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Part. 71-

A Study of the Optical Activity of. .

some Derivatives of Lactic- Acide -




A very considerable eamount of research work has been carried
out on the esters of'Tértaric acid with a view to érriving at some
relation between optical activity and chemlcal constitution, the
presentation of the characterlistic dlagram being one of the chlef
results. Lactic acld appeared to offer an interesting line of
study, since 1t contains only onggoarbon atom, and since many of
its derlvatives are liquid, requiring no solvent to enable theirl
optical rotations to be studied. On the other hand, of ocourse,
their low boilling nature in many cases limits the temperature range
over which work can be carrled out. Lt seemed desirable to work
with one asymmetric carbon atom, since the influence of several
asynmetric units on the rotary powder is as yet little understood.

ratterson and Forsythl studled the optical behaviour of some
derivatives of Lactic acld as regards the influence of solvents
and temperature change. At'that time, however, the work was carrled
out using 1ighti\only one colour (yellow D 1ight), but on account
of the interest of derivatives of lactic acld in regard bé rotation
dispersion, this work was repeated with light of six different

colours, and some addition derivatives were included.

1) J. 1913, 103 =2264.
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optically actlive compounds of lactlc aclid have been prepared
in several i&ys;“‘bj‘ffaétibhai hydrolysis of iﬁe%meﬁfhylreéters
(McKenzie and Thomson%) By the“eténdard method of resolution
using actlve bases such as quinine (Jungfleisoh)), Strychnine
(Purdie and Walker)), Morphine (Irvine and Pattersoﬁ)) the best
results belng obtalned by the use of morphine and by crystallisatlion
of the zinc ammonium lactate (Purdie6 and Purdie and Walker7)). The
method adopted for the preparation of the active starting product
was a modification of the methods of Purdie and Walker, and
Patterson, loc.clt.

The starting materlial for the work to be described was
commercial lactic acid syrup. The rotations of suoh syrups are
often considerably higher than that of pure actlive lactic acld
itself, this being due to the presence of lactlde which possesses
a high rotation. It is interesting to note that the lactide may
exlst in the cls and trans forms,

CHy\ -0 ™ CO\ AH H“C’ 0 —. C’O\C’CH:’
H/C\Co_ O/C\H ) CH3 CO*" 0/ \H .

Both the 4 and 1 lactides obtained from the cis form have been
prepared by Jungfleisch and/ .

1) J. 87, 1016.

2) U.R. 139 57, 204.

8) J. 81, 754.

4) J. 89, 935.

5) J. 103, 2283.

8) g3, 1143.

7) J. 67, 618.
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sodchotlz It will be seen that the trans modification has a pseudo
symmetrioal structure, and can only exibt in the 1nact1ve form.

Up to the present, the trans form has not been lsolated, the
cls~trans conversion having proved unsuccessful. It 1s mmggested
that the preparation of the compound could be brought about in the
followlng manner. By the action of ethyl d-chloropropionic acid
on the sllver salt of l-lactlc acid, ethyl d lactyl-l-lactate (T)
could be prepared, and this on losing alcohol should give the
trans-lactide (1l1)

. CH
CH\5 ¢ Agooc\ /H y 0—¢o \ M
c// + C\ —> ’C\
MM CO0CHs  OHT “CHy COOC Hs l-(O CHg,

K NCo — o T CHy

A'éample of the commerclal lactic acid which showed a reason-
ably high rotation,vindicative of a falr excess of the 4 or 1lisomer,
having been obtained, this was firet converted into zinc lactate,
the impure active zlinc lactate belng separated off by fractional
orystallisation, and purified by conversion into the zinc smmonium
Balt. Active zinc lactate cannot be readily purified by crystallisg
ation, since the inactive material 1s less soluble, and comes out
of solution first. The active zinc ammonium lactate,on the other
hand, 1s less soluble in ammonia solution than ingdtive zinc lactate,

and under certain conditiones can be purified by repeated/

1) u.R. 141, 111, 1905; C.R. 142, 637, 19086.
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crystallisation. Inactive zlnc lactate forms no double salt with
inactive smmonium lactate. | -

The conversion of the zinc lactate into zinc ammonium lactate
was at first done by partly converting the erude zinc lactate into
ammonium lactate by means of ammonium sulphide, and filtering off
the preclpltated zinc sulphide. The difficulty,however, of getting
rld of excess ammonium sulphide, ‘the sulphur attendant on its de-
compositlon, and the pollution by hydrogen sulphide fumes given
off by the ammonium sulphide suffered by other supplies‘of zine
lactate in the course of preparation, were disadvantages to this
method. The zinc was therefore precipitated as carbonate with
ammonium carbonate, and this method was found to be more satis-
factory.

From the moderately active lactic acid syrup, by means of
the zinc ammonium salt, methyl lactate was prepared, and from it,
the methyl esters of x-acetoxypropionic acld, m-methoxypropionic
acld, m-monochloroacetoxyproplonic acld, x~dichloroacetoxypropionic
acld, x-trichlorc Bcetoxypropionic acid, x-benzoyloxypropionic
acid, x~o~nitrobenzoyloxypropionlic aclid, and x-chlorosulphynyl-
proplonic acid, were obtained, and the rotations of these sub-
stanoes examined for six different colours of light over a
considerable range of temperature.

