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Translated from Zh. Obshcheil Khim. 88SR, 23 (1653, 8, 1323-1.30C.

CN THE ESTERS OF ETHYLENE- *LYCOL-ARSENOUS ACID

Gil'm Xamai and Z. L. Khisamova

Detailed studies of the cvrlic derivatives of srserious
acid were begun at our lavoratery in 1950 [1-2}. The cyclic
esters of ethylene-glycol-arssnous acid have not previously been
studied by anyone. In the present communication we report our
resu.ts from the study of the chloroanhydride and the mixed

esters of ethylene-~glycol~arsenous scid, containing a five-
membered ring,

By reacting an equimolecular quantity of arsenic tri-
chloride with 2thylene glyecl in an absolute ether medium in the
rre<ence of anhydrous pyridine, we synthetized the cyclic chloro-
anhydride of ethylene-glycol arsenocus acid (I)* as the principal
reaction preduct, according to the squation:

CHy~0H ?HB~O\
1 + A8012 + 2C555N — /ABGI + 20§H5N‘HCI
CH,—OH CH,~0 v

(1)

It was also drought out that in this reaction there is
formed, beside the chloroanhydride, the full ethylere~glycol
ester of arsenpus acid (II)se;

?HQ"O

GRB“O

,O—CH,,
“Ag~0CH,~CH,0~As” |

d © ¢ N~CH,
(11) “

Arn erveriment on the reaction beilwesn the chloro-
anhydride of ethylene-glycol-arsenous scid and etnylene glycol
in the preecance of pyridine in an absclute ether medium led to
a simiiar final result. Thus it was demonstrated that the

i ———Cu o

Can be named Z-chloro (1:3 dioxa~-2~-arsenacyclopentane).
(G. A. Grant)

“¢ Can be named 1,2-bis-2~ (1:3 dloxa-2-arsenacyclopendanyi)
ethylene glycolate. (G. A. Grant)

™

T T TN R A RS M R RO NPT AR W AR




e
 ——a

T —

O

ester (II) 48 formed through a seceondary resction.

The fuil * ethylene glycol ester of arszencus acid {I7;
is also produced 11 very good yields (in the neighborhsod of
89-92%) by the direct reaction of arsenous oxide with ethyiens
glycol at a temperature of 140-1500C, This reactisn ia
reveraible: with an excess of water the ester is compistely
hydrolysed, forming arsenous oxide and ethylene giycol.

When an equimoliecular quantity of arsenic trichloride
reacts with (II), there ia en almosi quantitative formation af
the chlorosnhydride of ethylene-glyco=-a sencus acid (I),
aceording to the equation

CH -0
(II) « Aac13 —> 3| /\801
CH,~0
(1)

The ethylens glycol ester of arsenous acid (II) does
not react when heated with methyl liodide; it does not combine
with sulfur and copper monobromide. Its bromination reaction
takes a quite unusual course. Instead of the expectsd com-
bination with two molecules of bromins, what happens in this
reaction 18 that only hslf of the ecalculated quantity combines;
that is, one molecule of bromine resctis with one moleenlie of IX.
There takes place an interesting conversion with a cowmplex
regrouping of radicels., We have previously given the following
scheme for the reaction course: 1}

2-0 O—GH Cd, ~0~AaBr2
2| Aa-ocnz-cnzo-m ¢ 2Bry = | +
CHy~0" \o-crxz GHy=0—AsBr,
(11) (111)
?52-032 ?HB-?HQ
0 a0
N\
+ \As/gocuamcuzo-,a{

/\ /\

¢’ o o o

L |

CH, OH, CHy CH
(1v)

2

¢ Pull ester = di-ester.




The formation of the dbromcanhydride (III), * under the
givan couditions, has been experimentally demonstrated. This
bromeanhyderide is a liquid of greeniah color with a mustard-like
adoyr and a woiling point of 86%C at 11 mm of mercury.

The second compecand of pentavalent arsenic isclated by
vs ... 8hiny crystals of melting pecint 12709C ... dissol- =s well
in many organic solvents and in water; it does not hydroiyse
when c¢oid. The aqueous solution hes an acid reaction and may
he titrated with a8 0.1 n sclution of NaQH.

We now doubt the hypothetical structure given by us
previocusly [i] for substance (IV). Further research has indicated
that this subatance 18 the diethylene-glyr~ol-arsenous acid (V)
described by Englund {3). However, in ‘trast to Englund’s
preparation, ourse has a melting point of 127°, not 120°; the
molecular weight as feund by Rast’'s method is not doubled; in a
bromoform solution 1t sctuvally is close to the doubled value.

