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PART I
INTRODUCTION

In 1760 L. C¢ Cadet de Gassiocourt distilled a mixture
. gonsisting of equal parts of arsenious oxide and potassium acew
tate and obtained two ligquids which we now imow tﬁ be oacodyl,
(cﬂslgkaoAa(cﬁa)a, and cacodyl oxide, (Gﬂa)BAl-o-An(cﬂslgg(;
%hile naturallyeccourring srsenic compounds, such as sulphides,
were mown to enclent peoples, this is the firat recorded ine
stance of an arsenic compound in which the arsenic ocourred in
organiec combination, a sowcalled organie arsenical. In the
early nineteenth sentury, when modern chemistry was firat devele
oping, the organie arsenicals became the subject of considerable

investigation, Among the famous chemists whose names are &ssOw .

ciated with these eompounds, might be mentioned such men as
Bunsen, Dumas, Berzelius, Laurent, Gerhardt, Baeyer, Hofmann,
and Michaelis. In the early part of the twentieth century,
when already a large number of organie arsenicals had been pree
pered, the disaovery by Thomaa{n and later by Breinl and Kinge
hornw that the sodium salt of pearsanilic scid or atoxyl, had
a therapeutis action in trypancsomiasis furnished a tremendous
impetus for the making of new arsenic compounds. It started
Ehrlich on the traok of an illusive compound that would be bete
ter than the dangerous atoxyl; resulted in the discovery of
araphenamine, which has saved innumersble 1lives; and still toe
day encoursges many research workers in their efforts to discove

er the most efficient arsenical for the treatment of those die



senses oausod by :piroahetan and trypanoscmess

0f the many organie arsonicala which have been toated for
- therapeutie action only those oonta1n1n5 certain groups seem to
be effective. In addition to arsenie and the bensene ring one
or more amino groups seem essential for therapeutic action.
Thus the following compounds have provo& to be among the most
efficient in the treatment of syphilis: | :

HO }P AselAs Qcm ~ arsphenamine, snd various coordine
2 : Hg

ation compounds of arsphenamine,

_ao C} AssAs q{g neoarsphenamine,

caz,eson;
n§ ', 510(03)2 trypersanide,
“g mme : .

no1<::::>53;0 mepharsen,

while théunandl of other arsenicals have been tried the above
gompounds are used almost exclusively todey in medical practice.
Yet none of these can bo_tefmuﬁ the ideal remedy for the treate
ment of syphilis, Arsphenamine is difficult to prepare, re-
quires @ skilled techniclsn for its administration, and togethe
er with honarlphsnamina often produces toxic symptoms in the
patient whom it 1s intondod.bo oures _Tryﬁar-amido is of value
only in the last stages of thi disease. Mapharsen, while come
peratively new as & therapeutic agant, would seem to be the |

(16, 129
most efficient drug yet developod. ’ The need for further



study of arsenic compounds is apparent,

Practically all the orgsnic arsenicals which have been
'pwepnrod have the n;uaniu atom joined to carbon, The few exe |
ceptions to this, containing such linkeges as arsenig to oxygen,
arsenis to sulphur, and arsenic to nitrogen, have been so-little
investigated that it is impossible to say whether any eompounda
oontaining such linkages will possess therapeutisc value or not,
It 4s with these compounds that the present thesis decls, more
especially those oontaining the arsenic to nitrogen linkage.

In that the most effective arsenicals contain alnitrogen atom
in the form of en smino group, the hope that the compounds ine
vosgigatod and discussed hers may possess some measure of there
apeutic activity is not altogether without foundation,

thile & fow #ompound- with the As«N linkage have been pree
pared and investigated from the chemiocal standpoint, only one
apparently has been tested in vivo, Leonard, whose chemical
investigation of arsine-tri~lepiperidinium shloride was pube
lished in 1921, ¢ reported the results of his therapeutic in=
vestigation of this same compound in 1926.(5 He found that it
produced tht same symptoms es quaternary smmonium salts (a ro=
sult in harmony with the structure sssigned to the ocompound by
the euthor), showed no arsenical toxisity, and exhibited no
trypanocidal aotivity in sudlethal dosess It is of course ime
possible to condemn all compounds containing the As-N linkage
becsuse one compound fails to show therapeutie nctivity.' Arge
phenamine, 3,3'=diamino«~4,4'~dihydroxyarsenobensene, is extremew
1y sctlve, while ¢,4'-dianmino«3,3! ~dihydroxyarsencbenzene, inoe
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mi& with waphennmino , is entirely devold of action, Thus
the chomicnlltnustigttaon of compounds containing the As-N
1inkage was undertefen, and the results sre given in the exper~
imental portion of this thesis.



~_ PAR? II
« . RISTORICAL

The resotion between metal or metalloid halides and ammow=
nia oy amines may be expressed by the following equation where
¥ represents the metal or metalloid and X the halogens

A

. The resulting eomplom thus tormd may be di.vuud into two

- . 0lassest

1, Where one mole of amsonia o an amine enters tho'aomplox
for each halogen stom present in the original halide. Such &
: reautton takes place for example battm arsenious chloride or
bromide end nnzlzno.(6'7'8

AsCly + 3CgHgHHg ————ﬂv{candﬂx.nal}ahs.
or between piperidine and srsenious chloride or antimony trie
shloride,

8bCly + 50531053 — (csnlon HO1) 48, P
2, Vhere more than one mole of ammonia oy an amine enters the
complex for esch halogen atom present in the original halide.
An example of this type is the reaction between armonia or
amines and 1lithium ghloride snd bromide to give four different
types of complex ammin.ss‘gf;o'll Licl.ﬂns, Licl.ﬂﬁﬂs, |
- LiCl,3NHy, ' and LACl.4NHge To this oclass alse belong the come
plex amﬁine- of oobalt, platinum and other metals, such as
[ba(ﬁﬂs)6}01a and [ét{unais]cl‘, whose strusture was elucidated
by w.rnorg(lz While there is no essential difference between



the reactions l.hvnlud in the formation of the two classes,

nelides of phosphorus, arsenic, antimony, and bimmth usually
peact to form complexes of the first class and as it is with
these olements in particular thut this paper is dealing, they
will be dealt with more fully than those of the seoond class,

1) The reaction between arsenious halides and anines

Persos, in 1830, was the first wo{l;w to observe the soe~ .
tion of arsenious halides on ammonia. He obtained a comw
pound to which he aasigned the formula AsCl,.4lliy and observed
that it was decomposed by water, In 1841 Rose, by treating
arsenious chloride with dry amontatl:bmod a white powder
which he formulated as BASCly.THEge Pasteur in 1848 roe
peated Rose's work and observed that the resulting mixture oone
 tained two types of nyatah,&gc Deing mmmonium chloride and
the other an ersenic eomplex. He expressed the reaction
thuss -

RAaCly + TNHy —— £(Cl.AsKE) + 4RHClL + WNHze
Schiff in 1863 was the first worker to definitely assign &
structure to this type of eompound.{a Using arsenious, antie
mony, and bismth halides and aniline he obtained compounds
ASClge3C B NH,, 8DCL4aSC.HLNHy, and BLCLy e300 KHge Ho exe

pressed them structurally thus: 8
Koy {SC B o 3HCL e
3| 66

3

The arsenic compound melted at 90° and was decomposed by water.

Ld

Leeds in 1881 obtained similay :‘:gr;pqum from arsenious and
sntimony ehlorides and aniline, He also obtained gompounds

with aniline and & number of halides such as those of cadmium,



ferrous iron, mangsnese, stannous and stannie tin, titanium,
uranium; sino, and meroury, Ne also used other smines inclue
ding p= and oetoluldine and xylidines

Bamberger and Philipp in 1881 obtained & compound by the
action of smmonia gus on arsenious iodide in bensene solution -
to which they asaigned the formula ea-ra.ms. (18 Landan in
1868, using arsenious bromide and a large number of amines, Obe
tained compounds eontaining different nunbers of amine molew
gules depending upon the amine used, 4 Thus with sammonia
m-ms.mz, wag formed, with aniline MBra..MSHﬁKHB.HaO whlah-
was changed. into AsBryg.4CgHgNHo.Hgd by treatment with absolute
clwmi or glasial acetic socid, Other amines used were ethyle
amine, 4ipropylamine, tﬂ'i.mthylnmino. triethylamine, diphenyle
mm, and quinoline,

In 1800 Anschilts and Weyer made & very thorough investie
getion of t'.hc reagtion b.t.mn arsenious dromide and ghloride
and mutnogug These reactions were performed in dry ether
solution, With an excess of AsCl, or Asbr, the oompounds
cl.gm.nﬂcaﬁa and By As,NHC N, were obtaineds The ehlorine eome
pound was & yellow orystalline product, m.pe 87-88%, and decome
posed in molst aire m yield was extremely small, Honvw ir
an excess of anillne was used, ths eompound cuu(ﬁacaﬂa)s was
obtained, together with & large amount of ammonium chloride. A
sinilar gompound was obtained with arsenious dromide. These
investigators were uneble to obtain the sompound AsCl,.SC.H.NH,
prepared by Schiff and Landau, and belleved that the latter had

beon dealing with & mixture of ammonium ehloride and the above
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arn&niu eompounds, Besson in 1890 by plecing arsenious chlo-
ride, bromide, or fodide in an atmosphere of ammonia saz 23!)-
tained compounds As8lgs4NH,, AsBre.SNHg, and AsI;.4nH,,

He noted that at 300° both the bromide and fodide eompounds
were desomposed l.ntb the nitride, AsN. |

Michaelis and Rabinerson in 1890, by mixing srseuious
ghloride and dimethylaniline at ordinary t.mportt:tmon; obtained
a compound melting ut 8409 to which they gave the formula
{Cglign(CHz)g)sABe W¥hen treated with sodium hydroxide it forued
OGH‘R (cﬂa)eAaO. In 1808 Miochaelis and Luxembourg obtainat‘lw
(1C(Hg)oNABCly from dliscbutylamine and arsenious shloride.

It wes & orystalline substance, b.p. 185%/15 mms,

Bugot in 1904 was the first to thoroughly rzgut:.gato the
reaction between arsenious halides and ammonia, When arsee
nious chloride was saturated with dry smaonia gas at =40 to
«30°, the following reaction took places

1:013 + snns———v Alwﬂa)a + a:-:-n‘ch
The amide was & gray amorphous powder, stable below 0° and dee
ecomposed by water, Arsenious bromide end iodide rescted simie
larily, Between O and 60° the azide was decomposed into the
imide,

u;(nnala — ue(::ii)a + OiHge
The imide was & yellow amorphous powder. At £50° the imide dee
ocomposed into the nitride, which itself decomposed into the ele-
ments a few degrees above its temperature of formation:

Asg(nit) g —— BASN + Nlige
The nitride was en orange powder,
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| In 1008 Besson end Rosset repeated the experiments of Bese
gon and believed that they had anntirﬁod the fact that Aacla.éﬁﬂa
4s formed by the interaction of arsenious ohlor%gg and ammonis,
The peaction was carried out in liguid exmonia. In 1900 Moxre
gan and Micklethwsit obtained & compound which they belleved to
be either CgligNH.Cgligas(Cgliglifyly or
csﬁsuﬁ.ceﬂiaaiﬁncaﬂs)(aaﬂ‘ﬂﬂgl, by thu-iotign of arlnni?g: chloe
ride on aniline in boiling bLenzene or toluene solution,
However as the product was treated with sodium carbonate solus
tion and the exceas sniline removed by steam distillation, it
is probable that their original product was not isolated, but
changed by the action of the alkali «nd steam, MNrooszkowski, &
pupil of Michaelis, in 1910 obtained a number of sompounds by
the intercction of arsenious chloride snd various substituted
anilinos.‘aa He gives the following reaction between dimethyle
sniline and arsenious chloride:

Cglgh(Cig)g + A8Cly —— A8ClgsCgHgH(CHy)ghCd -

A8Clg.CgR N(CHy)pHOL + 3NaOR ——0ABCgHN(CHg)g + BHg0 +3NaCls
Using monomethylaniline he obtained OwAs.OgHgNH.CHy and proved
the presence of the free imino group bylanqtylttloa. Again the
sotion of alkeld would decompose any substance formed containing
the As«N linkage, and Mrooskowski's work does not prove that a
compound (CgHgh (Clig)+EC1)ghe, similar to that obtained by Schiff
from sniline, was not formed between dimethyl und monome thylane
1line and arsenious chloride, In 1918 Prinkel and L3wy obe
tained & compound AsClg.CoH,H by adding ?gacthyl acetate solue
tion of arsenious chloride to quinoline.
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| At the University of Wisconsin the sotion of arsenious
shloride on aniline sud on piperidine was fnvestigated by two
workers. Leonard obtained the compound {CgH,oN.HCl)gAs by the
4nteraction of ptmidini ard arsenious chloride in m heptane
.olutiou.“ He named this arsineetrielepiperidinium ehloride
and assigned to it the following structures :

p B a
%am"‘a T—CI .csﬁms
5591

- Gghye

The substance was recrystallized from alcohol and was -
. slightly decomposed by water, It formed double compounds with
mercuric snd lesd 1od1dn similar to those formed by ammonium

. @hloride, l.oontrd obn:lnad similw eompoundn uhh pipari.dino

and antimony, silieon, stannic, titanium, and phoaphom ghloe
rides, Schmidt odtained (ceasxa.ncnytam aniline and arse=
nious ¢hloride in dry heptans solution, In 1921 Wieland and
Rheinheimer, by the interastion of arsenious ghloride and die
phenylanine, obtained 10echloroe5:l0edihydrophenarsasine, the
sane substance whish ﬁahmidt‘gud obtained by muns his trie-
anilidoaraine hydroshloride. They also obtalned the parent

subatance, phmrnaim, | O/" O by heating lOenethoxye

5110=-dihydrophenarsazine, Lewis ang Hemilton used phenylede

. naphthylamine insteed of diphenylamine snd obtained the dorre=-
‘sponding Y-ahla@oﬂ:m-dihydm-‘s-bmmphnmusm.‘ In 1026
Gibson and his fellow workers cormenced & series of inveatlgae



