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A STUDY OF B-BENZYLFORUHYDROXAMIC ACID AND HYDROXALIC ACIDS OF

.-

SUBSTITUTED ACETIC ACID,
PART

-B3-BENZYLFORMHYDOOXANIC ACID,

0f the type of substituted hydroxylamines to wnlcn g-bhenzyl-

formhydroxaric acid bhelongs B-%

yydroxylamine, and B-benzoyl-f-benzylhydroxylarine

?no'l vV _ O _Thane-
w\s s \-J—& f L IRy 4 ~ n e v J

only other representatives known, The firs
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pounds was described by Barberger snd Destraz who obtained it
by treatipe 3-phenylhydroxylemine with formic acid. They found

that

pentoxide gave phenylisocyanate, During the reacticn

v

phorous
there was a considerable charring and only & drop or two of the
isocyenate resulted frow the overation, They identified the
small amount of phenylisoecjyenate cbtained by its odor and by
converting it through the action of aniline into diphen;lurea,
‘Roth £-tenzoyl-f-benzylhydroxylamine and | -acetyl-; -henzylhy-
droxylamiﬁe were prepared by Beckmannz, Isumeric with -benzyl-

formhydroxamic acid are the four compounds: a-henzylforrhydrox-

i ) _
Ber,, &5, 1884 (1902).
"Ibid., 26, 2621 (1893),

' u\gc}.h_ﬁ G,
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. amic 801a ben7ylurethane benzylcarbamic a01d and benafiﬁer of

droximic acid which does not exist; but several hydroximic es-
ters are known which show the interesting phenomenon of exist-
ing in two stereoisomeric modifications? o

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, Walder5 showed that the chief
products obtained by treating B-dibenzylhydroxylamine~either
with acetyl chloride or with a solution of hydrogen chloride
in scetic acid (Beckmann s mixture) were benzylamine and benz-
aldehyde, This transformation probably resulted from a loss of
water between carbon and nitrogen in one direction and the ad-
dition of water in the reverse direction with the formetion
of the substituted aldimide, CgHsCH=}-C,H,, as an intermediate
product,

In accordance with the electronic conception of valence?
there is a possibility, after the loss cf water from a B-hy-
droxylamine, of a change in the carbon-nitrogen linkage of

such a nature that the carbon becomes completely oxidized as

*Riddle: An,, 310, 9 (1900); Jones: Am, Chem, J., 20, 1 (1898);
Hecker: Ibid., 50, 444 (191%); Beckmann: Ber., 26, 2631 (1895).
®Campisi snd Amato: Ber., 4, 412 (1871).
liemann and Friedldnder: Ibid., 14, 1969 (1881).
*Pimmer: Ibid., 17, 184 (1884); Verner: Ibid., 29, 1146 (1898).
“Walder: Ibid., 19, 1627, 3267 (1866)

“Jones: An, Chem. J., 50, 422, (191%).

"Tbid., 50 438 (1914).

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

o

et



it is in carbon dioxide, ($C%), the nitrogen reduced from the state
of oxidation in which it probably exists in hydroxylemine,
($N=), to thet of ammonis (:NE):

R+-N'7C1Z0 —— R+-NZ1C1Z0
A more striking example1 of the same process is the transfor-
mation brought about by treating fermhydroxsmic acid with alka-
1lis, namely, to give isocyanatés, carbamates,or carbonates and
ammonia.

One would expect that B-acyl-B-alkyl(aryl)hydroxylamines
containing an oxidizable acyl group would behave towards mild de-
hydrating agents in a manner similar to ﬁ-dibenzylhydroxylamine
and that they would offer another possibility for intramolecular
oxidation on treatment with strong dehydrating agents, such as
phosphorous pento;ide, and might yield isocyanates which give by
hvdrolysis carbon?ioxide and amines, In which of the two possi-
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 erployed?
It was for the purpose of answering these questions that the Pres-
ent problem was undertaken,

0f the substituted acylhydroxylamines, RB-benzylformhydrox-
amic acid was found best suited to the study of the problem
under consideration, This led tc its prevaration, which was

X

accomplished by the action of formic ethyl ester on 8-benzyl-

“Wieland: Die Knallsavre, p. 32 (1509).

