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In a previous communication from this lzborctory
(Walker and Krieble, J. Chem. So0c.95,143¢) it wes proved that the
rotation of a raccmised amygdalin solution is independent of the
nature znd of the concentration of the alkali ani that the
equilibrium point is independgpt of the temperaturc and of the

concentration of the amygdalin. It wes pointed out thet racenic

¥
¥

emygdalin could be pértially resolved into 1its Optiéal isomers.
L-amygdalin or ordinary amygdalin was obtained pure from the racemic
by recrystallization from aqueous alcohol and afterwards from water.
A part of the more soluble portion conteaining the dextro was obtained
with zlcohol of crystellization at low temperature in zbsolute
alcohola The zctual rotation of these anhydrous crystels did not
egrce with the calculated rotation of a solution made up of ﬁ- end
l-anygdelin in pronortion to the d- and l-mandeiic acid dbtaincd
when the crystals were hydrolized with acid. It had also bYecn noted
that thce amounts of glucose libercted by emulsin from 1- and
r-amygdalin was 4:3 which suggested that emulsin did not s»nlit off
the second molecule of glucose from the dextro and should, therefore,
heve formed d-mandelonitrile glucoside or Sambunigrin though this
substance could not be extracted. It wag not sambunigfin, however,

as it was not broken up dy emulsin into benzeldehyde,glucose and

hydrocyenic ecid. It was also noted that a raccmic solution dried
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%on z water bath for some hours had an incrcese in the specific
rotation and that such solutions could not be hydrolized by emulsin
to the same extent =s the unheated racemic modirication. These last
two facts indicated that & more complicated transformation than the
simple recenication was.taking placc and it was suggested theat
probably the change was from an <X to a B glucoside.

In the present communication it is shown that the
minutest trace of hydroxyl ion is capable of raccmising amygdelin
and that the Cn radicle is necessary to effect this change. The
comnosition of the racemic is definitely proved and shown to be
made up of, 56.25% of dextro and 4%.75% of iaevo. The cause of the
increzse in rotation when racemic solutions are dried on the water
bath is found to be dué to a very slight amount of hydroxyl ién
coming from the hydrolysis of the Ba salt from an unknown acid
always associated with amygdalin in minute quantities. The neture
of the change giving rise to the increased rotatioﬁtggnclusively
proved to be a transformation of the Cn radiclec. When the cause
was known it could easily be eliminated, after which it wes possible
to isolate dextro amygdclin in a pure forﬁ._ Its properties are very
similar to thet of the leevo as was expected.

A very interesting fact wes brought to light in
conncction with the hydrolysis of the amygdalin with c@glsin. It
rhad bcen pointed out by other investigators that emulsin not only

hydrolyses but also synthesisf%ctive benzaldehyde cyanhydrin from
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“hydrocyanic acid and benzaldchyde. The curicus pirt 15, however,

éthat Feist, Rosenthaler and Auld alweys found d-benzeldehydecyanhydrin

in their hydrolytic solutions while we invaricbly obteained the
Elaevo modification in the cose of certain scrmples of emulsin. wWith
|

jbenzaldehyde and hydrocyanic acid the dextro antipode 1s produced,
iwhich agreces with the recults of the above investigators.

|

i Experimental.

The experimentel recults will be taken up under the

following heedings:

| 1- The effect of the strencth of alkalis upon the cquilibrium

between the laevo and dextro amygdalin.

{0

— Composition of the recemic amygdalin.

Cn Radicle neccssery for racenmicetion.

(92
l

4—~ Czuse of the increccsc in rotation of the racemic amygdalin
when it is dried on a weter beath.
5- Naturc of change described above as due to hydroxyl ion.
j 6~ Resolution of recemic amygdelin.
| (a) Isolation oftiaevo.
(b) Isolation of the dextro.
| 7- Hydrolysis of the dextro amygdelin by strong sulphuric acid.
8- Hydrolysis of the dextro amygdalin by strong hydrochloric acid.
O- Action of emulsin on the amygdalin.

10— Synthesis by emulsin of d-benzaldehydecyanhydrin from

hydrocyanic acid and benzaldehyde.
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(1) THE EFFECT COF THE STRONGTH OF ALKALIS UPON THE

EQUILIBRIUM BETWEZi THE LAEVO AND THE DEXTRC ALYGDALIN.

Walker (J. Chem. Soc. 1803, 8Z, 478) showed that

iwhen ardinary amygdalin is treated with dilute alkali it is rapidly

!
ﬁchanged into a substance which is much more soluble and which

yvields & siight prepoﬁderance of dextro mandelic acid when hydrolized.
During the course of the investigation it was found that.this change
is brought about by extremely minute quantities of hydroxyl iéhs

as the following experiments will show.

Amygdalin is never entirely neutral, cven though it
has been recrystallized five or six times. In this particular lot,
10 grams reguired more than I drop N/4 alkali, but less than 2 drops
to give a pink color with phenolphthalein. When 1 drop is diluted
with 26 cc. of water, it can be added to 10 grams of\amygdalin, also
dissolved in water to which & drop of phecnolphthalein has been added,
without bringing out the pink color. When this solution is boiled
down a thick syrup is left instead of crystals; if it is redissolved
in water and_made up to 10C cc. it has the following rotation:
c28.944, t:24), 1.2 dem. <2 -3.57"; hence [J“*-52.5% Now 1 cc. of
la N/4 alkali solution contains .00425 gram of O H ion end, assuming
that there are 20 drops in lcc., we wduld have used .CT0ZZ5 gram to
racenise io gfams or 2 in 10C,00C, provided the barium 2Zalt of the

acid present ic completcly hydrolized. In znother experiment, 10 cc.
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of a 10 per cent solution was made up to 25 cc. with z solution of

barium carbonate in carbonic acid. After standing for 2 hours it

E .
still had a specific rotetion of -38.4" at 2% C. The solution was

!then immersed in boiling water for upwerds of twenty minutes. Its
specific rotetion hed changed to -48.9 which showed that it wes
%p:rtly racemised. When this solution was boiled to dryncss and then

fhydrolized 7ith hydrochloric acid, it gave mandelic zcid with a

° , . . ~°
specific rotation of +5.5 ,~(racemic givec+18 .) Here too the

(
{
i
§

Dariun szlt of the zcid present is formed and no doubt this is
hydrolized and gives rise to hydroxyl ions.

It is hard, however, to explain the two following
experiments in thié way. 1 cc. N/4 barium hydrate was just

neutralized with sulphuric zcid; then boiled to dryness. 1C cc. of =

1C per cent solution was added to the bariunm sulphate and boiled to.

