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SECTION I

THE DETECTION OF ZINC 1IN CADAVERIC
MATERIAL.




INTRCDUC TION
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INTRODUCTION

In an examination for poisonous substances of a cadaver,

Parker (1) ébtained the fallowing surprising result. ég

A sample of the cadaver was treated with hydrochloric
acid and potassium chlorate in order to destroy organic matter,
and the excess hydrochloric acid removed from the soclution by
partial evaporation and neutralisation with ammonia. The
sclution, Jjust acid to litmus, was then saturated with hydro-
gen sulphide and the precipitate examined as in the ordinary
qualitative analysis. Arsenic; and the usual poisonous metals
of the second group were soon shown to be absent; but Parker
aarriéd the analysis carefully to completion, and obtained a
sulphide precipitate in the same position as»that of cadmium
(which has nevér been found in éonnecticn with a poisoning
fatality). This sulphide precipitate was white, however, and

was finally shown definitely to be zinc sulphide. The filte

rate from the hydrggeﬁ sulphide precipitate did nd contain
any zinc.

| In the following pages a study is made of the detegtion
of zine in cadaveric material, and it is shown that the method
for the removal of-éxcess hydrochloric acid used by Parker in
the a@bove experiment, is liable to give misleading results,
a8 Parker found. An explanation in theory of the failure of
this method is put forth, and an attempt is made to back up

the supposition with experimental facts.



- THEORETICAL CONSIDERATIONS
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THEORETICAL CONSIDERATIONS

In the analysis of cadaver material fo;”metallic poisons,
the organic matter mustAbe'destroyed a8 cpmpletelywas pqssip;e
before the regular qualitative tests for metallic ions can be
carried through. Pgrhaps the best known progedure for the
destruction of organic matter in this connection is that of
Re Fresenius and L. von Babo (2). This is described by
Autenrieth (3) as follows: |

v A portion of the original material, previously
finely chopped and well nmixed with enough water

to produce a fluid mass, may --- be used. According
to the quantity of material to be destroyed, add
10. - 15 cce of pure concentrated hydrochloric acid
.and 1 ~ 2 grams of potassium chlorate. Set the
flask upon & boiling water bath in a good draught,
heat and shake frequently so that chlorine comes
into intimate contact with material to be destroyed.
When the mixture is hot, add 0.3 ~ 0.5 gram of '
potassium chlorate eéevéry 2 -~ 3 minutes and shake the
flask frequently. Continue in this manner until
most of the organic matter is destroyed and the
liquid in the flask is clear, or turbid, and has a
wine yellow colour, Further addition of potassium
‘chlorate and longer heating should produce no change."

When the organic ma@ter“has been destroyed’in thismway;
the mixture is diluted with hot water, a few drops of dilute
sulphuric acid added to precipitate pqssible bariumg and the
liquid filtered. The filtrate now contains any metals
formerly in the original material, along with (in most_cases)
considerable excess of free hydrochloric acide Beforethe metals
of the hydrogen sulphide group”(arsenic, antimony, tin, mercury,
lead, copper, bismuth and cadmium) can be precipitated, the»exf
cess of free hydrochloric acid must_bevalmost entirely removed.

According to Autenrieth (4) this can be done in either of

two ways:




(3)

"--evaporate the solution in a porcelain dish

upon the water bath nearly to dryness to remove

most of the free hydrochloric acid. This step

feequently produces a dark colour which a few

crystals of potassium chlorate will discharge.

An alternative procedure is to remove part

of the free hydrochloric acid from the filtrate,

obtained after treatment with hydrochloriec acid

and potassium chlorate, by first evaporating to

a smaller volume and then adding ammonia until

alkaline, Pinally add dilute nitric acid until

the solution is faintly acid.®
The advantage of the second of these two processes is that
it can be carried out in a much shorter period of time than
the first. The writer has shown, however, first, that when
this alternative method is used, Zinc, if present, is preci-
Pitated along with the metals of Group II, and mgy be readily
overlooked as it appears in the same positiom in the analysis
scheme as Cadmium, a metal rarely expected in a toxicological
investigation. As will be demonstrated in the next section,
this typé of behaviour indicates the bresence of & weak acid.
Under the circumstances, the only weak acid to be expected
would be a lower ( soluble ) fatty acid, formed in the
oxidation of organic matter by chlorine. The writer has
endeavored to prove, therefore, second, that the lower fatty
acids are not rapidly decomposed by thb treatment described
above, and third, that fatty acids are actually present in
the filtrate obtained after oxidation with potassium chlorate

and hydrochlorie acid.




THE DETECTION OF ZINC

Following the usual qualitative analysis scheme, the
metals of the copper and arsenic'groups (copper, lead, mercurys
bismuth and cadmiumi arsenic, antimony, and tin) are separated
from those of the irqn and zinc groups (iron, aluminium, and
chromiums cobalt, nickel, manganese, and zine) by saturating
the solution with hydrogen sulphide in”presence of a slight
excess of hydrochloric or sulphuric acid. This separation
depends on the production of a sufficiently high concentration
of the hydrogen ion tp keep the concentration of the sulphide
ion below that necessary for the precipitation of sulphides
of iron and zinc and the other metals of this typee. If,
therefore, the solution contains an acetates or a salt of any
weak acid, esge & butyrate or a»phosphate, the addition of
hydrochloric acid will result, at least at first, in the
liberation of the weaker acid and will not produce the excess
of hydrogen—ionvrequired for the separatiomn.

Unless provision is made,'then,qto insurg»aAcertain excess
of hydrogen-ion, zinc (as well asvnidkel an@mgqbg;p) must
be looked for in the hydrogen sulphide precipitate. Stieglitz
(5) writess

" For the ordinary purposes of analysis, requiring
the precipitation of say onme milligram of any ion
from 100 ce. solution (one~tenth percent, if one
gram of substance is used for analysis), a concen-
tration of hydrogen-ion of 0«1l to 0.3 gram=-ion per
litre forms a good basis for worke. The presence

of this concentration of hydrogen-ion, irrespective
of the possible presence of weak organic or inorganic

acids, may be readily insured by a simple test with
an appropriate indicator. Methyl-violet is suitable




"for such a purposes because it is sensitive

only to the rather high concentrations of
hydrogen-ion required --- . The blue-green

tint, with which one becomes easily familiar,

and which can, indeed, always be prepared for
matching tints, may be used to recognize speedily,
and with sufficient accuracys a concentration of
the hydrogen~-ion of the strength desired, irres-
pective of its source."

Provided this refinement were introduced, there is no doubt
thatAAutenrieth‘s alternat%vevprocedure forvthe removal of
excess hydrochloric acid, iees evaporation to more convenient

volume and neutralisation with ammonia, might be used with

entire satisfaction, even in the presence of zinc.

THE OXIDATION OF LOWER FATTY ACIDS

The fatty acids are well known to be exceedingly stable
subsﬁances towards oxidising_agents; with the exception of
formic acid, they are converted into gimpler compogpds_op;y
with difficulty. According to Beilstein‘(g),"gggtigfac%d
slowly redgges chromic ggid on boiling,lwith pr@@uctign of
an oxy-ascetate of chromium; it_is scarcely oxidised by
dilute alkaline permanganate at‘lQO to 120 deg. Cg;>by
heating with concentrated alkaline permanggnate, oxalic acid
is formed; oxidation with potassium persulphate prgducés a
slight amount of succinic acid; and hydrogen peroxide acts
on acetic acid giving a small guantity of glyoxylicAacid.

A few similar references were found to‘the difficulty of

oxidising fatty acids by means of the above reagents, but

the action of chlorine in hot aqueous solution does not




appear to have been tried. However, this reagent is a
very powerful one, and it would be surprising if fatty
acids were not, at least slowly, decomposed under its o

influence. The writér found difficulty in estimating b

the fatty acid in a mixture such as is obtained by treat-
ment with potassium chlorate and hydrochloric acid,‘bgt
vthe few experiments Which were carried out»show(fair;yv‘
definitely that acetic and butyric acids are not rapidly

decomposed in this way.
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EXPERIMENTAL

THE DETHCTION OF ZINC

EXPERIMENT 1l Analysis of another sample of the cadaver
examined by Parkere.