13
tions on phenarsagine and ite substitution producte, which
‘throw considerable light on these interesting compounds. The
structure of 10»chlorosb i %g-d&hydrophonarsaum was proved by
the following synthesiss

" Oms oi’@ w-w»o

/

.“2"""’?«—' O‘mU ogute O:Q

Sehmidt's work was repoated and by hoati.ng {csﬂs THeHC1) gAB

some diphonylamim was fsolated, end the esuthors believe that
it i3 this diphenylamine that giveas the mnehlomnﬁslmdﬂwﬁﬁ
phenarsazine, Other amines used to give substitution products
of phenarsazine were Senaphthylanine, die(enaphthylemine,
di-denaphthylamine, petolylefenaphthylamine, petolyledenaphe
thylamine, e and pechlodiphenylamine, and p,p!-dichlorodie
phenylamine, - A great desal more work on 10-chloro«51l0=dihyw
drophenarsazine was done by Gibson end his fellow workers, but
the majority of the compounds were made by the indirect aynthee
ais given above, and no further investigations into the action
of arsenijous chloride on the amines themselves were made. Also
in 1528 Dafert and Melingki obtained stable addition compounds
by the interaction of arasenious halides and pyridine, (o3 They
obtained AsCly.CyHsN, & white arystalline substance, m.ps, 1¢5.5°)
AsDiry, (CgHcN)g, & white erystalline substance, m.p. 196°; and
78Tz (C;H;N), which decomposed without meltinge It seems ree.
markable that the three arsenious halides should give different

B—_



14
types of sompounds by their reaction on pyridine under the sune
conditions, Puschin and IL3wy in the same year, by & study of
phase rule dlagrams showed thet arsenious bromide formed coly &

(34
mechaniocal mixture with enaphthylemines Vournasos in 1987

obtained compounds Ha, [Mm'ama)a] and llua [Mlalna}s] by the
reaction between sodium ssgide and arsenious btromide and 10e
dide.‘% Nitrogen in szides of course is in an entirely differw
ent state then in smines, Reudnits obtained (CHg)oHeCgliyAsO
by the interaction of orsenious chloride snd dimethyleriline,
but agein the reection mixture was treated ﬁ.th wator and no
~ oompound containing the AseN linkage eould thus be .zpected.‘se
In 1930 Shirey obtained & sompound AsClg.2Cgligh, mltirigéat 64°,
by the interaction of arsenlous chloride and pyridine,
Gibson, Johnson, and Vining in the smne yeur obtained a cone
pourd from the sams substences of the formla A8ClgeCgHoN,
 melting at 138+139% which 1e 6+7° lower than the melting point
h 6: Dafert and Melinskis'! oompound of the sume tomla.ws
¥hen treated with water the sompound decomposed to give pryide
ine hydrochloride snd arsenious oxides In 1932 the eompound
clg‘k.o"a"l waa obtained by McClelsnd and Wilson by the
action of 3echloromercuripyridine and arsenious chloride and
passing hydrogen chloride into an agueous solution of the
¢rude productc(sg

The author in 1938 obtained eompounds similar to those
obtained by Schmidt and Leonard by the interaction of arsenie
ous ghloride and densylamine, ﬁgonsylm.ino, and tridbenzyle

anine in dry heptene solution, In addition to




. 16

(csnacnaﬁa.ncllsm, formed by the interactiom of densylamine -
and srsenicus ghloride, & small amount of the di-substituted-
compound, (CGCHNH,HC1)gASCL, was formed, Thers was also
formed & nght yellow, very unstable liquid which was not parie
fied, dut the ecompound ceﬂscﬂaﬂn.ucls wag indicated by analye
sea of the orude product, _

In addition o using arsenious halides come work has been -
done in which substituted arasenious halides were used, - Thus
¥ichaelis in 1008 reacted CgRgAsClg, phenyldichlorarsine, with

(41 then dry smmonia ges was passed

ammonia end various emines,
4nto a dry benzene solution of phenyldiochlorarsine, smmonium
ehloride precipitated and was filtered off. A yellow 0il was
obtained from the bensene solution which erystallized into a
white compound, m.ps 270°, This was identified as the imide,
Cglighsalil, and probably was formed by deamonization of the
dismide, canau(!!aelg. - The imide was decomposed Dy wated.
Using primary or seccndary amines Michaelis obtained mono-sube
stitution products, Thus with butylamm and dibutylamine the -
- gompounds ceﬂy\s\m‘c‘ﬂe and GBHEM (G‘HO ’B were obtained,
With tertiary migzo Michsellis elaim:l to have obtalned addite
ion eompounds, Thus with triethylamine he obsaa.nea a white
sompound to which he assigned the formla ceﬂam\\clzeua )8‘

Such a strusture is incompatidle with modern walency theorilocs
as the nitrogen 1s given & covalency of five which we now bes -
lieve nitrogen ean never possess, In the light of work dee
soribed in the experimental portion of this thesis it is ex»

tremely unlilkely that the sompounda obtained by the intersace
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tion of phenyldishlorersine and tertiery amines posasas the
 gtructure assigned to them by ¥ichaelis, Ipatiew, Rasuwajew,
and Stromeid in 1920 rescted wmonde with seversl halogen ere
sines, doth aromatie and eliphatie, ¥ith diphenylchlorare
sine, (GGBE)BMGJ.. and emmonia they obtained ammoniunm ohloride
and the amide (Cglig)ghAs.NHg, & orystalling substance, Mepe 83°,
with methyldichlorarsine they obtained (HyAseKll, which polymere
fzed in agoregates of four op six moleculess With phenyldie
c¢hlorarsine they obtained C HgAselil, the same scompound obtained
by Kiohaelis Dut melting five degrees lower, In all these Yo~
sctions ammonijum chloride was also found, and the ﬁampoundl .
were 8ll decomposed by water with the tomgtsion at_' the aorro#
sponding arsineoxide, Blicke and SBmith in 1030, nmﬁzns thch
work of Ipatin. an_n:low, and Stromski ws_th phenyldichlorare
sine and ammonts, aleo found that the inide CyligAseNH polyme
erized to (Celghselt)ys
g) The reuction between arsenious halides ﬁ szmoniun galts

| and sults of the amlnes,
There has also been considerable work done on the interace
tion of ersenious halides and ammonium salts and selte of the

aniness In thoio cuses however the roaction is entirely differw

ont from that in which an amine or axmonia is used, and the
double sompounds thus formed sere not decomposed by water., Thus
Dehn in 1928 ﬂbm.ﬂ GQHTEB.GI.A!GIS.BHQO by the i‘.lzzorsction
of guinoline hydrochloride and arsenious ehloride,. )

$) Compounds eontaining the As-N linkage prepared by other
;pous g ge propared by other

mthoda,
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Prom the later work :an the interaction of arsenious halides
. and amines it is evident that the resultant arsenic compounds
gontain the As~H n:;kaga. There have been several attempts to
prepare compounds containing this linkage by methods otlar than
the interastion of arsenicus halides and amines, Kann and Pope
investigated the oxidation of organie sulphides with ohlore
amine~T end obtained gompounds of the type SsNH which they.
termed "nulphimxnu".‘“ They also showed that triphenylarw
sine was oxidised by chloramine~T to
2C 4l 4CHye 8050 NuAB (COglig) 39 CgHgClige 8024 lilige A oompound sontaine
ing this type of AseR linkege was also formed by‘zsx:dium
Ao (s (s trichlorotrivinylarsine with chloraminesT, By analogy
to the sulphur compounds this linkage is termed the "arsylimine®
and the compound tims obteined, (CHOLi0H)gAsgNe80geCglyCliy, 18
nemed [ , (s~ trichlorotrivinylarsine«petoluenesulphonylinines
Steinkopf and Dudek 4n 1020 attempted to obtain gompounds of
the type RiseliR Ly & process similar t0 diazotisation, (a7 They
reacted nitrosobensene and phenylaraine in a gurbon dioxide ate
mosphere at 0°, Colour changes wers noted but the products of
the reastion wers arssnobenzene, diazobensene, aniline, end
phenylaraineoxide, They rervesented the reastions as followss
8CgHgAsEg + BONCgHg —— BCgHgAsaliCglly + Hgl
| BCqHgAselNCgHy + Hg0 —— (CgHgAsmlg + (Cglighwlg
CgHghAsmNCglg + Hg0 — CgHghs0 + CgHghlly
CgligheBg + Cglgho —— OghgAs0 + Cglglilgs
Gibson hos proposed a structure for 10«chloroeH:10-dihydroe
phenarsazine and gertain of its derivatives involving an As~K




..

(48,49

1inkage 68 & pert of & ring " in which the two may be &n

.quilibrhﬁ:ﬁ

. '-_fll/ ‘ ' A - o
There is considerable evidence for the above structures, both
grom the physicel properties of the compounds end absorption
tpectrn.-wo SRR o o
4) Thbe reaction botween phosphorus halides and aminecs
thile the intoraction of arsenious halides and minés has
deen more thorcughly investigated, halides of thi three related

elements, phosphorus, antimony, and dismuth, react similarily
with smines, Phosphorus halides have not been investigated

very extensively, and the resulting compounds appeur to be leas
-tabln,t!ﬁn the corresponding arsenig gompounds,  Siyr Humphrey
pavy in 1810 and 1511 reasted phosphorus trichloride with ammoe
nla and obtalned a "triple compound® from whioh the phosphorus
osould be expelled by a gentle neate %% 1n 1032 Rose obe
tatned compounds which he believed to be -Pcla.sma and |
PClg .ONlly ﬁgau!.ng dry ermouia into the two ohlorides of
phosphorus, .. Using emmonie, aniline, and phosphorus Oxye
chloride Schiff in 1857 obtained ecompounds OP(NHy)y and
OP(NHCgHg)ge With PSCLg, the compounds 8P(FH;)s end
BP(!:I:I(:GI!B)a were obtained, On heating 0-?(83835, phoa;!hom
oxynitride, OPwN, was obtained, -

" In 1800 Besson found thet phosphorus trichloride absorbed

dry armonia to give & compound, to which, from phosphorus and
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ahlorino snalyses, he assigned the formula mla'sms' Using

PClg without a solvent he states that the following reaction
takes place: |

PClg + -ma__’-ala?mna)g + m?ﬂﬁ?lo
In ocarbon umchiw-mo solution however he obtained PClg.Blllg,
and with phosphorus pentabromide he isolated PBrg.dlHg.
¥ichaelis and 8chenk in the sume yoa.r condenged various tertiary
smines and phoaphonut trichloride, using dry aluminum chloride
as & cutalyst, (- In this ease however the fnvestigators bew .
lieved that the phoaphorus was joined to earbon, Thus from die
methylaniline they obtained a compound which they Delieved to
be (CHy)oNCqH e PGlge Other amines used were methylbensylanie o
line, ethylbenzyleniline, end diethylaniline, In 1895 Hichaelis
using phosphorus oxychloride and piperidine obtained OP‘HCBEJ.D’:S
which formed & hydrogchloride with HC1l and doubls salts with
chloroplatinie acid and mercurie chlcz-idu‘w- In 1806 moundl
of the type RgNPClgy and RlPOCly were obtained by Micheelis |
from r‘:ggmdm mtngs and phosphorus tpichloride or oxychlos
ride, - Thus fyrom diethylamine and phosphorus trichloride he
obtained (caﬂa)ga. PCly and from phosphorus oxyohloride
(Colig)oRe FOCIge Molssan, in his classio investigations oo
fluorine and its gompounds, observed that phosphorus trifludce

ride absorbed dry ammonia to give a ('?a“ gompound which wes

instantaneously decomposed by waters . In 19056 Hugot, who had
1s0lated As(FHy)g, Asg(Bily and Asy, repeated his work uair(xg

phosphorus trichloride and tribromide and ammonia &t =70% -
He isclated the amide acoording to the following equations -




15mHg + PBrg —— S(NHBr.SNHg) P(NHg)ge

Like the srsenio amide st 0° 1t decomposes into the imide
By (1) 5 DUt the nifride, Pa%, was not isolated in & pure state,
probably due to its rapid decomposi tion into the eleunenta,
Jeonard in his investigations of the reaction betwoen piperidine
and metal or metalloid halides obtained a oompourd which he bew |
1ieved to de {canwﬁ.ucuar by the sction of phosphorus trichloe
ride on piperidine in dry heptzne solution, ‘ﬁm substance dow
teriorated too rapidly for sccurate snalysis. Bourneuf in
1023 obtained [(CBg)gH.CaHy) PO from phosphorus trichloride and
 dimethylaniline, but again the reaction was troated with saque=
_ous sodium sarbonste which undoubtedly influenced the resulting
pmduat.wo  Perperot in 1925 odbtained & sompound mla.mnaa
by mixzing phosphorus pentaghlorids in -tarbo?s:otrmhIoer with
a carbon tetrachloride solution of amonis

Gibaon and Johnson in 1628, investigating t'.’tia properties
of phenylumethylphosphinyl shloride, (Cglig) (OB4)POCL, formed the
anilide, ‘06“5""33”(&%%,15‘ Button and Webb in 1931 by the
“sction of phosphorus pentachloride oi dry pyridine obtained an
addition compound in which they believe phosphorus to have &
soordination number of uvmg(&a Thoy write the formula of the
oompound cbaauizzlsm.%ﬁsn. It 1s 4ifficult to understand how
phosphorus could form a gompound of the structure assigned to
it by these investigators. |

5) The recction betweon antimony halides and aulnes

Compounds of sntinony halides with amines have been more
thoroughly investigated than those of phosphorus, especially by
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~ means of phase rule diagrams, In 1861 Deherain obtained
£bCls.NHg and EbOL5.ENEg with antinony trichloride and ammoe
1as P°} Both eompounds rescted with HOL o form hydroohlow
rides, With antimony pentachloride and amuonis, SbClgeSNHg
end SbClg.4KEy were obtained, 8Schiff investigated the reag~ |
‘¢4on between antimony trichloride and tritodide and aniline
.mltmmag with his investigations with srsenious halides
snd aniline. The structure of the resulting eompound he

wote u:. *5{353335-5361 which in modern terms Twuld be the same
- YlHg . _ |

as that Mpond by 8chmidt and Leonard for tha arsenic oome
pounds of aniline snd piperidine) namely, {CgHghH.HC1)4Sb in
which the sntimony is linked direatly to the nitrogen, Leeds
8180 obtained mz,.acsn?lge and & eompound of entimony pentes
ehloride SbClgeSCH NH,. Sehiffs‘ln 1801 obtained
EbC1g.3CgllglHg and SbI4.30,H N e Neumann in 1904 obtuined
with sntimony triohloride and ammonis in acetone solution the
compound abc:ls.ama-wa' |

Pranklin, whose elsssical investigations on 1iquid armioe
nia as & solvent opened up a new field of chemical investigee
tions, obtained many metaleamides by ammonolysis, & reaction
comparable to hydrolysis, with emmonia instead of water, With
antimony iodide and ammcnia ges he obtained & white addition
product, which in 1iguid ammonia was eonverted into a pure yele
15'. pulverent aoud.(?& Analysis gave & compound of the fore
mla Sbyligl, Pranklin states this may be & dasio ecnpound ,

(NHg)SbT.4SbH, But more probably is & mixture of antimony nie
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 eride end unchanged sntimony iodides In 1910 Neuwsann, while ine
_viatlgntias the resction between ammonia and metallic halldes
4n thomgbly dried nonehydrolytic solvents agaln obtalned
_ gbc13.m3.( - The resstion was eonﬂmm in ethyl acetate 80«
- lutions - \
.. Menshutkin, & Russian physical ormnht, made & sories of
 studles of metal end metalloid halide resstions by means of

. phase Pule dlagrams, Four dirreunt(ggmmm of antimony trie
 ghloride snd aniline were indiocated: '

.. SbClge6CgHgNHg  mepe 78477 .