}dryness again. The syrup left was made up to 25 cc. znd examined in
Ethc polariscope, ‘A:—E.léi C=C.5776, t=BEf 1=2 decnm.; henco[}§:3-4i.4°.
kn another experiment thc same quzntity of barium hydrate was
neutralized with sulphuric acid until the!pink color of phenolphthalein
ﬁisappeared, then 1C cc. of l-amygdalin cdded and the ‘solution

éoilod to drynecs. when 1t was made up to 25 cc. and exanined in

ihe polariscope,d= -2.90] t=-24, 1-2 dcm., hence 113121—64.5°. So
beriun sulphate freshly precipitated scers to racemisoc fester than
%hen it has once boéomc perfectly dry. This difference ﬁight be due

to occluded »arium hydroxide in the bariunm sulphate crystals which
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ﬁlater 1iffused znd affected the change in rotztion due to the fuct
that the first solution ic szturcted with oarium sulphatc and the

| ;
isecond i1igc not.

2. COIPOSITICL OF Wil daCmiilcC.

e
t
|

Walker, who first discovered the racemic amygdalin,(J.Chem.
' Soc. 100Z, 8%, 472) pointed out that when it wes completely
hydrolized with hydrochloric acid, the cthereal extract always showe:l
en cxcess of dextro-mendelic acid, indicating the nproduction of
excess of dextro eamygdelin., This has been confirmed py Dakin
) N - . "&ou .
(J. Chem. Soc. 1274, 35, 1512) and by & number of =¥ oux obgervations.

Since the equilibrium could not be shifted and since the amygdalinic

acid gives inactive acid, it wcs held thet tho racemic was an cagual

nixture of laevo end dextro emygdalin, (Walker and &irieble, J. Chenm.
Soz. 1909, 0b, 14Z7.) The reeson given for the nroduction of excess
of dextro-mandelic acid’was the inequality in the retes of hydrolysis
of the two varicties by acid, accompanied by < slow racemisztion.
.This is not bornc out by experiment. 5 grang of l-amygdalin (2 Hlo)
were hydrolized 7ith hydrochloric (D 1.118) at 60 to 70°C. for
5 hours, extractcd with ether 4 times and the rcsidue from the ether
made up to 50 cc. and cxcmined in the nolariscope, «=--2.4%, 1-2 dcm.,
t-25° and 20 cc. needed 25.2 cc. of N/8 clkali or c:2.775; hence

[?Eﬁf’ -152. So there is no rcceonisation during the;hydrolysis of

the leevo znd the same is true of the dextro from results which

epnear later on. As proof that the continucd boiling did not
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%racemise the mandelic zcid, 1 gram was dissolved in hydrochloric ccid
M@Mﬂz .
(D 1.113) and made up to 5C cc. This hed=en—snpg¥e—ef -3.30 in a
1 dcm. tube. The solution was heated for 10 hours, then cooled
and examined again; it now had an anglc of —-Z.28 ct thc same
;temperaturo- So the excess of dextro mandelic acid must represent
a corresponding excess of dextro zmygdalin in the racemic. Several
grams were racemised and then hydrolized with hydrochloric acid
(D 1.118) for 6 hours at 60-70 C. and the zcid solution extracted
with ether. The ether residue was made up to 5C cc. and examined
in the polariscope- <x=1~85i t:Séﬁ 1-2 dcm., 27 cc. necded 25.45
N/8 alkali to neutrelize it, but 1.65 cc. was hydrochloric acid
S0 ¢ 2.2610; hence [gg?;la.ef At this temperature mendelic zcid has

a specific rotation of 150", so the per cont excess of dextro in the

cbove solution is 18.3/150X 100 or 12.75. The racemic is therefore
gcomposed of 56.25 per cent dextro amyvedalin and 4%.75 laevo amygdalin.
Near the close of this investigation, the dextro amygdalin was isolated
and found to have a specific rotation of —61.2° &t 19" C.for a
55 per cent solutign. A laevo amygdalin solution under the same
conditions has & rotation ol -89.2". If we calculate what the
specific rotation of & solution ought to be if it was made up of

C.25 perts of dextro and 43.75 of laevo from the above rotations we
?find it to be -51.€ , while the observed rotztion is 52.2° for the
same tempcrature. This is conclusive proof that tke récernic 18 not

made up of ecqual parts of laevo and dextro amygdalin.
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S. THZ CN RADICLE NECESSARY FOR R&CE:IISALION.

No one has as yet suggested a theory tovexplain the
racenisetion but it can be demonstrated by the following experiment
that it is not possidle to racemise the asymmetric carbon atom 1in
the mandelic acid radiclc,— the one racemised when emygdalin is
treated With alkaii ~ unless the Cn group is attached to it; by
treating a metallic salt of active amygdalipic zcid with alxali.

To do this, it was necessary to prenare active amygdalinic acid.
50 grams ol l-amygdalin (& H,Q) were dissolved in 45C cc. of N/4
pariun hydroxidc and the solution boiled to expell all the ammonie.
The barium was precipitated with sulphuric acid and the solution
allowed to settle. The clear liquid was siphoned off into a 1 liter
measuring lask, the barium sulphete carefully washed and the
washings also run into the measuring‘flask."It wes filled up to the
mark and & rotation taken: «=-5.44", t-21.5, 1-2 dem.; hence
[}gzulﬁo.Sofor anhydrous amygdelinic acid. To 500 cc., 8.2 grems
of strychnine were added which is the theoretical quantity necessary
to produce the acid salt. This dissolved readily on boiling. The
strychnine salt did not crystallize on cooling, however, so the
solution was concentrated in a number of ctages énd then allowed to
stand for some time, but there was no sign of crystallization. So
another lot of 8;2 grarms of strychnine was added and dissolved by
boiling. When this solution was concentrated to about 10C cc. and
allowed to stand for one week very thin, long, transparent,needle-

shaped crystals came down. When filtercd from the mother liquor
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%and exposed to the air they became opaque and finally crumbled to

?powder, showing thet they contzined water of crystallization. When

/dried to constant weight thoy weighed 18 grems. A 1 per cent
|

Isolution had a specific rotation of [«J_ -20.5°. 1.2 granms
fdissolved in water required 11 cc. of N/8 alkali to neutralize the
iadid. Anygdalinic acid (q7%7QVCOOH) has a molecular weight of 476;
Etherefore 11 cc. of N/8 solution would represent .6545 gran:.
EStr%chnine (qJ@LNLOL) has a molecular‘weight of 34 so for cvery
I476 parts of amygdalinic acid there would be 334 of strychnine or

.6545 grams of zmygdalinic acid would be corbined with .4592 gran.

of strychnine. It is evident therefore that the 1.2 grams of the

strychnine salt contained .0863 gram of water which corresponds to
z 1/2 molecules of water of crystallization. This was verified by
drying a portion over P, G in & tube exhaustcd to 5C-70 mm. and

heated to 90° C.

23.05C weight of boat and strichnine s:clt 22,086
22.25 " " " After drying 23.0248

.836 grams, waight of salt .0614 water

. 0614 water

.7746 anhydrous salt

| '9614/77746 x 810 = 64 parts or 3 1/2 molecules of water.