The formetion of diethylene-glycol-arsencus acld very
ilkely takes place by way of hydrolysis of the hypothetical com-
pound (IV) shown above:

i
N /°  cHgon :
(1v) + 2H,0 —> 2 /As\—OH + |
? 0 CHy—O0H
|
CH,— CH,
(v)

By reacting the chlorcanhydride of ethylene-glycol-
ersenot ' acid ,I) with the corresponding abasoluie alcohols in
the presence of pyridine in an ethyl ether wmedium, we synthetized
the seversl mixed esters of ethyiene-glycol-arsenous acid
according to the fcllowing schems:

CH,~0 CHy~0
| AsCl + ROH + CSHSN - l \ﬁBOR + CgHN"HC1.

In this way we separated the methyl, ethyl, n-propyl,
n-butyl, n~hexr), ».a~ptyl, n-octyl, nonyl, phenyl and cyclohexyl
zaters of ethylene~glycol-arsenous acid.

Unde. the action of water, ti said esters decompose |
rather easily, with liberation of heat and formaticn of the %

P v—

* Can be nemed (i:i', 6:6' tetrabroma-1:6 arsena)—2:5 dioxa-
hexane, (G, A, Grant) < 3 - '




37.5 g of ethylene glycol, 8™ 2 g of anhydrous pyridine ané
400 ml of dry ether.

While stirring end keeping the flask cool ' externally
with ice-water, we added to the mixture, drop b drop, 100 g of
arsenic trichloride. After the whole of the arsenic trichloride
had been added, the resrigeration was stopped and the .,esction-
mixture heated over a water bath for & period of one hour; ihen
it was allowed to etand overnighi., Next day the ether solution
was separsated from the precipitate by decantation, and the pre-
cipitate waes washed three times with abvsolute ether. After
driving off the solvent, we subjected the filtrate to vacuum dis-
tillation, with the result that the following fractlions were
separated at 11 mm:

§ 1) boiling peint 70-76C, quantity 61.3 g
2) boiling point 76-160°C, quantity 6.5 g.
3) boiling pcint 160-195°C, quantity 10.2 g.

Repeating the distililation, we separated from the first
fraction a substance of boiling paint 71-729C at 11 mm, and :
melting peint 44-459C,

Found $: As 44.10, Cl 20.95. 02H402A801.
Calculated %: As 44.05, Cl 20 82,

: <:> The cyclic chloroanhydride of ethylene-glyccl-arsenous
acid, here separated, is in the form of white shiny crystals of
needle type, <asily soluble in ether, benzene, toluene, dichloro-
ethane and dioxane. This chloroanhydride is instantaneously
hydrolysed by water, with liberation f heat and formation of
A8, 0, (found %: As 76.21; calculatea %: As 75.73).

From the third high-boiling-volint Iraction, v. obtained
a substance with boiling point 164-1570C at 4 mm (I”,, a colorless
viscous ligquid:

dﬁO 1.8951; ngo 1.5433; MRy 56.18; calculated 66.61.

Pound %: As 45.28, 0631206A82

Calculated £: As 45.40.

Production of the Full Ethylene Glycol Ester
of Arsenous Acid (II).

. 1) ;zg% the g%lo;oan%xdrido of ethylene-glycol-arsenous
@/ agid. To a solution o «8 g of ethylene glycol and 10.4 of

- 5 -y .
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{ <:> correaponding alcohnl, ethylene glycol and arasenous oxids (Aszoﬁ),

CHA=0 “H,—OH
2| \ABOR + 3HOH —> 2|

+ «20H + A8205.
Cﬂéwo CH ~OH

With the intention of producing 2 derivative of the
hypothetically postiulable acid:

/QH
s
Ho’A ﬁ’\ox .
we made attempts to bring about reactions (1) and {2), but these !
attempts turned cut unsucceasful.
CH2"O vﬁz—o /DR
/AsCI + NaPO(OR)g —> NaCl + /qs 4 .
cx{2 CHB-O ™o (1) |
0 :
CH -0, CHy—0_ OR)
® SAsCl + (RO)P —> | ° a——;;é 2
CH2—O CHz—O c1 OR
CH,—0 QR
—> RC1 + | ° SAe—p!
cnz—o f | OR (2)

EXPERIMENTAL PART

Production of the Chloroanhydride or
Ethylene-glycol-arsenous Acid (I).

In & round-bottomed flask provided witn & reflux con-
<:) denser, a mechanical stirrer and a dropping funnel, we placed

»

Can be named 1:2-dioxa-2-arsenapentyl phosphonate. {G. A. Greant.)
-4-
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pyridine in 200 ml of dry ether we added, with mcchanicnl stirrinc
and refrigeration, the chloroanhydride of ethylene-glycol-ur. nous’
acid. After removal of the pyridine chloride the filtrut. wuo
subjected to distillation. The principal fraction hud u bailing

point of 166-167°C at 4 mm,

2) From arsenous oxide and ethylene glvcol. In un
Arbuzov distillation-flask, we took 60 g of arsenours oxide und
86.4 g of ethylene glycol. The flask was heated oi. an oil bath
at 140-150°C for 30 minutes, with a water-jet pump to get rid of
the water liberated in the reaction. After removal of the water
dqnaer vacuw.n and by a doudble Alatilletion, ve had a fraction of
boiling point 160-161°C at 2 mm; quantity 80.2 g (92.4%),

Found ®: As 45.47, 45.66. 061-!1206”2.
Calcuiated %: As 45.40.

