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IN a previous cornniunication by one of us (Walker, Trans., 1903, 83, 
472) it was demonstrated that I-amygdalin is converted rapidly a t  
tho ordinary temperature by a very small quantity of an alkaline 
d u t i o n  into a much more soluble substance, which yields on 
hydrolysis by concentrated hydrochloric acid, not I-mandelic, but 
r-mandelic acid, Although the new material was termed provision- 
ally r-arnygclalin, proof was wanting that i t  is even a homogeneous 
substance, since it could not be obtained crystalline, The author 
stated t h a t  i t  was still under examination, and consequently was 
much surprised to  find Dakin (Trans., 1904, 85, 1512) claiming 
to have isolated it in  crystalline form. It may be well therefore 
to state here tha t  its study had been continued; tha t  a very soluble, 
crystalline substance had already been isolated from aqueous or  
aqueous-alcoholic solution, which proved not t o  be r-amygdalin, since 
it yielded rnandolic acid possessed of a high liworotatian j that this 
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1438 WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 

substance yielded on fractional crystallisation ordinary or I-amygdalin ; 
tha t  the mother liquor on acid hydrolysis gave a large preponderance 
of d-mandelic acid; t ha t  the racemised solution, as was t o  be 
anticipated, gave benzaldehyde and liydrocyanic acid with emulsin ; 
and tha t  the mandelic acid obtained from the  racemised solution was 
in no case absolutely inactive, but always containeG a small excess of 
the dextro-variety. There were, however, a number of questions 
which €or a long time defied the attempts made to  elucidate them, and 
fiome of these we have only as yet been able to  answer in par t  
satisfactorily. 

Regarding the nomenclature to  be adopted, we shall employ tha t  
indicated in the former communication, considering it preferable to  
the iso-amygdalin of Dakin or  the rzeo-amygdalin of Tutin (‘lcrans., 
1909, 95, 663), and designate ordinary amygdalin as I-amygdaliu, 
since it yields 1-mandelic acid and the isomeride which only differs 
from i t  in yielding d-mandelic acid on hydrolysis as d-amygdalin, 
leaving to their discoverer the task of assigning names to the similar 
compounds which contain the different varieties of d- and I-glucose. 

In  the former communication the simplest assumption mas made 
regarding the nature of the change induced in the molecule of 
amygdalin by alkalis, namely, tha t  it consists only in the racemisation 
of the mandelic asymmetric carbon atom, although further change, for 
example, that  of a p- into an a-glucoside, mas not excluded. We have 
reason now to conclude that a partial change of that nature does 
occur during racemisation, and to  a much greater extent on protracted 
concentration of the solution, especially in  presence of barium carbonate. 
This of course complicates the problem, and renders i t  diEcult to 
decide whether the small excess of dextro-acid which is invariably 
found on -hydrolysis represents a displacement of the equilibrium 
in  the  transformation lzvo dextro beyond the  middle point. Ws 
have proved, however, tha t  the rotation of the racemised solution is 
independent of the nature and of the concentration of the alkali, and 
tha t  the  equilibrium point is independent of temperature and of the 
concentration of the amygdalin. I n  studying the fractional crystal- 
lisation of the racemised solution, we find tha t  the less soluble fraction 
yields on hydrolysis mandelic acid containing 78 per cent. of the 
hvo-variety, and tha t  the more soluble fraction obtained by suitable 
means from the mother liquor gives mandelic acid containing 75 per 
cent, of the dextro-variety. These figures point to the presence of 
the respective compounds (31 -t d)- and (3d + Z).amygdalin, but their 
rotations are not  quite in  conformity with this supposition, nor is the  
behaviour of the second, when subjected to the action of eruulsiD, such 
as we would expect from a compound having the composition 
(3d + E)-amygdalin. W e  are driven therefore to the conclusion tha t  

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
09

. D
ow

nl
oa

de
d 

by
 T

ec
hn

is
ch

e 
U

ni
ve

rs
ita

et
 M

ue
nc

he
n 

on
 1

9/
07

/2
01

3 
16

:2
0:

04
. 

View Article Online

http://dx.doi.org/10.1039/ct9099501437


WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 1439 

the second compound a t  least does not contain the substance which 
we have termed d-amygdalin, and tha t  the change induced in  
I-amygdalin by alkalis is of a much mors complicated nature than has 
been hitherto assumed. 