é To show that optically active amygdalinic acid
icannot be racemized, 5 grems of crystalline Strychnine Aﬁygdalinate

were dissolved in weter and 1 cc. N/4 more Baryta added than was
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necesciry to precipitate the strychnine. After one hour the alkali
was neutralized and the solution made up to BC cc. The specific
. = 4.5 °/»3
rotation of the barium szlt was ¢:=4.605, - -5, t=21.5, #/=2 dcr.,
1 o . - + -
hence[f%]z—ZE.S . The solution wag filtered and concentreated to &
Y/
thick syrup, then hydrolized with hydrochleric acid. The extracted
mandelic acid was made up to 5C cc. and examined in the polariscopc.
It hcd an angle of+2.75°in a 2 dcm. tube at 22°; ite concentration
2z .
was 1.7765 granms; hence[}{h;??.éf The per—cent excess of dextro in
the crystaIS‘is therefore 77.4/14GX10C or 52 per cent which shows
that the amygdalin radicle cannot be racemised if the Cn group is
absent.
As active mandclonitrile was obteined near the end of
this investigation it was found that the asymmetric cerbon ztom

present could be racemised if the nitre¢le was diem lved in ether and

a few drops of dilute clkali added.

4. CAUSE OF THE INCREASE IN aCTATIOw OF THE RACEHLIC
ARYGDALIN.

As already pointed out in the introduction we were
considerably baffled by the behaviour of the racemic. Ve always had
a large portion which cou®d not be obteined crystallized. Emulsin
did not seem to hydrolizc the récemic completely and the end point
of the hydrolysis secmed to be influenced by the length @f time the
racemic was dried on the water bath. It fook a leng time, however,

to find out what ccuced this change. At first it was thought to be
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due to the presence of berium carbonate which slightly dissoives in
the racemic solution when seturated with carbon dioxide. So oxelic
and sulphuric acids were used to neutrelize the baryta, but in clmost
every ccse the rotalion increased, as the following teble shows.

A 10 per cent stock solution of laevo emygdalin(Z H, D)
was made up. 10 cI. wes used in cach ecxperiment to which wes added
1 cc. of N/t baryte and then trected as follows:—

(1) Passed in carbdon lioxide until neutral to phenolphthelein,
filtercd and »oiled for five hours on water bath. Liade up ﬁo 25 cc.
and examined in the polariscope;

<= —4.00; t-24, /- 2 dem., hence[ofjj-cll.g.

(2) Passed in cerbon dioxide until saturated, then boiled ten
ninutes before filtering. Filtrate was boiled for 5 hours.

<= —4.70% t-24" /= 2 dcm.; honce Ll —65.7°.

(%) Added oxclic acid until neutrzl to phenolphthzlein.
bvanorated end heated 5 hoﬁrs.

<= —4.60} t-25, /- 2 den.; hence Ledf, -64.2°.
(4) Added sulphuric acid until ncutyal to phenolphthelcin, then

cvgporated and Doiled 5 hours.

o

0 P z3
«: -4.56, t-23, /- 2 den., hence [« "-63.7
(5) (12.5 cc. usei instead of 10 ¢e.) Neutralizgi;@n with
t.corctical quantity of éxalic acid, c.wohorated and heated Tor

—-i-y

5 1/2 hours, then made up to 25 cc.

o<=—4.70, t=2511& 2 dcm., hence F?710-52.50.
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These ara only ¢ few sclccted at random from the notebook . There

were very few where the rotation did not go up. Firelly, 1t was

‘noticed that 2ll the solutions which had an increased rotation gave &
fazint precipitete with sulphuric acid while solutions heated like
number 5 did not give a predipitate. This geve a clue to the
situation, ac it suggested that the amygdalin solutions were faintly
acid and that when the baryta was zided this acid wes changed to the
barium salt. ‘hen the excess baryta weas neutralized, this darium
would th be preéipitated as there was just enough added to make the
solution neutral to nhenolphthalein. To show that this was actually
the case, 1 drop ol baryta was added to 10 grems of l.amygdalin(Z H,0)
in golution,but &s I have already said, this did not chenge the
phenolphthalein red. iWhen the solution was cveporated to o syrup
and then made up to 107 cc., it had a specific rotation ol c:8.0944,

- o/ ° r¢ A ) .
A==3.57, 4= 2 dcn. t:-24; hence[éﬂo =5&.5° . 1C cc of this solution

was evaporated to dryness and heated for 5 hours, then made up to

-

25 cc. It now had a rotetion of ¢ 3.577¢, « ~4.70; ° /-2 dem., t-24>

v‘

-

‘hence [;é] -65.7°. This was repeated with the same result.
!
| .
| To prove that it mest be due to the hydroxyl ions
|
| .
'c aused by the hydrolysis of the barium selt, 1 drop of N sulphuric
)
xc.c:1d. was cdded to 17 cc. of the ehove 12C cc. and heated for 5 hours
and then made up to 25 cc. again. It had & rotation of c=Z.577C,
o Ao/ 24 .
A==3.75, t=24,/- 2 dcm.; hence [%30 -62.4 . This was repeated

with & 10 gren lot to which'5 cc. excess oxalic acid (N/3) was

added when the barytc was neutralized, with the same result. A very
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small amount of hydroxyl ions, therefore, does not only racemise
but alsc appears to change the emygdelin in some other way, when

present during the evaporation of the solution.

B. NATURE OF THE CUHANGE CAUSED BY HYDROXYL IONS IN RaCELILIC .
SOLUTIONS WIHEN EVAPORATED 20 DRYNESS AKD BAKED ON +AToA BATH.

The most natural thing to expect when the specific
rotetion went up wes thet therc wes more dextro produced. 6 grams
were, therefore, dissolved in water and added to & solution of 1CT cc.
containing 2 cc. of baryte which had been precipitated znd redissolved
by passing in carbon dioxide. The sblution was taken down to & very
thick syrup. This was afterwards madc up to 5C cc. and a rotation
taken: c(=.~12.44°'l= 2 dem. , (= 25: C=lO.7588; hence‘[%Z;5-58'.

The solution was evaporated to a thick syrup and hydrolized with
hydrochloric acid (D. 1.118) for 4 hours at 60-77 c¢., the mandelic

a@cid extracted and made up to 50 cc. It had a dextro rotztion of

.20 in = 1 dcm. tube at 22 C., 20 cc. used up 38.1 N/8 alkali or
C=3.6105; hence [}J:?E.B’. This éhows that the equilibrium has not
pbeen shifted in [lavor of the dextro.

Since - barium could always be precipitated from solutions
which had this high rotation and racemic solutions whose rotation did
not go up did not cbntain barium, it weas conceiveble that_the h»arium
wes 1in come wey united with the glucose pert of the molecule which

caused this increase in rotation. 1 gram of 1. amygdalin (2 H,Q0) was,

v . : |
therefore, dissolved in water, 1/2 cc. beryte added, and then oxalic
i
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acid added until thec color of the phenolphthalein had just disanncared.

