A Thesis presented by Ver®  Them fer the M»Sco degree

in the University ef Leaden#

under the supervisien ef Pref# T#S#Mucere,

May i928a



ProQuest Number: 10096330

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10096330
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



Abstract #f ihcsisc

Th« preparati.il ,f .ptically aotiv. bases .f the type

A w i i 1l preve o.nolusively the trihedral distributi.n *f the

riaencies 2& trivaient nitrtgen. All the arematic derivatives

«f this type which have been prepared hithert#» have proved te be
unsatisfactory for further work# As a preliminary to attempts to
prepare bridged cem] eunds from the aliphatic base

it was decided to determine the experimental conditions for such
preparations with piperazine*

A method fer the successful preparation of monocarbethoxy
piperazine has been vorked out# This has made possible the

preparation of other monoN#substituted derivatives of piperazine”,

and monctolyl sulphonyl, moncethyl, and monoethanol piperazines
have been obtained*

Addition compounds of the\ monosubstituted bases with carbondioxide
and carbon bisulphide have been prepared,” but the formulation of
these compounds, with an”certainty is impossible since the
properties are such as not to allow ef mclecular weight
(determinations* A quantitative investigation” of the metallic
derivatives ef these pompounds will probably be ef great assist*

ance in elucidating the structure of these anomalous substances.

Some metallic salts of piperazint® diacetic and mono

acetic acids have been investigated with a view to comparing

their internal complex nature with that of analogous salts of

ether amino acids* The oe-pper, nickel and cobalteus salts of the

diacetic acid show nc evidence of internal complex formation*
Prom piperazine monoacetic acid two isomeric copper salts have

been, obtained whicijexibit properties characteristic of internal

ccmplox saltSvPoSoible formulae for the salts hav bf"en discussedj

tentatively, but nc final conclusions Ccn yet be drawn*
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In compounds of pentavalent nitrogen e*g*NR""»

th-e four nonionised groups are arranged tetrailedrally* This
¥ proved conclusively by the resolution ny Mills A Warren

CJoGSc 1925, p.2307) of the Spiran compound

through the brcmo camphor sulphonate, and according to the
electronic theory of valency one would expect such an arrangement
since the neutral carbon”t! cm and the positivegr nitrogen atom
have the same number of electrons®

The distribution of the groups in compounds of
trivwlent nitrogen of the type N#abc. is“howevei® still a matter

of doubt* All attempts to resolve such compounds have so far

not been successful®
Compounds of sulphur, tin and selenium of the
type are resolvable” which means that the groups
occupying three points of a tetrahedron can retain
their positions esen when the fourth point is unoccupied, and it
is difficult to explain why the trivaient nitrogen atom wiith the

Scuae electrittic arrangement giiould haste been found incapable of

giving active forms*
Further experimental work is necessary to settle the question*

Meisenheime.r, recently reviewing the suuject

(Ber* 1924 p*1744) comes to the conclusion that saturated
trivrent nitrogen can either never,or only in exceptional

ACtf CHxs. |

N

oases (as e*g*in the quinuclidines of the yype

produce stereoisomer3,and no doubt cases of isomerism for which

it has been held responsible must be explained in some other way*

Mei rcnheimer and his co-workers assume that although the three

valencies of the amine #*&bc.are probably not at an angle of 120**

to each ofeher and hence form t.c «.rror i,uage tetrahedron®, yet



yet they continuouoly -e through a middle posigioa in

which they are at 120%o0 each other in the saiae plane* This, in

compounds of amines“becomes a plane of sy;/imetry, so racémisation -
goes on always and resolution is only possible when the iso:neric
forms are stabilised by the occupation of the fourth coordination
position of the nitrogen atom by a positively charged hydrogen
ato]”* alkyl residue (quaternary ammonium cosipoundj, by an oxygen
atom {amine oxide),or by a complex metallic residue (complex

umnes}”
In 1914 ToScMocre (Proc.30 p#182) had also

suggested that the failure of attempts to obtain compounds of

the type in optically active forms was due to rapid
racémisation, and he made the suggestion that compounds of the

type and in which a,b and c are three different

divclient groups or chains of which one at least is unsymmstrioal

with regard to the two nitrogen atoms,should exist in two

enantioinorphic forms,, since in such compounds racémisation will
be slow or non—existant. Compounds of the type 6 were
found to be resolvable and compounds of the type

since been prepared® "

In 1921 derivatives of methyl tetrahydro quin=
QXaline of the type A were prepared by

Moore & Doubleday® Meisenheimer found that similar derivatives

of tetrahydro quinoxaline itself could not be prepared owing

to the great reactivity of tetrahydro quinoxaline, but recently

zZ X , / c / /
the compounds / [ / [/ * and f ]
as well as have been prepared by Prof.Moore f

Miss CoXo A
Ail these aromfcitic derivatives in which the
introduction of the bridge between the two nitrogen atoms has

been effected, have proved to be unsatisfactoryfcr further

work on account of tneir instability, the difficulty in their

purification and their anomoloua cclour reactions and molecular

weigliti. ( Moore E Doubleday ), As a preliminary to gtttempts to



to prepare bridged compounds from the aliphatic base

AN decided to determine the experimental
conditions for sucl preparations with pii “razine.

Experience with the aromatic compounds mentioned above has

shown that it is better , wherever it is possibl*”* to carry out

such preparations in the following stages,—

0 introduce into the base one easi removable group e
(1) To i d i he b ily ble g p e*g#

(2) TO intrduce next another group, itself containing a reactive |

atom or group. ef#gh# /f A/X |
(3) TO remove X e*g.
(4) To remove HEr from, the compound thus obtained# |

The initial difficulty in the work with piperazine is im the |

preparation of mono N. substituted derivatives of which no 3

single example is given in the literature® J

For success in stage X of the series of reactions |

outlined above,the following considerations are important”- 1

(%) The group X must be capable of easy removal,and for U

practical purposes this limits the group X to one of the three'
benaoyl,toluene sulphonyl and carbethoxy groups#

(2) Since it is certain that some disubstituted J
derivative will be formed,it is desirable that the mono and di-
derivative should be easily separated. Such separations would

be easy in the case of the benzoyl and toluene sulphonyl groups,

>m \N-

since the di—derivatives in these cases are insoluble in water
and dilute acid,whil« the mono derivatives might be expected to |
disolve in water ( since the extreme solubility of piperazine |

is undoubtedly due to the —NH group,of which one would remain
in the mono derivative ) and in any case would be soluble in

dilute acid. Nothing could be foreseen with regard to the

carbethoxy derivative. o!
(3) The conditions should be chosen so that no unchanged 1

piperazine remai.'i"since the separation of the meno substituted

derivative from pipe”'azine would be expected to bo difficult.

(4) Conditions must be chosen which will probeet the

o _



ilicne substituted d « 2 r 'ias far as possible from further

attack# Success in tkia“the most important condition of all,
was achieved by taking advantage of the mode of hydrolysis of

piperazine salts in aqueous solution# Since piperazine is a
di—acid base,its salts will hydrolyse in two stagesi-
JicG ~ t t'ck
Hcl " Ajpo
Ally W/i(ryyd

but the second stage proceeds to a much smaller extent than the

first#

Prom, the equilibrium relations corresponding to these equations

it follows that the concentration of both free piperazine and of

piperazine monohydrochloride will diminish with*addition of

hydrochloric acid,but that the concentration of the free

piperazine will diminish more rapidly than that of the mono-
hydrochloride# It is thus clear that on addition to an acid

solution of piperazine of e#g# chlorformic ester the two

reactions A

NJitve/f e . AXe™)tN ¢ N e/’

will take place* The rate of both reactions will be diminished
by an increase in concentration of acid,but such increase will
increase the proportion of the mono carbethoxy derivative in the
reaction product#

Since the hydrochloride of the mono carbethoxy
derivative will be to some extent hydrolysed,and thus open to

attack by the chlorformic ester,it is clear that for this

reason also an excess of acid is desirable.

Prom the above it follows that condition (4) is best



fulfilled by maintaining the reaction mixtuee as strongly acid
as is consistent with a practicable reaction velocity.

The work described below shows,in fact,that
although chlorformic ester under the appropriate conditions can
be made to give a high yield of mono carbethoxy piperazne,only
traces of mono benzoyl piperazine and mono toluol sulphonyl

piperazine are obtained when benzoyl chloride and p.toluene

sulphonyl chloride are used in the same way.
The separation of the mono carbethoxy from the
di—earbethoxy piperazine proved to be a simple matter,since the

whole of the latter and very little of the former is removed

from aqueous alkaline solution by ether extraction. It is only
when the aqueous solution is saturated with potassium carbonate
that the mono carbethoxy piperazine can be extracted by ether

or chloroform# The preparation of mono carbethoxy piperazine

has opened the way to the preparation of mono N derivatives of
piperazine some of which are described in the following pages*
Apart from the possible use of such derivatives in further work
C such as the formation of bridged compounds already referred to )
there is a considerable interest in comparing the properties of

these substances with the very remarkable properties of

piperazine.