The organic_matter was destroyed by prolonged treatment
with hydrochloric acid and potassium chlorates as_described
above, and the exeessAacid removed by the alternative method,
i.ces Dy evaporation to more convenlent volume and neutrali-
sation with ammonia. The solution, made just acid to litmus
with hydrochloric acid, was heated in a flask on the steam
bath, while a stream of hydrogen sulphide was passed through
it for mbout one hour; the treatment with hydrogen sulphide
was continued while the flask and its contents cooled.  The
flask»was then loosely stoppered, and allowed to stand_over
nighte. In the morning the contents still smelled»strpng;y
of hydrogen sulphide, and precipitation wa.s ;hereforerassumed
to be complete, The heavy precipitate wa.s filtere@_ofii‘ep@ _____
wa.shed with saturated hydrogen sulphide solution;”_the filtrate
and washings were cembined. The'eulphide precipitate was
then examiﬁed for zinc, as followse

A warm mixture of 10 cc. of concentrated nitric acid
and 20 cc. of water was passed through the filter several
times until the precipitate had been entirely dissolved.

This solution was made alkaline with stréng ammonia, and
hydrogen sulphide passed for a short time: a grey precipitate
appeared, andrwas allowed to settle. The liquid was rendered

acid with acetic acid, filtered, and washed. After dryings



e e

the filter and precipitate were mqistengd with g_fewwdyops
of saturated ammonium nitrate solution and iggitedA;n_a%>"m'
porcelain crucible. The contents of the latter, when cold,
were extracted with 3 cc. of_boilingudilutemsglphuricmgqiﬁfrmmq
and the resulting solution filtered and dividg@ into two partse.
To one part excess”sodiumbhydroxide solution was added, the
precipitated ferric phosphate filtered off;”and hydrogen sulph-
ide‘solution added to the filtrate: g;flogculent whiteﬂprgp;pj
itate appeared on_warmipg, and wasvshown, by fusion.with‘cqba}y
nitrate, tqucontain zince ~ The other pprtigp was madg‘styongly
alkaline with ammonis, filtered, rendered acid wi?h acetic
acid, and saturated with hydrogen sulphi@ezr a White»precip-‘
itate was again produced, and the presence of zigc cgnfirmed.

The filtrate from the hydrogen»sulphide>precipitate was
evaporated to half volume, made alkaline With’ammpnia;Aand
excess smmonium sulphide added. A dark precipitate was pro-
Quced, and sllowed to settle. The liquid was rendered faintly
acid with acetic acid and allowed to stand over night. After
being filtered off and washed, the precipitate was ignited with
ammonium nitrate, and the examination for zine carried through
from ﬁhis point exactly as in the‘pre?ibus case. But here, no
indication was obtained'of:the;presenceiof zincs

This experiment‘thus_cgnfirms the original obgervgtiqn o
Qf Parker, ﬁamely, tha#“when the abovg_ﬁrogeduxeh_isvfpllowed,
zinc appears in #he_gecond group of the qualitative analysis
scheme, and not_inrthemthird, where it belongs. This point

is further supported by the results of the following two




artificial experiments.

B

EXPERIMENT II. Analysis of minced liver containing zinc oxide.

A mixture of about 300 grams of minced beef liver and -
0.25 gram of zinc oxide was treated as follows. ihe'materig;
was shaken up with 300 cc. of water and 35 cec. of concentrated
hydrochloric acide. 2 grams of potassium chlorate were added
and the mixture heated on a boiling watervbath; more thorate .....
was added in small quantities at a time over a period of about
8 hours, the flask being shaken frequently; the temperature
of the mass averaged about 85 degrees Centigrade. The liquid
| was diluted with hot water, filtered, and the filtrate'evaporf
ated to a volume of about 200 cc. The latter was made alkaline
with ammondum hydroxide, and then just acid to litmus with
hydrochloric acide Precipitation with hydrogen sulphide was
carried out exactly as in Experiment les and the hydrgggn_ |
sulphide precipitate shown to contain zinee The filtrate

from the hydrogen sulphide precipitate did not contain zinc.

EXPERIMENT III. Analysis of minced liver containing zinec oxide.

In this experiment, the sample consisted of 440 grams of
minced liver and 0.5 gram of zipe oxide. This was mixed with e
400 cce. of water and 45 cce ofvconcentrated hydrochlqric acid,
and potassium chloiate added at intervals over a period of two
and one half hours at a temperature of_about 90 degrees Ce. The

filtrate from the oxidised mass was divided into two equal

parts.



One part was evaporated £o half volume, made alkaline
with emmonia, and then”justracid with hydrochlpric acid (ag»
in Experiments I. and II.). Hydrogen sulphide precipitated
all the zine from this solution; as in the previéus experi-
mentse. »

The other portion was eveporated almost to drymess -
(Autenrieth's first method fo: rgmcving thenggcess_hyq?qchlor-

'ic acid) and the residue taken up with 150 cc. of water.
The analysis of the hydrogen sulphide precipitatglobtainqu
from this solution was aecidently spoiled, but the,pregeppg
of zine in thevfiltrate was confirmed, so @hat the loss was
of no importances |

This experiment shows that the results obtained in .
Experiments I.-and 171, arevnot due to anyrpeculiar cpndiﬁ;ons,
since in the parallel analyses outlined above, the regular
method gave the.cgrrect result, while the alternative method

gave the anomalous result.

EXPERIMENT IV. Analysis of a mixture of zinc oxide and
' | sodiummgcetate, ‘ :

A mixture of 14 grams of sodium acetate and 0.5 gram of
zinc'oxide Was'dissolved in'zob CCe of Water.containing 50 cé.
of concentratedvhydrochloric acide This was heated at 90

degrees C. for about two hours while potassium chlorate was.

being added, and then diluted and divided into two equal parts.

In one part the excess hydrochloric acid was removed by the
regular method (evaporation almost to dryness) while in the
other part it was removed by the alternative method as in

Experiments I. and II. above. But in the subsequent analysis




of both portions, the zinc was completelyrpregipitatgd by
hydrogen sulphide, and did not appear in the_correctrgroppf
This behaviour is readily explained in_thg case’of t@e&part

of the solution treated by the alternative mgthod,ﬂginge the
latter could not be expected to remove the acetic gcide

In the other case it must be assumed that_the guantityvof
acetate was too large to be completely»acted upon by the

excess hydrochloric acid, so that acetates as Well as chlgrides
Were“left after evaporation. And in neither case can the
acetic acid have been destrqygd tq_anyAextent_by the treatment

with hydrochloric acid and potassium chlorate.




THE OXIDATION OF FATTY ACIDS

The results obtained in the fourth experiment_pfmth?m
preceding sectioﬁ show, decisively enough, that gcetic acid
is not rapidly destroyed by treatment_with phlgrine”inwhgt
agueous solution. _ The_experiments described.in_the ngxt
few pages are“attgmpts to estimgte_guantitativgly the extgpﬁ
‘to which acetie acid and butyriu acid_arg pxiQised by heating

with hydrochloric acid and potassium chlorates

EXPERINENT I Loss of acetic acid due to evaporation.

O0f the variable factors which affect this estimg@iop,
the most'important is probably that due tq_loss of acid_by
evaporation. This will depend on the percentage Qf fatty
acid in the mixture, the_temperature, thertimengf hegting,
and also, the rate of oxidation of the fatty acid (since
thiswaffects>its"concéntration), The follqwinguexperiment
was carried out to determine this factor; the absence of
any oxidation makes the value a limiting one, probably too
high. | o

A solution of 4.55 grams of acetic gcid in 300 cc,»of
water wa.s heated in g round flask of.the type used in the
Qxidation experimentskfor four hqurs on a boiling Water
bath. Water was added from time to time to prevent_too
great reductionrin volgme. _The solutiqn fipally oécupiéd‘
265 CCe of thié;‘zO CCe neutraliged»ﬁ.SS CCe of 09776 Normal

potassium hydroxides The total acetic acid left, therefore,

was




20 ~ * Ttooo * T 1 71

265 5edB 0776 60 = 3s4 grams,

and the loss was l.l5 gram from 4.55 grams, or 253 per cent.

EXPERIMENT Il Steam distillation of acetic acide

_ A common method for removing fatty acids from mixtu;es
containing_them consists in setting the acids free_(if_ngcg—
ssary) by addition of a ngn-volatile acid, and}subsgguept;yr
distilling the mixture with steam. Before»using»this.method
" in cohnection with the presentvproblem,_itnwas necessary to
determine the fraction of aqeticvacidvvolatile with steam
from a solution containing hydrochloric acid and chlorides.
The fol;qwing experiment was therefore carried oute.

lO,Q_gfams of acetic acid, 30 grams of potassium chloride,
and 10 cc. of concentrated hydrochloric acid were dissolved in
190 cc. of water, an@ theUmixture‘distilled with steame The
distillate was collected in portions_of 250 gc,,_and egchﬂ
portion titrated against 0,776 Normal potassium hydroxide.
| Of the first 250 cc., 24.8 co. were equivalent to 10 co.

of the alkali\splution. The weight of acetic acid in this

portion was, therefore,

gd.8 * TTooo. T 1 71 =

0f the second 250 cc.,158 CcCe Were neutralised by B ccCe

of the standard potash. The acetic acid present was

250 5 - 06776 - 60 = 1.5 gram.
5 % TTooo N TTT O M I ~

333 CCo of the third portionkexactlyrpeutralised 2 cece

of the standard alkali, so that the quantity of acid distilled
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in this case was

250 2 0776 60 - 0.6 gram.

