic acid. They found
(S-T
' ~
that
rrrylwienyllgffiroxsmi-c acid upon distillation witn phos
'

phorous pentoxide gave phenyl isocyanate. During the reaction
there was a considerable charring and only a. drop or two of the
isocyanate resulted from the operation. They identified the
small amount of phenyl.isocyana.te obtained by its odor and by
converting it through the action of aniline into.diphen/lurea.
•Both B-benzoyl-p-benzylhydroxylamine and C-acetyl-a -benzylhyo

droxylamine were prepared by Beckmann . Isomeric with >3-benzyl forrnhydroxamic acid are the four compounds: u-benzylforrahydroxXBer., bo, 1884 (1902).
gIbid.. 26, 2651 (1895).

X
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. amic acid, benzylurethane, benzylcarbamic acid, and benzyl^ormdroximic acid which does not exist; but several hydroximic es
ters are known which show the interesting phenomenon of existing in two stereoisomeric modifications.
It has been shown that B-substituted hydroxylamines and
B-disubstituted hydroxylamines on treatment with mild dehydrat
ing agents undergo intramolecular oxidation yielding aldehydes
and amines (or ammonia). Thus, Walder

showed that the chief

products obtained by treating {3-dibenzylhydroxylamine either
with acetyl chloride or with a solution of hydrogen chloride
in a.cetic acid (Beckmann's mixture) were benzylamine a.nd benzaldehyde. This transformation probably resulted from a loss of
water between carbon and nitrogen in one direction and the addition of water in the reverse direction
of the substituted aldirnide,

0

with the forma.tion

6rI5CH=r'-C7 H 7 , as an intermediate

product.
?
In accordance with the electronic conception of valence,
there is a possibility, after the loss of water from a p-hydroxylamine, of a change in the carbon-nitrogen linkage of
such a nature that the carbon becomes completely oxidized as
Middle:

Ami., 310, 9 (1900); Jones: Am. Chem.

J., 20, 1 (1898);

Hecker:

Ibid.T 50, 444 (1913); Beckmann: Ber., 26, 2631

Campisi

and Amato: Ber., 4, 412 (1871).

(1893).

3

£9

Tiemann and Friedlander: Ibid.r 14, 1969 (1881).
4Pinner:

Ibid.. 17, 184 (1884); Werner: Ibid..

29,1146 (1896),

°V/alder: Ibid.t 19, 1627, 3287 (1886)
6Jones: An. Chem. J., 50, 422, (1913).
7Ibid., 50> 438 (1913).
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it is in carbon dioxide,(jCi), the nitrogen reduced from the state
of oxidation in which it probably exists in hydroxylamine,
(+N-), to that of ammonia (7N=);
R +_r;c:io —

»

R+-Ni:cjro
i
A more striking example of the same process is the transfor
mation brought about by treating forrnhydroxamic acid with alka
lis, namely, to give isocyanates, carbamates,or carbonates and
ammonia.
One would expect that p-acyl-j3-aikyl(aryl)hydroxylamines
containing an oxidizable acyl group would beha.ve towards mild de
hydrating agents in a manner similar to p-dibenzylhydroxylamine
and that they would offer another possibility for intramolecular •
oxida,tion on treatment with strong dehydrating agents, such as
phosphorous pentoxide, and might yield isocyanates which give by
j
hydrolysis carbondioxide and amines. In which of the two possi-

i

ble directions, then, will oxidation proceed; will it take place
in both directions simultaneously; or will it proceed exclusive
ly in one direction if suitable dehydrating agents are employed?
It was for the purpose of answering these questions that the pres
ent problem was undertaken.
Of the substituted acylhydroxylamines, ,8-benzylformhydroxamic acid was found best suited to the study of the problem
under consideration. This led to its preparation, which was
accomplished by the a.ction of formic ethyl ester on ,8-benzylX

h
:
Wieland:

Die Knallsaurey p. 32 (1909)
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hydroxylamine. This compound, 0:CH-N(0H)-CH2C6H8 i offers two
possibilities for intramolecular oxidation when treated with
dehydrating agents:

OH
i
H s0 -*• C-N-C7H 7-+ C02 + C7H 7NH3
it i
0 H

0:C:N-C7H 7 ♦
o = c -n -c 7h 7

-Hs0 ^ 0:C-K:C7H 6 +
i
H

K 20 — ^ 0:C-KH2
<
H

+

C 6H 5C:0
i
H

A consideration of these transformations from an electronic point
of view will serve to make clear the intramolecular oxidations
suggested. By the loss of water from £-benzylformhydroxamic acid,
two isomers of the following electromeric formulas would be ex
pected to result depending upon the direction in which the mol
ecule of water is removed:
1.

Ol+C~iN-+C7H 7

2.

0I$C+-N+!9-C6H s
+

+

H

H

By hydrolysis alone, the first electromer could not give
carbon dioxide and benzylamine nor could the second yield formamide and benzaldehyde, but, in each case, the original compound
i■
would be regenerated. In order that these substances may result
from hydrolysis there must be a transfer of negative electrons
from carbon to nitrogen to give electromers of the two forms
(I a.nd 2) previously indicated:
la.

o =?c :=u -+c 7h 7

2a.