Meno alkyl derivatives ef ninerazine*
The most general method f«r preparing alkyl derivatives of amino
compounds consists in treating with alkyl halide preferably
the iodide since this reacts more readily than bromide or
chloride or with methylsulphate®

Previous work on the alkylation of piperazine itself has yielded

no methods for the successful preparation of the dialkyl tertiary

bases ~AN A% & pure condition owing to their

extreme readiness to form the quaternary piperazonium halides

It was therefore to be anticipated that a similar difficulty i



might arise witj* piperazine mono carboxylic ester and this was

found to be the case#

Methyl iodide, either alone , or diluted with
aethjrl alcohol reacts very raedily with the awaocarbethoxy

piperazine# Heat is developed and the; solution becomes dark red

in colour®Using one molecule of methyl iodide to one of mono

carbethoxypiperazine, a reaction product containing the hydriodide
of unchanged original substance and of mono carbethoxypiperazine
4n"*C./V(*]*cf*a&d the quaternary iodide

resulted# jAQ@nthis the quaternary iodide could be obtained in a

pure state, but not the monomethyl derivative. (p*y )
When attempts were made to introduce the ethyl
grou p instead of the methyl it was found that the reaction with

ethyl iodide was less vigorous, and there was a slight darkening

of colour on standing, buttas befor”the product contained msone
unchanged eater (results of combustion analyses showed the
proportion of the latter to be about 20”). Othe“methods of
preparation were then tried# To prevent the formation of

quaternary iodide anhydrnus sodium carbonate was introduced

to neutralise the hydriodic¢ acid as liberated and the reaction -

was tried sudstitutin”ethyl bromide and ethyl p# tolylsulphonate

for iodide# Finally successful results were obtained by heating
tegether|bhe mono carbethoxy piperazine, ethyl p# tolylsulphonate
and anhydrous sodium carbonate with absolute alcohol — N

solvent# It was found that the ethyl carbethoxy piperazine boils

under reduced pressure at a temperatur”very near to that at which

the mane carbethoxy piperazine itself distills, and like the
latter, is a colourless syrupy liquid extre mely soluble in
water# This similarity in prcperities explains the want of

success experienced in the attempts to isolate the pure ethyl



ethyl derivative Trcni the mixture containing the original ester#
The carbethoxy group was found to be easily
removed by heating for a short t'i;ne with 2N aqueous seda taut the

actual isolation of the mono ethyl piperazi—me was rendered

impracticable owing to the extreme solubility of this base.

Examinatéad of small quantities, cbtained as residues from chlorc-
-for**xtractiona, shewed it to be a strongly alkc”liae base, with

a pangent smell, easily volatile in steam—in fact resembling
piperazine in many respects®

The mono, ethyl piperazine was most easily conveniently isolated
as its hydrochloride by hydrolysing the ester with strong
hydro chic righ acid. It foms dcublc salts with platinic chloride

and auric chloride annlagous to those formed by piperazine
hydro chi@ride*
Mono'benzoyl and mono toluene sulphcnyl ppperazine*

Menccarbethoxy piperazine readily ferma a benzoyl derivative

by the action of benzoyl chloride is alkaline selu tion !

and alsG & p.talylsulphonyl derivative by shaking uy an

ethereal solution of p. tclyl sulphonyl chloride with an

alkaline solutionkf the eater '—

The latter derivative on hydrolysis with alcoholic potash

behaved quite normally and a reasonable yield of mono telyl
sulphonyl piperaza® was obtained. @n the other hand no condition®
were found for the hydrclysia of the carbethoxy group of the

benzoyl derivative which did not at the same time produce

considerable hydrolysis of the benzoyl group. In fact of all
the conditions tried, hydrolysis by cold dilute aqueous alkali

alone gave mcno benzoyl piperazine, and then only in very

small yield*
In view ef the remarkable instability of

mono benzoyl piperA“ine tmwards hyCrayysing agents it was cf

i, :.Lire:3t to V tP- bnhavicn - 3r di benzoyl piperazine



and the p»t©lyl sulphonojp. piperazines under the saxie conditions.
The reegent ckosen was 15 alcholic potash since this had the
meet drastic effect upon the Bwnobenzoyl piperazine ester and
removed the benzoyl group completely in the cold*

It was found that dibenzoyl piperazine remained
unattached in the cold although it had nearly all dissolved.

But after heating on the steam bath for 3-4 hours benzoic acid
was isolated cn acidification and the fcuaonnt was sufficient tc

justify the conclusion that the removal of the benzoyl group

had proceeded to a considerable degree. Further, after removal of
all the alchhol the alkaline residue was completely soluble in
water, smelt strongly of piperazine and gave the characteristic
difcenzcyl piperazine with benzoyl chloride®and in view ef the
extreme instability of mono benzoyl piperazine,it may be

concluded that dibenzoyl piperazine is decomposed by hot °

alcoholic potash into piperazine and benzoic acid.

Mono p.tclyl sulphonyl piperazine on the other

hand was found to be much mere resistant to the attack cf

alcoholic potash and even after long heating could be recovered

prattically completely unchanged and the evidence for any
piperazine in the solution was very slight. The stability in

this case is not to be attributed te insolubility since mono

p.tclyl sulphonyl piperazine though insoluble in water is easily
soluble in alcohol* The ditolyl sulphonyl piperazine is also

a highly resistant compound and the tolyl sulphonyl group can
only he removed by the action of hot chicrsulphonie acid.

The comparison indicates that dibenzoyl piperazine is definately

much more stable to alcoholic potash than monobenzcyl p”perazime.

Reaction between monocarbethoxy piperazine and a compound of the
rXRX.iriwM.ch_bcth %and. ¥ are reactive groups.,

The reactant chosen was ethylene chlerhydrin* The

piperazine "*1*4. dietheeiol has been described in the literature

CJ.C.S.ISOSp.1802) it wilS tc be expected thatthe acnccster



would react under similar conditions with the product»*» ef its

mono ethanol derivative which en hydrolysis should yie'oL

piperazine menoethanol

This substance has been prepared and some ef its reactions
investigated and it is suggested that, whereas the hydroxybody
itself shows n® tendency t« lose a molecule of water with the
formation of yet it is highly probable
that the chlorc compound obtained by substitution of halogen

for the hydroxyl will give in acid soluti&n the hydrochloride of
triethylene diamine. This is tha base which Hofmann(J 1858 p.343)

obtained in small quantities by tha action of aruiionia on
ethylene bromide; but his attempts to produce it by other
synthetieal means failed. As Harries has suggested”(Annalen 1896

p.97) the free base will most probably readily polymerise to

hexaethylcne tetramine

Y- cvit V
The successful preparation ef triethylene diamine

will be of great interest and importance since it will have

established a general method of obtaining the tricylic bases

of the type

Additional compounds of. .subs.titu.ted. paperajrdme.. vati.JVOA.

Having pr*«/‘*-red some mono nitrogen substituted
derivatives of piperazine it was of interest to compare their
reactions with those of piperazine and in particular to

investigate the addition reactions of the former. It is well

known that piperazine, as well as forming the usual double salts

characteristic of bases, e.g.S-

al3e f0 insoluble addition compounds w/fh %ldehyo”s

-ja
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carbon dioxide, carbon bisulphide, carbenyl chloride etc.
TI . e~v=:'.tidD. of these compounds has been described bj
Hertz (Her. 1897.p.1584) but very little is known regarding the

structure cf the compounds formed and ne recent investigation on

Vhe subject appears to have been made. It was thought that by
investigating the reactions of some of these substances with

compounds in which one ef the imino groups has already been

blecked”t would throw some light upon the subject, for it is

reasenabko to suppose that the two imino groups in piperazine

by reason of their positions relative to each other in the

ring may confer unusual re-activity upon each other. The

reactions investigated were those of carbon dioxide and
carbon bisulphide on the moncester and mono p.tolyl sulphonyl

piperazine and, except that no compound could be isolated with

carbon dioxide and the mono carbethoxy piperazine it was found
that, whereas with piperazine addition took place between the

substituents in the proportions of one molecule of base to one

molecule of carbon dioxide or carbon bisulphide,with the mono

substituted derivatives the addenda were in the proportion of

two molecules of base to one *“lecule of carbon dioxide or
carbon bisulphide.

These results indicate that the added molecule

is, in the case of piperazine attached to both the“NH groups.
The formulation of the addition compounds of piperazine and of
its mono substituted derivatives with any certainty is impossible
since the properties of these compounds are such as not to

allow of mo]ocular weight determinations.

Qn the analogy of the action cf secondary tiaines on carbon

Jdsulihid. e.,.

which gives, a product so stable as to distill alaeal. unchanged

nne might expect a mcncsubstituted piperazine to give

N A/ . (WDAV [«
With piperazine it wculd be pessible tc get eithér



ﬁ'!

/AN 1 "

The fact that mercuric chloride and mercuric exide d© not remove

sulphuretted hydrogen from the cempound ef piperazine with
carbon bisulphide is in agreement with this f®rmulat\ien»The
carbon diexide compounds would be formulated similarly#
Alcoholic solutions of picric acid produce with the moneeater

and mono p.tolyloulphonyl piperazine the characteristic picrates

in which the latter are behaving as normal monoacid bases#

It is of interest to note that methods similar to
those described above for the preparation of mono N# substituted

piperazines have been found successful by Prof» Mooret Dr#Boyle

in the preparation of the three acids

«%  facoi

AiM AL,
But attempts te prepare monoacetyl and moncch”oracetyl piperazines

have so far failed,since the esters
eNocc.- ia-3

X Gt
Ljooo™-"at V

which are easily prepared fiam monocarbethoxy piperazine,go over

completely into piperazine unde «@v conditions of hydrolysis

tried#



Preparation of piperazine mono ethyl carhoxylate.

In the first trial method the following quantities

of reactants were used:—
0»05 molecules ef piperazine.
2x0.05 molecules c¢f dilute hydrochloric acid.
0.05 mo] ecules of ethyl chiorfomate in ether.
0.05 molecules of dilute caustic soda.

The piperazine was dissolved in the acid and some
ether added.A little of the ethereal solution of chlorformic
ester was shaken up with the piperazine hydrochloride until the
smell of it had nearly disappeared. A few c.c. of ii/lO caustic
soda were then added from a burette and the mixture well shaken

up. The alternate additions ef ester and soda were repeated until

all had been used* The excess chlorformic ester was shaken out

with ether. The main solution was coded and made alkaline and .

extracted with ether several times. The ethereal extract was

ever anhydrous sodium sulphate,and after distillation of the ethtf

a small quantity ef syrupy liquid was left which partly

solidified when left in a vacuum desiccator over sulphuric acid.