Z
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hydroxylamine, This compound, O:CH-N(OH)-CHpCeHs, offsrs two

possibilities for intramclecular oxidation when treated with

dehydrating agents: OH
!
H ~HgQ_» 0:C:N-CrhHy + HzO—a-q—$—07H7~4-COg + CoHolH»
] ) .
0=C-N-CqHq 0 H
]
OH -H:0 "O:Q—N:CqHs + Hz0— 0:C-KHz + CgHsC:0
§ !
H . H H

A consideration of these transformations from an electronic point
of view will serve to make clear the intremolecular oxidations
suggested, By the loss of water from B-benzylfermhydroxamic 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. 0Z107#H-+CoH,
2. OZIC+-1iT20-Cel
+ +
H H

By hydrolysis alone, the first electromer could not give
carbon dioxide and benzylamine nor could the second yield form-
amide and benzaldehyde, but, in each case, the original compound
would be regeneratediﬂln order that these substances may result
Trom hydrolveis there must be a transfer of negative electrons
from carbon to nitrogen to give electromers of the two forms
(1 and 2) vpreviously indicated:

la, 0Z1CiT1i-+Collg

20, 0Z31C+-1Z10-Cells
+ +

-

H

-

1
1 .',1~ 7 - 3 - £l -
gr oe JjayoLjsed_ln*the 11rst case to give B-benzylhydroxylarine
rormic acid and in the other the same products,

A

L
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These are the only electromers which would yield respectively
carbon dioxide and benzylamine on hydrolysis in the one case
~and formemide and benzaldehyde in the other case,
It-has been pointed out that Walder obtained benzylamine
and benzaldehyde by treating P-dibenzylhydroxylamine with

4 *
Beckmann s mixture and that Bamberger and Destraz got phenyl- .
pF g 9 ¢ MW

ie acid with phosphorous ventoxide, With the hope of obteining
a .- . b4 L) £
similar results the action of Beckmann s mixture and phosphor-

ous pentoxide was tried separately upon B-benzylformhydroxamic

2

e

1C

"

(a) Two grams of B-benzylformhydroxamic acid was treated with
an excess of a solution of dry hydrogen chloride in glacial
acetic acid (Reckmann s mixture) and the mixture digested on a
weter-bath for two hours, At the end of the overation the benz-
aldehyde which was vproduced was extracted with ether, The alde-
hyde was identified by converting it into benzalvhenylhydrazone,
0f this last product, which melted sharply at 152,50, 0.6 of a
gram was obtained, A portion of the solution which remained

after the extraction of henzaldehyde gave an isocyanide re-

=

.

~ o~ -
aCulon

]

~ 2N

cnSnm wmled Al cwe VA1
MANE WNR1lCa was Lif

)
B

(i}
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Yo

er portion reduced an ammoniacal solution of silver nitrate,
probably due to the vresence of formic acid, The rewainder of

the solution, upon evaporabtion, gave a residue censisting chiefly

—

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



of ermonium chloride. From these results it is evident that
oxidation proceeded in both possible directicus .Which have
have been previotisly indicated,

(2) Five grams of the acid thououghld mixed with an excess

of nanEhorous pentoxide were subjected to distillation, Ry
heating )
gentlyhthe rixture on a water-bath the corponents reacted

& %

A T
violently with considerable charring, and giviag, at the sare
time, two or three drops of a liquid smelling strongly of an
isocyanate, This liquid upon treatment with aniline gave a

N . _ G 0
crystalline product of phenylbenzylurea melting at 167 te 166 .
The B—benZVIformhydrozamlc acid used in the experiments
L
U

desoribed was obtained by carrying cut the

. £ . N i . l .
followirn: reactiéns: (1) f-dibenzylhydroxylamine by the action
' 3 ¥ 7

wnich we have jus
of benzyl chleoride on hycroxylarmmonium chleride in the presence
s W7 ) : < . 2 L B
of sodium carbonate; (2) H-benzylisobenzaldoxiwe by oxidizing
B-dibenzylhydroxylarine with potassium ferricyanide; (&) g-
benzylhydroxylamine by hydrolysing N-benzylisobenzaldoxime
with hydrochloric acid; (4) B-benzylforrhvdrexamic acid by
treeting B-benzylhydroxylsmine with formic ethyl ester, In the

&

experimental part, which follows, an account will ke of our

o

rodifications of the

iret thr
1rst Loy

4!

1 o
e vrocegses and a2lsc & ds

™y
»
tion of the method emoloyed for obtaining B-benzylfernhydrox-

aric acid,

1

Benrend and Leuchs: Ann., 257
“Ibid.,

®Ibid,, 257, 224; Beckrann: Ber., 22, 438 (189).