39.3  TIooo. AT 1 - X1

Tests with silver nltrate showed that very little hydrﬁ-
chloric acid had come over with the distillatee. The total
acetic acid distilled was 6.8 grams, which is less than“os per
cent of the original. The fact that the quantities obtained
in successive portions of the distillate decrease exponentially
suggests that the rate of dlstillation is a logarithm factor

of the concentration in the solutlon being dlstllled._ vThis
means that a small decrease in the concentration of acetic
acid in the solution undergoing steam distillation is ,
accompanied by a”large decrease‘in the concentration‘of.acetic
acid in the distillate. It followss also, that if the quan=
tity of acetic acid to be separated is very small, the method

of steam distillation may be of little value for this purpose.

EXPERIMEBRT I1T. Extent of oxidation of acetic acide.

e l grams of acetlc aeld were dlssolved 1n a mlxture of ]

250 cce of water and 30 ce. of concentrated hydrochloric a01d.,

The solution‘was‘heated on the steam bath and treated”withwm
potassium chlorate according to the Fresenius-v.Babo procedures
the total quantity of potassium chlorate added was 10 grams.

The mixture was then distilled With steam, until about one

litre of liquid had been collected. It was noticed, however,
that chlorinous fumes came over with the distillate, rendering
it & bright yellow in colourg In order to remove this impur-

itys hydrogen sulphide was passed into the solution until the
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vcolour had dlsappeared, the excess hydrogen sulphlde was
driven off by passing a rapid stream of alr through the llquld.
The purified distillate was placed‘;n g“flask and dlstll}cd
again with steam until the new'disti;lgte measured»?éo‘cc.mm

This was titrated With 0.776 Normal potassium hydrcxide,”and

1t was found that 5 cce of the latter were neutralised by
150 cc. of the distillate. That is, the amount of acetic

acid obtained was

550 5 00776 60 — 0695 Iranle
—5%0-  Tiooo- © T R T = € _.

Before dlscussing the full 31gniflcance of thls experlment,
the control expcrlment wh;ch was carried out at the same time
and under similar ccnditicns shou}dwbc dcscrlbed,
A~soluti°nrof 9.l gramsrof acetic acid, 59‘cc,‘of‘coc-'
centrated hydrochloric acid,'and'scgrams cf potassium ch;oride
was made in 250 cc. of water. This was heated on the steam
bath for the same length of time as the mlxture in the above
experiment. The solution was then distilled with steam until
500 cc. of distillate had been collected, andﬂpbe»dig@illate

titrated against standard caustic potash: 5 cc. of 0.776

Normsal pctassium hydroxidewere cxactly‘peutraligc@”by‘sz.g CCe

of the acid solution. The total acetic acid, then, was

500 5 . 0,776 60 - 3¢H gramse
<55 * "Tooo ™ T 1 x 1

The utilisation of the data prcvidcd by these two experi-
ments in deriving thc desired rcsult (ﬁhe percentagc cf acetic
ascid desﬁroyed by oxidation) involvés a few assumptions and

,correctlons. ) In the first places ‘the value glven by the

control experiment mast be corrected for the extra distillation
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carried out in the oxidation experiment. Assumi@g;%hgtvthe
result of Experiment II. regarding stéam distillatiéﬁ'pan“mv
be applied in this instance, then if the 3.5 gramsuqf acet;c
scid obtained in the control experiment werevsubjeotedhtp‘a
second distillation, only 65 per cent, or 227 gr§m§, wou;d
come over with the distillate. For purposes pflcomparigon,
therefore, we may say that»the controluexperiment‘gayg.Qn}y
2.27 grems of acetic acide This is 1.32 gram more than was

obtained in the oxidation experiment.‘ “;t fgllows, then, that
1.32 gram, or 14.5 per cent,bpf the acetic acid has been des-
troyed by the treatment with chlorine. | |

We may, on the othef‘hand, argue as follows: fhe sample
of acetic acid taken in the oxidation eXperimént weighed 9.1
grams; if we accept the result of Experiment I., the loss of
gCetic acid due to evaporation must have been gbout 25 per

cent, or in this case, 2.3 grams. If there had been no oxi-

dation, then, the quantity of apetic"acid subjected to the

of éqid actually present_in the‘seconé dist@}laﬁg{wgs»fpund to
be 0.95 gram; asswming again that each distillatipﬁwwith ' | i;ﬁ
steam yields only 65 pef cent.of the acetic adidvtaken, the

éuahtity brought into the first distillation process must have

been ”

100 100 095 — 225 gramse.
s Tes 71 T |

Subtracting this from the 6.8 grams left (theofetigally) after
evaporation, we find that 4.55 grams, ork50_per cent, of the
acetic acid has been destroyed by oxidation.i ‘This vaelue

differs enormously from the one obtained above. The second



calculation is, of course, grossly speculative, and this
“accounts for the deviation between the two answers. Butgw
the writer can see no reason why the first.value should not

be correct, at least in order of magnitude.

EXPERINENT IV, Estimation’bf sodium acetate by ignition
' and titration.

In the absenge ofvcarbonates it should be possible to‘
estimate a fatty acid in aqueous solution by neutralisation,
evaporation, ignition, and titration of the alkaline rgsidue
against standard acide In order to test this method the
following experiment was carried out:

10 grams of sodium acetate and 5 grams of potassium
chloride were dissolved in distilled water, the solution
rendered just acid with hydroechloric acid, and evaporatéd
completely to dryness. The residue wa.s ignitéd inka platinum
basin until frothing ceased, and the cold mass dissolved in
a little distilled water. The’splutionﬂwas'fi;tered to re-
move undissolved carbqn,"and'titrate@”against 0.93 Normal o
sulphuric acid. 12043 cc. of tﬁe»acid were“reguired for the
whole alkaline solution: the weight of sodium acetate indi-
cated is therefore

1203 % 0693 x .82 - 9.2 gramse.

1000 1 1

Apparently this method can be used with satisfactione

EXPERIMENT V. Extent of oxidation of acetic acid.
A mixture of_4.55_grams of acetic acid, 30 cc. of concen-

trated hydrochloric acid, and 300 cc. of water was heated on




(18)

the steam bath and 10 grams of potassium chloratevadded g;g@r
ually over a period of four hours. The liquid was saturated
with sulphur dioxide tovremove»chlorine, and then satg:g@e@*
with hydrogen_sulphide to remove the éxcessvsulphgr dioxide.
Finally a rapid stream of air was passed until the 1iéuidmno
longer smelled of hydrogen sulphide, the precipitated sglphu;
filtered off, and the solution rendered alkaline with caustic
potashe. Sufficient_hydrochloric acid was added to give the
solution an aciad reaction; end it was then evaporate@ to dry-
ness and ignited in a platinum basine. 46 cc. of 0995 Normal
sulphuric acid were required to neutralise the solution of
the residue, so that the Quantity of acetic acid left was

46 0093 60 e 2457 Zramse.
oo~ X 1 X1 T

Assuming that the loss due towevaporation was 25 per cent,
or 1.15 gram, the Weight of ace@icvaciq destroyed byvoxidation
must have been 0.83 gram, or 18.2 per cent. This value
agrees remarkablvaell With.the one obtained in Experiment

III., by the different method.

EXPERIMENT VI. Hxtent of oxidation of butyric acid.

Only one experimept was Qarried out in conmnection with
the oxidation of bﬁtyrbc acide. The loss due to evaporation
was not studied especially, but it would naturally be less
than in the case of acetic acide. The sample weighed 3.88
gramse Thjs was‘dissolved and oxidiged in»exactlyvthe same
‘manner as the acetig acid in the previous experiment.‘ The
estimation 6f butyric acid was made»by the ignition method,

and the quantity found was 0.3 grame If it is assumed that
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15 per cent of the original butyric acid was lost by evapor-
ation, the amount destroyed by oxidation is found to be 77

per cente

PRODUCTION OF FATTY ACIDS IN THE OXIDATION OF LIVER.

Several experiments were performed in an attempt to iso-

late fatty acids from the product ebtained by destroying the

organic matter in minced liver according to the Fresenius-veBabo

method. In the case of some of these experiments)utechnical
errors became apparent after the results (all negative) had
been obtained. Such experiments, in view of their unimport-

ance, have not been included with the otherse.

EXPERIMENT I. Production of fatty acids in the destruction
of organic matter.