. SbClz.4CgHSNH, m.ps 80°
EDCl 4 SCgHgNEg - Mepa 88°
SbClg RCeHGNEG . m.pe 95% A B
. Venine and Massgoug in 1917 ob?a;nod Ebcla,m(ﬂlia)s tron antie
 mony trichloride snd thioursa, = Leonard, whose work with

. piperidine end arsenic snd phosphorus halides haa alreudy been

referred to, alse obtsined s compound (CgH,oN.HC1)sSH by some
binin ‘tnttmy trichloride and piperidine in dry heptane solue
tion, . Xurnskow in 1924, etudying the application of viscone
1ty mecgurements to phase rule diagrams, ebmnah svidence of

{69
four sompounds between sntimony trishloride and ‘aniline,

_ These were Sbllg.CgHgNHg, SbClyeRCgHgNHgy 8DCLyeSCgl g, and
5bClg.4CgHglHpe He A4 pot obtain the campound 8b01,46CH NHy
- found by Menshutkin by phese rule dlagrams, Vanstone also

. studied antimony trichloride compounds from the point of view
of phase rule diagrama, Many of these eompounds however ware
botween amides and antimony halides, and due to the very slight



vasicity of the Nip group in amides 1t is probsble that the
1inkage 18 Sbe0 pathor than SbeN, He obtained sompounds
¢ snﬁcﬁemcsna.stm;m OgHg CHNAC . 8b01 ¢ with bensyleniline
and sntimony tribromide and triuhlorido. Both these nompnundn
were unstable, but he noted thut b?ggya.mnim vas more roeage -
‘tive than the amides investigated, Harden and Durning 4in
1627 obtained a orystalline compound %géacﬁg._come]a from antie
mony trichloride and thioglyoolamides Again due to the de=
oreascd basicity of the KHy group it 4g unlikely that the linke
ege 18 SbeN, Bilts end Rahlfs found five eompounds of ar‘x%mny
trifiuoride and emmonia by meuns of phase ule dlagranma.
These were SbFy.HHy, BbPy.BlHy, SbFy.3NHy, SUFg.dlly, and R
BbFg 6l e Batton and ¥ebd elaimed to have odbtained & seven
covalent antimony gompound similar to the eompound they obe
tuinode\{ith phosphorus ;muntam!:d.or!.:c&c.,m'?aj It was written -
Cgligh_ ' < Their evidence is Pather inconclusive.
(SbCL,) sHeCgR
They also cBrained Two other eompounds from antimony pentae
shloride and pyridine, SbGlgeCEN and BSBCL;e3CcHcNe
~ 8chwars and Jeanmaire in 1932, working with sntimony t43rde

chloride and liquid ammonia, isolated an imide l‘tg% nitride of
antimony, expressed by the following equationss

8bCly + SNHg — > ClSbgMH + BNHL CY

Bbc:la + 4NHy —— sogll + SHE C1s
They di4 not solate a monamide CloSbNHg.
Gj The reaction botween bisrmth halides and suines

" Gompounds formed dDetween bismth halides and smines have

Also been investigated, dut the structure of ths resulting come
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. pounds does Ot seem to have been as well established as in

. the ease of the sorreaponding arsenle and antimony compoundss

. gehiff, the first investigator to give & structure %o the come

~ pounds formed between arsenie and antimony halides snd aniline,
jikewise used blamith trichloride. He obtained (CgHgNH HC)gBis
mut this differed from tl‘xe?wnnia and antimony oompounds in
fts reaction with water,

(CeHgNH.EC1)gBs + Hpg0 —— acen5naanm + cﬁasm.acz.mo
Montemartini in 1000, by sdding varying sounts of pyridine te _
© sther solutions of blmt!‘lvgﬂahlm olaimed te have obtained '
five different eompoundss  These were Bidlz.CgHgN, |
BiC1g4205H5N, BiOLge3CsHgN, BiClyed0sH N, and BAC 4508 Ns
Bowever only shlorins analyses were madej the first compound
© BiClyeCgHN sould not be obtained in & pure state, and the
difference in ehlorine snalyses in the othar four leads the
“ suthor to state that they may all be the ssue eompound, Vanino
end Hauger, using snhydrous acatons ss & solvent, ob’:.gim a
" punber of eompounds with bismth halides and suines, — Time
they obtained Billgelgln® {Jiiucline), Bily.ColaN,

* {B1C14)g. (G5HEN), (pyridine), BAl.0 H.N, (BC1,).«(C) B, Mio)g

{<enaphthylsnine), and m’a""mﬁvms’s' Schiff 4n 1901 reports

"~ the compound mcxa. anam from eniline and bBimmth trichloride

by warming the: two togethers When hydrochloric eoid is added

- BiC1g4CglpMHgHOL + SH2O 48 :amid end the wator is lost at 1oa°.(64
" Compounds of bismth trichloride and thioures have been

made by several investigetors, Hofmann and QJonder in 1004 obe

talned BICL,.0S(NH,}, from the two eompounds in either absolute
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m;,m or warm “m‘(’?ﬁ Baumann obtained two compounds of
vismth tr&ch%gﬁm and ammonia by reguleting the amount of
smmonia used, These wvere Bicls.lma and mcza.ama. Franke
1in obtuined the nih"}?%e, BigN, from bismth bromide or iodide
and potassium smide,  Naumann again in 1910 obtained
'BiClz.CNig from biamuth graimoridc and eammonie in anhydrous

. ethyl scetate solution, Vanino end Mussgoug, working in

 _ agueoua solution seidified with hydrochloric aoid, obtained two

compounds of the r?gg\xll mms.mtuun)g from bismuth trichloe

- pide end thioureas ‘One was yellow in eolour and mlm at

180°, the other redmgoloured and melted at 186% They also obe

. teined ms.acsmn,la and Bily.3CS(NHglge Vournazos in 1926

obtained mplgg; double ocompounds from hydrasine salts and bisge

mith halides. These were of the type |

| X3 s

- | B4 _ o B4 in which X and Y are different ane
\ﬁﬁ oﬁit - Y

SRl HE
ions, and Dismmth hnlg s ecvordinationr number o four, %The thlQe
‘glyocolamide gompound of bismuth gorres to the antimony

_ : 70
compound was odtained by Harden and Dunning, This had the

strue ture m(scmg. Gomg)a. It was prepared Dy treating ethyl
thioglyocollate with biamth oxide and saturating with ammonias
It was & erystalline material melting at 144,6%, and 1t 1s
probabla that the diemuth was linked to sulphur rather than to
nitrogen. . |
7) The rcaction between metallig halides and gubstances gons,
taining basig nitrogen, oxygen, sulphur,
argenic and phosphorus
¥hile there is still some uncertainty as to the structure

L}
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of Iq-,hc gsompounds formed by the action of halides of phoaphorus,
arsenic, antimony, and dismuth on ammonia oF &nines, the mejore
gty of the evidenos would seem to favour regerding these come
pounds 8s substituted emmonium halidess ¥Thus Leonsxd bellaved
hig arsine~trielepiperidintum chloride to possess the structure

Oglion B —As —KeOsfr00

o R'eL
. B S
7e might expect halides of phosphorus, ersenic, entimony, and |
vismth to react, not only with basic nitrogen to form substite |
uted oxonium, sulphonium, arsonium, snd phosphonium halides ree {
spectivelys There are mmerous exazmples of the formation of - ,
sowcalled doudle salts bLetween such halides as mercuria ghlow
ride and platinie ehloride with such Dasie elements) but very :
fow compounds of phosphorus,” srsenic, sntimony, or bDimmth bale
ides with these basic elements have been investigated,
Merocurie ehloride reacts with dm?;ulm such aa sthyl
sulpnide to give orystalline gompoundss  (CplHig)gS.HgClp is -
& white erystalline eompound, mepe 60=50°j (CoHg)oB.2HgClg 4s
A orystolline sompound, MePs 190-122“;'- dededioxsne reacts utn
nercurio mmaoww give a white precipitate of the formula
oz%—cggo.mm; . Michaslis in 1902 showed that & large
Clig=Cllg number of arsines reacted ut‘:gowgnmo
shloride to form compounds of the type Rau.naclg. ~ Thus
Prtolylarsine gave (p~CHzCglly)seHEClp, & orystalline eompound ,
melting at 246 4, If these sre regarded as sulphonium, oxonium,
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snd arsonium salts respectively, their structures may be reprew
gonted as followss | |

' [tegug)gSeHecr o1

{o '2"C. o-ngcl]

> CBgeCly”

- [tenycgng) gas-Hgorlcr, |
gvidence for and against the "onium" struoture of those come
pounds s presented in the theoretical portion of this thesla.
It is not howsver surprising to fixd halides of tho phosphoruse
arsenic group reasting to give double compounds with oxygen,
sulphur, and arsenic compounds.
8) The reaction between ersines and halidg_q of apsenic, phos-

- phorus, antimony, and biamuth

Burrows and Turnes in 1920 in en article entitled "A new -
Type of Qompound eontaining Arsenic” state that arsines of the
type RRRAs, where the Rts may be the same or different, ocubine
with CHyAslp, OgHsAslg and CgligAsIp te glve sompounds of the
t7p6 Ryds.RasIye ™ They ave completely dissosiated in bensens
solution btut on evaporation the complex is again obtaineds
The suthors believe that these eompounds possess the structure

R & _R
g;}u-—a(-z

end advancs evidence in support of such a ptructure, They alse
found that phenyldiehlorsraine, OgigAsClg, gave &n addition come
Pound with pheryldimethylarsine, Ogfs(CHz)gAss In 1921 they
extended their work and found that tertiary arsines combine not
only with arsenious fodide snd alkyl diiodoarsines tut also
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with dodides of phosphorus, antimony and bismuth, The res
sulting compounds are highly coloured, highemelting solids, and
ensily hydrolysed in water, Arsine itself, AsHg, does not react

with arsenious lodide,

9) The reaction be tween oxygen sompounds and halides of arsenw
| ic, prosphorus, antimony, end dlamith ‘ S

Conmpounds of phoaphorus, arsenio, entimony, end blsmuth
halides with oxygen compounds are mich commoner than those with
arsines. Thug we find these halides reacting with ethers, ese
ters, aldehydes, acid halides, eto, to form definite orystalline
gompoundss These have been 1nv§utigatod very thoroughly with
antimony halides, hardly at ell with araenic halidoa, Puschin
and 18wy showed that ersenious btromide did not combine with
either resorcin or phenol, 5‘; In 1880 ILiebermann and Lande

~ shoff showed that phoaphorus poﬁtauhloridn recoted with dliethyl
~ ether to give & erystalline product of the formula '
QIGQHB)QO.SPGIB.( 3 They showed that this was not a limplo
molecular addi tion product. Guthmann in 1002 howaver obtained
an oily product from thu same recction which he did uat oryse
talliao and stated that as 1t was probably a mixture, no anale
Ysea were made.‘a‘ wWith water it yielded acetaldehyde and
hydrochlorie, phosphorous and phosphoric aclds along with an
unidentified phouphorua-oontaining residue,
, In 1901 Rosenheim end Stellmann obtained orystalline come
pounds with antimony pentechloride and & large numbder of oxygen
onmpounds.tas These include the following: Sbcla.cﬂacﬂo,
8b01,, (CHy)pC00, 8bClgeCaHgCOCY, BbC5eCaHEC00C0R 5:
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g5bC15e (COOH)gy and 8SDCLG.3CHCOWNHgs In 1918 Menshutidn stude
jed phase rule diagrems of nnts.mczg trishloride and tritwonide
with phencl and aromatic ethers. He obtained the following

~ gompoundss

§b01ysCgHgOH meps 37°
BSUErgeCgHgOH meps 8645°
BbC2 50 CgH, 0CHy © maps 25.2°
BSDC14eCaHe0CHy - MePe €248°
' SbBra.csHsO% 0 MePe aa.s. K
| 8b013.CqHg00gHs - meps 42.2°
| BbBrysCgHg0CHg < mePe €8,8%

with the kefone CHyCOCgHg, Mensimtikin observed the formation of
sompounds ubaza.caacooens. mePe 60,5%, and sbar,.macocaas,
meps 37.8% (a7 Wwith diphenylketons the gompounds '

BbCLye (Cqllg)gC0s meDe 76%, and SbBrg.(Cgllg)o00, meps 48.6%,
were observed, Murnakow in 1924 noted the tomtl?neaar the
sompound caﬁacocaa. sbm»'a from phanse yule diegrams, = Vanstone
cbaerve th, formation of compounds of antimony halides and -
anmidos in which it is likely that the linkage is Bbw0 rat.‘c‘xg:
than SbeN due to the decreaned basicity of the HHo group.