The solution was evanoreted to dryness and »aked on the water bath for
i5 hours. It was then made up to 50 cc. and had the Tollowing rot-hion:
5 = —4,55] t:eﬁ,lﬁ 2 dcn., 02Z.577G; hence [;ﬂ;:;65.9°. 25 cc.

'of this solution was treated with dilute sulphuric acid until it no

longer gave a precipitate, and then evanorated to 25 cc. and another

Mmm o ° .
rotation taken. It BOWAhéézﬁﬁ:&Bgle of -4.40 at 23 C. in a 2 dcm. tube

or‘[agis~65°which shows that the com»sination of bariurm with the
glucose radicle is not the cause of the increase in rotztion.

If the cause of this 5igh rotation cxists in the
glucose part of the molecule, then the corresponding amrmonium
anygdalinate ought also to have an increzsed rotstion. So 2.5 grens
l.amygdalin (3H,0) were boiled with excess of baryte until all the

emmonia was cxpelled, then ammonia and cerbon dioxide were pessed in

to precipitate a2ll the barium. The solution wes filtered, the
precipitate carefully washed and the clear filtrate evaporated to
50 cc. It had a specific rotation of L= —06.47 ,éé 2 de.,t=lQ?
c=-4.472; hence [?él?'-78.5°. This was repeated some time later when
[}%];fwas found to be -71.3°. When the ammonium amygdalinate wes
prepared from the racemic which had the increzsed rotation it was

found, however, to be the same. 2.5 grams of 1. anvedalin (3 H,Q)

‘were dissolved in water, 2 cc. baryta added and after 10 minutes
i ' ;
!
carbon dioxide passed in. The solution was evaporated to dryness

fana baked for 7 hours, then made up to 50 cc. The specific rotation
|
|
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—e / o ° z43 ° o
was c=24.472, «= -5.42,4= 2 dem., t-24.5; hence [;{L -6C.7. 25 cc.

'of the solution wes chenged to ammonium amygdalinate by the method
dcscribed above. When it was made up to 25 cc., it had a specific

rotation of[f§z:%J7l.61 This shows that the change of rotation im

the raecemic when heated is not due to any change in the glucose part
of the molecule or else the corrcsponding ammonium amygdalinete
woﬁld not have the seme rotation. As furthur proof, cmmonium
amygdalinate wes hected for 7 hours in the presence of a small
quantity of freshly procipitatéd berium carbonate, bat when redissolved
it was found to have the same rotation.

From these reosui.o vie would suspect that the Cn
jgroup was changed or hydrolized in some weay. This could easily be
§proved as it was pointed out (Walker and Krieble, J. Chem. Soc. 1909,
QS, 1369) that strong sulphuric acid when allowed to act on l.anygdelin
ﬁor several h;urs at & high temperature, produced cbout 85 per cent
Ef the theoretical d.mendelonitrile, so mew if the Cn has been
Lydrolized during the change that takes place when the rotation of
ihe racenic goes up, it ought not to give any nitrile when hydrolized
with strong sulphuric acid. 20 grams of the racemic were, therefore,
;heated with & smell quantity of barium carbonate for & hours when
fho specific rotation went up to -67.4°, The solution:TZZ£in
evaporated and the thick syrup dissolved in 60 cc. of water and 40 cc.
?oncgntrated sulphuric acid. This solution. was heated tofOO and kept

!
at this temperature for 1 1/2 hours after which it was cooled znd
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;extractcd with 1CC cc. of benzene. The benzene solution did not have
any activity. It was covaporateid to small volume, then poured into o
small beaker and when free of the solvent and moisture it weighed
‘.287 grams which is only an eighth of the nitrile obhtecined from
laevo amygdalin. The aqueous hydrolytic solution was extracted with
cther and the mandelic acid obtained was dissolved and made up to-
ilOO cc. with water. It had a slight dextro activity. 10 cc.
required 26.6 cc. of N/8 alkali or the concentration of manielic acid

was 5.12 grams. This denonstrates that the nitrile was hydrolized

before the sulphuric acid acted because when l.amygdalin is treatcd

;for the same length of time with the scme strength of acid it yields

Eabout 85 per cent of nitrile while in this case 86 per cent of

1

!mandolic acid was obtained.

It is difficult to say to what the nitrile radical is
jtransformed when the racemic is heated as it is impossible to get the
:new substance pure. One might expect it to be ammonium amygdalinzte
from its rotation. Therc are no ordinary tests, however, which can be
iapplied i; this case, so the electrical resistance of this substance
was compared with that of ammonium amygdalinate. The cell used had a
iConstant of .1037 and z 5 per cent l.amygdalin(QHLO) solution had a
zconductivity of .424 x lCig. Anmoniun amygdalinate was prepared
according to methods already described.

; ;

| The following are some of the conductivities obeserved,

. [¢]
measurerents being made at 25 C.
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| Specific
| Per cent of NHy,amygdalinate Roteztion

5 -71.8
4
g 1/¢
2
S per cent of Am. Amvgdelinate
I " " 1. Amygdelin -62°
The ﬁollowing are the

solutions which had becn heated.

4 ~-65.4°
4 -58.2°
4 -67.5°
4 -64,6"

From these results it is

Specific conductivity.

6.74 x 10-.

5.18

4.45

5.94

5.61

5.98

5.08

z 10-°
x 1°°%
X 1073
x 10720
< lg:%
X 1oi¥
p'e lC’f
x 1077

guite evident thaet this new

substance 1is not ammonium amygdzlinatenor even a

mixture of amygdalin

~and ammonium amygdelinate. It micht be the amide or some other

nitrogen derivitive of amygdelint&: acid, but it cannot be the acid

itself as it is very nearly neutral in reection, nor can it be the

¢
barium salt as there is only the faintest trace of barium in it. At

this point our attention was turned to the isolation of the dextro

~amygdelin es we had found out how to evaporate the racenic without

bringing about any internal changc.
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6. RESCLUTICH OF RACriIC AMYGDALIN.