, 216 (1890).

6
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EXPERIVENTAL PART

To a solution of 1l4g. of Hydrokylarmonium chloride and
5Cg. of benzyl chloride in 200cc., of 70% alcohol &Cg. of crys-
tallized sodium carbonste were added, The mixture was then

boiled for two hours in & flask provided with a reflux-con-
the filtraie was added
an excess of ice water to precipitate the S-dibenzylhydroxyl-
amine, After the addition of water the flask was nlaced in a
freezing-mixture where it was allowed to remain until complete
precipitation had taken place, Updn'filtration 26g, of pufe
white needle-like crystals of B-dibenzylhydroxylamine were ob-
tained which melted at 123

| - lizbenzylisobenzaldoxire.

Eighteen grams of 3-dibenzylhydroxylamine were placed in a
one liter separétory-funmel and to it were added z0cc. of ehber,
and concentrated solutions of 13,5g. of vpotassium nydroxide
and 72z, of potassium ferricyanide, The mixture was shaken vig-
orously until the oxidation of the 3-benzylhydroxylamine was
complete, The process of oxidation regquired only ten minutes,
The aldoxime was obtained by making three extractions with
ether. Upcn evaporation of the ether a residue of 17g., of M-
benzylisobenzaldoxire resulted, The vure substauce,which was

chtained by nrecipnitating it from an éhter solution with ligroin,

melted at 810.

7
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B-benzylhvdroxvlamine,

Hydrolysis of H-benzvliscbenzaldoxime. - The preparation

of B-henzylhydroxylamine has been described by Beckmannl and
also by Benrend 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 turough the
mixture until all the benzaldehyde had distilled over, The +
resulting nrogagi %gg“iggﬁ "e nédover a low flame until the
greater portion of hydrochloric acid had been driven off, To
the cooled residue a cold satursted solution of sodium car-
bonate was added,until the solution reacted neutral to litrus,
A small amount of sclid remained which was separated by Til-
tration, To the filtrate, after it had been cooled to zero,
was added enoush sodiwm carbonate to make the solution distinct-
ly alkaline, After an hour the B-henzylhydroxylamine nad pre-
cipitated- in an absolutely pure state from the filtrate, The
solid residue which was obtained from the first filtration
was exbracted with lig roin from which a small amount of ik

ired enbstance was recovered, In this way 6 grams of the
- -a ¥ hy

Aa
A, e b e - Y e ey emeda Sma—

(4]

. e .
pure compound,which melted at o7 , was obtaiuned,

S-henzvl fornhvdroxaric Acid.

Action of formic ehtyl ester on H-benzylhydroxylamine, -

A solution of 4 grams of B-benzylhydroxylamine in & grams
of formic ethyl ester was kept at room tempersture, in a
stoppered flask, for 14 days, At the end of tunis time, a

8"
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test portion of the mixture showed no reduction of copper
acetate but gave a copper salt, The contents of the flask
were transferred to an eveporating dish, The solution was

evaporated in a vacuum desiccator until a thick paste re-

mained, This paste was placed over solid potassium hy-
drog¥ide in a desgiceator and kept in a cool place to facil-

itate crystallization, At the end of three days most of the
contents had crystallizad., The substance was separated from
irpurities 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 B-hen-

zylTormhydroxamic acid separated as long white needleg, The

yield was three grams or 67 per cent of the theory,

An ansalysis gave the Tollewing valuss for uilregen, car-
bon, and hydrogen: »

: N , . 0 o =

0.2211 gram substance gave 19 2cc, N at 25,5 and 742.5

v, (uncorr.)

Calculated for CgHgOnll Found
i 9.27 9, 4E
0,2028 gram gave Q,4720 gram CG, and 00,1126 gram Hp0,
Calculated Tor TgHgUoN Founa
C 69,54 £5.48
H £.00 6,16
B-benzylformhydroxawmic acid is easily soluble in ether
ana~2100hol and slightly soluble in water, It atA490 to 500

h.