Thus he obtained c,nﬁco.nﬁcsﬂﬁ.ms and 063500.811061!5.31!013
from bensanilide end antimony trichloride, snd two similar oome
Poundg using antimony tribtromide., The antimony trichlorids
oompounds wers mors stable than those obtelned from antimony
tribronide, Brus and Vebrs in 1930 found that both borndol
cetate and isobornecl scetate combined with gompounds such as
SbCly, BiClg, POlg, SuCl,, sod ZnCl, as well as orthoe and
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pyrophosphorio acids and arsenic acid to give mmnm ome
pounds, They belisve these %o be oxoniws saltss Thus they
give the structure %r the pyrophosphorie scid compound as
gﬂnmo-cgo.l! POgRe  In 1932 Neorwein and Malerwifiser, inw
vostigating Ehe splitting of ethers with acid chlorides, bee
‘1geved that the satalysis of this resction by mesns of metallie
halides was due to intermediate ggompmm formation botween the
ether and the metallic halide, They isolated several oryse
talline eompounds of sntimony pentachloride and 'm.pbat:e ethers
or acid chlorides, Thus they obteined {cﬁnsigo.ms,

o e cm%.aabmo (eteatonene) oo \cn.c 0usbalg tamm
CHgeCEp . | - ¢Hgl

b T

pyrono) cﬂgco.el.sbcls. and Ggﬂgcoclcﬁbﬁlgn -
Usanovich in 1938 found that 8b01g, abnra and uma showed
no aondncuﬂty !.n nnholo although he states that both SbBr

_ 3 -
uxl abcla fornm mplml with the cthw. Usanovich believes

that the phenyl gmp mvonta oxonium n:l.t tumuon. (9 with
di.ethyl sther and antimony trichloride he holhwa that an oxe
ontum salt (0335}30.881:613(16; formeds nn_!f.uu_u bis cv@om on
sonductivity measurements,
10) The reaction between sulphur gompounds % antimony
-  trienloridg |

Rey, Ahikari, end Roy in 1931 observed that sntimony trie
thloride combines with aliphatic sulphides to form eompounds
Which may possibly be sulphonium hulldu.‘ag Thue they obtdnd

the sompounds (gsizs.ms. (0235)28.81}01 , and
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,,..caﬂ,,)ss. SbClye The mthora belisve these to have the
gtrusture GBHB §.ci.ﬂ5. that is, an mtimony sulphonium ehlow
pide, Water and 3280l decomposed the sompounds, moleculer
welghts indicated the presence of two ions, and conductivity

4n acetone was highe




PART IIX
BXPER IMENTAL

1) Reagents
" The arsenious uhlorido was Merck's arsenious ohloride,

puriried by vacuum distilletion, The majority of the aninss
were Bastman Xodak Company's end were not purified further.
The uth:flemdimim was Kahlbsum'e resgent quality, The
1,4-410xane was sommercisl dioxsne obtained from the Carbom -
and Garbide Compuny, dried for oue week over metallls sodium,
and the fraction boiling 101+102° takens The diethylsulphide .
vas obtained from the Lastmen Kodek Gompanye Both ethyldichlore
aruine and ethyldiiodoarsine :;ru ‘prepared aoccording to the
method of McKsnsie nm wood« It was found that othylduodoo
arsine oould not be @xanutatively donverted fnto ethylarsine»
oxide by refluxing with anhydrous sodium sarbonate and caloium
ohloride in bensmene solutions Instesd NegCOge10Hp0 and & few
08 Of wates were used and the calcium ehloride omitteds In
this way & quantitative yleld of sthylarsineoxids was obtained
which was then converted into ethyldichlorarsine by the action
of HCl. The dimethylchlorarsine was prepared according to the
method of Steinkopf and Mieg and distilled in an smnphoro
ultrogen gase o4 The ne=heptane was wo?ar-d £rom Diggers pine
011 socording to the method of Xremerse  The absoluts ether
was prepared by drying with calclum ehloride, phoaphorus pente
oxide, end sodiumepotassium alloy and finally distilleds The
benzone was dried with metallic sodium and distilled.
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g)  progedure
The general method for the study of the reaction between

emines and aﬁoniom halides was as follows: The smount of sme
ine required by the equation | | o

SRNHg + AsXy — AO(MJK)S
was weighed and added to the required amount of solvent, usuale
1y n~heptane, The srsenious halide was weighed and dissolved
tn the solvent, The amine solution was placed in a talleform
beaker and surrounded with an fce baths The talleform beaker
was found most sonvenient for the. resction as the precipitats
formed in the resction could tius de. easily ramoved quantitae
tively from the walls of the reaction vessels The beaker was
equipped with & eork through which passed & mechenical stirrey
snd dropping funnels In some cases nitrogen gas was passed ine
to the veasel during the eourase of the reaction But thias was
umﬁly found. to bve Wutnmc " The arsenio solution was then
sdded dropwise to the smine solution, and the mixture was
" stirred Mur.ng the sddition snd for one hour longer to ensure
the completion of the resction, The mixturs was now filtered,
using either & Bchner funn¢l or a sintered glass filters In
all cases nitrogen ges was used to protect the products from
oxidation during the filtering processs The filter was further
protected from moisture by placing PglOg tubes in the sustion
and nitrogen liness The precipitate was finally washed several
times with the pure solvent used in the reaction, transferred
to & vacuum desiccator, end the alr removed by flushing several
times with nitrogen gsse It was then dried for several days at

P LR L MO~ D VN S S
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The 4Ary weeip&t&to consisted of the hqdrohalm of tho

auine used and was nnya found to eontain & oonsiderable amount
of arsenice This arsenie undoubtedly is in the form of the are
sentriamide trihydrohalide and arsendianide dihydrohalide,

she arsenic content of the precipitate vas determined by arsenis -

analyses on the impure product, and the percentage econversion
of the original arsenic balide to these arsenis gompounds oale
culated, ' Thus for exsmple, when 4,53 grams of srsenious halide
end 6,97 grams of aniline were used, the dry precipitate

weighed 6,12 grams, Arsenic analyses ga7e 10,27 peds arsenioc,
or 0,6285 grams of arsenic in the presipitate. 8incoe we started

with 4,53 greams of srsenious chloride or 1,873 grams of arsenic,

0,6285/1,8™8 ¥ 100 g 53.58 psse of the srsoniocus halide 1is cone
verted into the arsensmide hydrohalidese

Attempts to separats the arsenic eompounds from the nnim -

hydrohalide were ususlly unsuccessfules The pwrocedure was to
attenpt separation by vacuum sublimation, The apparatus used
was sizilayr to that desoribed by Schmidt r?: the purification
of aniline-arsentrismide trihydroghlorides All sublimations
were at le8 mms, pressure snd the temperatures were garefully
eontrolled by means of an oil dath, The sublimate was removed
whon g thin coating had formed and analyses mede immediately.

- In a fow cases separation was brought about by this methods

" When ths arsentriamide trihydrohalide was not decomposed by abe
folute aloohol, 4% could be separated by fractional orystallle
Sation, This method was succesaful with piperidine-arsentrie

i
i
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i
i
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anide trihydrohalides . .

The £iltrate from the original reaction contains the monoe
qubstituted sompounds of the type XpAseNHRe As these are exe
tremely susceptible to hydrolysis and oxidatlon, the filtrate
mist be handled with extreme care, Water decomposes theae ¢one
sounds_occording to the equation

-Bﬁizgg + SHpO - - Asg0gy + ﬂﬁ!ﬂatﬂ: + 2 HXe

on coming in eountact with a glaas veasel & precipitate of are
genious oxide snd the hydrohalide of the base is formeds It
wos found proctically impoasidle to fAlter the original rew
sotion mixture without some decompositions The flltrate was.
placed in & A1stilling flask and the solvent removed by dise .. .
tillation in & strews of nitrogen at reduced pressurss The
srsenio compound being highebolling remained in the flask and .
was purified by distillation, nsually at 1«8 muse pressurcs -
It was oollected in special receivers which were filled with
nitrogen gase For the analysis of thess axtremely unsteble
1iquide, specisl weighing bottles were used, These oonsisted
of thinewalled glass btulbs, equippsd with glass stoppers. Such

& welghing bottls is 1llustrated in the diagrams

. . Glass stopper
l ’ Rubber connectlon

Thin-walled glass bulb
Approximately 3 times
Lo __actual size

. The liquids were quickly transferred to these bottles with
& pipette, sealed, and weighed. These bottles could then be




36
muhodmdar the 1iquid used for analysiss In this way dee
composition of the highly unatable compounds was kept at & nine
gmm, In spite of these precautions it was found to be exe
tremely A1ff4oult to obtain accurate analyses of these unstable
ﬁqus.d.a. especially tn the determination of the arsenic contenty

The Morgan and Walton u}:l;gd wag found to give accurate -
results for arsenic analysis. ~Where the amount of material
to be analysed m‘g:;all. the mioro method of Willard and
Thompaon was used, = The micro method of Dase(upta was also

{98
tried Dut was found to give extremely unaatisfactory results.

Halogens were usually determined by the method of Stepanow.‘gg
In a few cases the method of Willard and Thompson was useds
8) romenclatureg of the Arscnic Compounds -

' The naming of these arsenic ¢ompounds presents considerw -
edle difficultys For ths triesubstituted piperidine compound,
n{maam.ncna. tn?r‘xm sugcested the name ersine«irielepip=
oridinium chloride,  This system of nomenclature becomea gonme
plicated with other emines, Thus the gompound As(N(Collg)gHCL)ze
would be nemed arsine-trie~diethylemronium chlcrides Thia does
ot reveal the true structure of the compound, Similarily
this method does mot work satiafactorily with the monow-subatite
Rted gompoundss Anschiits and Veyer nomed the two aniline are -
Sines, CloAs.NHCgH; and ClAs(FECgHg)gs arun?nl%udodichlwm
& arsendianilidomonoghloride respectivelys = Mann and Pope
investigeted compounds oontaining the linkege RzAsele which
they termed 'naynminu'.“s Bann in a later puper describes

(100
these eompounds as "arsinimines®, Ths name "arsenamide" is
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Mgggtoﬂ for the linkege spAseNigs The srsenamides are theree
fore to be regarded as substitution products of arsine in whioh
one OF more hydrogén atoms have been replaced by monovalent -
amino groupss In paming these eompounds the following rules
| are followedt The amine used is first named, then other sube
stitutents on the arsenic, and finslly the term ersenanide ite
gelfs Where the smino group 1; in ;m form of & hydrohalide,
1t 1s 80 indlcated, Tms GgHgel=As=CoHg 4s tarmed anilines -
ethyliodoarsenamide, and (Cofg ) olwAsCly i diethylamineedi«
chlorarsenanide, The tertiary substituted hydrohalides will
be nemed as srsentriamidess Thus As{ROgH, o HCl)y &8 piporidines
arsentrisnide trihydrochloride, The compound .
OlAs{xH, cﬂz.cng.ﬂna.ncl)z, formed by the action of arsenious
chloride on ethylenediamine, s cfhyhm&minuehlomaendh
anide dihydrochlorides o N
4) Reactions studied . it USRI ey

A Arseniocus ehloride and sniline co _ :
. 8.97 grans of aniline {3/40 mole) in 76 ocs, of heptans .
lnt‘l l.!is grams of arsenious chloride {1/40 mole) dissolved in
75 cos, of heptane were used, The sniline wes previously purie
fied Ly distillation. The resction wag eonduoted sccording to
the method outlined in the general procedures The weight of
the yellow precipitate obtained when dry was 6,18 gramse AP .
senie mlyni showed 10,87 p.ce arsenic in the precipltate,
or 33,56 p.os 0f the arsenious oh:loride is eonverted inbo are
Senamide hydrohalides, These could not be sepurated by vacuum
sublimation, and both iatar and abgolute aleohol decomposed the

-~




. arated whigh was filtered under nitrogen ges and dried over
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._ srseric compounds presenty With weter & precipitate of arsenis
. oxide was formed, e T et |

g_ilinewdichlorarae‘nmldq -0l ag-.mc‘gs R

_ The heptane filtrate was distillede When only a fow ocCBe
of heptans remained the distillstion was mtopped amd the ree -
. gianal 1iquid eooleds A light yellow orystalline material sepe

_ pﬂainnvamrwmhmn'a; mwmenwsnmmm

woe degomposed instantly with weter, m.pa 89° (oorrestod), 1

The melting point‘gf oxgmmsns obtained by Anschfits and

_ m was e?q-aa B el g SN :

| Calonlated for Gl ARG ™, ¢ men‘.lc; 31,50 PeCe}:

' ehlorine £9,83 p.o. m; u-anns.e, 32468 Delep chlonna, i
£9.02 Doy . SRR

Aniline»arsentriamidg trihmw 1or§dg As (nacens.ncn s

, . The resction was repeated except that the aniline was

added to a heptene solution of arsenious chleorides The same

. quantities of the veagenta were used as in the previous exe
periment, The yellow precipitate obtained when dry welghed
10,2 grams as compared to 6,12 grams for the first experiments
Arsenie analyses showed 15,565 p.s. srsenis in the precipitate,
oF 84,7¢ p.0e Of the ersenious chloride ia converted into arw -
senamide hydrohalides, | - ,

The precipitate was sublimed at 100° and >1 mm, pressure
2 gave a yellow sublimates This did not melt completely
Mt softensd st 146e250", It rapidly Decsme white in the air,
N4 unless snalysed immediately the arsenic analyses were somew
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auat lowe Schmidt gave the melting point of this eompound as
146-160° ao abms:oé the same phencmenon with regerd to the
coalyoeis ST s i
" galoulated for As(NHCGEg.HCl)yt areenicy 16.88 Pacs
gounds 16¢36 Pese R N e _.