The solid consisted of diearbethoxy piperazine,aad the liquid was

investigated and proved to he the monCcarbethoxy piperazine.
Investigation of the liquid derivative.

(1) To a few drops of the liquid were added a few c.c. ef

benzoyl chloride and excess caustic soda. The mixture was well

shaken until no smell of benzoyl chloride remained. A seai

solid was formed which solidified on the sides of the tube when

scratched with a glass red,and it was found to have a low

melting point. Thus it differed from dibenzoyl piperazine which

is a crystalline solid m.pt.IS]1 C. and it was considered to be
c.<

Subsequently this conclusion was proved to be correct by

combustion analysis of a later preparation.

(2) Dry hydrochlericacid gas was passed into a little cf the”l



dissolved in d.rv eth* r. A white deliquescent -clid
\rhich coy.pietely solidified wher; left in p

de icc tor. A chlorine estimation gave the fallowing results:-

Weight of ester hydrochloride 0.Z100gr"
Weight of silver chloride 0 .1832,grns.
2schlorine 2105<f
Thee retical fer w 21,328

Evidently then the mono derivative had been obtained although
the yield was very small,and it was neccsv ry to modify the
procedure until satisfactory results were obtained.

After a series of trials,successful results

were obtained by adopting the following method:-

The piperazine and chlorformic ester were used in the

proportion of #ne molecule ef piperazine to 1.3 aelecules ef

GhlorfOr»ic ester. The piperazine was

dissolved in a little water and a few drops

of the indicator bromophenol blue added,

and hydro chiAric acid just sufficient to
turn the indicator greenish yellow. The

was stirred by a mechanical

arrangement and a few c.c. of ester dropped

into it. After a few aunutes,whcn no drore of the ester were
presentjijft the liquid,dilute soda was dropped in until the

indicator just began to change colour from yellow to blue.

For the success ef the experiment it is most impertant that so

soda should be edded while unchanged ester remains in the
solution,and also the amount of & df must not be enough to
make the liquid alkaline. The alternate additions of ester

and soda were repeated until all the ester had reacted. The
solution was cooled, in ice and treated with excess cooled soda
and twice extracted with ether in order to remove the diester
*fermed. The remaining solution was : ,ill kept cold,saturated

with potassium, carbonate and extracted several times with ether*



The ethereal solutions were dried over anhydrous sodium
sulphate for several days, and then the ether distilled o ff.
The di ester soliiii.fied in a ilHSlooat"r UM

2AS finally distilled under reduced pressures—
Boilina points 131*C at 22 m.ni.of mercury.

1260C at 14 m.m.of mercury.
Yield from 19.4 grms. of piperazine hydrate
Weight of diester 1,6 grms.
Weight of crude monoester 12,5 grms.
Hence proportion of piperazine converted into monoderivative is

12.5
15.«

79"

Combusjtion analysis of monoester.

Weight of ester combusted 0.2440grms.
Weight of COp absorl'bed 0,4766grms,
Weight of H£Q absorbed 0,1973grms,
io carbon 53.,26.
~ hydrogen 9,19,
Theoretical for. Ivly is C 53,16#
H 8,8#

Méthylation of monocarbethoxy piperazine*
Mono ester 20grms»
in proportion of one molecule

' "ehén.
60c*c# of methyl alcohol were added tc the monoester anl then

Methyl iodide 17»8gr»s#

the methyl iodide was added in small quantities at a time*
Much heat was developed during tiie addition Cthe flask was
therefore cooled in water) and the qplour of the solution changed,}”"
VO dark red# The solution was heated on a water bath under a

reflux condenser for 2cr 3 hours and then a small quantity was

tested for unchanged monoester in the following way..All the *

alcohol was evaporated and the residue was shaken up with soda



and a few draps of beaz;\i chloride. Apparently no benzoyl
ccmpound was fontied but the solution, was hydrolised by boiling
for 10 minutes and the benzoyl reaction tried again on the
cooled solution. As small quantity of dibenzoyl piperazine was
obtained and it was therefore concluded that a very small
quantity of monoeater remained unchangedo

The methyl alcohol was distilled from the main
bulk of the solution and an ice cooled very strong solution of
caustic potash added to the residue. The free base was extracted
with ether and the ethereal solution dried. The aqueous extract
was neutralised with hydriaodic acid and taken to dryness on the
water bath*

The organic iodide was extracted with absolute
alcohol but was found still to be mixed with a little potassium
iodide from which it was finally freed by dissolving in chloroform

Prom the chloroform solution was obtained a dark coloured
deliquescent strongly alkaline iodide» It was recrystallised

from a mixture of alcohol and ether. An iodide estimation gave

the following results:-

Weight of salt 0,1381 grms.
Weight of silver iodide 0,1018 grms*
# iodide 39,82
TheoreUcal for is 39.87". Ig

JZIT

From the account of quaternary iO(iide obtained it was clear that
fche methyl derivative of the monoester in the second ethereal
extract would contain an appreciable amount of unchanged ester.
The ether was distilled from dried ethereal extract
and then attempts were made to purify the product. The unchanged
monoester was converted into the nitrose derivative by the

addition of sodium nitrate to an acid solution and the nitroso
ester was extracted with ether- The aqueous solution was cooled

in ice» neutralised and saturated with potassium carbonate and

ethef extracted. The dried extract after removal of the ether



/é

javG a syrupy liquid with a pungent aziiino smell. It was
distilled at reduced pressure.
Yield*. 6 grms. boiling between 150" ~ 160" C. at 15i - of merou

Combustion analysis p,f methyl derivative of monoe

Weight of ester 0.2380 grms.

Weight of (Og 0.4642 grmSo

Weight of Hz0 0.1643 grms.
#Carbon 53,21 #

“Hydrogen 7,67.

Theoretical for chT 55.32# C
A cvyv/
9.3# Hg

The product than still contains a considerable proportion of

the original substance. %
Reaction between ethyl.and aynoestert

0,1 molecules of mOnoester 16,8 g

0,1 molecules of ethyl iodide 15=6 grms*

The moncester was dissolve 1l in 50 c,c*absolute alcohol and the
ethyl iodide added in small quantities at a time, very little
hnal*was evolved. The mixtu was then heated under a reflux
condenser for one hour”at tie end of which time it was cooled
and a few c»c*solution tested for presence of unchanged ester

by benzoylation* The test s negative results. Tha alcohol was

removed by distillation he residue cn cooling crystalised.
It was dissolved in a very ttle water, cooled in ice and the

equiViOLent of strong potash ..ided. The free base was extracted

several times with ether, theex? dried and distilled. On

distillation under reduced pressure a colourless syrup with a

pungent smell was obtained*

Yield 12 Krms Boiling point ISO" C 1uUn 45 L A -

(1) Ester 0.3063 grms. )
CBg 0,6241 grms. | #r ,rbon 56,78

HeO 0,2572 grms. ) #.v”rogen 9,33



(2) Ester0,3662 grms. j

0Og 0.7630 grms. ) Ub.fiionn 53.32
HRo 0.3093 grms. [/ “hydrogan *.38
Theoretical for c - & 58.06# (Jarhon

906s8# Hydrogen*
It is evident that some monoester remains un*
changed In|the reaction with ethyl iodide* and probably some

quaternary compound is produced here, though not to such an

extent as it is when methyl iodide reacts with the monoester.
Several other attempts were made to obtain the

ethyl derivative
(a) EsterEtBrt aqueous Na” in equivalent quantities were
shi>ken. together until all the EtBr had disappeared® Benzoylation
showed little or no reaction had taken place.
(b) Esterethyl p* tolyl 8Ulphonated4*alcohol in the presence of
solid sodium, carbonate were heated on a water bath for some
time. The alcohol was then distilled off, the residue cooled on
ice, treated with strong potash solution and ether extracted.
Evaporation of ether left a liquid which on hydrolysis and
benzoylation gave a semi-solid benzoyl derivative* This solidified
on leaving in the cold. It was quite unlike dibenzoyl p&perazine
and most probably contained tha benzoyl derivative of ethyl
piperazine* It would therefore appear that ethyl p*tolyl
sulphonate is a suitable ethylating agent.
Preparation of ethyl monocarbethoxy piperazine.

12grms* of piperazine mono ester.

20grms. of p*ethyl tolyl sulphonate.

503grms.of Sodium carbonate ( anhydrous).

50 CoC» absolute alcohol.

The mono ester and the tolyl sulphonate were
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dissolved in the alcohol and the finely powered sodium carbonate
added. The mixture wa» neated under a reflux condenser on a

atearn bath fcr 3 to 4 hours. There was an evolution cf COg
carbon dioxide” It was finally heated to 120*Cin an oil bath
until ther® was no further action and all the alcohol baud distill
*ed ever.The prodtbct was colled in ice,100c,c«. of water and 100cc
of N>soda were added,UnclicUiged ethyl p.tolyl sulphonate was
extracted with ether(l)# The aqueous residue was cooled in ice
and saturated with anhydrous pet ssium carbonate and extracted
several times with ether(2)*%cth extracts were dried over
anhydrous scdium sulphate for some days.On distillation of the
ether ,extract(l)left a dark coloured syrup which on keeping

in a desiccator deposited some solidCethylp.tolylsulphonate)

It was distilled under reduced pressure and the maJn product
consi ted of a colourless syrupy liquid b.pt, 120>121Cc>at 16m.m*Hgo

Extract(2) distilled completely at 121C under 16mmHgc>

J'Total crude yield of ethyl derivative was 9gnas,representing
60#conversion c¢f monoester,.

Combustion analysis® of ethyl esters

Ester 0,3434grma,

oo 0,7214grm3(y #carbon 57,3

HgO O0.SWG.grma. “hydrocjen M 9.