9
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and show# little if any decomposition at its boiling point,
With a hot alcoholic sclution of the acid a concentrated so-
lution of conper acetate gave a copper salt which precipitat-
ed a§ 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 00,0593 grem conper,

Calculated Tor C,el;e04N20u Found

17.48 17,47

]
kmenn

Action of Bec

Two grams of 2-benzylformhydroxamic acid was digested,on

a water-bath, with an excess of a solution of dry hydromen
cnloride in glacial acetic acid (Beckmanﬂ’s mixture,. The ben--
zaldehyde which was pdoduced during the operation was extract-
ed with ether, The aldehydé wag identified by converting it
thirough the action of phenylhydrazine into benzalphenylhydra-
zone, There was only 0,3z, of the hydrazone obtaihed, The
substance was pure as shown'by the
ly at 152.5 degrees. The solution which remained after the
separation of benzaldehyde was divided into twe. portious,
after it was shown to reduce an armoniacal silver nitrate

solution,

10
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Cne portion gave isocyanide reaction for a primary amine
upon treatment with chloroform and alcoholic potash; the
other, on evaporation, gave a residue consisting chiefly

of armmonium chloride,

ction of

Acid.

Five grams of B-benzylformhydroxamic acid thoroughly

mixed with an excess of phosphorous pentoxide was sub-
jected to distillation, On heating the mixture gently, by
means of a water-bath, the components reacted violently,
Practically the entire conteants of the flask became a
black tarry mass, The water-bath was replaced by a metal-
bath in.order to secure a higher termperature. so that
any liquid present would be caused to distiil 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
phenylbenzylﬁrea melting'at 167° to 168° resulted,
Surmmary

(1) B-henzylformhydroxamic acid was obtained by the
action of B-benzylhydroxylamine on formic ethyl ester,

(2) B-benzylfgrmhydroxamic. gave-a characteristic cop-

per salt,

1
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(3) B-benzylformhydroxamic acid upon treatment with
Beckmann' s mixture suffered intramolecular oxidation in
two directions giving carbon dioxide and bengylemine: in:
the one case and formamide and benzaldehyde in the other,

(4) B-benzylformhydroxamic acid upon treatment with

phosphorous pentoxide suffered intramolecular oxidation

giving benzylisocyanate,

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 the-
adtion of hydroxylammonium chloride on chloroacetamide ob-
tained chloroacethydroxamic acid, Later the same substance
was prepared by Jones2 on treating a cold alcoholic solu-
tion of chloroacetic ethyl ester with free hydroxylamine
dissolved in absolute alcohol, In this laboratory both bromo-
and iodoacethydroxamic acids have been made by Jones and
Werners, )

it has been shown that hydroxamic acids of both the ali-
vhatic 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 ruch te describe new hydroxamic acids
as to obtain a definite knowledge of the changes which halo-

gen substituted hydroxawic acids of the aliphatic series

!

<

uvld undergo if heated at or somewhat above their melting
points, In order to determine these changes, dichloroacet-
: i 4 2 e Q04

Gazz, chim, ital., (I) 24, 428 (1904).

2

3

*Picschel: Ann., 17%, 305 (1877); Ihid., p. 324
"Losen: Ibid,, 186, 2 (1887); Ibid., p. 21; Ibid., p. 27;
Ibid

id,, p. 44, 13
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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 ﬁenbto pre-

vent decomposition and to increase the yield of the acid,

i 5

The decomposition is evidently due to the replacement o
the chlorine atoms giving hydroxylammonium chloride and
other products the nature of which has not been determined,
Dichloroacethydroxamic acid is readily soluble in water,
alcchol, ether, and acetic ethyl ester but practically iu-
soluble in most of the other organic solvents, Its salu-
tion in water gives a strong acid reaction towards litmus,
and & wine red coloration on the addition of ferric chlo-
ride, It crystallizes in the form of needles which melt

at 86 to 67

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 Lossen and
his collaborators’ furnish many stritking instences of such
rearrangerent among the aromatic hydroxamic acids, He found
that the mono-, di- and triaéylabed derivatives of hydrox-
arzic acids upon being subjected to the action of heat gave

isocyanates or their decomposition products, These changes

1 )
0c, €it

14
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are evidently of the Beckmann type as shown by Lossen s
results as follows:

(1) Nonohydroxamic acids gave on distillation products
sccording to the equation:

R-C(:0)HH(COH) — R-N:C:0 HéO_————* R-NHz + CO,

(2) Dihydroxamic acids gave an isocyanate, an acid, an

anigl i’qA arnd Aownihan AsAawadas
Thidd b LAY LIV LaL VUl VUIUVALUT .