shat the heptens filtrate also contained s #ogond unatable
arsenic oompound was evident from the fast that & precipitate
was formed whem the filtrate ocsme in contact with & glaas
vessel, The heptens was removed by distillation except for &
few occss Om vooling this residual liquid a light yellow m&-
talline product was obtained, This meited at 108° whereas the
product ClAs(NHC4Bg)g Obtained by Ansoldits and Weyer melted at - |
127+123%  As only & very smell smount of this erystalline sube |
stance was obtained, no analyses were atteupteds Anschfits and |
Veyer also note the very low ylelds of this produests, '-_a 1
. Be - Arsonious ghloride snd piperidine ‘ '
10,20 grams of piperidine (3/28 mole) were dissolved in
100 gose of heptane, and 7.84 grams of arsenious ghloride - -
{1/28 mief dissolved in 100 ccs. Of heptans were used., The -
goneral procedure was usedy The precipitate when dry weighed
0.8 graus. Argenic analyses showed 8,56 y,0e arsenic in the
Precipitate, or £0.95 p.¢s 0f the srsenious chloride used vas
sonverted into arsenamide hydrohalidese = .
E_imridine-nraentrinmmo trihydrochloride htmsﬂm.acua
The ¢ompound was purified by frastionsl erystalligation
from abgolute aleohole It orystallized 4n long needles, Meps
240.242° (corrested)e . o g |
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. © geloulated for thanm.ﬁcl) al - chlox-xm, 84430 pece
_ pounds 23.44 PeGs The oompound is identical with that obtained

‘py Leonarde It :la decomponed to & ulight extent by watey and
. py boiling with sbsolute alcohol, B L
The golubility of of gigeridina-arsentrlamide tri@*oc?ﬂ.oridg,

- As Leonard states that this compound is somewhat soluble
. 4n heptane which $s incompatible with the formla sssigned to
it by the author, uolﬁbinty determinations were mﬁaa N.8
grems of the subatance and £5 cos. of heptans wore plaged in &
tm‘t tube equipped with e mechanical atirrer and placed ﬁ; [}
. conatent temperature bath at 25°+1° for four hours, < After
. allowing the sclid to settle, two five sce portions were withe
. drawe and pleged in tered weighing bottles, the haptane reaoved
{a & veouum at 35°, and the bottles reweigheds .The solubility
-wmmmmtmmrwmmmcxmagrm
per ee. . | |
- Piper ﬁine-dighlorarsmnmma clnu-wc she
. The Beptans weu removed from the filtrabe by dtatmauon
. and & l3ght :.muw 1iquid, beps 98°/1 mme, obtaluneds As the
* Mquid vas axtmmlq unstable no analysos were mado.
'Ligaridine-araentrimide trinitrate utscanm.aﬂoaaa -'
B A sample of piperidine-arsentriamide trihydroehloride wes
Sarefully welghed and digsolved in § eos, of diatilled water.
'l'_ba theoreticsl smount of silver nitrate solution necessary to
Precipitate all the chlorine wes sdded, snd the mixture allowed
%0 stand 12 hours to coagulate the silver ghlorides This was
f1lterca, dried, and weighed, |




,_‘w.ightornmphchen-- o Del850 guse

. Welght of silver ehloride . 041818 gnse
.. caloulated weight of silver ohloride for = 0,1802 gns.

The agquecus filtrate was evaporated in & vacuum until

erystals separated, These were filtersd off, waghed and dried
.t w’/ﬂo WmuSey WeDs 144° (mreattd)a They were very soluble
in waters | | :

Csdoulated for ’*ﬁwcsﬂm-ﬂma’al arsenic, 14.52 Pecs .
‘Founds 14480 p.ce L, SR | 1
Pigariding-tu sentriamide triscetate n(ncsam.nnaco B), |
A sample of piperidineearsentriazide frihyirochlorids was i
nighad out and dissolved in dlatilied water, The theoretlcal |
‘smount of lead ssetate soluticn just necessary $o precipitate
all the ahlorine was added, the lead ghloride filtered off, and

 the filtrate evaporated, White erystals of piperidinesarsentrie
mide triscetate wore sbiained, meps 504 s04” (oorrested)e

C. Arsenious chloride snd diethylemine

10,96 grama {3/20 mole) of dlethylenine disaclved in 100
eca, of heptene end 9,066 grams of arsenious shlaride {3/20 |
mole) dissolved in 100 ses, of heptens were useds The resction

*‘was pun as dessribed in the general procedures The precipitate
formed §n the reaction wian ary weighed 10.4 grems, Arsenic
analyses showed B.78 pecs arsenic in ths precipitate, or 24.3
P.d¢ Of the arsenious chloride was converted inte lraonugzidc -

hydrohalides, The arsenic compounds present eoculd not be oryse
talliszed from absolute sloohol, It was sublimed @t 130-140°




P
at 1 mm, presesure, hut shlorine anslyses were several percent
high showing that !.t way still contaminated Il.th diethwlmim -
hydroshlorides ' '
plethylanine~dichlorargenanide -clan-utcgns),a
-~ The heptane was removed from the filtrate by distillation,
s yellow liquid remeining dehind, This wes distilled and ylelde
od & 11quid boiling at 107°/ 38 muse It was extrensly unstable
in the air, g 8 - ;
Caloulated for GW(CBHBJ“s ehlorim. 32,58 peos |
Found) 3235 Pedup 32418 Pu0s - i . .
- De Arsenious chloride and ethylenadieming
 9.015 grams of ethylenediamine (3/20 mole) dissolived in
100 ocse of heptans and 18,13 grams of arsenious ehloride
(1/10 mole) dissolved in 100 scas of heptone were used, The
reaction was yun as described in the general procedures The
precipitate when dry weighed 17.5 gramse Xt could not be
prified by vacwmm sublimation and was decomposed by water and -
alcohol, 4 grams of the crude precipitate were placed 4n a
flask and 100 ocse of anhydrous scetone added and the mixture
refluxed for siz hours, IThe residue was filtered, sgain ree
fluxed with dry scctone, refiltered, snd this precess repsated
& third time, 7The first filtrate was yollow in eolcur but thy
third time wes eclourlesse
.&}y_nediaminenchlora.. gendiamide du'gdroohloridq _
C1~As (rH, Crig, CFg, Wigs BC)p
The white residue which remained after extraction with dyry
Goetone was washed several times with acetone and dried at 20
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gus, and 46° for 12 hourss A yleld of 8 grams was obtained
The compound was decomposed by water giving arseniocus oxide and
Jthylensdismine hydsoshlorides It 414 not melt but charred
glowly above 228°,

galeulated for CLAs(NH,Clg,ClgeMighHCL)gt arsenic, 24,86
p.6sp ohlorine, 34,99 p.s, Poundy arseniec, 24,20 P.0s} |
ghlorine 34.00 Peos |

The filtrates from the socetone extraction were combined and
the scetone removed in & vecuum, A few orystals mixed with a
large amount of & red resinous material were obtaineds Ko
test for arsenic eould be obtained with this mixture snd 1t
1s possidly & polymer of ethylenediamines The original heptane
filtrate was not examined, Further work m the reaction datween
arsenious ohloride and ethylenedismine is needed to detormine
the gourae of the reaction and the other products formed.

Es Arsenious shloride snd methylaniline |

16,06 grams of met ylaniline (3/20 mole) diasolved 4in 76
¢cs, of heptane and 9,08 grams of araenious chloride (1/20
mole) dissolved in 78 cocs, of heptans were used, The methyle
_tnili;xo was previously purified by distillstions The weight of
the precipitate obtained when dry was 9,84 grams, Arsenio
snalyses showed 6.98 p.os arsenic in the precipitate, or 14.38
Pece Of the arsenious shloride was converted into arsenamide
hydrohalides. The arsenie gompounds eould not be separated
from the methylaniline hydrochloride dy vacuum sublimation and
Wore decomposed by water and sbsolute aloohol,
Hethylaniline-dichlorersenamide  GClghseR (CHg)CgHg




The heptane filtrate m distilled in & current of nitrogen
gas at 10 mms, wutuﬁ to remove the heptane and the methyle
sniline dichlorarsenamide which remeined in the flask purified
py distillation, It boiled at 116,6°/3 mus, pressure, was exs
tremely unstable in the air, and was decomposed violently with
water,

Caloulated for Gl As-N(CHy)C.Hg: eohlorine, 26418 p.oe
Pounds B8.,29 p.es

P. Arsenious chloride and dimethylaniline

18,16 grams of dimethylaniline (3/20 mole) dissolved in
100 g¢cs. of heptane and 9,06 grams of arseniocus shloride dise
solved in 75 cca., of heptane were used, The reaction was run
as described in the general procedure, The dimethylaniline was
previcusly purified by distillation. There was & change in @ole
our on the addition of the arsenious ehloride solution; the mixe
ture became & yellowlshegreen but no precipitate formed, On
filtering the mixture & very small quantity of gummy material
was found in the bottom of the reaction vessel, The heptane
was removed at 10 mus, pressure, The remaining liquid in the
flask was fractionated at 8 mms, but gave only arsenious shloe
ride and dimethylaniline, |

G, Arsenious iodide and aniline

As srsenicus fodide is insoluble in heptane, dry bensens
™es used as & solvent, 5,58 grams of aniline (3/50 mole)
disgolved in 50 ecs, of dry benzene and 9,178 grams of aa;amz.
ous 10dide (1/50 mole) Aissolved in 600 cose Of dry benzene
Were used, This amount of benzens was found necesssry to dise

s i e i Tl S DA B i, it b S - - A - PRURP R - -
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;017! tht srsenious 1edido. he reaction was run ss described
4n thg general yroaodnro. Phe precipitate did not melt but des
~ eomposed sbove 176%, giving off brown fumese Arsenio enalyses
gave 8,038 PeCa arsenio in the prooipitato, or 3%.18 peos of
she crsenic is converted into sraonnm&d. hxdrohnlldaa. Attumpta
to obtain these arsenic oompounds by Vucnun tublimntlan were
not succeasfuls Both water and :baolnto sloohol dnoqmponcd the
;r-enie eompounds pvooont.“ ‘Bowever the preeipitnto appoarod
to be slightly soluble in 5cnn-nq and dtoxan, qnd tttampta were
msdo to obtain the campaunds“by trnntionnl uryatullinatinn fron
these aolvonta. . Only tmorphouu rouin«l&ko s0lids were obtaineds
The benzene tiltrnto on ovaporation ;191da¢ & brown residue )
- which e¢ould not‘bt orwatall&sod. Some arsenious oxide and ane
'_ilin- hydrolodide were ilao obtaineds - ‘ SR o
H, Bthyldiieﬂnarnlnn ond aniline ?

" 9,30 grans of aniline (2/10 Hﬁlﬂ) in 75 scs, of haptan.

and 17.79 grams of thyldizadaarnzna (1/%0 mola) a&-solvod an

200 cca, of heptane vort used, The reautidn was un as dto
scrided in the general procedures The precipltate shen dry
weighed 0,87 srnma. Araenio analyses gave 5.018 p.o. ar'onic.
or 12,92 p.0, © of the arsenioc was eonvtrtud into araonnmid.

" hydrohalidess cryitnllisation n'oa absolute sleohol gave only
aniline hydroiodide, ’
Aniline-eﬁgz;iodonraennmidg_L caﬁaaaugﬂ.caﬂa

" om removal of the heptans from the filtrate & light yollow

011 was obtained, boi.ung at no"/m mms, pressure, It tended

to orystallize in the side axm of the distilling flask on dise 1



anﬁmm It fumed in the air snd l'mm violently with
watePe |

Calculated for csﬁs“”""ﬁ-%ﬂs* arsenic, 83.93 p.o.;
jodine, 39,30 p.o, Pound: avsenic, 23.84 P.ts, 23,69 piCa}
jodine, 39,68 P04

1. Ethyldichlorarsine and piperidine,

4.0 grams of piperidine {1/20 mole) dissclved in 50 coss
of dry ether and ¢.37 grans of ethyldichlorarsine (1/40 mole)
dipsolved in BO ecs, of 4ry ether were used, The reagtion was
yun as described in the general procedures The precipitate
when dry weighed 4.8 grams, Arsenie snelyses gave T.4d P.0Os
arsenic, or 19,08 p.o. of the srsenis was gonverted into araens
amide hydrohalides, _
Piperidine-gthylarsendianide dihydroghloride
02115&. m’sﬂm' HC1 )3

The compound eoculd not ba patisfectorily separated from
the large smount of piperidine hydrochloride by fractional
erystallization from sbsolute alcohol. By vacuum sublimation
at 95+105° and 1 mm, pressure & white solid, m.ps 106° {oore
rected), was obtained, This was soluble in water, ethyl alcoe
kol and ohloroform, inscluble in scetone, bensens and ether.