EXPERIMENTAL. 

The material employed throughout this investigation was Kahlbaiim's 
prepai ation. 

and that when it is allowed to crystalliso froin aqueous solution tho 
air-dried material contains 3 molecules of water of crystallisation. 
I t s  specific rotation, and tha t  of i t s  rncemised solution, were 
determined at different temperatures and concentrations. Ths  
results contained in the following tables, as woll as all tha t  follow, 
refer to the anhydrous substance. 

Analyses showed that i t  possesses the formula 

C,,H,$& 2 q 0 ,  

TABLE I. TABLE 11. 

l-ilm?/gclaZin. I r - A mygda E i u 

t. 
20.5" 
29.0 
42 0 

8 '0" 
16.0 
20.0 
25.0 
28-5 
40.0 
48.0 

C. 

18 54 
9'27 
6.71 

c=18.54. 
[UID. 

- 38'0" 
37-1 
35-8  

41.6" 
40 -1 
39.3 
38'8 
3s.3 
36.8 
35.5 

C =  9-27. 

c = 17.657. 
t. [ a b .  

1 3  -0" - 54.4 
40 .O 50 '8 

c=8*9.  
23'0" - 52.8" 
38.0 51-0 

C =  6.39. 
26'0" -52 4' 

C =  4.414. 
23.0" - 52.6" 

TABLE 111. 

l -A~ i~ygdc~Zin .  t = 28.5". 
c. [.I * 

4'472 - 39 '0" 
2'230 39.4 

These observations show a large and approximately equal variation 
with temperature for  both substances. The variation with con- 
centration is much smaller in  the case of E-arnygdalin and negligible 
for r-nmygdalin. 

I%e Eqwi6ibriu.m between Laeuo- and Dextro-anzpgdcclin.--Since the 
t w o  forms are not optical antipodes, there seems uo reason to expect 
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1440 WALKER AND KRIEBRLE: THE AMYGDALINS. PART I.  

that  the equilibrium point should lie exactly midway between the 
two, and even in the former communication it was noted, as has 
been confirmed by Dakin, that  after complete hydrolysis of the 
racemised solution with hydrochloric acid, the ethereal extract did 
possess a slight activity, pointing to the production of a slight excess 
of d-amygdalin, although Licbig and Wijhler's amygdalinic acid gave 
quite inactive mandelic acid. This has been fully confirmed in a 
large number of subsequent experiments in which the hydrolysis was 
performed both at the ordinary temperature and on the boiling-water 
bath. If the equilibrium point, however, were not situated midway 
between the two extremes, it is probable that by varying the 
conditions of racemisation there would be a consequent displacement 
of the equilibrium point. Of the four variable factors which may 
influence the equilibrium point, namely, temperature, concentration of 
the amygdalin, and the nature and concentration of the alkali, the 
last two will be excluded if it can be shown that the reaction is purely 
catalytic, and this was roughly done in the previous communication. 
It has been considered advisable therefore to obtain more accurate 
proof of the catalytic nature OF the change. The alkali, however, 
may also slowly hydrolyse both varieties of amygdalin to their respec- 
tive amygdalinic acids, and, if it does so at unequal rates, but with a 
velocity at all comparable to that of racemisation, the dextro-variety, 
i f  more rapidly hydrolysed by alkalis, as Dakin has shown (Zoc. c d . ) ,  
than it is by acids, would be continuously produced from the l~evo-. 
It was therefore considered necessary to examine also the velocity of 
the change of amygdalin into amygdalinic acid in alkaline solution, 
although the facts recorded formerly, namely, that  no ammonia could 
be detected after racemisation, and that amygdalinic acid yields 
r-amygdalinic acid, were strong evidence that alkaline hydrolysis 
is not responsible for the excess of msndelic acid obtained. The 
velocity of racemisation was observed in the 2-dcm. tube a t  1 6 O .  The 
first three solutions wera prepared by adding 1 C.C. of the alkaline 
solution to 25 C.C. of a 10 per cent. solution of recryatallised 
I-amygdalin, the fourth by adding 1 C.C. of alkali to 50 C.C. 

TABLE IV. 