0l+C+-HlJ0-C6Hg
+

+

H

H

i

Or be hydrolysed^ in the first case to give £-benzylhydroxylamine
.lormic acid and in the other the same products.
4
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These are the only electromers which would yield respectively
carbon dioxide and benzylamine on hydrolysis in the one ca,se
and formamide and benzaldehyde in the other case.
It has been pointed out that Walder obtained benzyla.rr.ine
and benzaldehyde by treating p>-dibenzylhvdroxylamine with
Beckmann s mixture and that Bamberger and Destraz got phenyl- .
isocyanate as a product by distilling H-1 orrr.yfpacnyIhydroxara■ie acid with phosphorous pentoxiae. With the hope of obtaining
similar results the action of Beckmann s mixture and phosphor
ous pentoxiae was tried separately upon p-benzylformhydroxandc
acid.
(a)

Two grams of 3-benzylformhydroxamdc acid was treated with

an excess of a solution of dry hydrogen chloride in glacial
acetic acid (Beckmann s mixture) and the mixture digested on a
water-ba.th for two hours. At the end of the operation the benz
aldehyde which was produced was extracted with ether. The alde
hyde was identified by converting it into benzalphenylhydrazone.
0
Of this last product, which melted sharply at 152.5 , 0.5 of a
gram was obtained. A portion of the solution which remained
after the extraction of benzaldehyde gave an isocyanide rea

a X
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er portion reduced an ammoniscal solution of silver nitrate ,
probably due to the presence of formic acid. The remainder of
the solution, upon evaporation, gave a residue consisting chiefl
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cf ammonium chloride. Prom these results it is evident that
oxidation proceeded'in both possible directions

which have

have beer previously indicated.
(2)

Five grams of the acid thououghly mixed with an excess

of phosphorous pentoxide were subjected to distillation. P.y
'heating:
gently^the”mixture on a water-be.th the components reacted
violently with considerable charring, and giving, at the same
time, two or three drops of a liquid smelling strongly of an
isocyanate. This 1iquid upon treatment with aniline gave a
c
o
crystalline product of phenylbenzylurea melting at 167 to 168 .
The 3~benzylformhydroxaniic acid used in the experiments
which we have just described was obtained by carrying out the
following reactions: '(1) ,6-dibenzylhydroxylamine

by the action

of benzyl chloride on hyxroxyl ammonium chloride in the presence
2
of sodium carbonate; (2) N-benzylisobenzaldoxinie by oxidizing
3-dibenzylhydroxylam.ine with potassium ferricyanide; (5) ,63

'

*

benzylhydroxylamine by hydrolysing Ii-benzylisobenzaldoxime
with hydrochloric acid; (4) p-benzylfornhydroxamic acid by
treating .B-benzylhydroxylamine with formic ethyl ester. In the
experimental part, which follows, an account will be of our
modifications of the first three processes and also a descrip
tion of the method employed for obtaining 3-benzylfornhydroxamic acid.
Behrerd and Leuchs: Inn., 257, 216 (1890).
2Ibid.,
3Ibid.. 257, 224; Beckmann: Ber., 22, 438 (1689).
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EXPERIMENTAL PART
B-d ibenzvlhvd.roxvl amine
To a solution of 14g. of Hydroxylammoniun chloride and
50g. of benzyl chloride in 200cc. of 70% alcohol 60g. of crys
tallized sodium carbonate were added. The mixture was then
boiled for two hours in a flask provided with a reflux-condenser. The product was filtered and to the filtrate was added
an excess of ice water to precipitate the .G-dibenzylhydroxyiamine. After the addition of water the flask was placed in a
freezing-mixture where it was allowed to remain until complete
precipitation had taken place. Upon filtration 26g. of pure
white needle-like crystals of j3-dibenzylhydroxylamine were obo
tained which melted at .123 .
N-benzvli aobenzaldoxime.
Eighteen grams of P-dibenzylhydroxylamine were placed in a
one liter separatory-funnel and to it were added 30cc. of ehter
and concentrated solutions of 13.bg. of potassium hydroxide
and 72g. of potassium ferricyanide. The mixture was shaken vig
orously until the oxidation of the g-benzylhydroxylamine was
complete. The process of oxidation required only ten minutes.
The aidoxime was obtained by making three extractions with
ether. Upon evaporation of the ether a residue of 17g. of N~
benzylisobenzaldoxime resulted. The pure substance.which:was
obtained by precipitating it from an ehter solution with ligroii
o
melted at 31 .