75 grems were dissolved in several hundred cc. of
gluke-warm water and 6 cc. of baryta added. Aftcr one half hour, 1.4
cc. of N/Z oxalic acid were added in excess to the quantity needed
‘to make the solution neutral. Thiz wes eveporated to a modcretely
thick syrup and 250 cc. of 95 per cent zlcohol added, which caused
3C grems of crystals to separate. It wos impossible to get any more
crystels by concentrating the mother liguor, so the alcohol wes
distilled off in vacuo and the syrup drawn out to a froth. The
flask was then broken and the residue dried in a vacuum desiccator

after which it was dissolved in 507 to GZT cc. of boiling ebsolute

alcohol. When tic solution cooled to the room temperature, a small
~uantity (5 grems) of & heavy syrup separzted. This is due to the
fact of not using enough alcohol as it was not obtzined in subsequent
experiments. So the clear solvent was decanted and cooled to -5 C.
for an hour, which caused 7.6 grams of a fine crystalline precipitcte
to separate. This was rapidly riltered and washed with coolcd

1 ™ ) l‘/é'
absolute alcohol. When the temperature went up a few degrees they
liqueficd completely giving ofi &reFr alcohol of crystellization.
The mother liquor was concentrated to 1/3 of its origincl volume and

\
z1llowed to stand at tie rcom temperclure ror several days. During this

time 11.8 greams of crystals separated which, so far &s could be
ascertained, did not contein alcohol of crystallization. The solution
was agein concentrated, but no more crystals separated, so it was

cooled with selt and ice which caused 4 more grams o crystals with

alcohol of crystallization to separate. 1t was concentrated a
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third time which ccused another crop of 2.6 grams to come out, at

room temperature. When the mother liquor was concentrated & fourth

time and cooled with a freeczing mixture, 5.2 grans separated. The

isolvent was then completely eveporcted which left a rcsidue of 3.34
|
CrimSe It is possible, therefore, to resolve the recemic amygdalin

|
‘practically completely into thrce different mixturcs gll of which,
however, are crystalline. The final residue of 3.34 grams was

N

rather sticky and when tested was found to be slightly acidic in

nature, which showed that prolonged boiling hydrolizes a very small

fractione.

(a) ISOLATION OF THE LAEVO AMYGDALIN.

| The rirst crop of crystals (3@ grems) contains a

large preponderence of laevo amygdalin. A 5 per cent solution in a

wotd febangd 27 L Yl

2 dcm. tube at 20° C.,. -4, ll.ﬁh&ﬁ 1.366 grams were

ldried over P_0,.in vacuo at reduced pressure it lost .0928 gram or
~ . - 20 o -
6.8 per cent of water of crystallization; hence, [}gg -44". b

grans were hydrolized in the usual way and the mandelic acid extracted

dissolved and mede up to 50 cc. It had a specific rotation of o =
~6.40° /-2 dcn., t-24.5%and 20 ccs required 51.4 cc. of N/8 alkeli
or ¢=2.983; hencel}f] -107 3. At this tomperature mendelic acid
has a rotation ofj-150.5 , therefore this fraction contains about
85.6 per cent of the laevo isomer and 14.4 o the dextro.- If one
calculates what the rotation of such a mixture should be at 20°¢, it

comes to -42.5 which is not very far from the value found when one
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| takes into consideration the number of experimental facts that the

-theoretical depends on. About 20 grams of the above 30 were

dissolved in & small quantity of hot water. When the solution

cooled, the laevo crystallized out in rosettes. These were twice

recrystallized and then air-dried. A 5 per cent solution (3 HLO)Xhad

o . N ?-5",.,,\ o .
an—angle—of -3.42°in a 2 dcm. tube at 25 C. or*[}é]o-oc.S, which
agrees very well with the laevo amygdalin we started with, namecly

[;{E?SS.Gofor the same concentration. 5 grams of it were
hydrolized and the mandelic acid obtzined without purification had
a specific rotation of «~-65.9, t=26.5, ¢=20 cc. 25.7 N/8 alkali

C = 26-5- o
or,2.2344; hence [;{L —-162.6 at 17 C. which compares favorably with
—154°, the value found for carcefully purified mandelic acid.

Whether this crop of crystzls which has a specific rotation of -44°

is a definite compound, made up of 3 parts of lacvo to 1 of dextro,

saturated with the mother liquor which contzins a big excess of
dextro; or whether it is laevo amygdalin saturated with the mother
liquor is hard to determine. The crystals themselves come out of
the alcoholic solution in the form of rosettics and have all the
|characteristics of laevo amygdzlin. Then their rotatiaon is not
constant, for if they are washed with a small quantity of alcohol
it comes down as low as —-42.57 If it is a definite compound it is

L . - A Asrs
very looscly bound togethor as ther-e is no difficulty whatever %e

isolaq? ure laevo from it in good quantities.



(b) ISOL:iTION OF THE DEXTRO /AlIYGD. LIN.
After the greater part of the laevo is separated from

the racemic, the dextro is obtained in two crystalline modifications

&8 already stated. The second fraction (11.8 grams) has a specific

‘rotation of c=4.82, t:20.5, «=: -5.06 ; honce [« =p0°. .

62}
1

were hydrolized in the usucl way with hydrochloric acid. The

mandelic acid was extracted with ether, dissolved and made up to

WWW' . :
50 cc. with water. ItA%&é:&&:&ﬁgie:ﬁf*'G.C5 in a 2 dc:. tube at

Londl g -

' 18.5°C. 20 cc. required 24.6 cc. N/8 alkali; ¢, therefore,-— 2.58 ;

: [8.3/ ) . N .

- hence [}{L{+142 . So this fraction is about 35 per cent pure
dextro. By recrystellizing this fraction twice from absolute
alcohol, it had z specific rotation of c:6 (anhyd)ﬁ3—7,27:4Z=2 dem. ,

poatd

) 27 ° , , . N .
t=27; honce)}é] -60.C . Vhen hydrolized, as we will sec later, it
)

| yields pure dextro mandelic acid. It mclts sharply at 212°C., is
easily aoluble in 95 per cent alcohol, fairly insoluble in absolute

| alcohol and crystallizes out slowly from a supersaturated solution
in very fine fluffy crystels! It dissolves in lces than its own
weight of water, but assumes a crystelline form when cveporated to &
th;ck syrﬁp and allowed to stand for a day or two. It has a bitter

teste and is hydrolized to dextrose, hydrocyanic acid and benzaldehyde

by emulsin.

|
; The following table shows that the specific -rotation
!
|

of the dextro varies with temperature and concentration as was

conjectured from the rotation of the rzcemic:
|



C. AL T. L.

8.5 -10.62° 14 2 der. -62.5°

8.5 ~10.47 24.5 o —61.4

3.5 ~10.19° | %6.5 2 !
o o

4.25 -5.13 27. 2 —G0. 4

| o a

2.125 - -2.51 2G.5 2 ~59.2

The other modificetion of the dextro, naemely,the one

which crystellizes with alcohol of crysteilization, has a specific
26

rotation of 0;4.96,,{- 2 dem., t-26, ,<-_—5.57f hence Eocjo-—56.l°.
About £ grams were hydrolized znd the mandelic acid extracted. It
was made up with water to 50 cc. and a rotation taken;[zz dem. ,
t-27, «=+3.28", 20 cc. required 20.16 cc. of N/& alkali, hence
E{j;éé.5°which corresponds to 76.Z per cent of dextro and 21.7
per cent of laevo amygdalin. When one calculates what the specific
rotation ought to be, it comes to -56.4"at 19 which is practically
the same as the one observed. This modification seems to be a
definite compound composed of & parts dextro and 1 of lacvo, mixed
with a small gquantity of dextro. It crystallizes with alcohol of
crystallization which the dextro alone does not appear to do. It is
much more readily soluble in absolute alcohol than the dextro;
When such a solution is cooled, a part of the dextro crystallizes
out; if it is not filitered out, however, but allowed to stand for
some hours, it reunites with the portion still in the mother liquor
forming a thick syrup which can be redissolved by heating the solvent

and the process repecated. t a temperatmre slightly higher than the
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room temperature this ~odification, thercfore, seems to be unstable,
allowing the dextro to separate.
- (7) HYDROLYSIS OF DEXTRO AMYGDALINI WITH STRONG
SULPHURIC ACID.