Half a pound of beef liverlwas finely minced and mixed
with 200 cc. of water amd 30 cc. of concentrated hydrochloric
acide The fluid mass was heated on the steam bath and treated
with potassium chlorate until it was a pale yellpwwin colour.
'Altogetherllo grams of chloratenwere added overva_periqd of
four hourss After diluting withlzoo cc. of hot water and
filtering, the solution Was‘saturatedeith hydrqgen sulphide
to remove any free chlorine. The‘excess sulphuretted hydro=-
gen was driven off in a rapid stream of air, and the filtered
solution distilled with steam until the distillate measured
900 cce. This was made alkaline With:sodium hydroxide and
evaporated to»emall‘volume. Sulphur;c aeid was added until

the soiution was strongly acid, and the scid solution, having




a volﬁme Qf'EO cc. extracted with-lso cCs of ether in three

equal portions. = The ethereal solution was dried over anhy-
drous sodium sulphate,_decanted, and distilled on‘e_bp;l;pg

water bath, About 1 cc. of liquid remained,»giving aﬂv%Pié
reaction, and possessing a sour smell_reminiecegt_of_buty;ie
acide This liquid was heated under a reflux condenser with
a little ethyl alcohol and concentrated sulphurlc acld for B

about half an hour. The product had a decidedly ester-llke

odour, but could not be identified.

EXPERIMENT II. Production of fatty acids in the destruction
of organic mattere.

Two pounds of beef liver were mineed and oxidised in_the
usual way.  The filtrate after oxidation measured‘1275>cc.
O0f this, 100 cc. were neutralised and extracted with ether;

the‘ether layer was discarded. - The aqueous portion was then

(25)

made etrongly acid with sulphuric acid and ext:acted with ether

again. The ether was dried and distilled: no acid could be
detected in the re51due. e _ _;l .
600 cce of the acid filtrate were treated with sulphur
dioxide and hydrogen sulphide as in Experlment V.Aofhthevpre-
ceding section. 50 cc. of concentrated sulphuric acid_were
added and the solution distilled with steam until 2000 cc.
of distillate had been collected. This was made alkeliﬁe._
witb caustic~potash and evapora@ed to small velume; ,15_°¢'
Qilconcentrated sulphuric acid were’added, bringing Fhe vol-
ume to llO'cc., and the selut?on extracted with 300 cc. ef

ether in three equal portions. The combined ether extract

was shaken out with 30 cc. of dilute sodium carbonate solution




(21)
and then with 30 cce. of water; it was dried over caleium
chloride,_decanted, and allowed tcuevapqrate gpgntapepu§;y.
A very little liquid was left, which gave an acid reaction
towards litmus and possessed a sour.odour. This wa.s distilled
in a very small flask, but the quantity“of_liqu;d was not
sufficient to give a satisfactory.result, and the presence of

fatty acid could not bve confirmed.

EXPERIMENT III. Production of fatty acids in the oxidation
of organic”matter.

Two pounds of beef liver were minced and treated according

to the Fresenius-v.Babo methods The filtrate from the oxidation

mixture was subjected directly to steam distillation, and
three litres of distillate collected. The latter was rendered
- alkalinenwith pqtassium hydroxide and evaporated to a volume
of 125 cc. All chloride was removed from this so;utioh.by
treatment with silver sulphate in presence of gﬂliﬁtlekgxcess
sulphuric aclide  After filtering off the precipitate of
silver chloride, the liguid was distilled with steam until
the distillate measured 900 cc. Theoretically, the only
acid that could possibly be present in the distillate must
berrganicbacid_vqlatile in steams The distillate actually
had an acidJreaction, and on titration, 14.6 cc. of 0,776
Normal caustic pqtash were required for the_entirevacid_solu-
tion. This indicates the presence of an amount of acid
equivalent to

14.6 0e776 60 - 0.68 gram of acetic

—1oco X 1 X =3 = acid,

or to
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14.6 « Qe776 o _88 1,00 gram of butyric
1000 1 1 - acide

The neutral solution was evaporated to dryness and‘the residue

tested for fatty acid, but the results were negativee.




CONCLUSIONS




CONCLUSIORS

It seems to have been definitely established, that dest;y;
ction of organic matter containing zine by @he Fresenius;vigabo
procedure, and subsequent removal of the excess hydrochloric
acid by the alternative method described by Autenrieth, p;ovides
a solution from which the zinc is precipitated by hydrogen
sulphide.

This behaviours as is well known, is a positive indication
of the presence of some kind of weak acidy and the only kind
of weak acid which could be expected under the circumstances
is a weak organic acide. It has been shown conclugively that
neither acetic acid nor butyric acid is completely destroyed by
subjection to the Fresenius-v.Babo oxidation process for a
reasonable length of time. It should be quite possible, there-
fore, for fatty acids such as these to be found in the product
of oxidation of organic matters. ‘Their p;esence”here is made
probable by the results pbtainedwin‘gonnection with the de~
tection of zdnce. The experiments carried out‘by the Writ??i
howevef; cannot be said to do more than "hint at" the presence
of organic acids in the solution obtained by oxidising meat
according to the Fresenius-v.Babo method.

It may be that fatty’acids are to_beAfound here only in
amounts of the order of the least quantity necessary to dis=-
turb the analysis for zinc, which is, of course, very smail.

If such is the case, the methods used in this work were not

sufficiently fine to give a positive result.



CONCLUSIONS

It seems to have been definitely established, that destru-
ction of organic matter containing zinc by the Fresenius;v.Babo
procedure, and subsequent removal of ‘the excess hydrochlorlc -
acild by the alternatlve method descrlbed by Autenrleth, provides
a solution from which the zinc is precipitated by hydrogen
sulphide.

This behaviqur,.as is well known, is a positive indication
of the presence of some kind of weak acid; and the only kind
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neithei acetic acid nor butyxic acid is completely destroyed by
subjection to the Fresenius-v.Babo exidatlon process for a
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of oxidation of organic matter. Their presence here is made
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however, cannot be said to do more than "hint at' the presence
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turb the analysis for zine, which iss of course, very smail.
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sufficiently fine to give a positive result.




SUMMARY

I. In the detection of zinc in cadaver material, it has
been shown that subsequent to the destruction of prganic
matter by the Fresenius=v.Babo procedure, if the excess hydro-
chloric acid is removed by partial evaporation and neutrali-
sation with ammqnia (an alternative method described by Auten=
rieth), the zinc will be entirzly precipitated by hydrogen

sulphide and incorrect results may be obtained;

Il It has been shown that when acetic acid is treated
with potassium chlorate and hydroechloric acid according to the
FPresenius~veBabo method, an amount of acetic acid probablyh
between 10 and 20 per cent is destroyed. With butyrip acid
a larger fraction is destroyed, but the oxidation is far from

complete.

I1la An attempt has been made to establish the presenge»of
fatty acid in the product obtained by oxidising beef liver
according to the Freseniung.Babovmethod. The results
indicafe that weak organic acids are probably‘formed, but in
such small quantities that their presence could not be con-

firmed by the methods used.
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SECTION 1II

THE DECOMPOSITION OF COCAINE 1IN PRESENCE
O0F PUTREFYING ORGANIC MATTER




INTRODUCTION




INTRODUCTION

The question as to the~stability_qf cocaine ip the living
‘organism and in the_cadaver is one Whichlhasrbeen gnswe:ed
entirely differently at different times and_by dif:erenth
investigators. For instance, Palet (l)’states that in cases
of chronic cocaine intoxication, examination of the decomposed
viscera sevenvmonths after death ghowed the presence of co-
caine or its transformation productse Glasenap (2), on the
other hand, states that in eases of cocaips‘poiscning, if
death has ensued within two hours, the cocaine will be found
unaltered, but if more than four hours have elapsed before
death, the cocaine Wil; be fpgnd in the urine as ecgbnine.

He states, further, that cocaine can be detected as such or

as ecgonine after thirty-three days exposure to the inrlgence
of putrefying flesh or human blood. Wiechowski (3)? after
administering cocaine‘tq dogss found 0 to;lz per_qspt unchanged
in the urine. With rabbits, however, neither_cogainevnpr
ecgonine could be found. He concludes ﬁhgt_gocaine‘unﬁeygoes
a very prpfound_change in the living organism. Autenrieth (4)
goes so far as to say:

"Cocaine probably belongs to those poisons which
can very seldom be detected in the cadaver."