7
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S-benzvlhvdroxvlamine
Hydrolysis of H-benzylisobenzaldoxime.- The preparation
1

of ,3-benzylhydroxylamine has been described by Beckmann

and

also by Behrend and Leuchs; but they do not state their yields.
By modifying their methods we have been able to obtain better
results than by following their directions.
Seventeen grams of the aldoxime was treated with 34cc, of
concentrated hydrochloric acid and steam passed through the
mixture until all the benzaldehyde had distilled over. The -J
resulting produc^was^Vnen fieafetf^over a low flame until the
greater portion of hydrochloric acid had been driven off. To
the cooled residue a cold saturated solution of sodium car
bonate was added,until the solution reacted neutral.to litmus.
A small amount of solid remained which was separated by fil
tration. To the filtrate, after it had been cooled to zero,
was added enough sodium carbonate to'mako the solution distinct
ly alkaline.

After an hour the g-benzylhydroxylamine had pre-

cipitated"- in an absolutely pure state from the filtrate. The
solid residue which wa.s obtained from the first filtration
was extracted with ligroin from ’which a small amount of the
desired substance was recovered. In this wav 6 grams of the
o
pure compound, which melted at o7 , was obtained.
3-benz vl formhydroxarnic Ac id.
Action of formic ehtyl ester on B-benzylhvdroxyiamine.A solution of 4 grams of (3-benzylhydroxylamine in 8 grams
of formic ethyl ester wa.s kept at room temperature, in a
stoppered flask, for 14 days. At the end of this time, a

8'
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test portion of the mixture showed no reduction of copper
acetate but save a copner salt. The contents of the flask
W

JL

*

were transferred to an evaporating dish. The solution was
evaporated in a vacuum desiccator until a thick paste re
gained. This paste

was placed over solid potassium hy

droxide in a desiccator and kept in a. cool place to facil
itate crystallization. At the end of three days most of the
contents had crvstallized. The substance was separated from
impurities by dissolving it in ether and precipitating it
with ligroin. Only enough ligroin was added to give a slight
turbidity. On evaporation of the ether crystals

of |3-ben-

zylformhydroxarnic acid separated as long white needles. The
yield was three grams or 67 per cent of the theory.
An analysis gave the following values for nitrogen, car
bon, and hydrogen:
0.2211 gram substance gave 19.2cc. II2 at 25.5

0

and 745.5

mm. (uncorr.)
Calculated
i:

for C8Hg02K

Found

9.27

9.45

0.2026 gram gave 0.4720 gram C02 and 0.1126 gram H20.
- 1

-p

_ i-

u

ua.iCulH.uea

_____

rn

tt

r\

sr

iur --angugr-i

n

yi

ruunu

C

63.54

63.48

H

6.00

6.16

•

S-benzylformhydroxamic acid is easily soluble in ether
and alcohol and sligntly soluble in water. It at*49
A

to DO
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and showS^ little if any decomposition at its boiling point.
With a hot alcoholic solution of the acid a concentrated so
lution of copper acetate gave a copper salt which precipitat
ed as gray greenish blue crystals. The salt was purified by
recrystallization from hot 60 to 70 per cent alcohol. It de
composed without melting.
An analysis of substance gave for copper the following
value:
0.3394 gram substance gave 0.0593 gram copper.
Calculated for Ci6rIi804N2Cu

Found

17.46

17.47

Action _of Beckmann’s Mixture on ff-benzylforrrihvdroxarnic Acid
for two hours,
Two grams of 8-benzylformhydroxamic acid was digestedAon
a water-bath, with an excess of a solution of dry hydrogen
chloride in glacial acetic acid (Beckmann s mixture). Thevben-zaldehyde which was pdoduced during the operation was extract
ed with ether. The aldehyde was identified by converting it
through the action' of phenylhydrazine into benzalphenylhydrazone. There was only 0.3g. of the hydrazone obtained. The
substance was pure as shown by the fact that it melted sharp
ly at 152.5 degrees. The solution which remained after the
separation of benzaldehyde was divided into two-

portions,.,

after it was shown to reduce an ammoniacal silver nitrate
solution.

1°
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

One portion gave isocya.nide reaction for a primary amine
upon treatment with chloroform and alcoholic potash; the
other, on evaporation, gave a residue consisting chiefly
of ammonium chloride.
Action of Phosphorous Pentoxide upon 8-benzvlformhvdroxami
Acid
Five grams of {3-benzylforrnhydroxamic acid thoroughly
mixed with an excess of phosphorous pentoxide whs sub
jected to distillation. On heating the mixture gently,by
means of a water-bath, the components reacted violently.
Practically the entire contents of the flask became a
black tarry mass. The water-bath was replaced by a metalbath in order to secure a higher temperature, so that
any liquid present would be caused to distill over. In
this way two or three drops of a liquid, which smelled
strongly of an isocyanate, was obtained. By treating
the distillate with aniline a crystalline product of
o
o
phenylbenzylurea melting at 167 to 168 resulted.
Summary
(1) B-benzylformhydroxaraic acid was obtained by the
action of p-benzylhydroxylamine on formic ethyl ester.
(2) P-benzyl'fprmhydroxamic gave-a characteristic cop
per salt.