As the laevo amygdalin acted so peculiarly towards
acids, it seemed worth while to hydrolize the dextro and sec whether 12
it acted in the same way. 5 grams ol dextro amygdelin wére, thercfore,
hydrolized in & solution containing 10 grams sulphuric acid and 15
grans water‘for 1 hour and 15 minutes at 90°C. 15 minutes after
the heating was begun, the solution turned milky and very soon
beads of o0il began to appear. At the end of the time specified, the
solution was cooled end extracted with 50 cc. of benzene- It had
an angle of -5 in 2 1 dcm. tube. The benzene solution was coliocted
and evaporated to dryncss which 1cft a dark colored o0il free from
the odor of benzaldchyde. It weighed 1.235 grams or zbout 85 per
cent of the theqretical nitrile in 5 grams. The aqueous hydrolytic
solution Was‘extracted with cther and the mandelic acid obtained
was dissolved and made up to 25 cc. It had an aﬁgle of + 2.§5°in a é ¥}
dcm. tube at 27°C. 20 cc. reguired 11.8 cc. of N/8 alkali or the
25 cc. contained 5?79 grem. of mandelic acid. This demonsteates
that the dextro 1oéés ips glucose before the Cn radicle is attacked
in ¢ strong sulphuric acid solution. This is identical with the
hydrolysis of the lzevo.

( J. Chem. Soc. 1909, 95, 1%74.)
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(8) I{IYDROLYSIS QF DEXTRO AMYGDALIN ./IZH HYDROCHLGORIC
ACID (D. 1.118) AT THE RCCH TEMPERATURE.
5 grams of dextro amygdalin were dissolved in
%hydrochloric acid (D. 1.118) the solution being mede up to 25 cc.
iThe hydrolysis was cerried on @t the room temperature and followed

iby teking recdings in a 1 dem. polariscope tube.

Time.
5 ~11.85°
7 - 7.8C
28 -— 1.20°
30 + .73°
47 4+ 2.95
1196 + 10.75°
143 + 127
167 + 13!
215 +15°

I tried to take another reading 48 hours later, but the mandelic
lacid had already started to crystallize out. What was left of the

hydrolytic solution was extracted with ether and the mandelic acid

obtained was dissolved in wcoter and the solution made up to 50 cc.
It had an angle of +5.75; t-27 /. 2 dcm., 20 cc. required 20.7 cec.
N/8 alkali or c=1.9C6, Bbence [}é}§ﬁ47i Since carefully purifiad

mandelic acid has a specific rotation of +149°at this tempecrature,

our dextro amygdalin must have been pmre. By comparing the

polariscope readings with those taken in the hydrolysis of the laevo
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amygdalin, we notice that there is a very sharp drop in the rotation

of the former and a corresponding risc in the latter. This

 strengthens the view expressed by Walker (J. Chem. Soc. 10T&, 8Z,476)

that the first product formed is principally amygdelinic acid which

is then hydrolized to glucosc and mandelic acid.

(9) ACTION OF EMULSINS ON THE AMYGDALIN.

Liebig and Wohler (A., 22,1) first pointed out that
amygdalin was decomposcd into glucose, benzaldehyde and hydrocyanic
acid by emulsin. Since then several papers have appeared on this
subject, Tammann, Zeitsch. Physikal Chem., 1892, 16, 271; Caldwell
and Courtlaud, J. Chem. Soc. 1907, 91, ©670; and Auld, J. Chem. Soc.
1508, 1251.

The following are the main conclusions arrived at.
First, that for small concentration of the enzyme thec velocity is
proportional to its concentration. As the concentration is increccsed
this relationship ceases and finally & furthur increase does not
produce a corresponding increase in velocity. Second, that =
constant quantity and not a constant fraction of amygdalin is
hydrolized im z unit time, at least when & large excess of amygdalin
is present. Third, that amygdalin is almost completely hydrolized
into glucose, benzeldehyde and hydrocyanic acid by emulsin. Liebig

believed that the hydrolysis went on as long zc the benzeldehvde

| dissolved in water. Temmann noted a decompogsition of 60 per cent

et 472°C Cealdwell and Courtlaud, repecting Tammann's experiments,

find that at the end of 07 and 5C hours, 98.2 and 392.5 per cent
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respectively is decomposcd. Fourth, that mandelonitrile glucoside
is first formed,.which in turn breaks down to benzaldehydec and
hydrocyanic acid. The first part of the hydrolysis, thercfore,
takes place at the biose linking just as it docs with maltase,
(Fischer, Ber. 25, 1508) but the hydrolysis of maltase stops here,
while enulsin gocs one step furthur.

The action of emulsin on the racemic hes not been the
subject of much investigation. Dakin (J. Chem. Soc. 35, 1804,1517)
noted that if a solution of emulsin is added to a racemised solution
of amygdalin and kept at 40lfor sone time, benzealdehyde and
hydrocyanic acid were found present in the solution. This only
shows, however, that there is still l-amygdalin in the solution
but proves nothing concerning the action of emulsin on the dextro
amygdalin. OSo a series of comparative experiments were carried out
to determine this action on the various amygdalins. The emulsin
used wae Kahlbaum's preperation. The solution employed was made up
by adding 1 gram of the emulsin to 100 cc. of water. This wes
stirred at intervals during severel hours, after which it wes
filtered into & bottle and severcl drops of toluenc added. The
extent of the hydrol?sis in nost cases was estimated by determining thes
the amount of hydrocyanic acid produced. At first Auld's method
(J. Chem. Soc. 1908, 1264) was used which consists of adding en

excess of sodium acid carbonate and then titrating the hydrocyanic

acid with dilute standard iodinc solution. It was not very satisfactory
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as the end wes by no means sharp. A second method that was tried
was to mcke the hydrolytic solution clucline with magnesium hydrate
and add several drops of potassium chromate, then titratec with silver
nitrate until silver chromate is precipitated. Still another method
employed was to zdd cxcess of silver nitrate to the emulsin solution
then titrate the excess with ammonium sulphocyanide, using ferric
clum as an indicator. Thesc methods were tested by cstimating
staendard potassium cyanide in an ernulsin solution contezining
benzcldehyde, but the emount of cyanide determined was alweys too low.
Correct values could be obtained when the emulsin was left out,
which seemed to indicate that the silver nitrate in some way united
with the emulsin.