_0(:0)IH(0C0R") ———a RLN:C:0 » HO-C(:0)R .

b. R-C(:0)NH(0COR | — > RMH-C(:0)R + CO,

(2) Trihydroxamic #cids, The three isomers, benzanis-

o
os]

benzhydroxylamine, dibenzanishydroxylamine end anisdibenz-

ave the seme substances al-

hydroxylamine on distilla o £
though the vroportion of these products were quite dif-
ferent:

8, N(CgHn02) (Cols0)(Cpis0) ——» CHaGCeHLN:C:0 + (CeHgCO) L0
. ¥{CgH,0,)(ChrH0) (CH;0)—> C H5 C:0 + CgHgCO0-0-COC H,CC
A few years later Thiele end Pickard snowed irn their
study of votassium salts of dihydroxamic acids that it was
necessary to assume as the first stage in the deco#position,
by heat, of the salts of these acids t hatzﬁyl forred to-
gether with the potPsswustﬁz the zcid nrelated related to the
acyl group substituted for the hydrogen in the oxine grouyp.
It is evident that by hydrolysis the isocyanate would yield

arines which in the presence of the unchanged isocyanate

1 \
Ann,, 209, 189(1899;}.
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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,

Theories have been advancegyboth S‘bieg;litz1 and Jonééato
interpret the mechanism of the Beckmann rearrangement, Stieg-
litz maintains the position that such a rearrangement results

- from a molecular dissociation followed by a change in valence
of nitrogen from three to one and a subsequent readjustmeﬁt

of groups due to the influence of univalent nitrogen:

X o
R-C—N(Y————a R-C-N= + XY —> R-N:C:0 + XY
(1] "
0 0

s n . . . 4 . .
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 has been made to the fact that the esters of hy-
droximic acid exist in two stereoisomeric rodifications. The
two isomeric forms of ethylbenzhydroximic acid were obtained

- 4 )
by Lossen, It was observed by Alfred Werner that the syn-modi-

*pm. Chem. J., 18, 751 (1896); Ibid., 29, 49 (1902); Stieglitz
and Earl: Ibid., 30, 399, 412 (1903); Stieglitz and Slossen; Ber.,
28, 3226 (1896); Ibid., 34, 1613 (1902)

® Em. Chem. J., 48, 1 (1912); Ibid., 50, 440 (1913),

*am., 252, 211 (1889),

Ber., 29, 1146 (1896).

4
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fication upon treatment with phosphorous pentachloride and a
subsequent treatment with water suffered Beckmann rearrange-
nent giving the ethyl‘ester of phenylcarbamic acid, while the
other isomer gave a complex esfer of phosphoric acid, He assum-
ed that the following reactions took place: |

1, CsHs-%-O-Csz———v 05H5-g-0-02H5-*',Cl-g~O-CQH5

HO-N C1l-N CeHg-N
C1-C-0-CzHy + Ha0 —> HCL 4+ HO-C-0-CoHs
ceﬁf,-r'; CeHs-;\‘!
2. % Caﬂs-%—O-CEHS + PCly—> 3 HCL . (ceﬁs-g_o—czﬁg)spmz
}-0H : 1io-

(CyHy-C-0-Cae)PCLy + HaO— (c'eHs_g-o-Czﬁs)apo + 2 HOL
NO- HO-

Yerner s interpretation of the bYehavior of the two isomers
towards phosphorous pentachloride gives evidence to show that
both forms do not suffer Beckmann rearrangement, But the hypoih-
esis of Stiegiitz; that the presence of univalent nitrogen to-
gethér 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 axperiment, In terms of
the corpuscular atomic hypothesis Jones2 was first to suggest

an explanation of this difference in behavior of the isomers,

" Loc. Bit,
“Am, Chem, J., 50, 414 (1913).

17
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On the basis of the theories of Stieglitzland Joneszit was
anticipated that dichloroacethydroxamic acid, on decomposition
by heat, would lose a molecule of water and undergo resrrange-
ment to form dichloromethyl isocyenate, and: that the latter
compound would be hydrolysed to give dichloromethylamine and
carbon dioxide,,ahd furthermore dichloromethylamine would break
down into prussic and hydrochloric acids according to the fol-
lowing équations ot

(1) HCClp-C-N— HCClz-C.-N —> HCC1,-N:C:0 + Hz0

w ot .
0 H O

(2) HCClp-N:0:0 + H,0 — HCCl,-NH, + COg
(3) HCClp,-NH, —> HNC .+ 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 wash-
bottles each containing a solution of barium hydroxide
The preducts which wers isolsted wers as follows: (1) Hy-

drochloric acid; (2) Prussic scid; (%) Carbon dioxide; (4)

