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think that also these experiments are confirmatory of the hypothesis 
that the action of pept:>in is not determined by the H-ion-concentration 
alone, but principally by the condition of the substratum and in the 
first place by the swelling. 

Of course the experiments with protein-solutions have to be continued 
and extended to othe1' acids and here also the inflllence of salts has 
to be stndied. 

It is perhaps hardly necessary to add tbat other enzymes have to be 
subjected to similar observatÏons. The curve representing the viscosity 
and consequently also the swelling as a function of PH is strikingly 
analogolls to the curve l'epresenting the action of many hydl'olitic \ 
enzymes as a function of PH; as with tl'ypsin and also with ptyalm 1). 
Vve are, therefore, inclined to believe that with these enzymes also 
the condition of the substl'ata plays a prominent part. 

Chemistry. - "Tlte action of slm-light on the cinnamic acids." 
By Dr. A. W. K. DE JONG. 

(Communicaled in the ~eeting of September 25, 1915). 

For the continlled research of a- and ~-"Storax" cinnamic acid·it 
was necessary to possess a method by which large quantities of the 
a-acid can be l'eadily converted into the ~-acid. 

The rapid evapol'alion of an alcohol ie solution spread in a thin 
layel' on glass plates certainly provides the meaus of prepal'ing the 
~-acid on a smaIl scale, but in this manner one is obliged to al w ays' 
work with small quantities of soilltion, as otherwise crystals of the 
a-acid Boon OCClll' beside those of the ~-aeid. 

According to EULENl\fEYIm Jun. 2) the ~-acid is formed in the 
following ways 3). 

a-"Storax" cinnamic acid is dissolved in as little ether as possible 
nnd precipitated with petroleum ether. If the ethereal sollltion is not 

"-
suffi~iently concentrated (I-acid only, or else a mixtnre of the two 
acids, is formed. 

À warm solution of the a-acid in dilnte (75%) alcohol deposits 
011 cooling tIle ~·acid. 

1) Vide VAN TRIGT anel RINGER'S publication in the Proceedings of the meeting 
of Nov. 30, 1912, Vol. XXL Part. I, p. 858 (1912). 

2) Ber 39, 1581 et seg (1906). 
3) In what manner Lr:HMANN has prepared the j3-ucid, I have not been able 

to trace as the original literature is not obtainable in Java. 

\1 
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As a third mE'thod he mention& th at on heating the a-acid above 
Hs melting point the ~-acid is formed 1). 

The first two methods, howevel', do not ~lways give the desired 
result, according to ERU~l\mYER. He ,'vrites 2): "In anderen Fallen 
gelingt die Umwandlung aus noch unbekannten Grimden seibst hei 
öt'rerer Wiederholung nicht." 

'[he thircl rnethod 'given by hirn is not correct. Both the solidified 
melt and the sublimate ga\'e, on being i1luminated, a-truxillic acid only. 

Aftel' vaL"ious expel'iments I observed that the ij-acid is most 
cOlweniently pl'eparecl by pOl1l'ing an aJcoholic solution of a-cinnanlic 
acid, satul'ated at the ordinary temperature, iu a large qnantity of 
water wlth stirring. On being illuminated this product always 
yielded ~-truxilJic acid only. 

{t-cinnamlc acid may be also obtained by allowing warm solutions 
of cinnamic acid to cl'ystallise. In thi1 case the c1'ystals are mostly 
visible with the naked eye and the change into the a-acid ean also 
be tl'aced. 

If, howevel', we make a saturated aqueous solution at boiling 
heat, filter the same rapidly thl'ough cottonwool and filter oir the 
cl'jstallisations at intel'vals, the succeeding fractions appeal' to be 
different. The fl'action depositing at a high tem peratUl'e yields 
a-cinnamic acid, whereas at a 10 wel' temperatlIre ~-cinnamic acid 
cl'ystallises (as proved by ilÏuminating). 

Benzine and petroleum are very snitable liqnids fol' l'eadily tl'acing 
the transformation of the cinnamic acids. 1f we wish to pl'epare the 
(J-acid in this ma1ll1el' we must take rare that the solution is not 
too concentrated as otllel'wise plate-lil{.e cl'ystals of a·cinnamic acid 
will appeal'. The best thing is to cool locally (fol' instance tbe bottom 
of the flask) a warm and not toa stl'ong benzene solutiun. Sptendid 
needJes united in feathel's are then formed. On these being left 
nndisturbed the cl'ystals are seen 10 partly vanish, plate-like cl'ystals 
are formed and a few of the needies althongh retaining (heir ol'iginal 
shape are seen to become tl'ansformed into a series of adjacent 
plates which convey tbe irnpression that tbey we re iacked with the 
ol'iginal needies. 