A new method wes, thcrefore, devised which gave better
results than any of the oncs mentioned zbove. It.consisted in
sucking a slow current of pure air through the erleameyer flask in
which the hydrolysis was carried on and then througch a U tube which
held a caustic sodz solution. In this way most of the hydrocyanic
acid was fixed as it wes liberated, which prevented it from “cing
oxidised to' formic acid. The lest tracecs of the acid were removed by
boiling the hydrolytic solution at the end of the reaction. This

was not boiled into the caustic soda solution, however, but into a

U tube which conteined a given amount of standard silver-.nitrcte.

This was afterwards transferred to a 10C cc. measuring flask, 2 cc.

of concentrated nitric acid added, and then the caustic soda solution
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containine the cyanide, eni filled up to mark. Thec silver cyanide
was filtered out end the filtrate titrated with ammoniumn sulpho-
cyanide. Thec reason ihat the azir was passed through ceustic soda at
%first and not throuch silver nitrate was beccuse the silver cyanide
which precipitated clogged up the small glass tubec with which the
U tube was filled. This would stop the fiow of zir and conscjucntly
the result was of no use. This method was téstod and found
safisfactory by putting standard potassium cyznide solution into the
erlemeyer flask and then admitting dilute sulphuric acid, the
hydrocyanic ecid being carricd over end estimated es speciiiced above.
Thé erlenméyer flésks in which the hydrolysis was cerried on were

kept in a thermostat at 41° to 4% C. for the length of time specified.

Amount of Length of Number of cc. Amount of Per cent
l-amygdalin used time of enmulsin HCN decomposition
hydrolized  used. produced
110 cc. of % 24 hrs. 10 cc. .01499 gr.  94.9
Sol. (3HLQ) ,
1¢c cc " 24 hrs. 1C cc. .01510 gr. 95.6
10 ce. S hrs. 10 cc. 01240 gr.  78.5
|
gl0 cc.3%(Anhyd) 4 hrs. 1C cc. .20879 gr. 49.6

Racenic Amygdalin

17 cc.3%(T H,0) 9 hras. 10 cc. .01085 gr. 68.9
;lC cc. " 24 hrs. 10 cc. .Cl223 rr. 77.5
10 cc. " 24 hrs. 10 cc. .01206 ¢gr. 76.%
10 cc. " 42 hrs. 10 cc. .01292 gr. 81.8

10 cc. " 42 hrs. 12 cc. .01269 or. 8n
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Dextro Amygdelin.

10 cc. of 3% 24 hrs. 10 cc. .01607 gr. 90.7
Anhvdrous

10 cc " - 24 hrs. 10 cc. .01558 ¢r. 38
1C¢ cc. " 4 hrs. 10 cc. .00803 gr. 45.4

It is' obvious from the zbove results that the dextro
amygdalin as well as thc lacvo amygdalin is hydrolized into benzal-
dehyde, glucose and hydrocyanic acid though at a slower rzte. It
seems hard to explain, however, why it is that the racemic is
decomposed more slowly than both the laevo and the dextro scparately.
There were a great many more experinments carriced dut tﬁan the ones
quoted here, but none of them showed greater decomposition. The
glucose was cl= cstimated, both at the end of 9 hours and et 24
hours. At the end of 9 hours 1.%2 grams were liberated from &
grams of racemic eamirgdelin (3 H;O) or 91 per cent end at the end‘of
24 hours .2 grams or 94.7 per cent. This showed that the most of the
undeccomposcd substance was the mandelonitrile which wes verified by
the following experiment.

15 grams racemic were made up approkimately to 250 cc.
with water, l»gram of emulsin added and the flask thoroughly shaken.
It was kept in the thermostat at 41° C. for 15 hours and then extracted
twice.with 150.QC. ether each time. When the ether was évaporated
to & volumeiof 50 cc. it was exanmined in & polariscone and found to be
quitc inactive. The rest of the ether evaporated spontencously,
leaving an 0ily residue which had a very strong odor of benzaldehyde.

This residue was hydrolized with hydrochloric zcid and evaporated to
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dryness, thon cxiracted ¢ times with ether. It left & solid C.776
grarm which wes filtered off and dried. This was dissoived and the
solution made up to 102 cc., 2C cc. was added to 5 cc. N/1C cilver
nitrate. It required 28.35 cc. of /47 ammonium sulphocyenide to
titrate the oxcess of silver. From this titrction the 100 cc. would
contain 7702 gram; of zrmonium chloride which would »e the amount
yiclded from 1.929 grems of nitrile or 40.4 per cent of the totel

quantity in 15 grams of amygdalin.

10. SYNTHESIS O ACTIVZ BENZALDEHYDECYANHYDERIN FROM
BENZALDEHYDE AND HYDRCOCYAHIC ACID WITH EMULSIN.
Dufing the time the above oxperiments werc ocing

carricd out there wppearcd & paper by Feist (Ard. Pharm. 246, 20C-209
19C8) in which it was pointed out thet if emulsin wes allowed to act

on 2 solution containing amygdalin for several deys and then

extracted with ether, the ether weas alweys found to be dextro rotatary.
This cctivity was shown to be duc to dexiro mendelonitrile which
| Peist supposed was one of the primery decomposition products.

Seoveral months later Rosenthaler (Ardb.Pharm. 246, 65-266,1908)

showed that benzaldehyde and hydrocyanic acid in the prescnce of-
emulsin formed dextro mandelonitrile which put Feist's supposition

in doubt, because the chances are even that the active nitrile which
he isolated was a synthetic product and not a decomposition product.
This was followed by a papcr by Auld (J. Chem. Soc. 95, 1903, 927) . who

showed thet the nitrile wes produced much fester from benzaldchyde



the activity was much less than in his first cexperiment. Thi

cl
and hydrocyanic atid than from an equivalent concentration of
l.enygdalin using the seme gquantity of emulsin. Auld argucd,there-
fore, thaet it was exceedingly probablc thet the nitrile elwaye
found in emulsin hydrolytic solutions wis a secondeary nroduct
formed from the benzaldehyde and hydrocyanic acid and not a primary
decomposition product as supposcd by Feist. Feist repeated his

origincl experiment with & new semple of emulsin and found that

16)]

demonstrated thet not all emulsins were &like which made us curious
to see what our enulsin did;especialleince the ethereel extract
from the racemic showed no activity.