It is certainly difficu;t’tovdraw a definite conclusion
from a list of opinions S0 diverse“as the above. ' Auten-‘
riethfsfstatement, ipasmpch‘gs it'wagipublished‘faiply rgcentf
ly, should carry most'weight. : But”it was thought interesting
to make a fregh gttempt at determining the ratevof decompofv

sition of cocaine in putrefying animal material; also to find




out whether preservation by megns of low temperature or treat-”
ment with formaldehyde prevents the decomposition. ) Romatgempt
was made to investigate the fate of cocaine introduced into

living organismae.

_(2§5..,,




THEORETICAL CONSIDERATIONS

ARD

DISCUSSION OF RESULTS




THEORETICAL CONSIDERATIONS

Cocaine, along with several other alkaloids of less
importance, is contained in coca~leaves_(E:ythioxylonMpqca)gv
It crystallises in colourless prisms, melts at 98 degrees C.»
and is sparingly soluble in water.

Cocaine possesses thevempiricgl formulaﬂcl7ﬂzlﬂqég and
formsrwell—characterised salts, such as the hydrochloride,
Cl7H21N04,HCl. It is the methyl ester of benzoyltropinecarbox-

ylic acid, being represented structurally as follows:

CH2 CH CH-CO—O-CH3
H30~?“, CH-~O-CO-06H5
CH CH CH

2 2

This substance is_readily'hydrp;ised_by“heating'wiﬁh ﬁater,
the products being benzoylecgonine and methyl alcohol. If
mineral acids, barium hydroxide, or alkalies are used instead
of water, the primary product, benzoylecgonine, is further
decomposed into ecgonine and benzoic acid. - In the living
organism the alkaloid is said to be changed rapidly into
ecgonine. This hydrolysis is probably brought about by the
action of one or more specific enzymes. A cursory exgmingtign
of the literature of the last decade provided several references
to the destruction of alkaloids by some'of the common enzymes,
although gothing bearing directly on the present phenomenon
was found. .

It may be assumed, also, thapithe_dgst:uction of cocaine
during putrefaction_ig due to enzyme action. Now the kind

and amount of the various enzymes present in decomposing




organic matter may be expected to vary at random from sample

to sample, unless, possibly, the growth of organisms ig_the
material were carefully controlled. _Erovided,»therefo;e,

the decomposition is duevto enzyme action, it Woul@_seem
doubtful if a definite general statement could be mad§“;§gard~
ing the rate of decomposition of cocaine under thegg'gircuﬁf
stances. But it should be pgssible tb.find a “probable‘time
limit" after which the presence Qf cocaine in the“materia;

can not be confirmed. As will be seen in the section devoted
to experimental work, the results thainedhin‘quplicate'e;peri-
ments frequently do not coincide, thus supporting the idea
expressed above regarding the variasble nature of the decompo-
sition. 0f course, the method used for the estimation of
cocaine is sufficiently lacking‘in accuracy that this variation
may be due entire}y_to the defects of the'metpod}“and_not at
all to the causeAéited_previougly,>. But the cpcgine‘is>gn->h
doubtedly destroyed, and the "probable time 1limit" may be set
at 15 days. _

The investigations carried‘ouﬁ_ath;ow temperatures_cquld
not bé completed, but the results indicate that the rate of =~
decompositionﬂof the‘cocaine is very much dggreased_at tempera~
tures below_fneezing, Assuming that the decomposition is due
to enzyme action, then either the specific enzymes are not
produced exéept during putrefaction, or else they cannot brigg
about destruction of the alkalqid atvlow temperatures. ' It is
well known tha#lénzymes are altered by heat treatment, and
lose their‘activity,

The corresponding work in which the organic material was

(29) E




preserved by means of formaldehyde is more completes. TWQ
samples of meat containing cocaine and preserved with formgl-
dehyde were kept for five months and then analysed: ’the

cocaine appeared to be_undiminished in quantity. Here again,

the formaldehyde may have produced its”effect directly by pre-~
venting the action of the enzymes, or the behaviour may have

been due to the absence of putrefaction.




EXPERIMENTAL RESULTS



EXPERIMENTAL

The animal matter used was in all cases minqeq bggf
liver. This was chosen bhecause it_could be easily“andc‘
cheaﬁly obtained, and represénted fairly well the kind of
material encountered in toxicologicalvexaminations.

Experiments were first carried out to‘determine which
of two suggested methods for extracting cocaine was most

suited to the work in hand.

EXPERIMENT T Extraction of cocaine by the Stas-Otto process.

‘The first method tested was the well knownAStgs-Otto B
process, as follows: A solutipn_of 0.25 gram pf cocaine in
30 cc. of very dilute ﬁartaric acid was mixed_thorpughly with
about 200 grams ofbmincgd be@f liver.’ ?hehmass wa.s placed
in a large flask‘with.ZOO cCe Qf”95 perlcentralcohol and 20
dropé of 10 per cent tartaric acid. The alcohol had been
previously disti;leq Qver_tartaric acid to_remoye“bggic sub-
stances. The flask was fitted up with & reflux_cqndenge;wﬂw
and heated on the water bath, with freéuent shaking, for ﬁ@}f
‘an hour. After cooling, the contents of the flask were fil-
tered to remove fat, and the residue washed with alcohole
The filtrate was evaporated.tq a thin‘syrup in a glass"@ish~w
upon the water bath, 100 cc. of»cold watervadded, and the mix~-
ture stirred up thoroughly.' This wa.s then filtered through_
a fluted filterﬁpaper, and the filtrate’evaporgted to dryness
on the water bathe The residue”wasrtaken ﬁp carefullvaith

absolute alcohol, the resulting liquida filtered, and the




filtrate again evaporated to dryness. Finally the redidue

from this evaporation was dissolved in 50 cc. of water, giving
an acid solution of the cocaine in the form of the tartrate.
This acid solution was extracted directly with 50 cco of pure

ethere After separation,‘theﬂether layervwas“disgarde@,wggd

the aqueous portion made alkgline by adding_satu:atedvquium
carbonate solution. The cocaine was ex?ractg@_bymshakingw
out six times with pure ethgr, usipglﬁo CCe each‘time.>‘ The
ethereal solution, washed with a little water, was distilled
to smell volume and evaporated in a weighed dish. The residue i?i
weighed 0.045 gram, gave a melting point approaching 92 degrees
Ces and behaved as cocaine towards the approprigte’;eagents,
Starting with 0.25 gram of cocaine, then, 0.045 gram, or
roughly one fifth of the original weight, was extracted by the

Stas~-0tto methode.

EXPERIMENT II. Extraction of cocaine by the petroleum ether
method. 4

In the second method}thg an?ma; material is”egt;actedw_

with very dilute aqueous tartaric acld, agd“the.gqqaingﬂremqyed
from this by rendering glkaling and extracting with petroleum
ether. The following trial was made:

A mixture of 0.25 gram of cocaine and 200 grams of minced

liver was made up as in the previousvezperiment. VThis wa.s
shaken with 200 cc. of very dilute tartaric acid‘and,allowgd
to stand over_night. The_mixture wa.s then shaken‘up agaip‘
and filtered through fine c;oth._ (Several hour§’are rquired
for complete"draining.) | The filtrate gave an acid_reaction,

and was of such a deep red colour as to be almost opaque.



It was shaken out with 50 cc. of petroleum,ether'(previously
distilled over tartaric acid to remove basic_substanqes),vﬁhe
acid solution run off, and the ether layer discarded,A_ Satu-
rated sodium carbonate solution was added to the»aéggous_pquw
tion until decidedly alkaline, and then three‘extractipns were
made, using for each 100 cce of petroleum ether. In the first
experiment actually carried out, the liquids were roughly
shaken up together; but this gave rise to dlsagreeable emul-
gions, and in all subsequent experiments each extractlon wa.s
made by gently rqcking the“mixturekin a large separamqry’fune
nel for fully five minutes. The combined ethereal solution
was washed with a little water, and after‘allowing_to stand
several hours, decanted through a dry filter paper. The film
rated to dryness in a weighed basin, The resldug 1n»th;s
case was a waxy crystalline substance weighing 0.07 grale
It melted at close to 95 degrees C., and behaved as fairly
pure cocaine. o

These experiments indicate that there is little to choose
betweenvthe two”mgthq¢s With regard toAthe(amQunt erpurity
of the cocaine eitracted. Conseéuently, as the second pro-
cess is much the less tedious, it was chosen for use in all

the experiments carried out in connection with this problem.




EXPERIMERTS A. Decomposition of cocaine at ordinary

temperaturese.