Reaction of arsenic trichloride with the full ethviene
gl%col ester of arsenous acid. 1n a round-pottomed flask with a
reflux c¢.ndeneer and a dropping funnel, we placed 15 g of the
full ethylene glycol sster of arsenous acid. Then we dripped in
6 g of arsenic trichloride. With this completed, we heated the
flask on an oil bath for 30 minutes. ter cooling, the reacticn
mixture was distilled in wvscuo. The principal fraction hadoa
bolling point of 66-57°C at 9 mm, and a melting point 44-45-C.

Found %: As 43.98; C1 20.67. CQH402ASCI.
Calculated %: As 44,05; Cl 20.82,

Saponification of ester (II). In a round-bottomed
flask under a reflux condenser, we boliled 2.5 g of the etnylene-
glycol eatsr of arsenous icid in 50 ml of water for 1 hour.

The white precipitate which formed was found to be arsenous oxide.

Found %: As 75.62. Aszo

Calculated %: As 75.73.

3‘

Action of bromine on ester (II). To 5! g of the ester,
dissoived in carton tetrachloride, we added 28 g .f “»romine
through a dropring funnel. The reaction flask was externally
coolea with snow. Bach drop of dbromine produced sn evnergetic
reaction with evoiution of heat., The bromination was continued
until a faint yellow coloration appeared. Upon standing, needle-
shaped ~rystals were precipitated from the scluticn. Next dsy
the crystals were filtered out, pressed dry, and washed with
carbon tetrachloriae. The filtrate was distilled in vacuo.
principal fraction as obtaine? which had a boiling point of
86°C at 11 mm; quentity 32.2 g. The substance thus separated
was &8 1iquid faintly tinged with green, having a mustard odor
and a lacrymatory effect.
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0 20 20 .
0 0 D **
Found %: As 25.38, 28.41; Br 60.39. C
Calculated %: As 28.30; Br 60,36.

47 L.6075; a%” 2.5668; n 6568.

2H402A328r4.

Next, the needle-shaped crystals of (V) precduced by
us were repeatediyv recrystallized from hot toluene. Shining
white needles of melting point 1270C, soluble in tclucne, ben-
zene, dioxane, acetone, chloroform, ethyl alcohol and water;
~oor solubility in ether. The agueous solution has an acid
reacvion (congo red turns strongly blue).

0.-As.,

Found %: As 35.62, 35.63. C,Hg0g

Calculated %: As 35.42.

0.2255 g of substance: 10.75 ml of 0.1 n. NaOi.
Found: equimolecular weight 210.82. Found: M 210.41, 211.25
(by Rast's method); 378.4, 375,6 (cryoscopically, in bremoform).
C,H.O.As, Calculated: M 212.03.

47975 .

Rescting 1,5 g of brucine in methyl alcohol sclution
with 0.807 g of diethylene-glycol-arsernsus acid (V), we obtalned
a salt with melting point about 204°C, in agreement with Englund's

findings [3;.

Found %: As 11.82, 11,63, C
Calculated X: As 11,75,

23H2604N2(02H402)2Aseﬁ‘ax,GH.

Production of the Methyl Ester cf
Ethylene-glycol-arsaenous Acid.

To a solution, chilled to OOC, of 5.8 & o!f methyl
alcohol, 9.2 g of anhydrous pyridine and 250 ml of absoluts
ether we added, by means of a dropping funnel, 20 g of ine
chloroanhydride of ethvlene-glycol-arsenous acid {I) dissolved
in 50 ml of e*hyl ether., After the whole of the chloroannydr
had been poured in, the mixture was heat:d over a water vath
one hour. Next day we l.iltered off the precipitate 0f pyridine
chloridc and washed three times with dry ether., After the
solvent was driven off, the remaining ligquid wus distilled in
vacuo. We obtained a fraction of bolling point ©O-01i9C uwt 11 mn,
quantity 8.5 g. The methyi ester of ethylene-glycol-ursenide
acid {3 an easily mobile liguid. Wster easily hydrolyses it,
with formation of arsenous oxide,

Production of other eaters 0f ethylene-giveosl-araen

acid, These wars produced by the method cescribed, startin:

e corresponding alcohols, plus 9.2-9.3 g of dry pyridd
-7 -
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20 g of “he chloroanhydride of ethylene-glyci'-arsenous acid (I)
in 200-300 ml of ethyl ether.