1 .
Loc. eit.
2 .
Loc. ¢it

18
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Formic acid; (5) Ammonium chloride; (6) Dichloroacetamide;
(7) Dichloroacetic acid, Together with the substances e-
numerated were also obtained 81,3cc. of a gas which was
probably nitrogen, Very likely this Fas owed its origin
to the decomposition of free hydroxylamine the formetion
of which will 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 plausable possibilities of hydrolysis by the water
wnich was liberated according to the first reaction, name-
1y, 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

-
.

nydroxylamin

— O

HCClg-—'CC—NOH + HgQ ——— HCCL,-C(:C)OH + HgiOH.
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 anliydride and formemide which ,
at a higher termperature , react to form acetamide and formic
acid, It is likely that under the conditions of the experi-

4
ment dichloroacetic acid would benave in a manner sirular

1

Ann,, 287, 347(16%5.
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to acetic acid and would form dichloroacetamide and formic
acid, |

The formic acid produced would react with free hydroxyl-
amine to give carbon dioxide, armonia, and water:

HoMOH + H-C-OH—— COz + NHz + H30.

0

And smmonium chloride would be formed from armonia and hydrogen
chloride, Furthermore, at the temperature of the experiment
any hydroxylarmine which had not reacted with formic acid would
deconpose chiefly into water, nitrogen, and ammonia:

SHoHOH ———— %50 + Yg « g

It was thought likely that the acyl esters of dichloro-
acethydroxamic acid and their salts would give interesting
results when decomnosed by heat, In this case there is lit-
tle possibility of water veing set free which would have
a disturbing influence upon the course of the reaction, so
thrt in each instance dichloromethylisocyanate and an acid

or its salt would be expected;

0 0
" "
HCClp-C-l! ~0-C-R ——> HCOC1,¥:C:0 + R-0-CH
E 0

For the determination of this point the kenzoyl ester
of dichloroacethydroxarmic acid was prepared by treating
dichloroacethydroxamic acid with benzoic anhydride, Neither
the sodium or potassinm salt of this ester could be iso-
lated in the pure state, A small amount of the sodium sali

was obtained but suffered soontsaneous decormositon even
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when placed at once in a desiccator, Simﬂlar phenomena
were observed by Jonesl 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 hydreogen in a manner sim&lar to that emnloyed
in the decomposition of dichloroscethydroxamic acid itself,
& quantitative yield of benzoic acid was obtained, A liquid
condensed in the U-tube which possessed a strong isocyanate
odor and which on treatment with water gave carbou dioxide,
prussic acid, and hydrochloric acid;
(1) HOOLp-MiC:Qmmees 005 + HOCLp-NH,
(2) HOClp-lHg— HNC .+ 2HCL
In this commection an attempt was made to preparse dichlo-
roretiylisocyanate by the method employed by Schroeter and
to study its properties, Although the experirent was not en-
“tirely satisfactoty, it was not repeated. Five grams of sodiurm
€7h¢9¢ﬂiwns treated with an equivalent amount of dichloroacetyl
chloride dissolved in henzene, The corponents of the mixture
did not react readily even at the boiling voint of benzene,
The flask containing the substences was set asice for e month,
at the end of which tire its contents were exemined. It vas found
to contsin @ solid portion consisting largely of a gelati-
nous rass of sodium chloride and a liquid portion, The liquid

was subjected to fractional distillation. An irpure product

i

"Am, Chem, J., 48, & (1912).

2 Ce o
Ber., 42, r&bé (190%).
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was collected which boiled between e5° and 900, This fraction
ves a colorless liquid possessing a sharp penetrating odor;
but not a trace of onrussic acid could be detected. It gave,
however, after the addition of water,distinct tests for car-
von dioxide, hydrochloric acid,énd prussic acid, Theze re-
sults are i» perfect agreement with the theory expressed by
equations (1) and {2),

In the sase of the preperation of dichloroacthydroxamic
acid it was found, as previously stated, that at a tempera-
ture of minus ten degrees a hetter yield of the acid was
okttaired, Using this imformation, an atierpt was made to
prepare trichloroacethydroxaric acid which we had not been
able to make, Accordingly, an alcoholic solution of trichlo-
recacetic ethyl ester woas cooled to wminus fifteen degrees
and to it was added dron by drop a calculated arount of
hydroxylarine disselved in alcchel, Instead of gettihg the
corpound sousght, the hydroxylarmonium salt of trichloroacet-
hydroxamic ﬂCid,CCIa-C—¥O¥H3, was obtained, At present this

1]

O M CH
is the only hydroxylammonium salt of a hydroxamic acid
described..