Quantities of minced beef liver containing cocaine were

allowed to_stand at ordinary temperatures for_yaripus pgrip@g
of time, the cocaine then being_estimated as aboveg>mv1n‘§agh
case, about 225 grams of 1iver and 0.25 gram of_cocaine were
usede The cocaine was either dissolved in a small volume of
dilute acid and the solution mixed with the liver, or else
the solid alkaloid, finely ground, Was.stirredrup thqroughly
with the minced meate. Fach mixture was kept in a two-litre
round flask, the mouth of which wa.s covered with an_invertgd
beaker. The alkeloid was extracted‘from the‘mass_by treat-
ment with 200 e¢cs of 035 éer_cent tartaric acid over night,
and the rest of the analysis carried qut exactly as in Expe:i—
ment IIl., above. The cocaine practically always came out as
a definitely crystalline, although waxy, solid, and was weighed
without being purified. |

The results of this set of experiments are given in the

following table:




(35)

PERIOD OF STANDING WEIGHT OF COCAINE RECOVERED
0 d8YS  secesctessscs Q,012(2) gram
0 Z cesensfereiee 0,073 "

5 0 eeeerefeeeess 0005 @
g v ceveaifeenans 0,045 "
12 cecerefereees 04052 "
12 v cereeaforaaas 0,025 "
13 cererifesaess 0,04 "
14 v T PP 0,015 "
PR cerreepereees 0004 "
15 R .0,025 "
18 v ceeeisfeeenes 02005 "

These figures indicate that twelve days exposure to‘the decom-
posing material does not destroy the cpcaine to an apprecisble
extent. The results for the 13, 14, gnd l5»dgy per;ods are
indefinite, but by 18‘days, the presence qf Qppainewppu;d’_d
certainly not be confirmed. of course, in these experimeqﬁs
cocaine was known to be the only_alkgloidlyyegenﬁfian@mitwwas
consequently easy to establish‘the_existenpg in the‘materiglb‘F
of even such a small Quantity as 0,005 gram. But the positive
identification of cocaine is rather difficult, and in an ordi-
nary toxicological examination it is doubtful if any quantity
less than 0.02 gram would be sufficient for identification.

0f the two 14 day experiments, one gave only 0,015 gram of

cocaine, which is hardly sufficient for definite recognition.




s

In the 15 day experiment, 0,025 gram was'obtained, jggﬁwepgpgh,
shall we says for identification. _;t thus appearswthgﬁ the
presence of cocaine in animal material may‘not always be -
readily cqnfirmed after 13 days standing atvordipa;y‘tempgyaﬁgye.
In order to be quite on the safe side, we may put the "probable
time 1imit" at 15 days. v 7

It was noticed that some of the samples becameléovered
with "bread mould" after 8 or 10 days standing, while others
failed”to_show any trace of it even after much longer periodss
No attempt was made to control the growth of organisms in the
samples,_and, as has been suggested, this may be responsible

for the variasble nature of the results.

EXPERIMENTS B. Decomposition of cocaine at low temperatures.
This set of experiments diffgreé»frqm the above only in
that the samples were kept at_temperatures below freezing.

The results mey be tabulated as follows:

PERIOD OF STANDIRG WEIGHT OF COCAINE RECOVERED

3 days escees secsce 00069 gram
24 " essseedecssoce 0030 "

It would be necessary to carry out morehgxperiments tp pomp;ete
this study, but these figures are gsufficient to showuthat the

destruction of cocaine is considerably slower under these con-
ditjons than under those of the first experiments. There was

no putrefaction in the above instances, of coursee.




EXPERIMENTS C. Decomposition of cocaine in presence of
” | _ formaldehyds.

In these experimentg each”samplg valivgr”and“pqgaipgw-
was preservedvby the addition,of 50 cc. of»&?lper pen?_fgpg-
aldehydes. This treatment rendered the meat pale in pqlou;_w
and leathery in texture, and no decomppsition took place with

the passage of time. The,fql;owipg data were obtained re-

garding the quantities of cocaine present after various inter-

vals:
PERIOD OF STANDING WEIGHT OF COCAINE RECOVERED
O days "fff' .oooc. 00065 gram
3 " | se0c0egqepecce 0005 "
8 L of.f.od~0’¢'of’. 0005 ‘"
5} months ¢cesecqecccce 00059 ’ ".
5 n seesosesdoescsce 00065 "‘

It is thus definitelyvshown thathestruction gf‘cogaipe does
not take place under these conditions during the first five

months of standing.




SUMMARY



SUMMARY

1. If beef liver containing cocaine‘(O,ZE gram of cocaine
per half-pound of liver) is allowed tokputrefy‘at prdina?y
temperatures, the presence of cocaine cannot generally be

confirmed after 15 dayse.

II. If the mixture of meat and cocaine is preserved by
freezing, the alkaloid is not greatly reduced in quantity

afﬁer 24 days standing.

I1I,. If the mixture of meat and cocaine is preserved by
treatment with formaldehyde, the amount of cocaine is appar-

ently unaltered by 5 months standing at ordinary temperatures.
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SECTION TIII

THE FIXATION OF ALKALOIDS
BY FORMALDEHYDE




. INTRODUCTION




INTRODUCTION

Several investigators have pointed out the inadvisabi}%tyq
of preserving in any way samples for toxicolpgicalvexamigg@ipp.
The use of formaldehyde in this connthion has been”criticised
especlally. And although the preservation of sections for
autopsy examination is quite generally considered a bad pracg—
ise, it is interesting, in view of the recent prevalence of
the embalming custom (at least in North America), to find out
what effecf the presence of formaldehyde in cadaver material
has on the detection of poisons therein.

Venturoli and Ciacci (1) carried out experiments to test
the influence of formaldehyde, in 10 per cent solution and
also in the strength of the commercial product, on a number
of poisons which had been mixed with groundvanimal matters
They found thatrthe detection of codeine, strychnine, quinine,
digitoxin, and’céffeine is not affected. In the case of mor=-
phine they recommend amyl alcohol instead of chloroform for
extraction, as a compound is formed with formaldehyde whiph"is
more soluble in amyl alcohol than in chlorqurm, They»§@ate
that atropine cannot be detected well owing to the formation
of gummy substances.

Tt was thought interesting to start an investigation of
this question from a more purely theoretical point of view, and
an sttempt has been made to determine whether any of the
commoner slkaloids react with agueous formaldehyde in such a
way that they cannot be extracted and identified in the usual

manuners It was expected that a number of positive results



would be obtained, but of seven alkaloids tested, all gave

(a)

negative results except one. Chiefly on this acgount, then,

the study was not carried further. An attempt was made to

elucidate the chemical mechanism responsible for the single

positive result, but without successs




THEORETICAL CONSIDERATIONS
AND
DISCUSSION OF RESULTS




THEORETICAL CONSIDERATIONS

Formaldehyde, as ls well known,kis_a highly reaotlve_ﬂ_-
substance, and condenses with a great variety ofﬁorganic com-
pounds, suoh as aldehydes, ketones, alcohols, phenols, pylmary
and secondary amines, aromatic nitro-eompounds, and‘sovonf _
Some of these condensations may be brought about even in eéueous
eolution at ordinary temperatures. .Under certain oonditions,
also, formaldehyde unites‘with more complex eubstances such
as proteins and alkaloids. Some of the formyl derivatives of
the alkaloids seem to be well characterised. Thus formyl
morphine (2) has a melting point_of about 22Q degrees Co» and
at 255 degrees Cs decomposes into its progenitors; its.selts
are cryetalline. Formyl codeine is deseribed (2) as a colour-
less crystalline substance, melting point 180 degrees Ces which
‘is 1nsoluble 1n water, and sparlngly so in alcohol and ether.
And although these and other formyl alka101ds may be prepared

in a variety of ways (generally by heating in sealed tubes,

boiling with 100 per cent formic acid, or other drastic means )

the condensation of alkaloidsmwith_agueooewfo;meldeher apm

ordinary temperatures does not seem to have been studied at
all. A v _ ‘

In the present paper the fixation of seven alkaloids by
formaldehyde has been studied in the following way s in each
case a mixture of the slkaloid and aqueous formaldehyde,
allowed to stand_at room temperature fo:_several hours, was
treated by a method which 1is known to‘extract the alkgloid
under ordinary condltlons, and which was modified only so as -

to prevent extraction of formaldehyde along with the alkalcld-



The alkaloids tested were novocaine, cocaine, stropine,

~morphine, codeine, strychnine, and aconitines _Of these, the
oniy one which appeared to be.fixed in such a way thgt‘itwcggld
not be extracted by the ordinary method was mprﬁhige.“mmlt”;guﬂ
most interesting that morph;ne_shpuldrbehave'ip this way, while
codeine, which bears the sgme felation to morphine as anisole
does to phenol, should not. | _

The constitutions‘of morphine and eedeipe‘gre not known
with absolute certainty, but the following structuré; fp;mulag,
put forth by Gullénd and Robinson (3), are believed to approach

the true ones very closely:

CH | S i
H C-O—C//H\\CH S Ho-?//g\\ﬁﬂ

0

N\, /C\?/’\ .