11
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(3) 3-benzyl forrnhydroxamic acid upon treatment with
Beckmann 3 mixture suffered intramolecular oxidation in
two directions giving carbon dioxide and ’benzylaraihec, in.i
the one case and formamide and benzaldehyde in the other.
(4) ^-benzylforrnhydroxamic acid upon treatment with
phosphorous pentoxide suffered intramolecular oxida.tion
giving benzyl isocyanate.

12
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PART II
HYDROXAMIC ACIDS OF SUBSTITUTED ACETIC ACID.
It is rather singular that until very recently no hal
ogen substituted hydroxamic acids of the aliphatic series
have been prepared. The first representative of these com
pounds was described in 1904 by Francesconi* who by theaction of hydroxylammonium chloride on chloroacetarnide ob
tained chloroacethydroxamic acid. Later the same substance
2

was prepared by Jones

on treating a cold alcoholic solu

tion of chloroacetic ethyl ester with free hydroxylamine
dissolved in absolute alcohol. In this laboratory both bromoand iodoacethydroxamic acids have been made by Jones and
,,,
berner 3.
It has been shown that hydroxamic acids of both the alipha.tic and aromatic series together with their acyl esters
and salts undergo Beckmann rearrangement giving interesting
decomposition products when subjected to the action of heat.
Our concern was not so much to describe new hydroxamic acids
as to obtain a definite knowledge of the changes which halo
gen substituted hydroxamic a.cids of the aliphatic series
would undergo if heated at or somewhat above their melting
points. In order to determine these changes, dichloroacet"‘Gazz. chim, ita.l., (I) 34, 428 (1904).
2
3

*Pieschel: Ann., 175, 205 (1877); Ibid., p. 324
5Losen: Ibjd., 186, 2 (1887); Ihil., p. 21; I&L&., p. 27;
Ibid., p. 44.

io
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hydroxamic acid was prepared since it seemed best suited
to the study of the problem in hand. The preparation was
accomplished by the action of an alcoholic solution of
hydroxylamine on dichloroacetic ethyl ester. It was found
necessary to carry out the reaction at minus ten^to pre
vent decomposition and to increase the yield of the acid.
The decomposition is evidently due to the replacement of
the chlorine atoms giving hydroxylammonium chloride and
other products the na.ture of which has not been determined.
Dichloroacethvdroxamic
acid is readilv soluble in wa.ter,f
D
alcohol, ether, and acetic ethyl ester but practically in
soluble in most of the other organic solvents. Its solu
tion in water gives a strong acid reaction towards litmus,
and a wine red coloration on the addition of ferric chlo
ride. It crystallizes in the form of needles which melt
at 86° to 87°.
It is a well established fact that hydroxamic acids
and also many of their derivatives undergo rearrangement
of the Beckmann type. The early researches of Lessen end
his collaborators1 furnish many striking instances of such
rearrangement among the aromatic hydroxamic acids. He found
that the mono-, ui- and triacylated derivatives of hydrox—
arnic acids upon being subjected to the action of heat gave
isocyanates or their decomposition products. These changes
JLoc. £iL

14
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are evidently of the Beckmann type as shown by Lossen s
results as follows:
(1) Monohydroxamic acids gave on distillation products
according to the equation:
R~C(:0)M(OH) ---

R-N:C:0 - H20 --- * R-NHa + C02

(2) Dihydroxamic acids gave an isocyanate, an acid, an
Q v n 1 n<
*
3

L'XVi

o■
v
i/
"
3

C'ljAA

/
J

4/
3/
*
%'

U .iU A iU C .

a. R-C( :0)l!H(0CCRi) --- » R-N:C:0 + H0-C(:0)r '+
b. R-C( :0)MH(0C0R/ ) ----* RMH-C!( :0)r'* C0a
(2)

Trihydroxamic acids. The three isomers, benzanis-

benzhydroxylamine, dibenzanishydroxylamine and a.nisdibenzhydroxylamine on distillation gave the same substances al
though

the proportion of these products.were quite dif

ferent:
a. N (Cgh 702)(C7 K 5 O) ^C7 H 5 O)

k ChoOC6ri4.ii:C :0 + (CgHgCO/gG

b. N(C8H70s)(C7Hb0)(C7H80)---- * C6H5!J:C:C + C8HeC0-0-C0CeH4CC
A few years later Thiele and Pickard-1 showed in their
study of potassium salts of dihydroxamic acids that it was
necessary to assume as the first stage in the decomposition,
by heat, of the salts of these acids that a.n„is formed toSaJMgether with the potassium of the acid related rele.ied to the
acyl group substituted for the hydrogen in the oxime group.
It is evident that by hydrolysis the isocyanate would yield
amines which in the presence of the unchanged isocyanate
XAnn., 209, 185(1899).