Theoretical for 58,0G#carbon»
& 68#hydrogen*

Hydrolysis of ethyl piperazinepthyl carboxylate,

(1) With normal aqueous caustic soda#

A few grams of ester were heated with soda cn a water bath for
one hour ¢ Tha 'Sgriu LiCa W ac-" " rirtv.d with oeda en a watgr bfitth
rf 'l ''!a* Thr solution was saturated with potassium
carbonate”extracted with chloroform and the extracted driedo

The solution ,after distilling off the chloroform gave a small
«

re§1i>due of colourless oil boiling at ap”roxicuttely 68C under
m L]

Her r



Since it was too small to dc anything with as liquid it was

benzoylated and the solution extracted with (&) ether,(b)

chloroform* The latter “solution contained a trace cf a hygro*

scopic solid. The solution gave on evaporation a small quantty

of a strongly alkaline oil whose hydrochloride gave a platinic
chloti.de double salt- It seemed obvious from this experiment

that no piperazine resulted on hydrolysis of the ester, but
probably the solution contained ethyl piperazine, the extraction
of which was incomplete and difficult owing to its great
solubility in water» I”'as therefore considered preferable to use
strong hydrochloric acid as the hydrolytic agent,

(2) The ester was heated under a reflux with excess hydrochloric
acid (consisting of equal volumes of concentrafcJSg* acid and
v:water)*The heating was continued for two days and then the
solutioi”was evaporated nearly tc dryness tc remove al'"! excess —5df

acid.It was diluted with water ,decolourized with animal charcoal

and taken to dryness* The residue was recrystalled from alcohol*
A crstalline”nearly colourless hygroscopic hydrochloride was
obtained* A chiorme estimation gave the following r suits:*
Hydrochloride 0.2178grms*
Silver chloride 0,335% rms.
# chlorine 37,84
Theoretical for 37*%97# chlorine.
Double salt of ethyl piperazine hydrochloride and platinic chlorid
The hydrochloride was dissolved in a little concentrated
hydrochloric acid ,heated and treated with excess platihio
chloride solution. It was allowed to stand for a day when deep
yellow crystalls separated a These were collected and dried. A
platinum estimation gave .the following results:*
Weght cf salt 0.1193grms.
Weight of platinum (left after igniting salt) Oo00443griii8.
#platinum 37.1

Theoretical fdr N is platinum.

* ! 37.12 #



Double salt of ethyl piperazine hydrochloride with auric chloride*

This was prepared in a manner analogous tc the

above. Golden yellow crystals were obtained, and were analysed |I
for their gild content.
Weight of salt 0,1433grrae.
Weight of gold 0,0705grms. !
# cf gold 49,02.
Theoretical for is 49,6# gold. ;
Preparation of mono benzovl nioeragine.
0,05¢grm. molecule piperazine hydrochloride* ]
0,06grm. molecule benzoyl chloride, I

N. soda solution.
Broiftophenol blue was used as indicator as in the preparation of
carbethoxy piperazine and small quantities of benzoyl chloride
and soda were added alternmately. A solid separated during the
process» This was collected and found to be dibenzoyl piperazine
The solution waas made alkaline and ether extracted(l). To the
aqueous residue solid potassium carbonate was added in excess and
the solution again extracted several times with ether(2)»
After drying the extracts for a day or two over anhydrous
sodium sulphate the ether was removed. Extract* (1) gave a
trace of residue . Prom extract(2) was obtained a small qpantity
of syrupy ligpid which solidified after being in a vacuum
desiccator for some days. It was found to be very soluble in
alcohol and chloroform* insoluble in ligroin. It was recrystallis

*ed by dissolving in benzene and precipitating with ligroin”® It

was concluded that the substance so obtained was mono benzoyl
piperazine but the quantity was too small to make any analysis
possible. As this method“mainly the dibenzoyl pipera.zine,

attempts were; made to obtain the mono derivative in the

following wayo



Benzoylation of mono carbethoxy piperazine.

Mono carbethoxy piperazine was dissolved in
excess normal soda. Benzoyl chloride slightly more than equivalent
to the ester was added slowly, keeping the ester solution cold.
The mixture was then shaken in a mechanical shaker for about
I hour. The solid formed was collected and recrystallised from
ligroin M*Pt. 180'* C.

Combustion of benzoyl derivative.

Weight of benzoyl ester 0,1052 grms.
Weight of OO 0,2446 grms.
Weight of HgO 0,0649 grms.

# carbon 65,51. # hydrogen 6,85.
Theoretical for 64,12# C. 6,87# Hg.
( A more accurate combustion on the same compuond has been
carried out by Dr. Beyle.)

Hydrolysis of benzoyl ester.

(1) The derivative was heated under a reflux with excess N/IO
soda for about two hours. The solution was saturated with KgCOg
and extracted with chloroform. After drying and removing the
solvent a small quantity of a dark coloured syrup was obtained.
There was not sufficient to redistill. It was therefore
converted into a hydrochloride by passing dry hydrochloric acid
gas into the ethereal solution. The solid precipataCed was
collected and recrystallised from alcohol and ether,
A ch&orine analysis gave the following results:—

Hydrochloride 0,1415 grm®.

Silver chloride 0.0907 grms.

# chlorine 15,86.

Theoretical fonf is 15,67# chlorine.

X =3 evident that some mono benzoyl piperazine

had been obtainv.. >y the aqueous alkali# hydrolysis of the



corresponding ester*

Other methods of hydrolysis were tried® The
benzoyl ester was dissolved in alcoholic potash solutionC15#)
and left to stand in the cold for a day or two® It was found
that a solid precipitated very soon; it consisted of potassium
benzoate, as a result of the decomposition of the benzoyl ester®
The amount of benzoate was sufficient to justify the conclusion
that the removal of the benzoyl group from the eater was

practically complete*

Strong hydrochloric acid* ( The carbethoxy group is stable to
dilute acid solution. )

A small quantity of benzoyl derivative was
heated with hydrochloric acid for about 10 minutes. On cooling
the solution, benzoic acid was precipitated in considerable
quantity.

Dilute aqueous soda*

The ester was allowed to stand for a week with
dilute caustic soda solution, without warming at all. At the
end of this time practically all solid had gone into solution.
Part of the solution was acidified and gave a precipitate of
benzoic acid. Another part was benzoylatcd and gave a precipitate
of di-benzoyl piperazine. The res* of the solution was saturated
with KgCQs and extracted with chloroform. On drying and removing
the solvent a very small quantity of a dark coloured, alkaline
syrupy liquid was obtained,

Preparaticn of mono tolyl sulphonyl piperazine*
10 grms. mono carbethoxy piperazine.
12,06 grms. p.tolyl sulphonal chloride.
11 equivalents of soda®
The ester was dossolved in the soda and the

p-.-tolyl sulphonal chloride was dissolved in ether. The ethereal

solution was added in small quantities at a time to the
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solution containing the ester which was stirred mechanicallyo
A white solid separated and was collected» Yield 15,5 grmso

It was recrystallised from ligroin m»pt. 1IsO C

Acombustion analysis of thederivative gave the following

results”- Weight of substance 071640 grams.
Weight of 2O 0%0956 grms.
Weight of A» 0%3259 grms.

A carbon 54%20

hydrogen 6%48.

Theoretical for f C /VLYZ_.Gjo()ﬁ 53*84# Carbon.
= )

Il 2 4
6*40# Hydrogen.
Hydrolysis of ester derivative.

The ester was heated on a water bath under a
reflux condenser, with 20# alcoholic potash for two or three
hours. Water was added and the alcohol distilled off. An oil
separated from the water and on cooling, solidified. The solid
was collected and recrystallised with ligroin m.pt.112* C. A
mixed melting point determination was also made with this
substance and the unhydrolysed ester,owing to the proximity
of the melting points. The mixed melting points proved them to
be two different substanced*

Combustion analysis of mpno p*tolyl sulphony. ninera&ine.

Weight of substance 0%2263 grms*
Weight of OOz 0%4616 grms*
Weight of H0 0%1372 grms.
# carbon 55%63
'or # hydrogen 6%67.
Theoretical for C ¢ is 55.00# carbon.

6*67# hydrogen.
Hydrochloride of mono p~tolyl sulphoni® piperasine.
This was prepared by passing dry hydrochloric

acid gas into an ethereal solution of the base.white solid



was obtained. A chlorine estimation gave the following results

Weight of hydrochloride 0%1817 grms*

Weight of silver chloride 0%0958 grms.

# chlorine 13*02.

Theoretical for C is 12*86# chlorine.
Action of alcoholic potash wupon (a) dibenzol p|pera?ine (b) mono
tolyl sulphontijl piperazine.
(a) About 1 grm* of dibenzoyl piperazine was allowed to stand
with 15# alcoholic potash, in the cold, for several days, /¥
portion of the aqueous solution (from which all thealcohol had
been removed ) was tested for benzoic acid by addition of
hydrochloric acid,, and for piperazine by benzoylation. In
neither case was a precipitate obtained* The rest of the solution
was then heated on a steam bath for three to four hours. Water
was added and the alcohol distilled. The residue smelt strongly
of piperazine. To part was added hydrochloric acid when a
copious precipitate of benzoic acid was obtained. Another portion
was dissolved in soda solution and benzoylated when dibenzoyl
piperazine was obtained.
(b) Mono p.tolyl sulphonal piperazine and cold alcoholic potash
were left together several days and the solution tested for
piperazine as before and with a similar result. It was then
heated on a steam bath for several hours, diluted with water
and the alcohol removed. Mono p.tolyl sulphonbp. piperazine was
recovered in a practically quantitative yield. The aqueous

solution was benzoylated when a trace of dibenzoyl was obtained.

preparation of ethanol derivative of mono carbethoxy piperazine.

Trial methods.

(1) Ethylene chlorhydrin the monoester and sodium carbonate in

equivalents quantities were shaken up for some time in water.



Benzoylation of the liquid showed that the monoester remained
unchanged.