By the method used for the preparation of dichloroacet-
hydroxaric acid, glycocoll hydroxamic acid was obtained by
the action of glycocoll ethyl ester on free hydroxylamine,
The acid decormposed at 140° giving a tarry residue as the
chief product, A small awount 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,
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EXPERIMENTAL PART

Qich;ogoagethgdgo§gg;g Acid
The_action of hydroxylamine on dichloroacetic et ter. -

To a solution of %0 grams of dichloroacetic ethyl ester in
10cc, of absolute alcohol cocled to minus ten degrees by means
of a freezing mixture, a concentrated alcoholic solution of
hydroxylamine 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 con-
tinously to prevent locel heating, These precautions were
found to be necessary in order to avéid decomposition due

to the replacement of the chlorine atoms, No precipitate
should form during the entire operation, The separation of

& white solid indicates that the temperature has not been
kept sufficiently low, or that %hei 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 end the solution was clear,
The alcohol and excess ester was then evaporated in yacuo,

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 dichloroacethydroxemic acid as fine
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‘needles which belonged to the regular system and melted at
0 0
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 26.5o

v?42,3mm. (uncorr,).

Calculated for Found
CoH3z0,HCl, .
N 9.75 ' 9.63%

DECOKPOSITION OF DICHLOROACETHYDROXAMIC ACID EY HEAT

Three grams 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 wash-
bottles each containing a solution of barium hydroxide, Dur-
ing the distillation a constant stream of pure hydrogen was
caused to flow through the system, At 110° a vigorous decompo-
sition of the acid took place, The temperature was raised to
1450, at which point it was maintained for ten minutes, The
producta isolated and their amounts were 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 0,027z,
(3) Arount of HUL determined by Liebig’s method was C,0142g,

In the experiment 2C0Occ, of 0,480 normal barium hydroxide
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solution was used, After the reaction was cemplete the hy-

droxide solution had been reduced to 0,300 normal,

Amount of Ba(OH)z used........oovvnvvnvinnnnns 6,136 grams
ss s not neutralized............ . 5139,
neutralized,.... eeeenes. 0,997 ,,

22 > 33

23 ) 3

,s vr s ,» i, Prussic acid,..... 0,086 ,,
s s s +» 2, hydrochloric acid., 0,0245 ,,
Total amount of barium hydroxide neutralixed..,.... 0c.882 ,,

(4) There condensed in the U-tube 0,7€6g.vof 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 reaidue of 1,8g, This residue was ex-
tracted with ether leaving 0,38g. of ammonium chloride un-
dimsolved, It was identified by making an analysis of its

platinum selt,

Weight of (¥Hga)oPtCle ....vuveevnnnn.. ... 0,1538 gram
v sy Platinum, ool ... 0.0648 ,,
Calculated percent of Pt Found
45,96 £3.72

(6) The ether extract was treated with a solution of sodium
carbonate, In this way a neutral portion of 0,2g, of dichloro-

acetemide was obtained upon evaporstion of the ether, The

amide was purified by precipitating it from an ether solution
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with ligroin. It melted at 97.5 and had all the properties
of dichloroacetamide prepared from dichloroacetic ethyljester
and ammonia,

(7) The solution left from (6) was acidified and extract-~
ed 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 ammoﬁiumﬁsalt cryﬁtallized in plates which
decorposed at 100° without melting,

The products resulting from the distillation of three

grams of dichloroacethydroxamic acid may be summarized as

follows: _
1, Prussic acid.....cvvvviienenn.s e.e... 0.027C gr.
2. Hydrochloric acid........... nnn 0.0142 ,,
3. Carbon dioxide.,,..vivveueneennn. ... 0,192 ,,
4, Ammonium chloride...........ccuuuen. 0.8 ’
5, Formic acid .,..,. Ceeenees e eee. 0,776,
6, Dichloroacetamide,............... ... 0.20 '
7. Dichloroacetic acid.......... tear.s. 1,18 s

J e Cevens ;7;.92 .