15
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would give disubstituted ureas. Their assumption was based on
the fact that when alcohol was used instead of water urethanes
were obtained in place of disubstituted ureas,
by
a
2
Theories have been advanced both Stieglitz and Jones to
interpret the mechanism of the Beckmann rearrangement. Stieg
litz maintains the position tha.t such a rearrangement results
from a molecular dissociation followed by a change in valence
of nitrogen from three to one and a subsequent readjustment
of groups due to the influence of univalent nitrogen:
/I
r _C-I<

n
0

----»

Y

R-C-N= + XY ---*
ti
0

R-N:C:0 - XY

It may be said in favor of Stieglitz’s interpretation that
Beckmann rearrangement occurs in each case where it is possible
to foresee from the constitutional formula the probability of a
dissociation in the manner indicated by the foregoing equation.
On the other hand when such conditions are not apparent, rear
rangement does not occur.
Reference hasbeen made to the factthat

theesters of

hy-

droximic acid exist in two stereo isomericmodifications. The
two isomeric forms of ethylbenzhydroximic a.cid were obtained
M

4

by Lossene° It was observed by Alfred Werner

,,

that the syn-moai-

iAm. Chem. J., 18, 751 (1896); Ibid., 29, 49 (1903); Stieglitz
and Earl: Ibid.. 30, 399, 412 (1903); Stieglitz and Slossen; Ber.
28, 3236 (1896); Ibid., 34, 1613 (1902)
2 Im. Chem. J., 48, 1 (1912); Ibid., 50, 440 (1913).
3Ann., 252, 211 (1889).
4Ber., 29, 1146 (1896).
16
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fication upon treatment with phosphorous pentachloride and a
subsequent treatment with water suffered Beckmann rearrange
ment giving the ethyl ester of phenylcarbamic acid, while the
other isomer gave a complex ester of phosphoric acid. He assum
ed that the following reactions took place:
1.

C6H5-C-0-C2H5~-♦ CeHg-C-O-CgHs— * Cl-C-0-C2Hs
|i

,i

11

HD-N

Cl-M

CfiH5-N

Cl-C-0-C2Hs + H20 — ► HC1 + H0-G-0-C2H5
n
ti
c 6h 5-m
c 6h 5-n
2.

3 G6H5-C-0-C2Hs
H

+ PC15 — * 3 HC1 + (C6H5-C-0-C2H5)3PC12
ti

N-OH
(C6H5-C-0-C8Hs )sPC12
«
NO-

H0+ H30 — * (C6H5-C-0-0sH5)3P0 + 2 HC1
tf
N0-

Werner’s interpretation of the behavior of the two isomers
towards phosphorous pentachloride gives evidence to show that
both forms do not suffer Beckmann rearrangement. But the hypoth
esis of Stieglitz* that the presence of univalent nitrogen to
gether with some reagent HX ( as hydrogen chloride), is the
determining factor for such a rearrangement leads one to as
sume that both forms might undergo Beckmann rearrangement, a
condition not in accord with Werner s experiment. In terms of
2

the corpuscular atomic hypothesis Jones

was first to suggest

an explanation of this difference in behavior of the isomers.

1 Lflfi. Sit.
2Am. Chem. J., 50, 414 (1913).
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1
2
On the basis of the theories of Stieglitz and Jones it was
anticipated that dichloroacethydroxamic acid, on decomposition
by heat, would lose a molecule of water and undergo rearrange
ment to form dichloromethyl isocyanate, and- that the latter
compound would be hydrolysed to give dichloromethylamine and
carbon dioxide,.ana furthermore dichloromethylamine would break
down into prussic and hydrochloric acids according to the fol
lowing equations:

^

(1)

HCCla-C-lT— » HCCi2-C-N: — * HCCla-N:C:0 * H 20

(2)

HCCla-K:C:0

(3)

HCCla-NHa — > HNC

it i
OH

it
0

+ Hs0 -- »

+

HCCla-NHa ♦ C02

2HC1

In the actual experiment the acid was decomposed, at
a temperature of 145 degrees, in an atmosphere of hydrogen.
A U-tube, immersed in a freezing mixture, was connected
with the distilling-tube in.order to condense any volatile
liquid. The evolved gases were led through three washbottles each containing a solution of barium hydroxide.
The products which were isolated were as follows: (1) Hy
drochloric acid; (2) Prussic acid; (3) Carbon dioxide; (4)
i
Loc.

pit.

2L£c . £it
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Formic acid; (5) Ammonium chloride; (6) Dichloroacetamide;
(7) Dichloroacetic a.cid. Together with the substances enumerated were also obtained 81.3cc. of a gas which was
probably nitrogen. Very likely this gas owed its origin
to the decomposition of free hydroxylamine the formation
of which vs/ill be accounted for later.
From these experimental results it is evident that
the anticipated reactions actually took place and that
in addition to them side reactions also occured. There are
but two piausable possibilities of hydrolysis by the water
which was liberated according to the first reaction, name
ly, hydrolysis of the isocyanate to give the products al
ready referred to and- hydrolysis of unchanged dichloroacet
hydroxamic acid itself to yield dichloroacetic acid and
hydroxylamine:
HCCla-C-NOH ♦ H20 ------- - HCCL2-C (:0)0H + HgiJOH.
II
0
On the basis of this interpretation it was easy to account,
in a quantitative way, for all the products identified.
It was pointed out by Hef

that prussic acid acts on

acetic acid giving acetic anhydride and formamide which ,
at a higher temperature , react to form acetamide and formic
acid. It is likely that under the conditions of the experirnent dichloroacetic acid would behave in -a manner similar
'A nn., 287, 347(1855-
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to acetic acid and would form dichioroacetamide and formic
acid.
The formic acid produced would react with free hydroxylamine to give carbon dioxide, ammonia, and water:

HsMOH + H - O - O H

* C 0 2 ♦ K H 3 + H 20.

ii

0
And ammonium chloride would be formed from arimonia and hydrogen
chloride. Furthermore, at the temperature of the experiment
any hydroxylamine which had not reacted with formic acid would
decompose chiefly into water, nitrogen,, and ammonia,:
r r r v ia t t
o n 2 m U ii

.

*

r/'"T A
on2o +

r-;2

+

tTTT
m is

It was thought likely that the acyl esters of dichloroacethydroxamic acid and their salts would give interesting
results when decomposed by heat. In this case there is lit
tle possibility of water being 3et free which would have
a disturbing influence upon the course of the reaction, so
that in ea.ch instance dichloromethyl isocyanate and an acid
or its salt would be expected;
0
M

0
n

HCClo_C-h -O-C-r?- - - - * HC C 1 2N :0:0 + R-O-OK
\
H

”

»i
0

For the determination of this point the benzoyl ester
of dichloroacethydroxamic acid was prepared by treating
dichloroacethydroxamiic acid with benzoic anhydride. Neither
the sodium or potassium salt of this ester could be iso
lated in the pure state. A small amount of the sodium sale
was obtained but suffered spontaneous decompositon even
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when placed at once in a desiccator. Simula,r phenomena
were observed by Jones

during his study of the salts of

the benzoyl ester of phenylacethydroxamic acid.
The benzoyl ester was subjected to heat in an atmos- /

phere of hydrogen in a manner similar to that employed
in the decomposition of dichloroacethydroxamie acid itself,
it quantitative yield of benzoic acid was obtained. A liquid
condensed in the U-tube which possessed a strong isocyanate
odor ana which on treatment with water gave carbon dioxide,
prussic acid, and hydrochloric acid;
• (1)
(2 )

K C C la- N : C : 0 —
H C Cls-bHs

* C02 ♦ HCC1S- M 2
* Hi'C + 2HC1

In this connection a.n attempt 'was made to prepare dichloromethylisocyanate by the method employed by Schroeter

and

to study its properties. Although the experiment was not en
tirely satisfactory, it was not repeated. Five grams of sodium
i£c*^«liwas treated with an equivalent amount of dichloroacet/1
chloride dissolved in benzene. The components of the mixture
did not react readily even at the boiling point of benzene.
The fla.sk containing the substances 'was set asiae for a. nontn,
at

the end of v/hich time its contents

were examined. It wasfound

to

contain a. solid portion consisting

largely

of a gelati

nous mass of sodium chloride end a. liquid portion. The liquid
v as subjected to fractional distillation. An impure product
"Am..(hem, J., 48, 8 (1912).
*Ber., 42, bb56 (1909).
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was collected, which boiled between 85

0

0
and 90 . This fraction

was a colorless liquid possessing a sharp penetrating odor;
but not a trace of prussic acid could be detected. It gave,
however, after the addition of water) distinct: tests for car
bon dioxide, hydrochloric acid^and prussic a,cid. These re
sults are b: perfect agreement- with the theory expressed by
equations (1.) and r
x2).
In the ease of the preparation of dichloroacthydroxarnic
acid it was found,* as previously
stated,* that at a temberat
*/
J.
ture of minus ten degrees a better yield of the acid was
obtained. Using this information, an attempt was made to
. prepare trichloroacethydroxamic acid which we had not been
able to make. Accordingly, an alcoholic solution of trichlo
roacetic ethylester was
and

toit was added

cooled to minusfifteen degrees

drop bydrop a

calculatedamount

of

hydroxyl amine dissolved in alcohol. Instead of getting the
compound sought, the hydroxylammonium salt of trichloroacet
hydroxamic acid,eCl~3-C-jsOHRs, was obtained. At present this
n I i
0 H OH
is the only hydroxylammonium salt of a hydroxamic acid;
described..