C C
° | //AHB N éHg
\ o N
Cﬁ/ \\CH \\ -CH5 CH \\ H j>NFCH3
| CH CH2 CH CH2
HO=~CH CH HO=CH CH
et Nt
C 9 Ciz
CODEINE MORPHINE

- The result obtained above indicates that thé reaction has some

conﬁection'with the phenolic hydrogen which is‘present in”the
morphine molecule, but which is replaced by a methyl group in
codeine. But in the‘formyl derivatives>qfvmorphine and

codeine mentioned above (2), the alcoholic hydroxyl is the point



of union. ' .

Primary amines generally condense readily With formal@ghy@e,
and it 1is consequently surpriding that“a negativeyregul?wghould
have been obtained in the case of novocaine, which has the

formulas

NH
C.H . NOVOCAINE
674 L g, TORARR
TN (0-0-CH. ~CH_-N" 2
. 2 2 "\
o,

Cocaine, and to a lesser extent atropine, might be expected

to be fairly inert towards formaldehyde:

CHé——f—?H—~CH-CQ—O-CH5 CH— ?H——?Hg  CH,OH
Hsc-? ?H-O—COjC6H5 H,C-N  CH-0-CO-CH
CHz—— CH—CHy CH;——CH—CH, Cgllg

COCAINE ATROPINE

>Very little is known regarding the constitutiop of
sconitine; Brady (4) has put forth the following partial

formulsa:

0~CO~CH

3
O-CQ~C6H5
(co-0H)
CgHN{ 2 ACONITINE
8777\ (0-cH.)
, 32
o

CHg
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;

Similarlys the problem of the congtitution of strychnine
has beem only partially solved. Oliveri-lMandala (5) has
suggested the following formula, although it does not fulfill

all the requirements:

/CH /CH
I/ \?H_?/ \‘{fH
co CH C G CH
i NN N\
H,C CH CH——C~0H
\CH/2 \01{/2 (lms
STRYCHNINE

Considerable time was spent in trying to show that a mi#—
ture of morphine ahd agueous formaldehyde cpntains somercompqund
o? morphine which is not extraqte@ from an ammqniacal solutipn»h
by hot chlproformror>amylyalcohol,} The resglts of"thisvipygsti-
gation Were_most unsatisfactory,“but in‘thevpourse_gﬁ ;#?WW95¥f
it‘became evident that if the mixture pf morphine”andﬂfo:mglge:;
hy@e‘is sufficiently concentrated, a part of the morphine mey be
recovered unchangede. ) Thus from a solution of 1 gram of mor- -
phlne sulphate in 27 cc. of 30 per cent formaldehyde, some of the
morphine was precipitated by pddition of 18 cce of concentrated

smmonium hydroxide, the mixture being cooled in ice.
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EXPERIMENTAL

After a few preliminary trials, the following general me-
thod was adopted. Experiments of two types are carried outs
first, control exper;ments to determine what fractional»égapt@:'
ty of the alkaloid may be extracted from an'gquepusbso}gtionnép
the absence of foimaldehyde; and second, expgrimentgvinvolving
precisely similar extractions from solutions containing form-
aldehyde. |

A typical control experiment is performed as follows: A
known weight of the alkaloid, say 0.05 gram, is dissolved in
very dilute acid (generally about 25 cc.} and the solution
shaken out with an equal volume of pure ether. The ether layer
is discarded and the agqueous solution rendered alkaline by addi~
tion of caustic soda, sodium carbonate, or ammonia, depending on
the naturélof»the alkalqid.r The’alkaline solution is then ex-
tracted several timés With a suitable solvent (ethe; Qr.chloxq-
form). The combined extract isuwashed with a few cubic ggpti—
metres of water and allowed to stand over night. It is de-
canted from any water that may have separated, poured through a
ary preased filter paper,,and distilled to small volume using
a trape The remaining liquid is washed into a weighed glass
basin with a little absolute alcohol and allowed to evaporates
The basin is weighed again, and the amount of alkaloidfextr@cted
is at once known. In these experiments it is not necessary to
purify Fhe residue. ' |

The formaldehyde experiments follow the same general plgn.

The weighed quantity of alkaloid is dissolved in fairly strong
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formaldehyde solution containing a little acid, and thermixtgre
allowed to stand over nighte. The extractions are carried out
exactly as in the control experiments, but the ether anghlpyq~

form extract of the alkaline solution must be washedrwithdammgf

nia or saturated sodium sulphite %o remcve‘formaldehyde, before
it is washed with water and evaporated.

Seven of the commoner alkaloids were studied in this ways
and the results are listed below. Bach experiment ig_not‘@es-

cribed in detail unless the procedure differed from that given

abovee But in every case, the volume and nature of the egﬁraqtn
ing solvent used is indicatede Caustipksoda was the g}ka}i_uggd
except for cocaine, atropine, and novqgaine,'where sodium car@qnf>
ate was used, and for morphine, in which case ammonia is required.
It is tovbe understood that in each case the residue was'suﬁ—
jected to the»appropriate tests, and, unless otherwise stated,

was shown to comsist chiefly of the alkaloid in question.




Le

COCAINE

Weight of .
Sample

Details of Extraction

Weight of
Residue

A

0,053 gram
0,048 gram

0.051 gram

Be

CONTROL EXPERIMENTS

Alkaline solution extract-
ed 6 times using 30 cc. of
ether each time.

Alkaline soiution extract-
ed 10 times using 30 cce.
of ether each timee.

Alkaline solution extract-
ed 10 times using 30 cce.
of ether each time.

FORMALDEHYDE EXPERIMENTS

0049 gram

Alkaline solution extract-
ed 10 times using 30 cce
of ether each time, Ether
extract washed twice with
strong ammonia (10 cce)

0,046 gram
0.041 gram

0,053 gram

0050 gram




II. HOVOCAINE

|Weight of
Sample

Details of Extraction

Weight of
Residue

Ao

CONTROL _EXPERIMENTS

0052 gram

0.050 gran

Be

Alkaline solution extract~
ed 10 times using 30 cc.
of ether each time.

Alksline solution extract-
ed 10 times using 30 cce.
of ether each timee.

FORMALDEHYDE FEXPERIMENTS

0.050 gram

0,050 grem

Alksline solution extract~
ed 10 times using 30 cc.
of ether each time. =ther
extract washed twice with
strong ammonia (10 cce)e

Alkaline solution extraét-
ed 10 times using 30 cce.

of ether each time. Ether

extract washed twice with

sate sode sulphite (25 cce)e

0,051 gram

0.047 gram

0.056 gram

0050 gram

(29)




I1I. ATROPINE

Weight of
Sample

Details of Extraction

Weight of
Residue

CONTROL EXPERIMENTS

0050 gram
0.050 gram
0,050 gram

0050 gram

Be

Alkaline solution extract=
ed 10 times using 30 cce
of ether each time.

Alksline solution extract-~
ed 6 times using 30 cc. of
chloroform each time.

Alkaline solution extract~
ed 6 times using 30 cc. of
chloroform each time.

Alkaline solution extract-
ed 6 times using 30 cce. of
chloroform each time.

FORMALDEHYDE EXPERIMENTS

0.080 gram

Alkaline solution extract-
ed 10 times using 30 coce.

of ether each time. Ether
extract washed twice with
sat.sod.sulphite (25 cce)e

Alksline solution extract-
ed 6 times using 30 e¢c. of
chloroform each time.
Chloroform extract washed
twice with sat. sod. sul=-
phite (75 cce)e

0.016 gram
0.063 gram
0,037 gram

0,066 gram

0,060 gram

0,048 gram




IV. CODEINE

Weight of
Sample

Detgils of Extraction

Weight of
Residue

A

CONTROL EXPERIMENTS

0.050 gram

0050 gram

Be

Alksline solution extract-
ed 10 times using 30 cce
of ether each timee.

Alkseline solution extract-
ed 10 times using 30 cce.
of ethér esach times )

FORMALDEHYDE EXPERIMENTS

0.050 gram

0.050 gram

Alkaline solution extract-
ed 10 times using 30 cce.

of ether each time. Ither
extract washed once with
satesodesulphite (20 cc.)e.

Alkaline solution extract~
ed 10 times using 30 cce

of ether each time. Ether
extract washed once with
satesodssulphite (20 cco)s

0040 gram

0,001 gram

0,040 gram




Y.

ACONITIKE

Sample

Weight of

Details of Extraction

Weight of
Residue

A

CONTROL EXPERIMENTS

0«050 gram

0,050 gram

Alkaline solution extract-
ed 10 times using 30 cce.
of ether each time.