Catalyst, Bcci*ium l?ydr*oxide. 
Observed Time 
rota tion. (in minutes), A -x. K. 
- 6.86" (calculated) 0 2.24 - 

1 C.C. added t o  25 C.C. 

7.72 2 1 -35 0.105 
8-31 4 0.79 0.113 
8 '65 6 0.45 0.116 
S-88 9 0.22 0.112 
9 09 1 4  0.10 0 -1 68 
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WALKER AND KRIEELE: THE AMYGDALINS. PART I. 1441 

TABLE IT (continued). 

Catdyst, Potassium IIydroxicle, 1 C.C. added t o  25 C.C. 

Observed 
rotation. 
- 6.86" 

7 -75 
8.28 
8.59 
8'85 
9 '03 
9.11 
9.11 

Time 
(in minutes). 

0 
2 
4 
6 
9 

14  
30 
30 

A - x. K .  
2-24 - 
1 .35  0.110 
0.82 0.109 
0 5 1  0.107 
0.25 0.106 
0.07 0.108 
- - 

Catalyst, Lithium Ngdroxide. 1 C.C. added to 25 C.C. 

- 6-86" 0 2'24 I 

7 '72 2 1'38 0.105 
8 -25 4 0.85 0.105 
5-63 6 0.47 0.113 
8.86 9 0.24 0.108 
9.08 14  0'02 0.146 
9-10 20 - - 

Catalgst, Litluha Hydroxide. 1 C.C. added to 50 C.C. 

- 7.00" (calculatcd) 0 
7'43 2 
7.88 4 
8-21 6 
8-54 9 
8 *88 14  
9'11 22 
9 *24 38 
9 '25 58 

2.24 - 
1 *81 0.046 
1 -35 0.054 
1 '03  0.056 
0.70 0.057 
0'36 0.056 
0.13 0,073 
- - 

The mean total change of rotation is 2-24', and as the slight devia- 
tions are well within the limit of experimental error this may be taken 
as a measure of the total chemical action. The values of K, calculated 
by means of the unimoleculnr equation, are seen to  be in satisfactory 
agreement in experiments I, 11, and 111, whilst t h a t  in experiment I V  
is just half value. Consequently all the alkalis examined racemise 
amygdalin with the same velocity in equivalent solutions, and when 
their concentation is halved the velocity of their action is also 
reduced to half, It is 
further important to note that, within t h e  limits studied, the con- 
centration of tho alkali has no influence on the end point. As 
these limits are, however, somewhat narrow, it was considered advisable 
to extend them. I n  the following experiments, which were done at 
2 5 O ,  the volumes of water and barium hydroxide (1 C.C. = 0.0122 gram 

These are the criteria for a catalytic action. 

VOL xcv. 5 B  
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1442 WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 

Ba(OH),*) specified were added to 20 C.C. of a 10 per cent. solution of 
Z-amygdalin and the final rotation examined in the 1-dcm. tube : 

C.C. water. C.C. .baryta. Piiisl value of u,,. 

a 1 - 3.35" 
4 5 3.35 
3 6 3-35 
1 8 3.35 

It is obvious tha t  the concentration of the alkali is without in- 
fluence. At 2 5 O  the velocity of racemisation was so great tha t  the 
change was almost complete by the t ime that the first reading could be 
taken. 

The velocity of hydrolysis of amygdalin to amygdalinic acid was 
also examined polarimetrically, using a solution of sodium hydroxide 
containing 0.1 gram-molecule in 50 C.C. For this purpose 10 grams of 
recrystallised Z-amygdalin were dissolved in water containing five 
equivalents of sodium hydroxide and diluted to 50 c.c., the change of 
rotation being followed at 20° in the 2-dcm. tube : 

TAELE V. 
Time. 

14 
27 
77 

147 
297 
387 

1360 

0 ( -  
a n *  

19-40 
20.00 
21.40 
22'30 
2 3 5 4  
23 *SO 
24.56 

18 *a 0°) 
A -x. 
5.76 
5.16 
4.56 
3-16 
2 '26 
1 -02 
0.76 
0.00 

R. 