The esters thus obtained are cclorless liquids (from
the hexyl ester onward, they are of a viscous consisiency), witn =
out odor (except for tho nonyl ester, which has a pleasant smell ;.

Data on the esters obtained are given in the Table.

Experiment on the Reaction between the Methyl Zster
of Ethylene-glycol-arsenous Acid and Methy! Iodide.

5 g of the methyl ester of ethylene-glycol-arseno.s ac
and 8 g of methyl iodide were heated over a water bath in a f‘(sk
with a reflux condenser for a period of six hours. Distillati
then separated ard recovered for us (according to boiling poir
data snd index of refraction) the starting substances. We wer
unable to isolate any other individual substances.

Action of Bromine on the Tthyl Sster of
c

Ethylene-glycol-arsencus 8

”ch-

4
Fas

In & round-"sttomed flask of 5. ml capacity, we 100K
£ g8 of the ethyl ester of ethylene- bquOl—8r5t1‘JH acid and 20 ml
of carbon tetrachloride, And then adied 4.4 g of Yromine with &
dropping funnel. 1Intenge heating was observed. The curbon
tetrachloride wuas dietilled off at atmospheric pressure, The
remaining iiquid was tnen distilled under vacuum, The princip
fraction boiled at 72-73°C et 14 mm.

"he product of this reaction 18 a heavy liguid, sliigntly
tinged with yellow.

20

ag 2.2152; dgo 2.1767; n; 1.5880.
. 2 O
Pound €: As 22.09;Br46.69; CQH903AsBrz

Caloulated: As 22,04; Br 47,03.
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Reaction Between the Chloroanhydride of Ethylene-_ lycol-
Arsenous Acid and the Butyl Ester of Phosphorous Acid.

In a round-~bottomed flask with a reflux condenser ard
a dropping funnel, we took 15 g of tributyl phosrhite, dissolved
in 200 ml of ethyl ether, P’rigerating to -130C /wit* ice and
salt) we added, drop by drcp, 10,2 g of the chloroanhydride of
ethylene-glycol-arsenous acid, diluted to one-half with ether,
The reaction proceeded very energetically. The reaction-m
at first dbecame markedly yellow, and then began to turn brown.
Upon standirg, & precipitate of red phosphorus was formed., The
precipitate was filtered out, and the filtrate subjected to dis-
tillation. After removal of the ether at atmospheric pressure,

we obtained a fraction boiling at 117-120°C (d¥® 0.8099, dg 1.4015),

which 18 right for butyl alcohol. Upcn further distilisticon in
vrcuo wa obtainc.d another fraction, of boiling point 14C°C at 5 oum:

dg 1,1185, ngo 1,4333. The substance containe arsenic and phos=-

phorus, but speedily decomposes with formation of a black pre-
cipitate. )

Reaction Between the Chloroanhydride of “*Lylene—
glycol-arsenous Acicd and the Na-Derivative of
Diethyl-phosphorous Acid.

In the reuaction flask we took 200 ml of Ary etnyl =ilaer
and 4.1 g of metallic sodium. To this we udded, by means of a
dropping funnel, 24,5 g ~f diethyl-phosphnorous acid.

To the Ka-derivative of diethyl-phosphoerous s

e
@]

ia we

alded, i op by drop and wi<th external refrigeration, 30 g of the
chicronnhydride of ethylene-glycol~arsenau: acid, dilated *o
one—ual” with ether, .8 the dropping continued, the flasx con-
tents at first turned yelliow, and finalily took on a dbrick-red
color., The precipitate ... sodium chloride ... was filtered out;
its net vcibﬁt alter drying was 9.9 g (10.5 g are theoretically
required;, Upon distillation l.. vacuo, & strong decomposition
Laxes place, Wa 4did not suocesd in isolating any ;adivid al

sudbstsnces.

O S ———

e et o <4 Svowr o, 2+ = wa




CONCLUSIONS

1) It was established that by reacting etnylienc glycol
with arsenic trichloride in an absolute ether medium in trne
presence of pyridine, we may obteain the chlorcanhydride
ethylene-glycol-araenous~acid and the full etnylene glycci ester
of arsenocus acid.

2) A si-ple and convenlent methed was worked out for
producing the ethylsne-glycol ester of arsenous acid by way of
the resction of ethylene glycol with arsenous oxide.

&) The bromination of the ethylernz-glyccl ester of
arsenous sacid was studieds By “is reaction, the Wromoanhydride,
with structure [-CHZOABBrZ]z, and diethylene-glycol-arsenous &cid

were isolated.

~

CH

~0
4) The'cyclic mixed esiers of strusture éyd

N
o AsoR

were synthetized, and their pr pertfes and reactions save been-
descrivad.
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