~ Caloulated for cgnsu(scanm. Bcl)s! arsenic, 81.7 D.C.}
shlorine, 21,0 pe6s FPound: arsenic, 81.28 p.o.} chlorine,
20,5 p.o, : . . -
Piperidine-ethylchloroarsenamide cznaaf-g}ésﬁm '

The ether filtrate proved unsatisfactory for the separes
tion of this compound, Evaporation of the filtrate ylelded




| e s L 4
. | “17 nighemelting solids which did not erystallize from the
golvent but appeared as precipitates on the side of the vessel.
scoordingly the readtion was repeated using heptane as a sole
yonte The heptans filtrate after removal of the heptane gave &
jight yellow 1iquid, b,p. 108°/5 mms, pressures It decomposed
papldly 48 the sir snd could not be erystallized at 0% It roe
| ssted ‘violently with water to give piperidine hydroshloride snd
othlurotmniu : : '
.. - Caloulated Lo c,natm.)smcsnm: arsenic, 33.58 p.i.; &
. shlorine, 15,97 p.¢s PFounds; arsenioy 33,30 p.c.) ohlorine, |
18,88 PeGy } VA s e e '
A eoinpariaon of the reaction in heptane and ﬁthﬂ sther solue

_ The white precipitate from the reaction in heptans solus
tion when dry weighed 3,68 grams, .&runu analyses gave 0,59
P.0, arasenic, or 18,68 p.c, of the arsenious shloride wus eone
verted into arsenamide hydrohalides. 8ince 19,08 p.c. arsenio
was the value found when ethyl sther was used as & solvent, it
eppears that the solvent, as far as ethyl ether and heptane
are goncerned, does not materially influence the sourse of the
Tenction,
J. Dimethylehlorarsine and piperidine

" B¢50 greams of piperidine {1/10 mole) dissolved in 76 coss
of heptane and 7,08 grems of dimethylohlorersine (1/20 mole)
Qiss0lved in 75 ecs. of heptane were used, The reaction wus
™n as desoribed in the general procedure, Although there is
only one peplaceable shlorine atom in the arsenic gompound,

g B et tn e S
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“w. the molar squivalent of piperidine was used in antiocipae
¢gion that the following reaction would go to sompletion in the
excess of the base;”

(cgajamcl +  REByCglyg —— (Cly ) AB=HCHyf + csﬁmnﬂ.ncl.
| The white solid obtained from the resction when dry weighed
§.0 grams, Only & slight trace of arsenis in this precipitate
eould be detssted, It melted st 236-237° and sppeared to oone

slst of almost pure piperidine hydroghloride,
piperidine=-dimethylersenanide  (CHy)gAneNCgiyg

When the heptane was distilled from the filtrate & soloure
less 1iquid remained which was purified by distillation, boile
ing point 75°/8 mas, It d1d not fume in the air and appesred
to be more stable tg;n the ehlorarsenamides of the type
ClpAs=NER and RYAselNiRe

Caloulated for {(CHylohsR.CgH,g! arsonic, 39.84 p.s.
Found; 30.44 PsOep 39,50 P.oe

Xjeldahl nitrogens gave consistently low resulta which is
sharacteristic of Xjeldahl determinations with piperidine come
pounds,

K, Arsenious ehloride and 1,4~dloxane

. 96,4 grams of 1,4dioxane (3/10 mole) were placed in s

flask equipped with & mechanical stirrer and surrounded with
ice, The mixture becsme waram and a precipitate formed when
aWbout one~third of the srsenious shloride was sdded, After the
8ddition of all the arsenious chloride, the mixture was warmed,
and the precipitate dissolved but crystallized out on eoolings
These orystals were filtered off and & second erop obtained by
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ovaporating the dioxane, They were dried over PoOg in & Vaouum
goy 24 hours. The total yleld of erystalline moterial was 6
granse The crystals were solourlecs, appeared to be delis
quescent in the air, and possessed & strong odour of arsenious
ehloride. M were soluble in ethyl alecohol, cthor, acetone,
and benzene, insoludble in oold heptens, soluble in warm, With
water & precipitate of arsenious oxide wes formed, melting
point, 82° {corrected),

. Arsenic found: 83,84 P.0sy B3.60 pecs

Chlorine found: 353,80 Pets, 33486 Do,
This would eorrespond to an empirical formala of mclascinsoa,
the values for which are arsenis £3.93 p.0s, shlorine 33467 DPetia
However as the substance appears to be deliguesocent, it might
possibly exist as & hydrate AsClyC H0g 810, for which the
arsenic and ghlorine values would be 24.55 Deds and 34,566 P.CGe
respectivelys = Accordingly the reaction was yun & second time
and the erystals thoroughly dried in & desicoatop over PoOge
For analysis the sample was transferred directly from the dese
fcoator to s tared weighing bottle scontaining absoclute alechols
. In this way avscrption of moisture was avoided during the
weighing process, .

Chlorine foundt 3357 Pe0s - S

It is thus spparent that the compound is not a hydrate at

torresponda to the formle 8AsCly.3C H 0g¢ Dissolved in abaoe
lute aleohol the substance geave & precipitate of silver nh}op
*ide with alooholic silver nitrate, Pure srasenious shloride
9eas not give such & precipitate with aleoholic silver nitrate.
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jn oxonium structure is thus suggested, .

The moleocular ni@s in benzene determined by the freesing
- point method was 167.0, The theoreticsl for BASClye3C H 0, 19
626,6, This suggests that 4% is highly dlssoclated in benzens
solution, The molecular weight in acetons solution determined
by alaﬁg;m of the boiling point using the MoCoy apparatus was
148.4. As the dielectric gonstant of acetone 4s 2l.4 and
that of benzene £.88, 1t 13 to be expected that the mom?:%
~ will be more highly dissocclated in acetone than in benszene,

‘L¢ Arsenious chloride and diethylsulphide

9,0 grans of dhwmiphmo {(1/10 mole) -nﬁ placed in »
£1ssk and 18,1 grams of srsenicus chloride (1/10 mole} added
. dropwise, The mixture becaeme warm dut no precipitate formed,
¥hen all the arsenious shloride was added, the mixture was
. eooled to «15% but no solid phase separated, The addition of
heptang to & portion of the mixture did not produce & precipie
' tatey The mixture wes distilled at atmospheric pressure, Are
senious ehloride boils at 122%, diethylsulphide st 91.6°, The
mixture gommenced to distill at 100% and the temperature rose
to 1289 and remained sonatent at 12841309, 156 grams were obe
" talned at this temperature, | ’

Chlorine snalyses on this fraction gave 50.25 and 50.38
P«0, ohlorine,s This does not correspond to any simple osompound
~ betwesn arseniocus chloride and dlothylmlphi&n Poy

B4801,,5(CgHg)p the theoretical value for ehlorine is €9.8 Pasey

™t such a combination seems unlikely, %his frastion dissolved
{n absolute aloohol however gave & precipitate of silver chloe




| ) 3
,.1.1.' with aleoholie silver nitrate,

A ‘cooling eurve of the constant boiling fraction was obe
tained using solid sarbon dioxide, The results are shown
sra]i:ﬂ,ﬂﬂllj' ia the aceompanying diagrams It sppears that a
orystal phase separates at «22° and another at »20°, Arsenious
chloride melts st »18% It can only be conoluded that arseniw
ous ohioride and diethylsulphide do not gombine to give a .
erystalline compound at room temperature,
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- PART IV
THEORETICAL
Arsenious ghloride, AsClg, oan be regarded as the scld

ehloride of orthoarsenious aoid in which all thres hydroxyl
groups have been replased by ghlorine atoms, In many of its
posctions arsenious chloride acts in sgreement with such & ¢one
septions Thus with sodium phenylate it gives, zﬁordina to
Auger, the phenyl ester of orthoarsenious seid, '

AsCly + SHm0CGH, —— As(0C H.}, + 8NaGl
Just as the scid ehlorides will resct with ammonis 0r smines
to form amides, 50 we might expeot arsenious ghloride to react
with ammonia or amines to give the corresponding amides of
orthoarsenious ae¢id, the arsenamidess The eomparison is seen
fn the resction detween asetyl chloride and arsenious chloride
with aniline, ' ' |

CH3C001 + 8CgHgNHg — — CHuCO.RHOgHg + OgH NIl HCL

AsClg -+ msasm, —_— clgu.mc,n& + 6 Qusm’. HCle

The two reactions are not entirely parallel howevers

Since the mmide group in the soid amides is very weally basic,
it will not form & hydrochloride, The reastion probably proe.
eeds through the splitting off of HC) between the hydrogen
of the smino group and the ehlorine atom of the soid chloride,
and this HC1 rescts with the excess of amine to form the amine
- hydrogchloride. MNeturelly the resctiom will not take pluce with
tertiary aminess In the case of arsenious ehloride, since the
Wrsenie atom ia less meidie than the acetyl group, the resulting




arsensuide can form  hydrochlaride, Bince the Fesstion alse
gakes place with tertiary amines with the formation of eompounds
of the type M(msx)a as well as with primary end secondary
smines, ‘the hydroshloride must be formed first, and this sube
sequently reacts with an excess of the amine te form the frce
arsenamide snd the hydrochloride of the beses These resctions
. may bYe ozﬁruuﬂ tluuly{

AsXy + !I!H' ,———-—»xzn-m.m _ -

XoAseNHR,EX + RNHp — XoAsNAR + RNHg HX,

A Detter parallel than the reaction detween an acid chloe
ride and an amine might de the reaction between an alkyl halide
and an smine, ST ; |

R'SHg + RX —m___»[nmms]x\

A+ AaXy —— (Rgaseimgn] X
The analogy is even mors striking when the properties of an
arsenious mm; such as arsenious chloride, snd an alkyl
halide are compared, Arsenious shloride ia & liquid in whioh
the chlorine atoms are all attached by covalent or noneionised
bonds, Dissolved in absolute aloohol 4t does not give & precipie
tate of silver shloride with aleoholiec silver nitrste, Walden
howsver states that in sulphur diox:ldo solution 1t tends to

{onige thuss

daxg — [hoxyJx'— [Ad] e — [M]’i; '
The dipolc moment of arseniuns ﬁ%grm. is l.w(ms &8 oome
Pared to 2.0 tor alkyl halides. Thus in its polar prope
rties 4t 1s lemmt somparable to sn alkyl halide, and there

12 0 more necessity for assuming the fonisation of arsenious
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‘ﬁmdi in hem solution in the resotion with an amine to
form an arsenamide hydrohalide, ‘thu'a for sssuming the fonizae -
tion of an alkyl haiide tn its reaction witk an amine to form
on mmconium halide, %he reaction takes place mich faster in
the ocase of an argenious halide bLecaiise the halogen atoms are
jess firmly bound to the arsenic, tut the nature of the reaotion
is the same in both cases, | |

Since the reaction detween aniline and arsenious chloride
has been more extensively investigated by eother workers, this
. smine was chosen for further investigetion, The reaction was
studied under two different conditionss
1+ Vhere the arsenious ehloride in heptane solution was added
to aniline, In this case & heavy yellow precipitate formed
vhich consisted of uﬁ.uno hydroghloride admixed with & cone
siderable proportion of arsenio, The heptane filtrate ylelded
the dichlorsrasenamide ClgAseNHCgH g :
2. VWhere the aniline was added to & hgptane solution of ere g
senious chlorides Xn this case the yellow precipitate was
hearly pure arsentriamide trihydrochloride, As{MHCgHg,HC1)ge
The heptane filtrate ylelded s minute amount of sn unstadble
@rsenie gompound which was not characteriged but possidly was
OlAs (NHCgHg ) ge |

For comparison the percentages of arsenie chloride found
in the precipitates under both eonditions are given in the
following tebles -




Table X |
Wte of «0e &rsenig ' peos total
~ Ppte prts arsenio used
RN AR A : . An ppte
Arsenious chloride = 6.18 1027 = 83,88 .
sdded to aniline grams _'
Aniline added to 10.8 15,86 84,74

srsenious chloride  grams

The perocentege of arsenie in the precipitate from the
 eddition of aniline to srsenious ohloride is only about 1 p.os
jower than that of the pure arsentriamide trihydrochloride
-whish shows the small emount of impurity that mast de proesent,

When the arsenious shloride is sdded to the sniline, the
bese oan resct with the arsenamide hydrochloride formed, end
hence the reastion mixture yields s considersble wmount of .
aniline-dichlorersensmide, ClphseFHCgHge Whon however the
amine is added to the arsenious chloride, at no time is there
any excess of anine #o that this pesction is prevented. In |
this case the main product of the reaction is the arsentrianmids
trihydrochlerides '

Whers the smine was in excess there was found to be &
sonsiderable proportion of arsenis in the precipitate. It is
sssumed that this arsenic ccours as the hydrochloride of the
argendismide and arsentrianide and is not morely occluded are
senious chloride or free arsensmides This was also the case
in nearly every reaction between an arsenious halide and an
" amine in whioh the former was added to the latters That this
asgumption is Justified scems apparent from the following facta:
The free ersenamides are very soluble in organie solvents, and -
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the preeipitate was always thoroughly washed with the solvent
used in the resction. Duplicate reastions gave within the |
14nit of omimt;l orror the same amount of ersenic in the

precipitate, Finally in several eases it has been possidle teo
separats the srsentrimmide trihydrohelide from the smine hydroe
halide, Thus u(maxm;ncz}a was separated from piperidine
hydrochloride by means of frasctional erystallisatiom from ethyl
sloohol in the interaction of arsenious chloride and piperidine,
Similarily CoHsAs{NCgH,q4HCl)p was separated from piperidine _
hydrochloride by means of vasuus sublimation in the precipitate |
formed by the interaction of ethyldichlorarsine and piperidine,
In the majority of oases however the arsentrianide trihydroe :
" halide was decomposed by aloohol and water snd was insoluble

in organio solvents, and tims fractional srystallization gould
not be used, Nor did veguum sudlimstion effect separation,

In the oase of piperidinessthylarsendismide dihydroshloride,

the ethyl group apperently affested the esse of sublimation of
the sompound,

In sddition to isolating the arsentriamide trihydrohalide, -
in several onses it has Deen posaible to isolate the arsendiame
ide dihydrobalides, Thus in the resction between sthylenedismine
tnd arsenious shloride, em(uﬁ.cn,.cxa.mg.ncn' was isolated,
In a previous report the suthor has shown that both
OlAs(KH, CHgCgHg HC1)g and An{NH,CHoCgHgHCl)g oon be """“ﬁo
in the reaction between arsenicus chloride and densmylamine, _
Anschfits and Weyer also peport OlAs(NHCgig)os | |

Thus the follewing types of compounds mey be said to be
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the ﬁ-ednetu of the reaction between sn arsenious halide and
en: aminey XgAsNHR, fsolated 4in nearly every reaction where the
helide was added ta the amine m(nm.m)a, isolated only in
s fow gases uthouah possibly oscurring as & portion of the are
senie found in the presipitate when the hulide was added to the
amine m:(xm;e, not definitely proved to ocous dy the author
but found by Anschiits and Weyer when arsenious ghloride wes "
added to & large excess of aniline; and u[nm.!x)a, mlaﬁed
shen the emine was sdded to the halide, These results together
with the faot that the reastion takes place with a tertiary
m&m' a8 rcads._ly as with & primary or secondary amine lead to
the conclusion that the reaction between an arsenious trihalide
and & primary or secondary amine proceeds aceording to the fole :
lowing equations;

1) uxa o+ R!Ill‘  — xaa-.um.nx |

8) XA NHR.EX mmg XoASNHR -+ mmg.nx

8) Asxy -+ @RNH; —— XAs(NHR.HX)g

4¢) Xas(NHR.EX)g + SRWH —— XAs(NHR), + mne.