0*00012 
0*00013 
0.0001 2 
0*00010 
0~00010 
0-00009 

- 

- 

The initial reading, namely, - 18*80°, obtained by plotting the 
subsequent values and exterpolating, corresponds with a specific 
rotation for anhydrous wxmygdalin of [.ID - 52*5O, which is identical 
with that given in Table 11, showing tha t  the equilibrium point of the 
reaction is the same even at this concentration of alkali as in the very 
dilute. The values of K, calculated from the equation for a 
bimolecular reaction, are in good agreement, and it is  evident tha t  the 
time taken is about 1000 times as long as that for racemisation, even 
although the alkali is now more than 300 times stronger. It is 
certain therefore that hydrolysis plays no part during racemisation 
and is not responsible for any excess of d-mandelic acid obtained on 
acid hydrolysis. Concurrent experiments to bs described later on 
the fractional crystallisation of r-amygdalin had led us to look upon 
the dextro-variety as an  extremely soluble substance compared with its 
lx?vo-isomeride, which could be isolated by fractional crystallisation from 
the racemised solution, xud it seemed nnti.zra1 to  associate the over-pro- 
duction of the dextro-variety with i ts  great solubility. If this were the 
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WALKER AND KKIEBLE: THE AMTQDALINS. PART I. 1443 

case we should expect to find that, by racemising in  a very concen- 
trated solution, a greater excess of the dextro-variety would be produced. 
Consequently a series of experiments were made in  which the con- 
centration of the amygdalin varied from c =  17-65?' to 4.414 and the 
rotations of the resulting racemised solutions mere observed. The 
results are contained in  Table 11. As already stated they show that 
the specific rotation of the racemised solution is independent of t h s  
concentration of the amygdalin. Even more concentrated solutions of 
r-arnygdalin than these were produced by adding a small quantity of 
baryta solution to solid amygdalin. After acid hydrolysis and 
extraction with ether the mandelic acid obtained had always about the 
same specific rotation, namely, + 1 6 O ,  indicating therefore about 
15 per cent. excess of dextro-acid. A somewhat higher result was 
obtained by the  polarimetric] study of the hydrolysis of r-amygdalin. 
The concentration of anhydrous material was 9.442 and the hydrolyst, 
hydrochloric acid (D = 1.1). The change of rotation was followed in 
the 2-dcm. tube a t  40". 

TABLE VI. 
Time 

(in hours). a,. 
0.5 - 19'76" 
1 -5 19.7 
2 *75 18-64 
5 -75 15-48 

17.0 - 0.88 

Time 
(in hours). a,. 

22 + 3 $4" 
41 12'2.2 
66 16.74 
89 18.70 

114 20.16 

There was no further change on prolonged heating at the same 
temperature. If inactive mandelic acid and dextrose be the sole 
products of hydrolysis, the final rotation of the solution should be 
+ 1 5 . 8 O .  The excess of dextrorotation observed is + 4*4O, which 
corresponds wi th  21 per cent. excess of d-mandelic acid, since the 
specific rotation of the latter is + 168" when dissolved in tha t  strength 
of hydrochloric acid. We have not yet been able to account for the 
difference in the results obtained by the two methods except on the 
assumption that the dextrose has also undergone some change. 

The last factor which can influence the racemisation and produce 
excess of the dextro-variety is temperature ; consequently, in  order t o  
investigate this point, two experiments mere performed, one at SO0, the 
other a t  looo, the amygdalin being racemised in each case with 10 C.C. 

of the baryta solution, After complete acid hydrolysis they were 
extracted with ether and a specific rotation taken of the dry acids. It 
was found in both cases to be 16'. Consequently temperature has no 
influence on the equilibrium point during racemisation. These facts, 
all taken in conjunction, point to the conclusion tha t  there is actually 
a racemic compound in solution, and that the production of an  excess 

5 B 2  
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1444 WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 

of d-mandelic acid from it is due to an  inequality in the rates of 
hydrolysis of the two varieties by acid, accompanied by a slow 
racemisation in that medium also. The experiments now t o  be 
described on the fractional crystallisation of the racemised solution 
indicate, however, tha t  the material contained in it may not be of 
such a simple nature. 