(2) The operation was repeated using alcohol as the solvent and
the mixture was heated on a water bath. The liquid was filtered
from the solid and the alcohol evaporated. T”e solid was tested
for the presence of chloride and carbonate and was found to
contain a little of the latter but was mainly chloride* The
liquid remaining after removal of th- alcohol was distilled under
reduced pressure. It boiled (probably with decomposition) at
180"195«0 under 40m.rn.Hg. This was converted into its hydrochloride

and a chlorine estimation gave the following results-

Weight of hydrochloride 0*2.121grms
Weight ofs silver chloride O 1231grms.

#chlorine 1404
Theoraticzal for 13.83# chlorine*

Evidently a reaction has taken place. Finally the following
method was adopteds-

30gnii8 ester

20gms ethylene chlorhydrin

1305¢grms anhydrous sodium carbonate.
The mR&ture was heated under a reflux condenser on an oil bath
at HOC for six hours at the end of which time the evolution
of (> had ceased*. Finally the temperature was raised to 14(%
for a short while. There was no further reaction and the product
was therefore cooled in i ce and treated with 58c*c. of 10# caustic
potash® Itwas extracted several times with ether. The ethereal
extrao~t was dried over anhydrous sodium sulphate and after
removal of the ether the remaining liquid®as distilled under
reduced pressure, a colourless syrup was obtained b.pt. 1B4-184C
at IVmoBi. HGo

Yield. 30grms “corresponding to 75# conversion of the original

*ater®
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Combustian atialysia of Bthgnol ester
Weight of ester
Weight of

Weight of hydrogen 0*%*2104 grms.

2¢arbon 53*28.
~hydrogen 9*%49,
Theoretical for Coo Cr* 55.46# Carbon.

8%92# Hydrogen.
Hydrolysis of ethc"Kb]. ester.

The ester was heated with strong hydrochloric
acid under a reflux for two or three days. The solution was
then concentrated”ecolourised with animal charcoal, filtered
and evaporated to a very small bulk. A white crystalline solid
was obtained which was very soluble in water, giving a strongly
acid reaction® It was recrystallised from boiling alcohol, in
which it was not very easily sodouble.

Analysis of eth@Li#l piperazine hydrochloride.

(1) Water-crystallised salt.
Weight of salt 0.2175 grms*

Weight of silver chloride 0%2716 grms.
# chlorine 32%2,
Theoretical for 32*1# Chlorine.
(2) Salt recrystallised from alcohol and dessicator drj.”.
Weight of salt 0%1204 grms.
Weight of silver chloride 0%1669 grms.
# chlorine 34*30

Theoretical for 34%97 Chlorine.,



Preparation of double salts of mono ethonal piperazine

(a) platjnlo chloride and (bl auric chloride.
(a) The hydrochloride was dissolved in a little concentrated
hydrochloric acid and heated* Excess platinic chloride was added
and the solution allowed to concentrate in a vacuum dessicatorl

Ayellow crystalline salt was deposited after a da”“or two.

Platinum estimation. !

Weight of double salt 0*8674 grms. !
Weight of platinum 0%0246 grms.
# platinum 36.48,
Theoretical for /' 'z ~is 36%15# platinum.

(b) A double salt of the ethanol hydrochloride with auric
chloride was prepared in an analogous manner* It consisted of
veiy beautiful golden crystals.

Gold estimation.

Weight off salt 0%1167 grms*
Weight of gold. 0*%0567 grms.
# gold 48.7
Theoretical for ~ 48%62# Gold.

Preparation of addition compound of (O with (a) piperazine mono

ester and (B) mono p.tolyl sulphonal piperazine.

(a) A current of dry Oz was passed into an alcoholic solution of
mono carbetiioxy piperazine. No precipitate was obtained and after
evaporation of the alcohol the unchanged ester alone remained.
(b) An alcoholic solution of mono p.tolyl sulphonbp. piperazine
was saturated with (COg® A white precipitate with a microscopic
crystalline structure was obtained. It was insoluble in co3d
water but decomposed on heating, with the evolution nf COg.
Sulphur estimation. ( Carius® method )

Weight of compound 0%1503 grms.

Weight of E&K&Os 0*1325 grms.



# Sulphur 12*13
Theoretical for (O is 12,21# sulphur®

atlon (J- addition compound of CSp with (a) mono carbethoxy
piperazine s*AJJILjfflQAo p.tolyl sulphonyl piperazine.
(a) The mono carbethoxy piperazine was dissolved in alcohol and

CS2 added slowly in eaeess. A cream coloured crystalline compound
Wets precipitated* It was insoluble in cold water but decomposed

on heating, with the evolution of CSg*

Sulphur estimation.

Weight of compound 0%2071 grmso
Weight of BaSO* 0%3534 grms*
# sulphur 16*76.
Theoretical for C 16*32# sulphur*

(b) CSg was added to alchholic solutidin of mono p*tolyl

sulphorc”?- piperazine. A cream COJOUIL-! insoluble compound was

obtained which was not decomposed by boiling water*

Sulphur Estimation*

Weight of compound 0%0966 grms.
Weight of'BaSO* 0*%1653 grms*
# Sulphur 23*19
Theoretical for 23%02# sulphur.

Preparation of picrates of (a) mono carbethoxy piperazine and

~b) mono tolyl sulphonal piperazine:
(a) An alcoholic solution of picric acid was added to the mono
carbethoxy piperazine also dissolved in alcohol. On stirring and
standing, a mustard yellow crystalline compound was obtained*
It was difficulty soluble in cold water but more readily so in
hot water. m.pt. 197 C
A nitrogen estimation gave the following result.

Weight, of picrate 0%1884 grms.

Volume of nitrogen 29%*9 c.c. (at 100 C and
A\ 742 m.m,mercury)



(b) On mi.Xing alcoholic solutions of picric acid and mono tolyl
sulphonyl piperazine a greenish-yellow crystalline compound was
immediately precipitated* Thia was only very slightly soluble
in cold water but dissolved more readily in hot* On heating it
darkened in colour at about ZIS-ZZOC C and melted with
decomposition at 225 C
Kitrogeh Estimation.

Weight of picrate 0*1161 gnuso

Volume of nitrogen 15.2 c.c.at 16*S C and 752m.m.mercur]|

# nitrogen 14%79 ¢

Theoretical for 14*81# nitrogen.






from an unsaturated group in the aeid radical, e.g. in the

cusano &cids there are present the unsaturated groups orivi,
These acids are particularly suitable for the study af iansr
complex salts. Copper glycine is a typical example and is

&aven the structure 7 f

The copper atom here has a co-ordination number 4, is linked to
the amine groups by auxiliary valencies and to theoxygenatoms

of the carboxyl groups by its two principal valencies*

The inveetigaticns of Bruni (1604) Ley (from 1909)
and Tschugajeff (1911) show that the tendency to form inner
compelex salts of amino acids is strongly pronounced in acids,
in the ~ acids less so, add in the ~ and (/*acids there is
none* These facts are in agreement with the general idea of
stereo chemistry, that inner complex salts are particularly stabile
when 5 mambered rings can be formed, and such rings are present

in the salts of amino i general form

Whether the amino acids contain ary, secondary, or tertiary

amino groups plays no intrinsic part in tllllzan'\ecl;)mplex salt
formation. All internal complex salts show an anomalous behaviouy
with reference to electrolytic dissociation, and analytical
reactions* The metal is prevented from appearing as an ion in
solution and therefore An aqueous solution the salt has a normal
molecular weight and a very low conductivity* An abnormal
colour is also characteristic of these salts, thus the copper
salta are deep violet blue in solid state and give very deep
blue solutions, and chromium and cobalt give red and violet A
salts. The metal in the complex salt may be Fe,Co,Ki,Cr,Bt,

fCu or gn; ahd the &cid,glycine, alanine, diethylaminoaoetic,

piperidoacetic, phenlglycccol etc. but the stability of the

salt varies with the metal and with the acids* Expressing the



reacticiii cstween a metal acetate aad tlie amino acid as aa

equilibrium reactions-

tiLéi 8byiou8ly the- 1933 the dissociation of

the farther is the equillbrium in the direction

Also™ if A; représenta the conductlylty of metal acetate
represent# the conductivity of solution after

addition of amino acid,

Tnea give# an idea of the extent of formation of the

complex Srilt® If the complex sa3.t: formation is large the

conductivity approaches that for acetic acid, if small, then

the conductivity is mainly due tu metallic acetate. Leysl

experiments showed that for various salts with glycine the

extent of complex salt, formafeion decreased in the order

J ~cJ, <Aa. /3ck.,

and measurements with Nickel acetate and various acids gave
<

values of deoreasiing in the order glycine, ° amin”}
propionic, ~” amine» propionic, piperido acetic acids.

The salts of chromium and trlvalenb cobalt were found to exiar,
x! tvo isomeric forao, hotVi showing the characteristics of
internal cos”lex salts but differing from each other in colour
and crystallic form and the number of molecules of water of

crystallisation. The dj-fference between the two in eacn Crse

is due to a different arrangement of the groups around the

central metallic atom. This has a co«ofdiftaticn number 6 and
the salts are repr-asonted according to Werner®c Octah”cryi

3-Jheme, e#g* the cobalt! glycines are given the following

apatial formulae S-

i

WY,



Recently, has investigated

iater-ial complex copper of dibasic amino acidSj, of the

general type
. A S .
and in some cases has been able to obtain isomers which he

consider# to be of the cis-trans type, and he fonaul atea them
A/?L Cd-o

as vé;a”y*' i s , " OU*/\ A //
e 'e—AW
Wheri Xis small(3er 3), the cis formation is expected, when

largellOj trans is favoured, and when intermediary both can be
obtained and their mutual transformation studied®

In assigning tVfcrmulue to the salts Sahlesingar

makes the assumption that the 4 co-ordinatien bonds of copper
have a plane arrangement, whereas Mills i Gott$ by their
resolution of copper salts of beaaoyl pyruvic acid into optically
activa iaomars have definitely proved the 4 groups to occupy the
vertices of a tetrahedron at the centre of which is the copper
atomXTC.C'f?j6"3")

Reihlen (Zeit*. AncrgChemie 1926 vol»151 p.Y1),

explains Schlesingers results» Considering the simplest #alt of
this type ,viz* copper ethylene bis imino acetate, the formula

assignedbentains 3 five-merabered rings without double bonds. At
f

first sight this arrangement 1

«

appears t© be plane, but if

one examines both the nitrogen (

0=»C

[ X
atoms, ene see# that in this "6 ®

case the four links are directed

towards the corner? of a tetrhedron of which the nitrogen atom
is at the centre of gravity* These salts are examples ef spiran
asymmetry and are analogous to the cobalt chloride complexes of

ssrcosine investigated by Iteisenhcimore»



We are now in a position to give n electronic interpretation

tft coordination®* In his book "The Electronic Theorjs ef Valency",
Sidgwick ciaasfied tne 3 kinds of linkages between the atoms in

a molecule ?~

1) Polar or ionised linkages due te the transference of electrons
from one atom to another.