One gram of dichloroacethydroxamic acid gave on dis-
tillation 27,lcc, of gas which did not give a test for either
nitrous oxide or carbon rmonoxide, If the gas was all nitro-
gen, the the amount from three grams would have weighed
0.10i7g, This would give a total of 2,87C%9g, of products from

3g. of the acid,
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The Benzoyl Ester of Dichloroacethydroxamic Acid

Acti6n of dichloroacethydroxamic acid on benzoic anhydride, -
Three grams of the acid was thordughly pulverized with 4.8g.

of benzoic anhydride and the mixture heated for five minutes
at 650 to 700. The residue was extracted several times with
ligroin to remove the benzoic acid, The ester which remained
wasg 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 thé following value for nitrogen:

0.3120 gram gave 14,9cc, of nitrogen at 19.5o and 751, 7wm,

Calculated for CoH,CzlCl, Found
N 5,66 5,42

Five grams of the ester was treated with hydrochloric-acid

0
and the mixture heated in a sealed tube for one hour at 100 .
The resulting product was extracted with ether, From this ex-

traction 2g. of benzoic acid and a srall amount of dichloroacetic

acld was obtained, The water solution on evaporation gave a
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residue of 0,08g. of hydroxylarmonium chloride which was
identified by converting it intc benzophenoxime which melted

at 140° to 141°,

Distillation of the RBenzoyl Laster of Dichloro-

acethvdroxamic Acid

One gram of the ester was heated at 150  in an atmo sphere
of hydrogen, A volatil ' was condensed in a U-tube immersed iq
a freezing mixture, The evolved gases were passed through hy-
drochloric acid and then through a solution of barium hydgox-
ide. The hydrochloric acid remeired unaffected, A precipitate
of 0,09z, of bariur carbonate wes obtained, In the U-tube
were condensed a few drops of & liguid possessing a sharp iso-
cyahate odor. The liguid when trested with weter gave carbon
dioxide, hydrochloric acid and vprussic acid, The residue,
which wes colored slightly brownish, consisted alrost entirely

of benzoic acid,

Hydroxvlammoniuwr Salt of Trichloroacethvdroxamic Acid

The acticn of hydroxylsmine on trichloroscetic ethyl ester.-

Twentv-nine grarms of trichloroacetic ethyl ester was desolved
WV &

. . . : . e
in 1%ce. of absolute alcohol and the soluticn cooled to -10

To the cooled solution were added droy by drop de. of hydroxyl-

arine in alcoholic solution., At no time was the temmerature
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permitted to rise abeve 15 and during the addition of
the hydroxylarine the flask was shaken vigorously to pre-
vent local heating, After the solution had remained at the
given termperature for about twenty minmtes crystals began
to form and continued to do so until the entire contents
of the flask seemed solid. The crystals were separated from
he small amount of liquid, dried and dissclved in acetic
ethyl ester, From this solution the salt was precipitated
2s needles belonging to the irregular system, They melted
at 72° to 75 with decomposition, The yield was 8 grams, A
chlorine determination showed that neither of the chlorine
atoms had been displaced,

An analysis pave the following value for nitrogen:

0.4890 gram substance gave 6cc, N at 19° and 742, lrm,

(uncorr, ).

Cglﬁuéa?edlfor Found
2NaC

219 2 3 15_61
N 13.25

@lycocoll Hvdroxamic Acid

-~ 1cocoll ethv]l ester. -

Twenty grams of glycocoll ethyl ester prepared by the method
of E, Fischer were treated, at minus ten degrees, with an
alcoholic solution of hydrexylamine, The hydroxylamine was
added slowly and the flark shaken vigorously after each ad-

dition, A clear solution resulted frow whnich a white solid

i

Ber., 34, 426(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
bime-the reaction was complete, The contents of the flask
were collected and dried. The acid is soluble in water,
2lightly soluble in alcchol and inscluble in other or-
ganic sclvents, It crystallized from a dilute alcohol sol-
ution as parallelopipeds melting at 140O with decorposi-
tion., The yield was quantitative,

in snalysis gave the following value for nitrogen:

C.1668 gram gave 44, 8cc, of nitrogen at 140 and 745mm,

(uncorr. ),

Calculated for Found -
CoHa05ls
31,09 31,16
Surmary

The foregoing pages are & record of the method of vprep-
aralicn of dichloroacethydroxeric acid; of the bemzoyl es-
ter of dichloroacethydroxamic acid; of the hydroxylarmonium
salt of trichloroacethydrokamic acid; of glycocoll hydrox-
amic acid; and an investigation of the deconposition products
of dichloroacethydroxamic acid, of its benzoyl ester and
glycocoll hydroxamic acid when they were subjected to the

action of heat,
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