The Partial Resolution of r-Amygda1in.-This had been eff ected before 
the last communication was published, but, owing to its incompleteness, 
i t  was reserved for further study and only the statement made tha t  
the racemic compound could not be obtained crystalline. Successive 
crops of crystals had been obtained, however, either froin aqueous or 
alcoholic solution, but these, although showing a far greater solubility 
in water than I-amygdalin, were not  constant in specific rotation, nor 
had the latter nearly so high a value as  tha t  of the racemised solution, 
Further, it was frequently found impossible to induce crystallisation a t  
d, but the syrup obtained on evaporation would dry up t o  a glassy 
mass. It was found, however, tha t  when a crop of very soluble crystals 
was obtained, it yielded on recrystallisation almost pure 1-amygdalin, 
and that, after a large amount of gummy material had been precipitated 
from the  alcoholic mother liquor by the addition of ether, the residue left 
on the evaporation of the ether yielded, when hydrolysed with hydro- 
chloric !acid, a sample of mandelic acid melting a t  120-125O and 
showing a specific rotation of + 99'. A partial separation had there- 
fore been effected by fractional crystallisation and precipitation. In  
a very recent communication 'l'utin (Trans., 1909, 95, 663) has shown 
tha t  this may also be effected in the case of hepta-acetyl-r-nmygdalin ; 
but here also the separation is far from quantitative, for Tutin only 
obtained 9 grams of cxystalline material from 20 grams of r-amygdalin 
instead of the theoretical 16.5 grams, and even tha t  was evidently far 
froin pure hepta-acetyl-d-argydalin. This is exactly on a pamllel 
with what we have observed in our very numerous experiments 
on the fractional crystallisation of r-amygdalin. We always obtain 
a considerable amount of uncrystallisalole gum which yields excess 
of d-mandelic acid on acid hydrolysis. A t  first it seemed probable 
tha t  this is due to some I-ainygdalin separating with the less 
soluble fraction, thus leaving an  excess of the non-crystallisable 
d-amygdalin in  the  mother liquor ; but  subsequent experiments in- 
volving a study of the action of emulsin on the different varieties, 
and of the electrical resistances of the solutions before and after 
evaporation, have led us to  conclude tha t  they may, according to the  
treatment which they have undergone, contain 50 per cent. or even 
more of something which is not on0 of the amygdalins. Our reasons 
for concluding tha t  it may to tha t  extent have undergone an  isomeric 
change will appear in the description of a few of our experiments 
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WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 14145 

bearing on that point. Assuming for the present that  the solution 
contains only I -  and d-amygdalin in equivalent arhounts, it is evident 
from the specific rotations of I -  and r-amygdalin, namely, - 39.3O 
and - 53O in 10 per cent. solution at 20°, that the specific rotation of 
d-amygdalin must be -66.7' under the same conditions. W e  should 
have therefore for (31 + d)-amygdalin [.ID - 46.2' and for (3d + I ) -  
amygdalin [aID - 59.9'. The best method yet devised for conducting 
the fractional crystallisation is as follows. After racemising 200 
grams by baryta, the solution was saturated by carbon dioxide and the 
barium carbonate removed by filtration. The filtrate was evaporated 
to a syrup, and dissolved in a litre of 95 per cent. alcohol. After 
being kept a t  0" for several hours, 80 grams of crystalline material 
were obtained. On drying over phosphoric oxide in a vacuum it lost 
weight equivalent to two molecules of water of crystallisation. The 
specific rotation of the anhydrous substance was c = 9-27, t = 2 8 # 5 O ,  
a, - 8.65'; hence [aID - 46.6". At 20°, therefore, its specific rotation 
must be - 47*7O, assuming that the temperature coefficient is the same 
for this substance as for the other two. This value is in fairly close 
agreement with that calculated above for a substance possessing the 
composition of (31 + d)-amygdalin. Ten grains of it mere hydrolysed 
with hydrochloric acid (D 1.1 1 8), and the mandelic acid, after extraction 
with ether, was converted into the barium salt (3.7 grams). Analysis 
showed that it was almost pure barium mandelate. When dissolved in 
water and diluted to 50 c.c., it showed a rotation of U, - 6.8" at 20' in 
the 2-dcm. tube. The specific rotation of pure barium I-mandelate was 
found to be [a],, - 80.9" under the same conditions; hence the concentration 
of lavo-salt in excess in the above solution is c = 6.8 x 100/80*9 x 2 = 4.2. 
Therefore 3.7 grams contain 2.1 grams of lmo-salt in excess and 1.6 
grams of racemic salt or a total of 78.4 per cent. of the lsvo- com- 
pound. That this crystalline material is mainly a definite compound 
and not a mixture of I -  and r-amygdalin was evident from the extreme 
ease with which it dissolved in water. From the result of its hydrolysis, 
however, it evidently contained a small quantity of free I-amygdalin. 
After being twice crystallised from water, it gave, on acid hydrolysis, 
a sample of mandelic acid, showing the specific rotation [.IL, - 142.5'. 
It contained, therefore, less than 8 per cent. of d-mandelic acid. The 
original mother liquor from the 200 grams of amygdalin was con- 
centrated to  a syrup and then extracted with 300 C.C. of a boiling 
mixture containing one part of alcohol to three of ethyl acetate. The 
residue, obtained after evaporation of the solvent, was dried over 
sulphuric acid until constant in weight. As it 
was non-crystalline, we had no criterion that it was a chemical 
individual. It was therefore re-dissolved in 350 c. c. absolute alcohol, 
and this solution kept for some time at  about - 18". The crystalline 