2) Nonpolar, nonionisable covalent linkages due to the sharing of

electrons,, two to each link between the atoms. These can arise

in two ways:"

(a) One electron contributed by e. cb stem”””“nonaal covalent
7

(i) Both electrons contributed by the same atom* This
type of linkage is a coordinate cevdlency andis present in all

the coordination compounds referred to above* The links which
3®in the units of a ceordinatien complex to the central atem are
covalent* The maximum coordination number is the maximum covalenc;

number, and a covalency ©f ¢ implies a valency group ©p 12

shared electrons, that of 4 a valency grcup ©Of copper
glycine the nitrogen atoms act as donors »jid provide the central
copper atom with two paixs of electrons thereby completing the
Jetable valency group of eight. In all co-ordination compounds
tilere exist two different kindsof atoms, one a doner and the
other an accepter® The covalentlinks are represented by arrows

as in the following

(2~ .— NWk AT €H
1
Ca 0 0 Co

The term '"cheJate" has also been applied by Morgan t@ these

co-ordinateGn compoundxs in which the ce'*-ordination takes place

between two atoms already forming part of the same m@leoulo*
The electronic theory , therefore makes it possible to
reconcile the tlieory ef coordination of Werner with structural
chemistry, and this interpretation breaks down the suppwSed
distinctien between organic and inorganic chemistry, whichJE

epp,.#&ition the coordination and structural theories "ad

€ V- . £il ]

r



Theoretical Discussion.

Of the acids previeualy studied from the pain# ef vie*

ef internally complex fcrmation piperidine acetic most nearly

resembles the piperazine acetic acids , in oenstitutaan* It may

therefore be interesting to note here seme general r emarks upon
i

piperadine acetic acids and its salts, before the piperazine acid,,
and their salys are considered.

Bischcff in 1898(Ber.31.p.2841) prepared ethyl
piperaidino acetate by the addition of ethyl chloracetate te

piperidine. Hydrolysis of this ester with baryta gave p&peridine

acetic acid* It is soluble in organic solvents and cryst allises
from water with one molecule cf water ef crystallisation, which
it loses when heated to 125C. Further it has a neutral reaction*
In these respects it differs from piperazine diacetic acid which A

haaaa acid, reaction, and contains two molecules of water of
crystallisation which it easily loses in a dry atmospphere*
Piperazine monoacetic acid jOn the other hand, is extremely J
soluble in water, but from strong solutions can be precipitated

mgJ
with alcohol, and has a strongly alkaline reaction®* These &

pr»l'erti*s are to be attributed to the free, imino gronx. in .,
the molecule. It crystallise* with one molecule of water.
Ley{Ber.1909.1>.354), nerking with piperidine acetic acid obtained
a copper salt ifhich showed some characteristics of internally A
complex salts, but which in dilute aqueous solution mas consider”
-ably hydrolysed, and gave a precipitate ef copper hydroxide
with caustic seda* A complex nic kel salt ef this acid could no”
be produced en account ef the even greater hydrolysxM * The
pr\eparation of internally .complex platinum and chromium salts

are also recorded(Ber*1912*p.372), but the corresponding

cobaltic s&ltm”“do not appear to have been investigated* The two

general, methods employed by Ley for preparing copper salts

were(l) solution cf copper hydroin <'mno acid.



(2) addition ef capper sulphate te an equivalent mixture ef the
amine acid and barytai Beth ef t’*ese methods are sati.?factery

if the salts are soluble in water, though the latter is preferabfe
when there is a tendency for the salt te be hydrolytically
dissedated as e.g. copper piperidine acetate» %hcn, however, thf
copper salts es piperazine diacetic acid were prepared these
methods were not so convenient, on account ef the insolubility
fef the salts, and precipitation methods were employed, viz?
addition ef copper salt solutions ( sulphate or acetate) bO
solution of the acid itself or its sodium salto On mixing the
solutions a very deep purplish blue colour resulted which might
be taken te indicate complex salt formation, and then pfacticall;

immediately a rather gelatinous salt ?jas precipitated»Pour
different copper salts were obtained of which only one was

moderately soluble in w atcr, the other three being insoluble in
water, alcohol and phenol and acetic acid. The soluble salt (1)

an azure blue crystalline compound , gave the nennal reactions”

~ copper salt, i»o tnere was no evidence fo 'r co-ofdinatien
% within the molecule» The other three consisted of-
(rr) a green anhydrous salt,
(xrxx) a light blue hydrated salt,
/- (1¥) a deep blue hydtate dsalt.

All three shewed a. minute crystalline structure when vieaod undo
the microscope. They dissolved on boiling with very dilute acids

and the solutions then gave normail copper reactions* The acids

brought about the decomposition of the salts, and on account ef

the insolubility of the latter in all solvents tried ,investigate

-4 !
—ons regarding the internally complex nature could" net be

'
carried out» As a result of analysis of these salts the followin
formulae have been assigned yc themS-

r> <m) G -.

ivv i~IT)
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The difference between the pairs of hydrates ®f the salts 111& IV
is only «ne ef hydration and they are net chemical iaemers* The
lower hydrate is obtained by heating the higher above lOé)C, and
addition of water reverses the changie immediately» ,
A nickel and cobaltous salt of piperazine diacotié¢ acid analogous
to the sample copper salt G> were obtained as insolu/ble
substances, with a microscopic crystalline structure, by the
addition of a nickel or cobalt salt >« the sodium salt of the
amino acid* Owing to their insolubility, investigations with
regard to their molecular weights and conductivities could not be
carried out, but as they were perfectly normal in colour it was
concluded that internally complex formation had not taken place»
Leys method for preparing cobaltic salts ef amino acids, which
consisted of heating the acid with freshly precipitated cobaltic
hydroxide for several hours, was attempted with piperazine diace#
acid, but without success and various other methods that were
tried wre equally unsuccessful*

In view of Schlesingerss work ©n the copper salt* of

St -, ‘NqE NN oiphé=i
(which bears considerable resemblance tothe piperazine diacetic

ici* appears very remarkable that no salt has been isolated
which shows signs of ccmplexit* * This is perhaps explained by
Reihlens view of the constitution of Schlesingers salts(see p»”" )
Adopting Reihlens point of view and applying it to the salts cf

piperazine diacetic acid, it is seen that the tee hydregen atems

10- 10* in the formula are replaced in the piperazine derivative

by the ¢ h a i n - - The resulting
N plilfe @BAfibPrati*n-"""Lyv.-<ssrd»- |
- de/t accerdag te Reihlen , N C C
N./. I /o' , >=
.< “  which is net in ene "' —.i*

'O »
plane ¢ Hence in the piperazine diacetic saltg

the nitrogen atoms cannot be coerdinated with

t;.'Cmetal atom 3 n



Since the,,., 'iltmgen at.ma arc then fr.* t. crdj.nat. with .their
suitable substances, there is a- reason far the very ready

AcUoiuctien ef basic salts.But since en account of thei®insolubilt;
the malecular wiights cannot be determined, no definite suggest-
ions as to their formAlae can be made»

The results obtained with piperazine inonoacetic acid
were however very interesting.This acid has a ftrongly alkaline
reaction, but stable salts have been prepared ffom it of which
only the cooper salts have as yet been invest,&ated in detail.
Twdi someric copper salts have been obtained., »ne deep blue and t
other dark green.Both dissolve very easily in water, imparting
their ovm particular colour to the solution and there is evidence
for a very small proportion ef free ! in both cases.

On addition of a few drops of hydrochloric acid to the blue salt
a yellow solution was obtained from which alcohol precipitated a
Very light green crystalline précipitat# . Addition of alkali
restores the original blue solution. With dilute sulphuric acid
the same“ype of colour was produced, but with more brown in it.
Addition of alcohol caused the precipitation of a very light greei
gum. The green salt when similary treated gave reddish brown
solutions from which alcohol'precipitated, in one case , a Ight
yellow crystalline solid, and on the other case, a gum. Addition

of alkali restored the original green solution.

The blue salt can be converted into the green either by heating
0

it above 100C, or by warming with alcohol, but no conditions have

been found under which the green salt reverts to the blu,"ne.

The results appear to cwke it certain that we have here a case f*

true isomerism. The molecular weight determinations, though

carried out with quantities ef substances too small to aljU| o;"

accuracy, at any rate shut out the possibility of polymorioA.;

Hydration isomerism would appear to be excluded by the

11

A

A



of the two forms in solution and by their wholly different reactioi

wiyh acid.

From analysis it would appear that the blue salt is A
which rcadity loses to give a lighter blue salt* The green aalk
is also Ca" 4" V4 d can bo obtained anhydrous»

The simplest formula (%4 @™~ . * i s excluded for both
salts en account of the non-occurence of some reactions of the

copper ion» The formula " -

reoresents & spiro compound AOA v
formed from two rings, which though similar, are unsymmetrical.
Such a salt could exist in two enantiomfrphic forms, but these

would only be obtained by resolutionso the formula offers n©

explanatsn of the isomerism found, though it could represent one
of the two salts.