;

By the method used for the preparation of diehloroacethydroxamic acid, glycocoll hydroxamic acid was obtained by
the action of glycocoll ethyl ester bn free hydroxylamine.
The acid decomposed at 140° giving a tarry residue as the
chief product. A small amount of a volatile product was
given off which when passed into water gave an isocyanide
reaction.which showed the presence of a primary amine, pos
sibly methyl amine.
22
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EXPERIMENTAL PART
Dichloroacethvdroxamic Acid
The action of hvdroxvlamine on dichloroacetic ethyl ester.To a solution of 5o grams of dichloroacetic ethyl ester in
lOcc. of absolute alcohol cooled to minus ten degrees by means
of a freezing mixture, a concentrated alcoholic solution of
hydroxyl amine was added drop by drop. At no time was the temp
erature allowed to rise above minus eight degrees. During
the addition of the hydroxylamine the flask was shaken continously to prevent local heating. These precautions were
found to be necessary in order to avoid decomposition due
to the replacement of the chlorine atoms. No precipitate
should form during the entire operation. The separation of
a white solid indicates that the temperature has not been
kept sufficiently low, or that that the hydroxylamine has
been added too rapidly. After the two substances were mixed
they were kept at a temperature of a freezing mixture for
two hours and then the flask was transferred to an ice box
where it was allowed to remain for a week. At the end of
this time the action was complete and the solution was clear.
The alcohol and excess ester was then evaporated in _vacuo.
A white crystalline solid remained admixed with a small
amount of unchanged ester. The product was then collected,
dried and dissolved in acetic ethyl ester. From this solu
tion ligroin precipitated dichloroacethydroxamic acid as fine
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needles which belonged to the regular system and melted a,t
86

to 87 . The yield was 17,5 grams or 58% of the theory.
An analysis gave the following value for nitrogen:
0,2045 gram of substance gave 18.2cc of nitrogen at 26.5

o

742.3mm. (uncorr.).
Calculated for
O 2H 3 O 0 IICI2
N

Found

9,73

9.63

DECOMPOSITION OF DICHLOHOACETHYDROXAIv'JC ACID BY HEAT
Three grains of the acid were heated in a distilling-tube
so connected that any volatile products formed would first
have to pass through a U-tube, immersed in a freezing mix
ture, and then, if gaseous, through a series of three washbottles each containing a solution of barium, hydroxide. Dur
ing the distillation a constant stream of pure hydrogen was
0

caused to flow through the system. At 110

a vigorous decompo

sition of the acid took place. The temperature was raised to
145°, at which point it was maintained for ten minutes. The
products isolated and their amounts wrere as follows:
(1) Carbon dioxide which was estimated as barium carbonate.
0.816g. of barium carbonate equivalent to 0.192g. of
carbon dioxide was obtained.
(2) Amount of prussic acid determined by Liebig s method
was 0.027g.
(3) Amount of HGF1 determined by Liebig s method was 0.0142g.
In the experiment 200cc. of 0.385 normal barium hydroxide
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solution was used. After the reaction was complete the hy
droxide solution had been reduced to 0.300 normal.
Amount of Ba(0H)2 used......... ............

,,

,,

,,

,,

not neutralized......

,,

,,

neutralized........ .......

,,
,,
,,

6.136 grams
,,
0.997

,,

,,

,, by carbon dioxide___ 0.748

,,

,,

,,

,, prussic acid

,,

,,

,,

,, hydrochloric acid. QJ1243_,,

Total amount of barium hydroxide neutralized

0.086

0.883

,,

(4) There condensed in the U-tube 0.76gj. rof. .formic acid
which was identified by converting it into its characteristic
lead salt.
(5)After the distillation of the acid there remained in
the distilling-tube a residue of 1.8g. This residue was ex
tracted with ether leaving 0,38g. of ammonium chloride un
dissolved. It was identified by making an analysis of its
platinum salt.
Weight of (hTH4)2PtCl6 .................
,,

,, platinum.....

0.1538 gram
0.0648

Calculated percent of Pt

,,

Found

43.96

43.72

(6) The ether extract was treated with a solution of sodium
carbonate. In this way a neutral portion of 0.2g. of dichloroacetemide was obtained upon evaporation of the ether. The
amide was purified by precipitating it from an ether solution
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0
with ligroin. It melted at 97.5 and had all the properties
of dichloroacetamide prepared from dichloroacetic ethyl 'ester
and ammonia.
(7) The solution left from (6) was acidified and extracted with ether. From the abstraction 1.14g. of dichloroacetic
acid resulted after the evaporation of the ether. The acid
was identified both by comverting it into its ammonium salt
and its amide. The ammonium-salt crystallized in plates which
o
decomposed -at 100 without melting.
The products resulting from the distillation of three
grams of dicnloroa.cethydroxamic acid may be summarized as
follows:
1. Prussic acid.....................

0.0270 gr.

2. Hydrochloric acid......... .......

0.0142 ,,

3. Carbon dioxide...................

0.192

4.

Ammonium chloride.

............. 0.38

,,
,,

5. Formic a c i d .....................

0.776

,,

6. Dichloroacetamide................

0.20

,,

7. Dichloroacetic acid..............

1.18

,,

Total................................... 2.7692

..