It weighed 35 grams. 
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1446 WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 

material (10 grams) which separated was rapidly dried and transferred 
at once to weighing bottles. These precautions are necessary, for at 
a slightly higher temperature the crystals liquefy, The material in 
the weighing bottles rapidly melted, and was kept in a vacuum over 
sulphuric acid until constant in weight. I n  this way it lost 35 per 
cent. in weight, corresponding with 5.35 molecules of alcohol. The 
material dried over sulphuric acid was employed for determining its 
specific rotation with the following results : c = 5.9, t = 29", I = l-dcm., 
aD - 3.25" ; hence [aID - 55.1". A t  20", therefore, its rotation will be 
about -56". Ten grams of it, when hydrolysed as above, yielded 
4-35 grams of barium mandelate, showing the rotation c = 8.7, I = 2-dcm., 
a,, +7*25O. Its 
rotation, however, does not correspond with the value calculated 
for (3d + E)-amygdalin. The alcoholic solution from which this modi- 
fication of amygdalin was obtained yielded further crops of the same 
material on evaporation. 

Action of E'mulsin on the Amygdalins.-W hen a solution of emulsin 
was added to the racemised solution of amygdalin and the mixture 
kept for several hours at 40" in a closed flask, i t  acquired a strong 
odour of oil of bitter almonds. This was also observed by Dakin 
(Eoc. cit .) ,  but this qualitative observation is of no further value than 
to  afford proof that the solution still contains Z-amygdalin. A series of 
comparative experiments has therefore been conducted quantitatively 
to determine the action of emulsin on these different substances. The 
emulsin employed was Kahlbaum's preparation. After the solutions 
had been heated a t  40-45' for twenty-four hours, the liberated hydro- 
cyanic acid was estimated by the method described by Auld (Trans., 
1908, 93, 1277) and the dextrose by Fehling'a solution. The former 
we found fa r  from satisfactory, as the end point is by no means sharp, 
although accurate enough for comparative results. I n  the following 
table are given the averages of several determinations. 

It therefore contained 75.7 per cent. of dextro-salt. 

TABLE VII. 
0.2833 gram of 1-89 grams 

substance required yielded of 
of AT/5Q-iodine dextrose 

(in c.c.). (in grams). 
Z- Amygdalin .................. 52.3 1-5 
r . Aniygd alin .................. 26.0 1-19 ...... - (3d + l)-Aniygdalin (?) 18-0 

Since the values of iodine for the first two are very nearly in the 
ratio 2 : 1, the conclusion seemed obvious that emulsin only liberates 
hydrocyanic acid from the Z-amygdalin present, and, as the amounts 
of dextrose are approximately in the ratio 4 : 3, that it is only capable 
of removing one molecule of dextrose from the supposed d-amygdalin. 
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If it  contains d-amygdalin, the second substance ought to yield, on 
partial hydrolysis by eruulein, d-mandelonitrile glucoside. E u t  Cald- 
well and Courtauld (Trans., 1907, 91, 673) have pointed out tha t  the 
substance sambunigrin, isolated by Bourquelot and Dmjou  (Compt. 
rend., 1905, 141, 598) from elder leaves, must be d-mandelonitrile 
glucoside ; consequently our solution ought t o  contain sumbunigrin. 
That i t  does not contain tha t  substance, however, was proved by the 
fact tha t  emulsin is unable to hydrolyse it, for no further change took 
place on heating at 40' for forty-eight hours longer. We therefore 
attempted to  isolate the new substance by concentrating to a syrup 
and extracting with ethyl acetate, but the residue left after evaporating 
the ethyl acetate did not crystallise even after a long period. This 
result led us to conclude tha t  some further change than simple 
racemisation had taken place in the amygdalin molecule ; accordingly, 
another set of comparative experiments was made to determine 
whether it is contemporaneous with, or subsequent to, racemisation. 
The concentration of the  emulsin was lower in these, so that it is 
improbable tha t  hydrolysis was carried as far as in the previous 
experiments. 