The other fermula which can be written on the basis of 4-covalent

copper isXassuming,j<*din the inner comé&lex),

\ ~ JL

or ¢ the betaine form of this /v /I V.A~”

This betaine formula would correspond to the existence of isomers

Considering one ®f the residues only

if a'and b are supposed to be in the plane of the paper, the ring
(11) will be in the same pl*e and the ring (1) in a vertical

plane. Thus th&s part of the molecule is capable of cis-trans
isomerism, the other form being

Cw< t d-o
There will be no optical isomerism"since the horizontal plane is

a plane .f symmetry. Since the cpper ie jeined te t»* 3Uoh

systoilLS the possible isomefs are J' "



li (r

/1*

It is, however, very doubtful whether such isomerism could exist,
at any rate in aqueous solution,.since the glycine ring is readily
broken and reformed so that the transformation from cis to trane
Yiould be papid. There remains the question, whether the formulae
(1) and (11) can be taken to represent the isomeric salt».

The action of hydrochloric acid might be ex peoted to result in

the fallowing stages

and with excess acid

On -"r the first action might produce
-CWi. '
G5 -AJIV(SVAV'\  ypen /10 NI/ I&bw/

Sill.o-
/4 o A.
oi
and these could both change into ra
ex.
ex,) " \ A Ju « CNCO=N (N

It is to be noticed that the formulae derived from (1) afe

different from those derived from (11) in that the copper

coordination is with a different nitrogen atom in the two cases*
According to this schemg¢, acids acting on substancesJT and IX,

would produce substances #f the same type but different in
constitution* This corresponds with the facts so far as they are
known, but until it is seen whether the properties of the acid
derivativesare consistent with these formulae, no decision is
possible» Against this view, there are the following facts. The
green soit loses water’tc give an anhydrous salt and therefore

cannot nave the formula which must be assigned t® th<- blue -i

salto.

i



Although compounds in which copper pessesAgbhe coordination
number 6 are usually unstabl>"c*f.Werner 1899, Z.aCh 21.p.201 and
Pfeiffer 1906.Z.» Ch. 48»p..104"*WoWahl (Soc* Scient.Comuient*
Physic* Mathematics e. IV.14), has sh&“n that in certain cases
the copper ion can form stable compounds, with.the coordination

number 6, and has effected a partial resolution ef

A%
It is tnerefcre wcerth cen idering the pessibilty of ene or both
iif the copper salts under discussion having a constitutaon
anal¢cgeus to Wahls compound.Since ethylene diamine and trimethyl«
-ene diamine both readily coordinate with metallic atoms at both»
ends, there appears to be nO reason why piperazine should notdk
the same, although ne case* appear t# have been recorded in the
literature®
Assuming that the simple uncoordinated salt is first formed and

is ionised, there would be present in the solution

If the copper ion were to form a 4 covalent ion in which e. ch

piperazine residue coordinated at both ends we should got
e .ciy,.y N. H-f yr !

A
C,] ZO">CX1 I

Such a molecule would, almost certainly, if the stereochemical

conditions would allow it change over to the 6 coordinated

J ——_——
compound /v A (
7 0\ /i
f / I
' /V#

Here, as in Wahls compound, the coordination is with 4 nitrogen
atoms and 2 oxVgen atoms, and the afrangement ef the electric
ohitrres is such as t$* favour Ihe stability of such a cenfigur»

ati*n.Written in terms of Werners octahedron this becomes
SVAN

9l -Co A



Wiliether these configurations are <tsssS3S=»*tere®chemically
possible at ii impossible to say* The long th of the chains

Isi ceinparable with those of compounds already
prepared, but nothing is known with certainty of the angles of
strain which far quadrivalent nitrogen atom will tolerate* It i»
necessary to see what interpretation of the action of acids on the

salts can be given by these formulae» The possibilities are °

(277704 W cogm
NAt -
VH 2;
CO‘ ()> -'/Vo n
f [
a CX—/ll I o " Co

The facts do not correspond with(ll), since both salts would*on
this hypothesis give the same compound, and in fact they do not.

Hence the formulae of these salts can, at present, be discussed m

only tentatively, as above* Further work, both on the two original
salts and on their acid derivatives must be done before any attemp'

can be made to draw final conclusions.

The piperazine diacetic acids used in the first
aeries ef investigations was prepared by a metho(“worked out by
Dr* Boyle, and analogous to that for the preparation of piperidino
acetic acid, viz:— the piperazine diacetic ethyl ester was prepare !
-ed by the interaction ci piperazine with chloracetic ostor(in yke j
molecular proportions of Ito 2)* This was hydrolysed and at the s

same time converted into piperazine diacetic hydrochloride, and

finally the hydrochloric acid was removed with .silver carbonate
A A C/- OV, Al

7S



The mon#acid was first p-“rpared in a similar way using the react-:
iOits the prop«rti#n It# 1, but some diacid was obtained at the
same time, and a complete separation was very difficult. Therefor
after the successful preparation of piperazine monocarboxylate,
an improved method of preparation was adopted, which consisted in
first preparing the “cetic ester derivative of the carbethoxy

ccmpound and then hydrolysis gave the dihydrcchloride of meneaeHf

acetic acid*frcm which the hydrochloric acid was removed as before

cr



M . x.? JI" %ii=L.h dilucln”? - .e;
— st:\z:iari ugl:q:
:*n'Aie:).toro  Thu

wi-/ry the?- aided to the piperazine eolo’taon and ti-
-?il 3h..kva and allc-'-ed tn " " ac ne hce? '.
( |hi the .fined pritparahio:! -P'dé.riLoeti. ~.at-er vvaa uaed b:i -/3
h*"Quior-o*vtIn eetnr is more r*&otimy it waa found preferable to
003 thin in rubsoqacnt prepaf:i.looe..)

Tié fcint.lo. heated onie»" a r**flo * .tor five
b 9., n "mli-'T Z2zz2 at the end of which time it was cooled,
unchanged piptrixDie will here separate out Ae ito hydrv-
broioide xid therefore indicates whether .the reaction, has
proo-“cdol to cciiip4etiocu About half the volume of alcohol
2io0 iU.c;,illn.i nfi at*d irp ECl.gas passed into the solution..
Thé ~aa muot not b": iatroduoei beyond the ata“e at “hich a
vsry fine precipitate of piperazine diacetic ester hydroohlc-'"i.o
starta to be precipitated. Tic object of Introanc,Jn* HCl, -—
to co>apletely precipitate piperazine hydrochlorid.; if any to
present$ but this is not usually the c&se» The solution ivac
diluted with water and heated on a water-bath to remc ve ala
the alcohol- It was then heated under a reflux for 3 ncut-?
tu .briA& aboat the ,lysis* On cooling the scZution the

soluble hydrobrcmide of piperazine d'acetic acic

crystallised, cut. .Further fractmons o2 ? S0. -n

Cj::ae.,itfAtlng the solution*. The "o-raoeB oetceeo
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recrystgJlxsed and analysed before procf.nfding to the next stage®
Yield from 17.31 grme piperazine, 40.4 gnms hydrobroiaid*
represents 65 per cent conversion of piperazine into diderivative.
The monoacid obtained at the same time remains in solution owing
tc its much greater sclnbility» The removal of the Halogen acid
was carried out in the following way Silver carbonate was
prepared by the addition of «cdlnm carbonate solution to the
equivalent solution of «liver nitrate» The precipitate was

filtered at the pump and well washed» The diacid halide was
dissolved'in plenty of hot water and the silver carbonate added

gradually while the solution was kept stirred» A few drops of
filtrate were tested from time to time for the absence if the
httlide* When only slight excess cf the silver carbonate had
been added the solution was filtered, and washed with hot water*
8w#iphuratted hydrogen was immediately passed into the solution
in order to precipitate any silver dissolved as silver salt of the
diacid» The solution was again filtered and concentrated» The
diacid crystallised on cooling*

Yi*ld* fro* 26 gtm«. hydrochloride * 19.5 grms* acid»

The acid was recryetallised from hot water and analysed for
water of crystalli sation as well as carbon and hydrogen content»

Bstira-tion of number of Molecules of Water of Cryatallisatioiyi

Wea*ht of dlacid 0.3045 grms» Heated to 150 degrees O

Weight of diacid 0»2583 grms»
cf water 0.0462 grms»
 Loss of water 15»17~
(nZ2 gives 15»128& water )
| - Weight of acid 0»1518 grms.
CoOg 0.2644 grms»
K| HP 0.0938 grms.
f carbon 47» 51

J7 hydrogen 6»87
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Preparation of Copper Salts of diacid.

Excess copper sulphate solution was added to a solution
of the sodium salt of the diacide
A bright blue gelatinous precipitate (la) was obtained at oncco
On boiling with sodium carbonate the precipitate became green
and then brown, but on addition of a little sulphuric acid the
blue precipitate was produced again* On heating with excess acid
the salt dissolved. The blue salt was collected and dried, and
to the filtrate was added just enough dilute sodium carbonate to
make the solution alkaline and a drop of dilute sulphuric acid
rendered it acid again. A green precipitete(l bjwas obtained whicl
was quite insoluble in hot and cold water, but dissolved on
boiling with dilute acid.

Solutions of copper sulphate and the diacid were mixed in
equivalent quantities* A deep blue solution was obtained, and on
warming a precipitate appeared. The solution was allowed jyo stand
until cold and then the salt was collected* In washing with hot
water part went into solution and was afterwards obtained as
light blue crysta-l; by concentration of the solution. The
insoluble part proved to be identical with(l.a”above.

Equivalent solutions of copper acetate and the diacid were
BUxed together, and a deep blue solution was obtained at first
but almost immediately a deep blue salt was precipitated. It

was quite unlike any of those described above. All the salts

were observed under the microscope and found to be homogeneous
crystalline compounds.