The lowel' tbe bailing point of tlle benzene anel the greatel' the 
concentration the more l'apidly we notice the appearance of the 
plales in addition to the little feathers. 

As to the transformation of the (i-"Storax" cinnamic acid into 
the a-acid, ERLENMEYER also reports the following particulars. 

1) See 111so: Bioch. Zeitschr. 34, 356. (1911). 
~) Bel'. 42, 509. (1909). 
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In dilnte (75 0
/ 0) alcoholic soJution the transformation takes place 

slowly and spontaneously and only at the end of 14 days bas the 
gl'eater palt of the i~-acid disappeal'ed 1). 

On repeated recl'ystallisation fl'Olll ether or dissolying in absolute 
alcohoJ, the t~-arid is generally converted into the a-acid. In some 
cases, however, it will l'emain unchanged for weeks. "\Vie es 
scheint spielt auch bei diesen Umwandlungen die Belichtung einE' 
wichtige Rolle, die abel' noch det' Aufklärung bedarf2)". Tbis last 
remark looks to me as if he bas occasionally mistaken the cl'ystals. 
Here, where the ternpel'atul'e is generally 10-20° higher, the trans
formation of [1-cinnamic acid in water, benzene Ol' alcohol proceeded 
very rapidly in a few days. 

In a dry state and at the ol'dinary tempel'atul'e the a-cinnamic 
acid keeps unchanged for a very long time. The fine powdel' 
obtained by poming an alcoholic solution of cinnamic acid into water 
is but very slowly conve~ted even aftel' an addition of [1-cinnamic 
acid. A specimen that had been mixed with 1 % of cinnamic acid 
aftel' being kepi in the dark for over a month gave, on illuminating 
0.5 gram during one morning, 0.09 grám of a-acid and 0.10 gram 
of [1-tl'lIxillic add. 

On heating, however, the [1-cinnamic acid, even without previous 
fusion, is changed very l'apidly into a-cinnamic acid. The higher 
the temperature, the more rapidly the transformation. 

Fl'om all these data it thus appeal's that at the ordinary and also 
at a higher tempel'atul'e t11e a-cinnamic acid is the stabie modification 
and that the p-acid, for this temperatllre range, is always metastable. 

From the ready change of the ~-cil1nall1ic acid into the a-acid it 
may be explained that roncentrated solntions, which commence to 
crystallise at a higher temperatnre than the dilllte on es, gi\'e a-cin
namie acid, whereas from dilnte solutions which crystalhse at a 
Jowel' temperatllre, [1-crystals are deposHed. 

We have aIl'eady stated previously wit.u. a' few wOl'ds that -
considering it has been genel'ally found in tlle case of the ol'ganic 
acids that in flOme solvents (benzene, chloroform etc.) they OCCUl' at 
great concentl'ation, alrnost exclusively, and at low concentratiolls 
still partially, as double molecules - we must also assume thai in 
the solid condition at least double molecules OCCUl'. 

Accol'ding to BECKlIIANN 8) the formula of the double molecule in 
a geneml form woulcl be as follows: 

1) Bel'. 39, 1583. (1906). 
2) Bel'. 42, 509 (1909). 
8) Z. f. ph. Gh. 6, 469. (18!:J0). 
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OH ° 
I 11 

R-C--O-C-R 
I 

OH 
An objection to this formula is that two hydroxyl-groups are 

found at lone C-ato,m which is not possible because water would 
then be readily split off. 

The following formula appeal's to me to ag ree better with the 
data. As is well-lmown alcohdls have the power to form large 
molecular componnds in the said solvents but only in~ concentrated 
solutions, whel'eas the dilute solutlOn contains single molecules. 
Rence, we must assume that, in the acids, two causes are at work, 
which by themselves are not capable of prodncing the effect, namely 
the hydl'oxyl- and the CO-groups. 

As the manner in which the OH-groups react on each othel' 
cannot be properly replesented In the formula as yet, the double 
molecule might be repl'esented as follows: 

/OHORO", 

R-C < ° > C-R. 

For our pUl'pose, howevel', it is fol' the moment of less impol'tance 
what idea one entertains as to the double molecule; it is certain, 
ho wever, that in the case of acids wie generally notice that they 
combine by means of their cal'boxyI-gl'oups. 

In the case of acids possessing two bonds in theil' molecule 1t is 
very probabie that on the transition of the lifluid state into the solid 
one, the attraction of the two bonds may direct the molecüles 

Sllpposing the difference between l(- and ~-cinnamiG acid to consist) 
soleIy in a difference of position of the double molecule" in the 
"Raumgittel''' we might tben arl'Îve to the following schema which 
eIucidates the transformation of the acids into ((- and t9-truxillic acid. 

a 

pHRO\ ' 
CoH.CH=CH-C<g>C-CH=CROoH. 