Alkaline solution extract-
ed 10 times using 30 cce.
of ether each time.

FORMALDEHYDE EXPERIMENTS

0,050 gram

0050 gram

Alkaline solution extract-

‘ed 10 times using 30 cc.

of ether each time. Ether
extract washed once with
20 cc. sat.sode.sulphite.

Alkaline solution extract-
ed 10 times using 30 cc.
of ether each timé. ZEther
extract washed once with
20 cce sate.sodesulphites.

0.040 gram

04045 gram

0.050 gram

0,046 gram

(52)




Vi, STRYCHNINE

extract washed once with
20 cce. satesodesulphite.

Weight of Details of Extraction Weight of
Sample Residue
A CONTROL EXPERIMENTS
o Alkaline solution extract- S '
0.055 gram ed 3 times using 40 cc. of 0.,060 gram
ether each time.
B. FORMALDEHYDE EXPERIMENTS
Alkaline solution extract-
- ed 3 times using 40 cc. of o
0,055 gram ether each time. Ether 0,040 gram




ViI. MORPHINE

Weight of
Sample

Detagils of Extraction

Weight of
Residue

CONTROL EXPERIMENTS

0.0560 gram

0.050 gram

Ammoniacal solution extra-
cted 3 times using 50 cce.
hot chloroform each time.

Ammoniacal solution extra-
cted twice using 100 cce
and 25 cc. hot chloroform.

FORMALDEHYDE EXPERIMENTS

0.050 gram
0250 gram

0.050 gram

Ammonisgcal solution allowed
to stand over night, then
filtered. Several lots of
hot chloroform poured thro'
papers and combined chloro-
form filtrate evaporated.

Ammoniacal solution treat-
ed as in previous experi-~
mente

Ammoniacal solution extra-
cted 3 times using 50 cc.
hot chloroform-alcohol (90
¥ols. to 10 vols.) each
times Chloroform-alcohol
extract washed twice using
20 cce. satesods.sulphite.

0.050 gram
0047 gram
0.00 gram
0,00 gram
0.017 gram -

(morphine not
detected)

(54)
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Mention has been made above of the work of Venturoli and -

Ciacci (l); and of their suggestion that amyl alcohol should?be
used instead pf ehloroform for extraction of morphine in pre-
sence of formaldehyde. In the following experiment this idea

has been tested.

0.250 gram of morphine sglphate was mixed with 10 cc. of
37 per cent formaldehy@g_and allqwedbto‘stanaroyer night.
15 ce. of water and 1 ce. of 10 per cent tartaric acid were

added and the solution_extracteq With 50 CCe Qf ether.“ ?he

eﬁher layer was discarded and the aqueous portion placed in a
flask_with 30 cce of amyl alcohpl and 3 cCe of strong ammpnium
hydroxides The mixture was heated for a few minutes on the
water bath with occasional swirling, and the amyl alcohol separ-
ated and shaken‘out with 12 ce. of decinormal.sulphuric acid}
The latter was collected in a separate container, while theuamyi
alcohol was heated again with the original solution. After
separation the amyl alcohol was extracted with another portion
of decinormal acid, which was run off into the same cq@ﬁginp;“as

the firste. The whole process was performed a third'?imgl’%gﬁm

the combined sulphuric acid splutiqp{ren@e;gq strpgg}yﬁg}kg}ine
with smmonia and allowed to_stand over gight, »Afte:wtwelve_
hours no solid appeared to have separated,vand f@e'soluﬁign_was

consequently evaporated to very small volume (5‘gc.) and again

allowed to stande. This time o slight”powder separated out_and
was filtered and washed. The dry residue wa.s extracted Wiﬂh
hot alecohol and the solution evaporated in a Weighed“glass>basin.

15 milligrams of solid were left. The cqlpurwreactiopg given

by this substance are compared with the corresponding ones given
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by morphine in the following table:

REAGENT COLOUR WITH COLOUR WITH
MORPHINE RESIDUE
Cone. Sulphuriec pink olive green i
Acid.
Formalin-Sulphuric purple-red, then | apple green
Acid. , clear blue
Conc. Nitric Acid. orange-red | yellow, with
frothing

The conclusion to be drawn from all these experiments is,
agparently; that the detection of cocaine, novocaine, atropine,
codeine, aconitine, and strychnine in aguegus_sqlutigns_of these
alkaloids is not affected by the presénce of formaldehyde, but
that morphine becomes fixed in a solution in a@ugousrformalthyde
(of low concentration), at least towards the ordinary methods of
detection. - 7 . _

The simplest explanation of this behaviour on ﬁhg part of
morphine involves the assumption that morphine end formaldehyde
react in aqueous solution with production of a compound which is
not at all similar to morphine inmchemical“and physigal propgrties.

The experimental work bearing on this question may now be des=

cribede. v | v

In one experiment it was foun@uthat a solutidn pf morphine
sulphate in formaldehyde, allowed to stand and then made
ammoniacal gnd filtered, gave, on evapq:ation; a whi@e amor-

phous solide Extraction of this substance with absolute
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alcohol yielded a gum, which with sulphgric acid produced
the colour reaction given by morphine with fp;malip?gu}phpric
acid (purple changing to blue). This indicates that both
morphine and formsldehyde nuclei are present.

In another experiment which has already been_mentioned,

1 gram of morphlne sulphate was dlssolved 1n a mlxture of

22 ¢cc. of 37 per cent formaldehyde and 5 CCe of Water, and the
solution sllowed to stand five hours. It was then cooled in
ice and 18 ce. of concentrated ammoniﬁm hydroxide added slowlys.
A white crystalline p;ecipitate'of mo;phine was pfoducgd, and
this was filtered offs Complete evaporatiqn of the filtrate
gave a yellow and white powders The hydrochlpride of hexa~
methylene tetramine was obtained from this by addition of
hydrochloric acids A nitrate was also obtained: lustrous
flakes, melting at 165 degrees Ce. ‘

It was found possible to dlssolve morphlne (alka101d) in
‘agueous formaldehyde, elther by stlrrlng mechanlcally}fgr 8
few days, or byvallowing_the mixture“to stand for §¢vera}_ﬂ
weekse Thus 0.54 gram of morphine was dissolved in 50 cg,_pf
37 per cent formeldehyde by stirring the finely powdered alka-
loid with the liquid fqr three days, One gram of morphine
(finely ground ) dissolved in 110 cce of the formalin after
standing six weekse. The solutions ocbtained in this way are
bright yellow in colour, neutrai tdwards litmus and congo red,
and on evaporation a bulky White‘salid is gradually thrown
down; &8s the evaporation nears completion, however, the pre-
cipitated solid is also.yellow. If the evaporation is car:igd
out fractionally, the part of thevresidue which separates last

gives the strongest colour reaction (pink) with sulphuric acide




Any portion of the residue, on prolonged treatment with cold

water, partially dissolves; but subsequently, neither the
insoluble fraction nor that obtained by‘evaporating the water
extract gives a pink colour With concentrated sulphuric”acid.
~Instead, the water soluble fractions give a green colour which
gradually turns to brown.

InAone experiment the solution of morphine in formaldghyde
was concentrated to half volume and the precipitated material
collected (First Residue). The remaining sclution was then
evaporated completely to dryness (Second Residue); Each
residue wés treated with cold water for several hours, the
resulting mixture filtered, and the filtrate evaporated.

The water-soluble fraction of the second residue was insqluble
in dry ether and petroleum ether, slightly soluble in alcohql,
chloroform, benzene, and toluene. A quantity was heated with
absolute alcohol, and the alcohplic solutian filtered and
evapprated.k The residue gave a green golcur With cpncentraﬁed

sulphuric acid, seemed to be partially crys?alline,“andmdeggmf

posed with evolution of gas at 95 degrees C. Another po;tion
of the water-soluble fraction of the second»residue was ex-
tracted with hot chloroform. The dried extraét was a white
powder‘whieh decomposed and frothed up at about 100 degrees Ce.

With concentrated sulphuric acid a red colour changing to

purple was produced. The part Which did not aissolve in the
thoroform gave a green colour changing to brown with sulphur-
ic acid.

This work was not continued, but it seems pxobable‘
that & thorough and systematic investigation along these lines

would produce interesting resultse.
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SUMMARY

Ie The detection of cocaine, novocaine, atropine, codeine,
aconitine, and strychnine in agueous solutions of these alka-
loids has been shown to be unaffected by the presence of

formaldehyde,

I1. It has been shown that morphine cannot be extracted by
any of the ordinary methods from a dilute solution of a mor-

phine salt in aqueous formaldehydee.

ITI. An unsuccessful attempt has been made to elucidate the
chemical reaction which takes place when morphine or one of

its salts is dissolved in formaline.
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