8) AsXy + SRNHy —— As(NHR.HX)gs

- Clearly these results ‘explain why prcvim %g;ostzgaton

. found Aifferent produsts, Thmus Sehiff , Leeds  and Schmidt

811 obtained the eompound As(N,CgHc HCl)yze A8 this is the

‘®ain product of the resstion when eniline is added to arsenious

ohloride, the smsll amount of unstable meterisl which is probe
- bly also & product of the resction was overlooked, Had Senmidt

distilled his heptane filtrate he would have dlscovered this

Sesond product. Anschiits and Woyer on the other hand worked
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Jith the filtrate rather then with the precipitate, and as the
free arsenamides are _m‘lubh in enhydrous ether, the solvent
used by these investifators, they were sble to imolate the are
senanmides X ASNHCGH, and Jmtﬁucsns)g. Their precipitate cone
gained aniline hydroehloride when the aniline was added to the
arsenious ehloride, und'the‘; failed to isolate the compound
found by Schiff, Leeds, end Schmidt, but believed ths Lirat twe
workers had been dealing with impure mixtures of aniline hydroe
chloride and ccoluded srsenic, Those results also clearly ine
dicate why the earllier workers in the field believed that more
complex substances were formed, Thus such sompounds as .
| aaaa_rafms, obtained b{al.mdm, '?_ and 2AsIy.ONH,, obtained by
Bamberger and Fhilipp, would seem to be mixtures of ammonium
halide u.nd the sarsenamide hydrohalides, which mixtures can only
be separated in a few special ouses, "

Leonsrd, working with piperidine and adding the base to

the arsenious ohloride, obtained the arsentrismide trihydroe -
halide An(ﬁcanwmcl)'a. As this substance is not decomposed by
abgsolute aloohol and only slightly by water, it san be separated
from the piperidine kydroghloride by fractional orystallization,
Leonard however did not discover that piperidine hydrochloride
was formed in the eourse of the reaction. The analyses for are
senio are soveral percent low, a fact which Lnomzxig?atu-imul
to the method nsed for analysis (Ewins' method), The pie
' peridine was determined by hydrolysis with alkali and distillae
tion of the free base into standard acid, But also the piperw
1dine analyses were several percent high, It seems therefors
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probable thet Leonard never obtained the product entirely free
from piperidine hydrochloride, RXoy 4id he isclate the free arw
senamide also formed in the resetion, The ealoulated weight of

the precipitate was only epproximately sixty-six percent of the
theoretiosl, Leonard ascounted for thls by the supposed solue
. pility of piperidineearsentrismide trihydrochloride in heptane,
the solvent used for the remction, The hydrochloride formila
assigned to the sompound by Leonard ias incompatidle with this
golubility, and in the experimental part it has been shown that
_the sctual solubility of the compound in heptaens is ¢ x m'&_
grams per 00s Leonard states that the excess of eompound solue
bPle in heptane oan de precipitated with ethers It is apparent
that unless anhydrous sther is used, the arsenamide,
Clghs=NCgH, o, Present in the filtrate will be decomposed DY the
water present in ordinary ether into erseniocus oxide and pipers
i4ine hydrochloride, This secounts for the precipitate obtained "
by Leonard on adding ether to his heptane filtrate,

+ It 4a also interesting to note that when ammonia 1s used
a imide is formed instead of the arsenamide. Thus mon?e&u
obtained csnsu..‘m from phenyldichloraraine and ammoniag
_ and Ipatiew, Rasuwsjew, and stwm(s:gi ovtained CHyAaglH from
methyldichlorarsine and ammonia. ' It seems prodbadle that the
Pecction proceeds in & aimilar manner, but tre resulting amide
tan lose ammonia sasily to give the imide thus:

—_— Ra '
cnamcl 4 GEH' QK A'“KHB + QNH ‘31 ) PR

ansa g ——-—-—>0H5Aluﬂﬁ + lﬁﬁaa

“NHg -
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In both cases a precipitate of ammonium ehloride was formed in
the sourse of the reaction,

. The smount of drsenie found in the precipilate varies with
the amine and w#ith the araenious hallide useds A comperison of
¢he smounta of arsenie found in each case might possidbly give
 gnformation econserning the factors influencing the oourse of the
.. reaction, - As all reasctions were run under identical eonditions
except in a few cases, it is inmaterial whether the arsenie in
"-.thn precipitate is in the form of the arsendiauide dihyurohale
| .iGe, arsentriamide trihydrohalide, or what is most probeble

 mixture of both, The following table gives the peroentage of

... the arsenic used that is found in the precipitate, which ashould

be & measure of the smount of arsendiamide dihydrohalide end
arsentrianide trihydrohalide formed in the course of the reace
. tion, The strength of the bases used is alaso given,

“py _ Table II
Base used .  Arsenious Hale . p.os totel As . - Strength of
! 1&; nsod started with ' base pﬂﬁ
. oo . foud An ppte. oo ©
Geﬁaﬂﬂn ; -.Atcla 53053-:. Py e Rl F T 4.64
CE.NH,. . Asl.(solvent =~ 32,18 . . . 4.,064
¢"s""g 3 benzene) : $ _ )
0636“!353)3 Llcla L ... no reaction  --['_-__: 5.08
esﬂwnﬂ o Aacla - S 20,95 - 11,13
OBy OgHoASCLy 18,88 11.13
| CglioFE ~  CR.AsOl, - - 19,08 ... 11,13

{solvent ether)
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" PTable IY {Contimued) |
pase usod - Arsenious Hale . D.Cs total As 8trength of
ide usecd started with ' base pK.H
. N found 4im ppts -
(cglg)gME  AsOly - 243 o 10498
Thess values for the strength of the bPase ere gzagata
terms Of the constant Py given by Eall snd Sprinkles They

. are taken in aqueous scolution. The apsumption that the strength
 of the bDases iz squeous and in nonesquecus solution will stid)
" pear the same relationship to each other is open %0 question,

- Weptane is & solvent of such low dielectric constont that it
o2n have but 1ittle influsence on the oourss of the reactions
m»w&m:m@u:m:gmngmnmh:gd
Aston §s f1ts ability to atiract hydrogen ions or protonss
According to Brinsted acids and bases do not show ssldie oF
basie properties in solutions such as tenssne until thi 1;18»»
sery proton asseptor o donor respectively ia present,

" smmonia is & Bese Decsuse it cen mdd A proton, just as plerie

‘seld 18 an acld beosuse 4 ¢ ean give up & protons Brinsted
hag $1lustrated this by showing that plerie scid in benzene
solution does not show its scid charaoter until a dase such as

 aniline 48 sddeds Similarily then in heptane solution an smine
would not show its desie properties until & proton donor is
[resent, Xremers reported that the mixing of & heptane solution
of amonia snd & heptans solution of hydrogen chloride resulted
in the precipitation of emmonium chlorides 11!. The hydrogen
thisride has sontributsd the proton which allows ammonia to
show its basie propertiess Similarily when arsenious chloride
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" 4s added, the eAsCly adds to the smine insteed of & jwotone
Ascording to Lewis then, arsenions shlorm ml&--ba an acid, -
although suc!: 1;3 uluatraonti.on u not ascepted by the majority
of ohemista, m abnity of the smine to add & proton or
«AsClo 1s dopohﬁo_nt on the pull of the lone pair of slectrons
on the mmine, and this pull is influenced by the subatltuent
groups on the amines Even in heptane sclution &t would seem
shat these substituent groups would influence the proton -
sodeptor power o€ the amine, s0 that the sourse of the resstion
petween arssnious chloride and an amine would de influerced
by the substituent groups on the smines With & weak base such
ga aniline, the course of the reaction would favor the formation
of the arsendiamide sand arsentriamide hydrohalides, rather
than the reaction between the anine snd arsenanide hydrohalide
to form the fres srsensmidej 1.6., oquation R) is favoured .
over equationm 1)s . o . _
1) ClgAsNHCgHgsHO) + GgHgNHg — Glghs,MHCgHg + CgligiigaHC
2) AsCly + BOHgNHg ——As (FHCGHG BCl)g

+  3CgHgNHg —— A8(THCgHg.RC1) g
In the gase of & stronger base such as plperidine or dlethyle
smine, equation 1) is favoured over equation 2)s This 1sin
accordance with the facts as given in table II, This dooes not
hold true however in the ease of methylaniline and dimethyle
| aniline, Undoudtedly steris factors materially influence the
sourss of the reaction, Tims dimethylaniline does not react '
with arsenious chloride undw the condition of the roact.to;x used
for the other bases, and yot it is of the same order of strengih
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... gniline end mth:rhnillntg This would seem undoubtedly %o
be Aus to sterio hindrence, Hofmann was the first to point oud
¢hat there was aonsiderable steric hindrance in thaz ﬁgmatim
of quaternary ssmonium salts from tertiary asmines. Wedekind
o150 showed that with dimethylaniline snd various alkyl lodides
the munt?u?gl :r quaternary sammonium fodide formed varied over

e L vttt AR RN W, ' 4 L

wide limits,  several of his walues are given in the followe
ing table,
Tedble IIX |
pimethylaniline and R'I - Percontage of quaternary i
‘ axmonium iodide formeds ’;
Methyl iocdide | 89 |
Ethyl todide | 18
Allyl fodide o o ) | ]
Propyl lodide 87.9 ‘ A
 fsopropyl fodide | 8.3 | |
Ysobutyl dodide | 1.6 |

It would tims seem probsble that the primary reaction
CgHgN(CHg)g + AsCly — Fe“&ﬁo%’g] a
is prevented éue to steric effocts. ¥hen however the strength
of the base is materislly increased as in the ease of trie.
benzylamine, this steric factor is overcome and the reaction
Mrocseds, The eompound [As(CgHigClip)sNs|Cl wes sclated by the
sutiop in the reaction Detween arssnious chloride and trie
bensylomines | :
¥hile 1t does not seem possible to draw definite cone
olusions as to the quantitative influence of the strength

b — A A Tl . . . . S Wi



 of the base on the gourse of the reaction in the small mmber
 of cusos tried, it seems probable that under identical gonditions
wesker bases yield mure of the arsentrimmide trihydrohalide.
| than stronger baseds It 6lso seems mbaﬁh that alkyl groups
gubstituted on the arsenie influence the oourse of the reaction,
mms with eniline and arsenious iodide, 32.18 pecy Of arsentrie
anide trihyirohalides are formed &8 gonpared to 12,98 DP.oCe
with ethyldilodoarsine, Similarily with pdperidine end are
genious chloride, 0.9 p«os of arscnamide WMm“ are
formed as conpared to 19,08 with ethyldiehlorarsinse It would
geem that the balogens ere more firmly bound in the gase of
alkyl halogen arsines than with the arsenious trihalides,
This gorresponds with the known ghemicsl properties of these
sompourdis, Arsenious shloride is hydrolysed completely and
ingtantly with waterj ethyldichlorarsine is miscidle with but .1
not hydrolysed by watere The influence of ons alkyl group on 1
' the Ae=Cl bond 18 very striking, The reastion between die f
methylohlorarsins and piperidine is of particular importance.
In this esse thare is only one replecesbls ihlorines The |
Peaction prooeeds ‘asoording te the following equations.
(cig)ghacl + BOgHQME — (CHglpAssNCgRig + CglyoMieHOl 4
As in the previous sases it is probable that the smmonium 'hale
ide, (cH @Anﬁiﬁ:ﬁm fs first formed, and then this reacts with
the excess of piperidine present to give the arsenamide and
Piperidine hydroehlaride. When sufficient of the base s prose
g, then the -urunumm; hydrohalide is eompletely converted
into tue free sreenamide, |

et i L M
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 0f the six types of compounds possible by the interaction
of an arsenious trihalide and an amine, two types have not been
ysolated from the resstion mixture, The first of these, the
aihalogen arsenamide hydr_ahnllde, xeAa(l!HR.Bx], would be found
gn the precipitate formed when the ersenious halide 1a added to
ghe amines The faot that the sorpesponding free arsenanide is
pesrly always present indicates thet under the conditions of
the reaction this type of compound reants further with the oxe
cess of azine 3 give the free arsenamide and hydrohalide of
the base, The second is the free arsentriamide, As(NHRige } |
The suthor hes reported previcusly an attempt to prepare this
type of compound by the action of dry amonia gas on an nmer
suspenaion of benzylaminee-srsentrismide trihydrochlioride,
The recction was not successful, Compounds such as  NHR,HX

NIINNTTY : y

Frs ]

As~NHR
and _NHAR,HX are thecretiocally possible. - N HHR
AseNHR, HX
SNBHR O S

None of these have sver been isclated froa the reastion mixture,
The structure of the various arsenamides follows from thelr
mode of formation end physical properties. With the free arsen=
amlides %the only possidble structure is that in which the nitroe
8en is joined directly to the arsenic, Michaelis and Rabinerw
son ¢laim to have obtained the emm (ceﬁ‘mcaanam from
dimethylaniline and arsenious ehlorido.‘m Similarily Mrocse

~ kowski gave the Teaction between methylaniline and arsenious .

el A AESARELA NS A 7

ehloride as® - - R SRR ot
(256 _

AsClg 4 CgHgNH(CHg) — ClgAseCgH WH(CHz s
The ﬂ'oduct was oonverted into m—ceﬁ‘nu{cﬂai ww: nod!.uu hy-

R A AV Ak DA SR nnsan s s B AVLANKS AN
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uogﬁ. and the free imino group proved by scetylation, It has
peen shown in the present peper that under the conditions of
the resction dimethylaniline does not react with arsenious chloe
pides It is possible that under different gonditions substitue
tion on the benzene ring might cocur, with monomethylaniline
nowever this 1s not the ¢sse, and Mroozkowski's product une
aoubtedly wes CloAseN(CH;)CgHy and mot CloAseCoR NH(CHg)s This
eompound is similar in properties to the compounds formed bee
tweon aliphatic amines sand arsenious ehloride, and it is inoone
ceiveable that HOY would be split off between an alkyl group snd
arsenious chloride in preferences to the very reastive anino
hydrogens : Ca TR |

AsCly + (CgHg)oNB ——— CloAB=CoH i, Coll e

Since Mroczkowski's product was treated with sodium hydroxide
which would immediately aplit the AseN linkage, acetylation of |
the inine group does not' prove that arsenie was attached to the
benzene nucleus in the original resction product, -

The ersenamide hydrohalides show properties very similay
o those &t'fho gorresponding alkyl ammoniun halides. They are
high melting solids, insoludble in organie solvents, but are
usually decomposed by water sand aloohol, Leonard has shown
that they will combine with metallic halides to g&v?‘cmplox
tompounds in & similar manner to acmonium shloride, Thus
Plperidine~arsentrimmide trihydrochloride triturated with lead
lodide, mercurie iodide, or arsenic iodide gave complex addie
tion gompounds. With lead and mercuric iodides these complexes
¥era 1ight yellow in eolours with arsenig iodide & white oryse

. i B N




_ 67
talline campound wus obtalned, Ammonium mﬁrfggem lond 10w
dide give a similay white orystalline complex, . . piperiding
hydroohloride snd :&ﬁinmu ehloride form the complex
OglyoMHaHC1,PtCly,  while Den has shown that aniline hydroe
chloride will combine to give double salts with & mumber of - = .
metallie huudu-‘“- Leonard states that thase eompounds ree
quire extra or subsidlary valences of either nitrogen or halogen
to explain their strmeture end regards them as Werner secondary
sompounds, Strustures for similar compounds between ammonium

salts uélxgaul- or metalloid halides have deen suggested by .