0.3 gram substance required of N/SO-iodine : 

(1) Racemised without heating 
(2) Eacemised and dried for 4 hours on the water-bath ......... 21 ,, 

... . . . . .. . . . . . . .. . ... ... ... ... ... ... ... 42 G.C. 

These results suggested an  explanation of several difficulties, showing 
as they do that a profound change takes place when the solution 
is evaporated to  dryness. They indicated a reason for the large 
quantities of, uncrystallisable material which me  frequent' y obtained, 
and pointed to  a probable change in  the rotatory power of the 
racemised solution by protracted evaporation. Our early determina- 
tions of this constant had shown considerable inexplicable divergences 
from each other. There are three possible directions in which the 
structure of the molecule may be affected by heating. It may suffer 
an isomeric change in one or both of its dextrose radicles, it may lose 
one dextrose radicle by hydrolysis, or it may be hydrolysed to 
the  ammonium salt of amygdalinic acid. That dextrose was not 
liberated was shown by testing the evaporated material with Eehling's 
solution. As none of the ordinary methods 
of testing for the presence of a n  ammonium salt recommended them- 
selves in this case, we finally decided to take the decrease in  electrical 
resistance of the solution as  a measure of the amount of such hydrolysis, 
and, a t  thesame time, to measure the change in optical power. In the 
cell which we employed the ordinary distilled water of tho laboratory 
had a resistance of 16,000 ohms at 19", whilst a 5 per cent. solution oE 

The result mas negative. 
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the material employed, namely, C2,H270,1N, 3H20, had a resistance of 
2,444 ohms. 

For the purpose of comparison 5 grams of the same sample 
were boiled with excess of baryta until all the ammonia was expelled ; 
then carbon dioxide and ammonia were passed into the solution to 
precipitate all the barium as carbonate and give a solution of 
ammonium amygdalinate. This was thoroughly boiled to expel dis- 
solved gases, diluted to 100 c.c., and found to be neutral in reaction and 
free from barium. I t s  specific rotation \vas [a]2,0 - 7 2 O ,  and its resist- 
ance 15 ohms. I n  the following three experiments 2-5 grams of 
I-amygdalin were racemised with baryta, and, after precipitation of the 
latter by carbon dioxide, were evaporated on the water-bath for the 
times specified, They were then diluted to 50 c.c., filtered, and their 
electrical resistances and specific rotations measured. I n  the first 
experiment 10 C.C. were hydrolysed by emulsin for twenty-four hours, 
and the liberated hydrocyanic acid was titrated with N/5O-iodine. 

TABLE VIII. 
Time 

(in hours). Ohms. [uID (anhydrous). C.C.  NIFiO-iodine. 
S 148 - 61'0" 24 
4 200 60% - 
2 273 52'7 - 

If we assume as an  approximation that the resistance of a solution 
of ammonium amygdalinate is proportional to its concentration, the 
5 per cent. solution of that salt would evidently require to be diluted 
to nearly ten times its volume to show a resistance equal to the first 
of these. That is to  say, 10 per cent. at most of the amygdalin has been 
hydrolysed. When we examine the specific rotations, however, we 
find that 61 - 52/72 - 52 = 9/20ths, or 45 per cent. has been changed, 
assuming hydrolysis to be the cause. I n  the third experiment, con- 
ditions are reversed, for there practically no change has occurred in the 
optical properties of the solution, although its resistance would indicate 
5 per cent. of hydrolysis. Finally, without any assumption as to the 
nature of the change, when the amount of hydrocyanic acid liberated 
is compared with that produced under similar conditions from a race- 
mised solution which has not been heated, we find that 66 per cent. has 
been changed, for such a solution required 70 C.C. N/SO-iodine. We  
must conclude, therefore, that  the chief change which takes place on 
protracted heating is not a hydrolytic one, but consists in some intra- 
molecular transformation, a new isomeride of amygdalin being pro- 
duced which probably bears to amygdalin the relationship of an  
a-glucoside to a fl-glucoside, Qur experiments are, however, not yet 
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decisive as to whether the freshly racernised solution contains 
d-amygdalin or not, but we are continuing the study of the subject. 

MACDONALD CHEMISTRY AND MINING BUILDING, 
RXCGILL UNIVERSITY. 
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