/OHHO" /0 HHO " 
JaH5-CH=CH-O < g > C-CH=CH-CoH.CoH.-OH=CH-C < g > C-CH=UH-Ool:J 

t9 

/OHORO", 
O.H.OH=OH-O < 0 > O-CH=OHCoH. 
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/OHHO",
OoH 50H=OR-O < g > O-OH=OHOoH5 

Also when we assume that on solidifying a change in strllcture 
of the double molecule takes place and that the formn,tion of the 
truxillic acids OCCUI'S in the douule molecule itself and not between 
two double molecules it is pos si bie to gi ve structlll'al form lliae for 
a- and {1-cinnamic acid. 

a 
l\R5 OR - CH 2 - CO 

)' "'-
o ° 
"'- / CO - OH 2 - OH OoH. 

(i 
OoH. OH = OH - C OH 

6\ 
"'-/ 

OoH5 OH = OR - C OH 
In the first representation it is not evident why the structlll'e of 
shonld make the acid more stabie than tllat of {J; in the second 

repl'esentation Ihis is, however, better visible, although a laclide of 
the formnla a wil! also not posses8 much stability. Yet thel'e are 
sorne facts which lead us to believe that the lactide formula is a 

/ 

very probable one. 
An argument in ravour of this formula is furnished by the follow

ing experiments. 
The cinnamates, namely the acid potassiurn-, the normal potassinm-, 

the calcium- and the barium salt have on exposure to light, in tbe 
solid condition al ways yielded (i-truxillic acid only and not in Ol1e 
instanee a-truxillic acid, although their pl'eparaiion had been modified 
in dIfferent ways. The result was the same whether we slarted from 
a- or from (i-cinnamic acid; the ternperatme also made no difference. 

No salts can, therefore, be derived from the a-acid. 
If the difference bet ween the {(. and the {J-cinnamic acid ronsisted 

merely in the position of the molecules in the "Raumgitter" it would 
be rather strange (when the a-arrangement is the more stabie one) 
that this grollping does not occur In the salts. If for the a-cinnamic 
acid the lactlde fOI'm is accepted, the non-existence of salts speaks 
for itself. 

We might argue th at in the salts no double molecule need occur, 
or el se th at tbese molecules possess a somewhat different stl'uctnre; 
1'01' the acid potassillm salt, however, this does not do because the 
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acid molec~e must, as in the case of the acids, be cornbined to 
the potassil1m saH molecule, as the aCId is ver}' strongly combined 
and connot be extracted by ether from the~solid powdel'ed salt, as 
bas al ready been stated by ERrJENl\1EYl!~R 1). 

The a-cinnamic acid would then be the lactide of (3-phenylhydra
crylic aCId. 

It is known that the cc-oxyacids on being heated in a vacuum 
are converted into lactldes; 8-oxyacids on heating give unsaturated 
acids with elimination oi water, whel'eas y- and (~-oxyacids v~ry 
readlly form lactones. 

Frorn this it appears that, as a rule, the substances possessing a 
carboxyl- and a hydrox) l-group, always have a greater tendency to 
split off water between these two glOupS, whethel' this takes place 
between the gl'OUpS of one molecule, or whether the l'eactioIl pl'oceeds 
between two molecules. 

Only the (3-oxyaclds appal'ently make an exception. 
The (3-phenylhydracry lic acid, fol' instance, on being slowI,)' heated 

breaks up at 1800 into cinnamic aCid and water accol'ding to the 
equation: 

CoHijOHOH 2UOOH ~ C\HijOH=OHOOOH + H20. 
I 

OH 
With substances possessing no cal'boxylgroup this elimination of 

water does not take p]ace l'eadily, as will appeal' fl'om the following 
examples: 

(CHa)2 CoHaCH (OH) (JH 2CH 2CHa boils at 27002
). 

CHaCH(OH)CoH2 (OBa)a boils at 2-180 a). 
CoHöCH2CH (OR) CoR5 melts at 620 and distils unchanged 4). 

Non-aromatir secondary alcohols also generally boil llnchanged 5). 
If, howevel', we assume that fl'om the (3-pllenylhydracrylic acid a 
lactide is first formed, this ready elimmation of water becomf>s 
compl'ehensible. 

COH5CHCH2CO 
/ '\ 

2 COH6CHCH2COOH ~ 0 O~2CoH6CH=CHCOOH 
I ,,/ 
OH UOCH2CHCoH6 

The transformation of other tl-oxyacids, on heating, ma)' be supposed 
to take place in a corresponding marmer. 

1) Ber. 42, 515 (1909). 
2) BmLsTEIN 1I, p. 1067. 
sJ Ber. 31, 1008 (1898). 
4) Anno 155, 63 (1870). 
6) O. 1901 1, P 623. 

, . 