Analysis of copper salts.

The copper content of the salts were determined by dissolving
the salts in water containing dilute sulphuric acid and then
precipitating copper thio cyanate in the usual way. The amount

of water of crystallisation was found by determining the loss in



weight cf the gait when heated to a snatahle te&perature,

CWPer_esti.matipn_M*"

Weight of salt 0*%1580 grms»
“ CuCNNS 0%0701 "
i copper 26044c

Water c¢f Crystallisation in Air Dried Saltsc

Weight of salt 0%1256 grms»
Loss of water at ISOC 0%0249 "

2loss of water 19%83*
Copper in lower hydrate*

Weight of salt 0%1007 grms*
CuCT'iS 0%0641 «

2copper . 53*15%
Value of copper content for fully hydrated salt as calculated
from above is 26*57%.
Asalt S C contains 27%01% copperc

A salt contains 33*60% copperc
Loss of bHgO fromhexaliydrate corresponds to 19%4%*

Analysis of greencopper salt1l b.

Weight of salt* 0%2589 grms*
CuCNS 0%¥2666 grm».
% copper 53%7*

Water estimation*

Weight of salt 0%1436 grms*
Less of water ae 150*C 0*0031 grmso

%]less of water 2%*2
% copper calculated for dehydrated salt 54*11*

Copper estimation in anhydrous salt..

Weight cf salt 0%0773 grms*
% CuCNS 0%0809 grms.
% copper 54*48
Theoretical for a salt ~on 54*40% copper.

Analysis @f blue copper salt II*

Copper in hydrated salt
Welght~6f saliT 0%1211 grnie.
" CuCNS 0%*0536 Grms* yi# .

% copper 21*02.



Wher c¢f crystallisation.

Weight ef hydrated salt 0%1656 grms.
Leas ef water at 150 degrees C 0%0800 grms*

%less ef water 12*08
Calculated fer anhydreus salt % cepper 23%91.
Theeretical fer 23%95 % cepper.

Theoretical fer (Cm «2/4" 21%12 % "
Less ef water cerrespends te 11%*71%.

Analysia ef blue cepper salt III*

Weight ef salt 0%2367 grms.
” CuCNS 0%0183 grms*
% cepper 23%82

Water ef cryst& Ilisatien.

Weight ef salt 0%1517 grms*
Less ef water at 150 degrees C. 0%0204 grms.

%1less ef water 13*5

Calculated en this, % cepper in dehydrated salt is 23%84.

GiE>per in dehydrated salt.

Weight ef salt 0%0808 grms.
** CuCNS 0%0427 grms*
% cepper 27*51.
Per a salt Cm. - o A cepper is 23%6*

Less ef water cerrespends te 13%48.
Permula was cenfirmed by a cembustien.

Aalysis ef lewer hydrat”

Weight ef salt 0%1932 grmso
» ar 0%2250 grmso
" HE 0 0%1012 gfmso
% carben 31*85 Theeretical 31%30% C
% hydregen 5%63 -« ~ 4*35%

A selutien ef the sedium salt ef the diacid was added te
slight excess ef cebait nitrate selutien® A very pale penl
precipitate was ebtainecT at ence® The salt becgjne pale
mauve by the less ef water above 100 degrees C Na vther

csbalt salt could be ebtained by treating °“h< f\l tratv with.



Stdium carbonate as in the case of copper*

Analyeif* of salt. Cobalt estimation*

Weight Of salt 0%1400 grms.
“ cobalt 0%0257 grms*
% cobalt 18%32*

Water of crystallisation*

Weight of salt 0.2150 grms.
Loss of water at 150 C 0%0189 grms.

%less of water  8*79
Calculated from this result %cobalt in lower hydrate is 20%09.
A salt Ao has 20%00% cobalt*

Combustion analysis»

Weight of salt 01673 grms*
o (60 0%2002 grms.
" HgO 0%0926 grms.

% carbon 32*%63
% hydrogen 6*15

Theeretical for N Al Aldo u*
5% 30% Hg.
Nitrogen estimation.
Weight ef salt 0%1245 grms* A
Volume of Nitrogen 10*4 c.c.at 17 degrees C. &
%Nitrogen 9%39 ( Theoretical is 9%4% ).

Preparation of Nickel Salt.

A solution of Nickel acetate was heated with an equivalent
solution of the sodium salt of the diacid. A pale green
precipitate was at once obtained. The same salt was obtained
using nickel sulphate instead of nickel acetate, and also with
the diacid itself.

Analysiof_ " & " t.

Weight of salt 0%1624 grms*
? Nickel dimethyl glyoxine 0.1433 grms*

%Nickel 17494+

Water of crystallisation®

Weight ef salt 0%1371 grms*
Loss of water at ISOMC  0*0161 grms*
%loss of water 11.74.



Theoretical
1 ¢ 19¥2/. nickel.
2loss ®f water corresponding to ZHg% I<§ Ly R

Combustion Analysis.

Weight o salt Oou.545 gmso
weight of carbondioxide o~18s57 gms.
weight ef water 80870 gmSs*
2 carbon 3208
26hydrogen 6%24

Nitrogen estimation.

Weight of salt Go1166 gms.
Volume of nitrogen 908 Coc. @170 and 741m.m. ig*
Theorectical for At', C 32058” carbon

50437~ hydrogen
90508$ nitrogeno

Preparation of Piperazine monoacetic acddo

Equivalent weights of piperazine nmmmo carboxylate,

chloracetic ester and anhydrous sodium carbonate were shaken
tegether under a reflux condenser» When the evolution of heat had t

ceased the mixture was heated on a steam bath for 3 to4 hours,
until the evolution cf carbon dioxide had ceased. It was then coo&<i
.ed in ice, soda added an d the solution extracted several times |
with ether. The extract was dried and the ether distilled. TKe
liquid residue was distilled under reduced pr ssure- bo.pt. 1858

at,20m,.m. Hgo

Hydrolysis of the compound c-0©

The ester was heated with strong hydrochloric acid for 2 or 3 days
and then evaporated to small bulk, on a water bath. On addition of

alcohol thh mono acid hydrochloride was thrown out»The removal of

the halogen acid was carried out in a manner exactly similar t«

that used i n preparing the diacid. The acid, being extremely

soluble in water, was precipitated from a strong solttion b”he

addition of alcohol» pt.275C.



Preparation of ¢ppper salts.

Cupric hydroxide was prepared by mixing cold equivalent

selutions ef copper sulphate and canStic seda* The blue gelatin-
ous precipitate ebtained was well washed until free frem alkali.
Excess ef the hydrate was added to a solution of the monoacid» A
very deep blue solution was obtained, which on concentrating to a
very small bulk and leaving in a desiccator for 2 or 3 days,
gradually crystallised” The very deep blue crystals were drained
from the uncrystallisable syrup and driedo On leaving some ef the
finally powdered salt over sulphuric acid, in a desiccator for a ?
week, it became partially dehydrated, and lighter blue in colour.
Oa heating to 110" OG> the salt lost its crystalline structure
and became a green gum. This gum dissolved very readily in

water imparting a deep #reen colour to the solution»and the

colour remained unchanged after several weeks» The Blue Salt
was not soluble in alcohol but on warming the two together for
a short time the green salt was obtained. When dried it was
found to have a crystalline structure» It lost water at 110" ¢
without any appreciable change iu colour, but at higher
temperatures it started to decompose. This was also true for
the blue salt» The same blue salt was obtained by dissolving
copper carbonate in the mono acid, and also by adding copper
sulphate to an equivalent mixture of monoacid and baryta» It
was not found in any way possible to convert the green salt
into the blue.

Analyad» of Copper salts»

Blue salt. Estimation of copper in air dried salt»

Weight of salt 0»Q246 grms»

CugS 0»0411 grms»
A copper 12.73

Theoretical for i N 1% «Ji» 12»?7" copper.



Lv[is of water in desi(*cater®

Weight of sa)*

Loss of water" after a week
% loss of Milter

0»192S gms.

0.0554 grms*
18.42

Theoretical for loss of 5 HgO from above hydrate is 18.26%.

Gre®"s’tj

Weight of salt.

2 8
2ocopper

Theoretical for A
Water of crystal

Weight of salt.

Loss of watet at 1200 C.
%loss sf water

Calculated for hydrated salt
Thearatical f.r fV

Cgpper in dehydrated salt. H

% copper is

%

0»2142 gnus.
0t>0490 grms.
18.11

is 18.17%.

In air dried salt.

0.2466 grms.
0.0324 grms.
13.14
15.75.
CVA.0ir 15.77" cpper.

mieoular weight .f Blue ,%!% iri akaue»US.sjJ.utAPJls.,

Weight of salt.

Weight of Depression of

Molecular weight.

Hydrated Anhydrous. | water® freezing noint. meaut.
013105 0»2195 24091 0.07 228
0»4634 0.3215 17.94 0.12 266 247
Molecular weight of Green salt in aqueous solutions.
0.3398 0.2901 32.46 0.07 235
0.7042 Go06120 32.46 0.14 250 242
Theoretical for C-m- 07321.
Reaotioji8_of % & ANT1Ts»
Reagent. Blue salt# Green salt.
H2S Precipitate of CuS Precipitate of CuS
NaOH Blue precipitateof Ne ppt., solutic It became
CuOHg yellow
Atianonitf. NG ppt. aw” no colour Ne pTij.and nc colour
change change

KI No iodine set free Nc iodine set fece
Reduced withppt. of CuCNS No ppt of CuCNS
8 0 added
Am CHS

Yellow sol. alcohol Reddish-brown sol. Ight
Pew dl‘ops ppt.light green crystals yellOW ppt. with alcohol.
dilLHCI# 1

alkali restores blue scl”

Silidl ar oelcur s0]:‘

Dil.LHgSO*  .ji:Trl iciig-9 1 .i

alkali restores gretp col

Similar cclour, Ight '

yr1]( w ynpi with alcohol