5 grams of l.amygdalin were dissolved in 75 cc. of
water and .5 grams emulsin added. The flask wes thoroughly shaken énd
kept in z thermostat at 471° for ¢ 1/2 hours. The emulsin wes
precinitated, thc solution filtered and extrcctéd with ether. The
solvent wes distilled to 1b cc. ani'ex;mincd in & polariscopc tube,
but it wes found to be'inactive. Since this was inactive,Rosenthaler‘s
experiment wes tried. .4 grem; of enmulsin were dissolved in 25 cc.
weter to which wes added 2C cc. of 1.62 per cent of hydrocyanic zcid
and 2 cc. of benzaldehyde . This solution was kept ct 25 C. for
3 1/2 hours, then filtered through a filter covered with freshly
preciniteted alumina and the filtrate extracted with 20 cc. of ether.
In the first two experiments there was no activity noticed in this
ethereal solution, but the third had a dextro rotation of .X5 in &

2 dcm. tube. This is very small, however, es Rosenthaler with the



- same conditions got an activity of over & degrec. Consequently

this sample of emulsin contains very little of the synthetic enzymc.

- As there was another unopcned sample of Xa!:lbaum's emulsin in the

laboratory this was also tried. In an experiment carried out

f identically to the one above the ether extract when examined in

a 2 decm. tube had a dextro angle of .05 . This was repeated and

the second time the zctivity in a 2 dem. tube wes .98 . This

%ime the ether was conmpletely eveporated and the nitrile which was

- left was hydrolized with hydrochloric acid. The mandelic acid wes

not extracted, but the hydrolytic solution itsclf (5O cc.) was

| examined in the polariscope. In @ 2 dem. tube its activity weas

-1.80°. This confirmecd Feist's results that emulsin does not
alweys contain the same quantity of the synthetic enzyme.
l-znygdalin was also hydrolized with this emulsin
to see if nore active nitrile would be obtained then with the old
enulsin. b5 grams of laevo amygdalin were dissolved in 75 cc. of

water and 1 grem of the new enulsin added. It was kept at 40°C. for

3 1/2 hours, then extracted with 27 cc. of ether. This had a lacvo

ectivity of .17°in & 2 decm. tube . In the second experiment only 1/2
grar of emulsin was used. The activity this time was —-.15. The
third time the hydrolysis was allowed to go on for 24 hours instead
of & 1/2 and this time the activity was only -.12". The ether
solutions from the three experiments were poured together, the

solvent evaporated and the residue hydrolized with hydrochloric acid.
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The mandelic acid was extracted and dissolved in enough water to

make 25 cc. This solution had an angle of +.6°in ¢ 2 dcm. tube. This
is a surprising rcsult as PFeist, Rosenthaler, and Auld always gat

a dextro nitrile yieiding laevo mandeclic acid upon hydrolysis. To
make pcrfectly sure that our nitrile was actually laevo, the
experiment was repcated using 10 grams of l.amygdalin and 1 gream of
emul'sin. But the ether solution again had an activity of -.10°

and when the nitrile was hydrolized and the mandelic acid made up

to 25 cc. it had a dextro angle of .35°. Herc then we have an

example where emulsin projuces a dextro mandelonitrile fromn

jcommercial benzaldchyde and hydrocyanic acid and a 1aevo‘nitrile
when these two chemical:scompounds are obtezined from l.amygdelin,
becausc we cannot argue that the laevo nitrile obtained in the
second casc ic a primary decomposition product since the l.amygdelin
contains dextro mandelonitrile. This looks ac though there night

be two different benzaldchydes but this assumption could not be
proved definitely. As the first sample of emulsin produced very
little zctive nitrile, it wes used to hydrdlize l.anygdelin and the
benzaldehyde obtained Waé used instead of the commercial in =
synthetic experiment. The cxperiment was carried out in the follow-
ing manner. 10 grams of l.amygdalin and 1 gram emulsin (o0ld) were
dissolved in 150 cc. water and kept at 40°C. for 3 1/2 hours. fﬁe
The emzyme was precinitated with a drop of acetic acid ahd.}iltered

out. The filtrate was cxtracted with ether and the solvent
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~cvaporated. To 2 cc. of this residue 1/2 grum of emulsin,dissolved

in 22 cc. water, was addci and 25 cc. of the hydrocyenic solution
(1.62%). This solution wass kept at 28 C. for & 1/2 hours when the
cmulsin was agaiz precipitated and the clear filtrate extracted
with ether. The residue after the solvent wes evaporated was
hydrolysed with hydrochloric acid. The hydrolytic solution (25 cc.)
had an angle of -.90° in a 2 dcm. tube, showing that dextro nitrile
was produced. If the for-ation of the two dilfferent nitriles is due
to two different varieties of benzaldehyde, the benzaldehyde in the
last case nust have been transformed to the commercial.variety
during extraction because it yielded the same nitrile when treated
with emulsin.

Since the l.amygdalin gave l.nitrile when treated
with new emulsin, it seeﬁed interesting to see what nitrile‘the
dextro amyédalin praduced. 5 grams of dextro amygdelin and 1/2
gram of new emulsin were dissolved in 75 cc. water and kept at 40°C.
for & 1/2 hours. After the emulsin was precipitated and filtered out
the solution was extracted with ether. When the solvent was
evaporated to 20 cc. it was found to have an activity of -.12" in
fa 2 dcm. tube. The nitrile was hydrolized with hydrochloric acid
and the hydrolytic solution (15 cc.) had an angle of +.85"in a 2 dcm.
tube. Whether all the l.mandelonitrile iﬁ this case is a primary
product of decomposition or a secondary product is harq'to*say, bat

1t is exceedingly likely that a large part is a secondary product
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because the same nitrile is formed when l.amygdalin is used where

it must bc secondary.

There cseems to be only one other apparent explanation

for the production of these two mandelonitriles il one does not
agsume that there are two benzaldehydes. There might be something
in the solution which added on in some way to the emulsin and this
z1dition product might then synthesise the other opticelly active
nitrile. HNow the only substance present in both the hydrolysis of
the laevo and the dextro amygdalin and not when the nitrile is
synthesiséd from benzaldehyde acid and hydrocyanic acid is dextrose.
The following experiment was carried out to exclude this possibility:

5 grams emulsin and 2 grams glucose were dlssolved in 25 cc.
water to which 25 cc. of hydrocyanic solution and 2 cc. benzaldehyde
were added. After £ 1/2 hours, the usual extraction was effected and
the nitrile hydrolized’with hydrochloric acid. The hydrochloric acid
solution (50 cc.) showed a rotation of -1.45’in a 2 dcm. tube.
The presence of the glucose, therefore, did not chenge the activity
from dextro to lacvo.

Another experiment was carried out similar to the one
cbove only substituting for glucose l.amycdalin, dbut the resuliing
mendelic acid was lacvo.active.

Investigations will be continued on this subject to
discover i7 possible the cause for the production oif theé; two
nitriles. The barks and leaves of wild cherry and elder berry will

also be extracted to see if there is any di. ference in the emulsin

produced.



6.

In conclusion, I wish to thank Dr. Walker for proposing this
investiration and for his suggestions and interest during its

progress; also Dr. McIntosh for many practical suggestions.

LicGill University,

Montreezl, Can.
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