Teroers m{m tm.n.mgcans)‘}" o {” ‘m‘)‘}
o B . R
formod between stannis bromide and aniline hydrobromide, and
between antimony triiodide and sumonium Lodide reapectively,
¥hatevey mey be the struaoture of these complexes, the fact that
the arsentriamide trihydrochlorides give similar eonpounds with
metallic halides 1a evidence for the suggested structure.

The most gonvincing proof for ths "onium" structure is
given by the reaction between piperidine-esrgentriamide trihydroe
ehloride and silver nitrate o» losd agetate, In these cases
silver and lead ohloride were precipitated quantitatively amd
the corresponding piperidine-arsentriamide trinitrate and pipere
ldine-srsentriamide trissetate formed, Such & resction oma

only be explained by giving to the compound the structure

STACE: - - ,
[Mgimcgﬁlg}ﬂs, in which all three chlorine atoms axre in the

ionized state, A study of the crystal structure of these some
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pounds would be interesting, The melting points of these arsen=
triamide trihydrohalides ave comparable to those of the sorres=
ponding emiue hydrohelides, Wyckoff states that the alkyl sube
stituted amonium sults possess erystalline structures intermes
diate Detweon fonie salts and molecular organio compounds,
These structures oan be thought of as similar $o those of mmuOe
pium halides in whieh the prela?gzaaf the alkyl groups has dise
torted the tetragonal symmetiy,. It seems probable that the
srsentriamide trihydrohalides exist in & similer lattics atruoe
ture, intermediste betwsen molescular sompounds and true ionie
salts, ' e ' '

. The reaction between amines and arsenious halides to form
srgenamide hydrohalides 1s paralleled by the reaction between
srsenious chloride and 1,4-dioxane to form & sompound, the
properties of whioh suggest sn oxonium structure. The compound
erynt#ll&:os from d4ioxane and can dbe easily purified in this
- manner, 7The substance iz soludle in the ususal organic sole
vents, alechol, acetone, ether, aund benzene, and also soluble
in werm heptans, Water decomposss it with the precipitation of
arsenious oxide, It melts at 62’,- Arsenie and ehloring scalye
ses pusgest the empirigal strusture SAsCly'30,Hglge Molecular
weicht determinations in bonsens and scetone solution gave
Values of 1567 and 148,4 respectively, whereas the theoretical
for the sbove formula is 626,86, Dissolved in absoluse alechol,
& precipitate of silver chloride 1s formed on the aﬂdit&aniht )

Rlooholde silver nitrate; arsenicus ohloride under similar oone

d1tlons does not give a precipitate, If the sompound is an

= W N W
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oxoniun balide two structures ere pcaatblﬁ._.f .

- (1)

o lemg -"|-‘--+,cB-cn o GHL CCE, |
[T P LTl B Bl

0f these ‘m. IX appears to bo tha mou mimblc M.m.n‘ it ac;n-
tains £ive membersd rings as compared b6 ten merbered rings in
I. It is not surprising to find that the compound ia highly
- dissociated in bengene and mcetone, m. Adhikeri mod Roy -
found thet the sulphonium halide formed by the interaction of
| Sb01, and dlethylsulphide [(CT,),Se5bC1.]CX was dlssostated
into two ious in bLenszene wlut!.:m.‘m Since ssetono has &
higher dlelectric eonstant than bonsens, Rl.4 aa compared %to
2,82, we would oxmt the moleculayr welght to be lower in aces -
tone golution then in benzene solution by the FernsteThompson
Mile, Uor is the solubility of the sompound in orgenic aole
vents incompatible with the oxonium halide struoture if one aone
siders this dissoolation, The compound undoubtedly is dissooie
tted fn benzens, ether, and the other solvents tried. It is
inscluble in eold hoptam. but on warming the compound d:.aaotsi-
ates and the component molegules are soludble in heptane'

This 48 the first recorded instance of sn arsenious halide




peaoting with a ccmpound sontaining besic oxygen to form an
oxonium halide, Bayer and Villiger have studied the ability of
oxygen compounds to form oxonium gults snd have shown that oxye
gen in he_temcyeua rings, suech aclgéml and dluethylpyrone,
ghowed enhanced baslis properties, Collie and Tiokle have
also shown that dimethylpyrone m?l%iaoowlncatom formed oxone
{um salts with & number of aoids, Finkelshtein and Burpoe

sova investigated dimethylpyrone inxggmm solution in which

4t showed normal moleculsy weight, Halides of anftimony and

arsenic wers also undissoclated $n benzens solution, but the
pddition of dimethylpyrone csused sutosolvation and subsequent
dissociation, The suthors interpret this as meaning that the
dimethylpyrons possesses suffioient of & dipole moment %O pene
strate within the halide molecules and sause an foniac complex

to be formed, Thoy express thh as followsy

AsCly +  BOpEg0g—= [AsnCH0y|015=— [asnc,m0,Jor, + o1
e [um,nao,] o1+~ 80L3 [Annc-qnaoe]’} 3c)
Olearly this reaction of dimethyloyrone and arsenious halides
ts sinilar to that of 1,4~dloxane snd ersenicus ehloride as
desoribod shoves, Sines diozmsne hss becoms readily avallable in
& fairly pure state, it was chosen for ths above study,

As Rdy, Adhikari snd Roy have shown that antimony trie

chlordde rescts with allkyl sulphides to give crystalline coms

'pounds of the ype|RgfleSHOlgCl, 1t might be expected that are

senfous chloride would resct nimilarilys Such waa not the cuse
however, When the two wers mixzed some heat was ovolved which
s probably heat of solutions Ko erystalline product separated
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on aﬁmdini;.- noy was there a precipitate formed on adding
heptane as would be expected if a sulphonium halide was present,
pistillation showed that about one-half of the mixture boiled
vetween 100 and 126°, and the rematnder boiled conatantly at
128130%, Chlorine nhalyaos on this fraction did mot correspond
’so ‘ingr simple sombination of tho"tm goumponents, A timeetenme
ﬁnm eurve indicated the separation of two orystal phases
ot +22° and +20° respectively, Tempersturesconcentration dime
grams would nndoudtedly Feveal whother & eompound is formed,
but unfertunately -dxétivhulphzéi melts et »102,1% 5 and the exe
perimental diffisulties Suherent fn working et such low teme
peratures m;onnm such & determination with the avallable
ladoratory fasilitiess The sonstant boiling fraotion when disse
olved in sbsolute sleohol gave a precipitate of silver chloride
with alooholie silver nitrete indicating the presence of chlow
ride dons, Bowever on such meagre svidence it is fmpoassible to
say that arsenious chloride and dlethylsulphide resct together
in any waye | L

The reaction betwesn & metalloid balide; suoh as arsenious
shloride, and an amine differs materially fyom the reaction of
| % metal halide and sn auine, In the oase of the metallodd
halide we are decling with e substance in whioh the halogen
Atoms are attached by covalent or noneionic bondsy in the cuse
°f & motallic halide the remction takes place between the muine
4 the metal and balogen fonse A metalloid halide, such us ere
Senlous chloride, must be sonaidered as an intormediate Letween
% atrictly covalent halide, such as alkyl halides, and & eome




=
pletely foniszed salt, such as 1ithium chloride or platinie
chlorides When an fonized metallic halide reacts with an amine
or ammonia, the Dase is absorbed to give an addition compound
known &8 & complex smmines The adddtion of smuonia to lithium
chloride has already beem referred to in the historical seotions
Four eomplex ameines are turnnd.depanding on the eonditions of
the reactiong LR R e

[m.xma c1, @Mnﬂa)g] o1, [m(mazgjcz md[l-i.(ﬁﬂa}‘] 7 8

Practically all the ionized metaills halides will give similer
complex amniness Mlss Sutherland in har book "rhe MotuleAume
~ 4nes" hz(u mgutnnoa the preparation snd properties of these ocome
poundse ‘

In the ease of arseuious chloride the rosulting srsenamide
h;drochioriden ere best regurded as arsenic substitution prode
- uots of ammonium c¢hloride, This 1s the view sonsidered in this
thesis. The complex smminea, in which there are more smine |
molecules ﬁr&unt then the number of halogen atons present in
the original hallde, eannot possibly be clawsified in this mane
- Rder, Ror do their chemicnl properties Justify such & olassifie
¢ation, The arsenamide hydrochlorides will resst further with
~ the amine to give the free srsenamide and the aiine hydrochloe
ride, The complex ammines either absord more ammouis o dc not
Teaot furthers A consideration of Fajans' elazsieal tieory ofe
fers a poseidle explaination for the difference between the two
 8lasges of oampeundu.‘lga Faojans arrived at the gonclusion
tiat an electro or fonte valency would tend to pass over into a

- %valgnay under three sets of sonditions: (1) when the charge

L:'%
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on elther ion is large, (2) uheh the cation is smell, (3) when
the snion is laorge. Tn tha case of arsenious ehlaridp,‘ir anﬁ_
arsenious or ehldrtde ion exists et all, it mict De prescnt to
& vety’ilighﬁ extent b;cauue'no'preoipibate of ui;vcr Qﬁlﬂfﬁda |
 1s obtained witn alooholis silver nitrate. The arnéniozthani"_
| aoetwnnt téadnfo :ncroﬁio 1ts coordination mumber on the addie
tion of amonis or en smice but lonizes ondvﬁhlorlnblatuﬁ goy
aanhiﬁoleeulo of base ?bnorﬁedgn-ThA‘araaniq La'thon_ﬁtt¢ehnc ?

" nityogen end hwdragpn atoms in an amina'or aﬁmonia} 1.0;; i
covalant bond formed by the qharina or two clectronn, onu trum
 each atom’ oanaernud~- Okl S . ;p' |

| cmpaﬂ tile resstion with that of platinous amauce and

. amzonia. Depenﬁius oa conﬁitiona thx'eq types of oomponnds sre j
obteined:  (Pt(mmylg0lo],  [Pe(vug)g01|ci and [Pt(lt’xé) Jotge
| Tha chargc on the platinaul 1on being large, 1t inaroaaoa its
eeordlnation RHMber to raur with a ohnnsc of fonized ehlartnt ”
to novalant shlarine. Furthor additaon of ammnnin rasults in
one end tinally two ohlorine atomn being 1onizod. Platinie

'chloridq forms & sinilay series of conmplex umminaa in whiech tho.

soordination number of pletinum 1s six, _
[retrugdgor,] = [etmg)gargler [Pt(ma)‘013|013
[Primmy)gen]ory  [prinmglg)org | |
Sidgwick oonsiders that the emmonis moleoules in trese and sime
ilayr complex emmines are attached to the notnl atam by what hc
terms a coordinate sovalensy; that is, where the tmn elestrons
| ﬂoounnﬁry to form & chemical bond are both aoﬁtrlbutqd by the
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{124 '
- pitrogens . There is no such suppoaition needed in the cese

of the ersenamides, - _ g .

Such covalent halides as EClg, PCly and GeCl, react aimie
jarily to oyasulous ghloride; the final product when an exceas
of Saaﬁ h'uaed- is the anide or in the case of sxmonia the ime
1de, Thus Joannis obtained B(NH,), and By (NH), as ?2}1 as anme
moniunm chloride from boron trichloride and ammonia, ‘.w Gore
manium tetrachloride with ammonis or amines gives the germanium
imides Mi:: and G{;: ma emnonium ghloride or the corresponds
ing anine hydrochloride, With uoc?ricégrx enines, Ga(!*ms) ¢ T8 |
the amine hydrochloride is formed, Theas compounds are
similayr in structure to Qho(gnanamidu, or the arsenamide
*“gfﬂﬂ’; obtained by Bugot, Metallolid halides in which the |
- charge on the cation hag bDecome greater may possibly ast both
as an acid ¢hloride and & metallic salt, Thus antimony trichloe
ride forms eompounds ab(nnn.m;)a and ClSbalNH which are ecmparw
~ able to the compounds formed with arsenious chloride, There is
als0 considerable evidence to show that antimony trichloride
- will forn complex ammines, such as SB(HHBGGBBJG Cly and
Sbtﬁnecsﬁﬁ )g 013.' The evidence for arsenle forming such oome

Plex mmmines is not very convincing, Titanium would socem to be

L o AT N S Q

Another example which forms such complex ammines as |
[m(nna),]cl,, ana [T1(523)g 014, But witn 1quia amonte these
Products resct to form the amide, TL(NH;).. g
Thus we may consider that arsenious ghloride recots as an
80id ghloride becsuse the ionie charge is still too wesk to

form a gomplex ammine, With antimony trichloride it has ine
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creased suffiglently to allow the substance to act as a metallic
chloride although 1¢ still will also reagt as the acid chloride
of antimonicus scid, Book from a eonsideration of the strength
of the valence field of the halides of many elenents has are
rived at & quantitative sxpression for the differencs in behave
iour bemo? m‘t{m various halides in their reaction with smines

or smmonia,
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