One gram of dichloroacethydroxamic acid gave on dis
tillation 27.1cc. of gas which did not give a test for either
nitrous oxide or carbon monoxide. If the gas was all nitro
gen, the the amount from three grams would have weighed
0.1017g. This would give a total of 2.8709g. of products from
3g. of the acid.
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The.,fienz.oxOs.ter _of. Di.QM^jga^.ethyiiroxarnic Agii
Action

dichloroace.thydr.oxamic agj.fi on benzoic, anhydride.. -

Three grams of the acid was thoroughly pulverized with 4.8g.
of benzoic anhydride and the mixture heated for five minutes
o
o
at 65
to 70 . The residue was extracted severed times with
ligroin to remove the benzoic acid. The ester which remained
was dissolved in ether. The ether solution was filtered and
the ester precipitated with ligroin. By carefully adding the
ligroin so that it did not mix with the ether and letting the
flask remain undisturbed sword-like crystals over an inch
long were obtained. In this way 4.7g. of the ester was
precipitated. The crystals belong to the irregular system and
melt at 77° to 78°.
An analysis gave thd following value for nitrogen:
o
0.3120 gram gave 14.9cc. of nitrogen at 19.5 and 751.7mm.
Calculated for OgB^OgHCls
N

5.66

Found
5.42

Hydrolysis of Benzoyl Ester of Dichloroacethydroxamic Acid
with Hydrochloric Acid
Five grams of the ester was treaded with hydrochloric acid
o
and the mixture heated in a sealed tube for one hour a.t 100 .
The resulting product won extracted with ether. From this ex
traction 2g. of benzoic acid and a. small amount of dichloroacetic
acid was obtained. The water solution on evaporation ga.ve a

2.7
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residue of 0.08g. of hydroxylajrmonium chloride which was
identified by converting it into benzophenoxime which melted
at 140° to 141°.

T)istilla.tion of the Benzoyl Ester of Dichlaxaacethydroxamic Acid
One gram of the ester was heated at 150

in an atmosphere

of hydrogen. A volatile^,was condensed in a U-tube immersed in
a freezing mixture. The evolved gases were passed through hy
drochloric acid and then through a solution of barium hydrox
ide. The hydrochloric acid remained unaffected. A precipitate
of 0.09g, of barium carbonate was obtained. In the U-tube
were condensed a few drops of a liquid possessing a sharp iso
cyanate odor. The liquid when trea.ted with water gave carbon
dioxide, hydrochloric acid and prussic acid. The residue,
which was colored slightly brownish, consisted almost entirely
of benzoic acid,

Hydroxv 1ammoiiiurn Salt of Trichloroac.ethydroxamic Acid
The action of hydroxyiamine on trichloros.cetic ethyl ester. Twenty-nine grams of trichloroacetic ethyl ester was dissolved
o
in 15cc. of absolute alcohol and the solution cooled to -15
To the cooled solution were added dron by droo 5m. of hvdroxvl.-

*/

i.

•

W

y

amine in alcoholic solution. At no time was the temperature
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permitted to rise stove -15

0

and. during the addition of

the hydroxylamine the flask was shaken vigorously to pre
vent local heating. After the solution had remained at the
given temperature for about twenty minutes crystals began
to form and continued to do so until the entire contents
of the flask seemed solid. The crystals were separated from
the small amount of liciuid, dried and dissolved in acetic
ethyl ester. From this solution the salt was precipitated
as needles belonging to the irregular system. They melted
0
0
at 72 to 73 with decomposition. The yield was 8 grams. A
chlorine determination showed that neither of the chlorine
atoms had been displaced.
An analysis gave the following value for nitrogen:
o
0.4890 gram substance gave 56cc. N at 19 and 742.1mm.
(uncorr,).
Calculated for
CgHsOoHgCls

Found
15.61

N

13.25
Glycocoll Hvdroxamic Acid

Action of hydroxyl amine on gylcocoll ethyl ester.Twenty grams of glycocoll ethyl ester prepared by the method
of F. Fischer1 were treated, at minus ten degrees, with an
alcoholic solution of hydroxylamine. The hydroxylamine was
added slowly and the flask shaken vigorously after each ad
dition. A clear solution resulted from which a white solid
XBer., 34, 436(1901).
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began to separate in the course of an hour. The mixture
was left in an ice-box for 12 hours. At the end of this
time the reaction was complete. The contents of the flask
were collected a.nd dried. 'The acid is soluble in water,
slightly soluble in alcohol and insoluble in other or
ganic solvents. It crystallized from a dilute alcohol sol0
ution as parallelopipeds melting at 140 with decomposi
tion. The yield was quantitative.
An analysis gave the following value for nitrogen:
o
0.1668 gram gave 44.8cc. of nitrogen at 14 and 745mm.
(uncorr.5.
Calculated for

Pound

C2He02l!2
21.09

21.16
Summary

The foregoing pages are arecord

of the method ofprep

aration of dicbloroacethydroxemicacid;

of thebenzoyl

es

ter of dichloroa-cethydroxamic acid; of the hydroxylammonium
salt of trichloroacethydroxamic acid; of glycocoll hydrox
amic acid; and an investigation of the decomposition products
of dichloroacethydroxamic acid, of its benzoyl ester and
glycocoll hydroxamic acid when they were subjected to the
action of hea.t.
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