Freﬁdenbergl) showed that the four hydroxy acids, l=lactic,
l-glyceric, d=malic, and d-tartaric all possess the same relative
configuration/,

1) Ber. 1914, 47, 8037.
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the hydrogen stoms, the hydroxyl, and the carboxyl groupe sttached
to the ésyﬁmetriézcarﬁbnwatﬁm hav1ngta éimilaf épétiél arrangemenﬁ
on the molecules of these compéunds. These relatlonships were
proved by means of reactione which were known to have no effect
on the spatlal arrangement of the groups on the asymﬁétric carbon
atom. again, comparison of the rotetory powers of these aclds and
thelr simple derivatives showed them to bear eimilar regularities.
uloughlz by a study of the influence of solvents on the rotatory
powér of these aclds, their esters and their salts, pointed out
the similarity in character. ne suggested the method of deter~
mining the relative configuration of simllar x~hydroxy acids with
reference to d-tartaric acid. Wood and Nioholasa showed the
relationship between the positlion of the reglon of anomolous
rotatory dispersion exhibited by optically active compounds and
the configuration of the groups attached to the asymmetric carbon
atoms, compounds of d-configuration having the anomaly (when
realisable) always occurring in the positive region of rotation,
and the crossing of the x axis taking place in one way only,

8o that g% is positive.
The results of this work are in agreement with those of the
above workers, and show that the lactiq acid, which in the

homogeneous condition is dextrorotatory, but which forms a/

1) J. 1918, 113, 528.
2) J. 1928, 1718.
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strongly laevorotatory lactlde, is configuratively related to the
l1-tartrates, and ahéuld”théréfdré be called l-lactlc mcid. It
was previously referred to as d-lactic acld. The lactic acld with
vhich Patterson and Forsyth worked should accordingly be called
d-lactlic acld, since it was the isomer which showed relationship
to d=tartaric acld. In this connection it may be noted that the
configurational sign of the lactic acid contained in all samples
of the commercial syrup examined (the rotations of which were
mainly due to lactides) was that of the rotation of the syrup
iteelf. That 1s, leevorotatory syrups contained l-lactic acid

in emcess, although in the experiments recorded in the sequel,
the isomer that should be regarded as l-lactic acld was used, the
sign has been inverted in all figures to meke the results com-
parable with those fof the d=tartrates...

various suggestions have been put forward for a better nomen~

clature for optically actlve compounds in general. Wohl and
Frendenbérgl suggested that l-lactlc acid should be written "1(+)
lactic acid", but this 1s open to the objection of ambigulty
unless the conditions of the positive rotatlon are more accurately
stated. It refers in this case to the rotatlon of lactic acid
in the homogeneous condition at a temperature of 25°; for sodium
light, but at other temperatures, in other colours of light,and

in certain solvents the rotatlion could probably be negative.

Agein the symbol "4 (+)

1) Ber. 1983, _5_@; 309.
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tartaric" acid refers to a different condition of the active
substé.nce, ‘b'ei’ng" 'appiiéable 't'o aqueoué so‘lu'tvions 'of'”t'arta.ric acld
at the ordinary temperature. In the homogeneous condition, at
about room temperature, ordina.ry tartaric acid would be probably
laevorotatory, at least for red and yellow lightlz A more definite

to
nomenclature ls therefore necessary such as "1 (+homog.A ) lactic

o

t |
acld] or "1 (- p=x [solvent]) lactic acid”, but this, though it
mey be definite, has the disadvantage of be:l.ng somewhat clumsy.
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in Fig. 1. are shown temperature-rotation cuives for the two
colours of light, red (A = 6718 Au) and violet (A= 4358 Al. ), the
curves for the lattef being heavily draﬁh, and those for the
former, lightly. BEach set of curves may therefore be taken by
itself. uurves for the other colours of light were unnecessary,
since in all cases examined, they were distributed falrly evenly

between the two extremes shown. In order to facillitate the com=
‘parieon between the lactates and the tartrates, curves for methyl
tartrate and its monocacetyl derivative, for the same colours of
light, taken from a recent paper by Wood and Nicholasl)are included.
There are three different scales on the diagram. That on the leftl
margin above the zero line is applicable to all the curves in the
upper part of the diagram (including those for methyl-tartrate and
acetyltartrate) the scale for the chlorosulphinyl derivative being
shown on the right hand margin. The scale on the part of the
diagram below the zero line applies only to the benzoyl and the
nitrobenzoyl derlvatives.

Lt is apparent from the curves that they resemble falrly
closely those for the corresponding tartrates, the ocurves for methyl
lactate itself showing the same type of curvature as do those for
the tartrates. At higher temperature,the curves for methyl lactate
progress in such a fashlion as at least to supBest the poseibility
of a maximum at a modérately high temperature in Just the same way
that the corresponding curves for ethyl tartrate 1nterséct at

ordinary temperature and proceed to a maximum/

1) J. 1988, 1692.
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at high temperature. yerhabe some ldea of the behaviour of methyl
1ac£a£é at'highltémperaturé could be oﬁtained”by alsfudy of solutions
in quiﬁ’bline-orﬂin other éuch'sdlﬁenté which'arevknown‘to have the
power of elevating the rotation of ethyl tartrate. It will be seen,
that whereas the methyl tartrate curve for violet light lies below

the corresponding curve for red light, the opposite is the case

for methyl lactate. It 1s however to be noted that the two curves
for methyl tartrate tend to intersect at hlgh temperature, whilst

the two curves for methyl lactate tendtto intersect and clearly

would, at some fairly low temperature in the neighbourhood of -1000.

In other words, the region of anomalous dlspersion for the simple
tartarid@sters occurs at a high temperature, and that for the
simple lactic esters, if it exists, would be found at a low
teﬁberature.::nn,addition the temperature range 1ln the ocase of the
lactates would appear to be greater than that of the tartrates.
When methyl lactate is converted into methyl acetoxypropionate,
‘the change is accompanied by a considerable decrease in rotation,

but the noticeable feature about this compound is that the rotation

is very little affected by change of temperature within the range

under examinatlon. This would point to the presence of mexinma

da
dx is a minimum.

When the awtoxy group is replaced by chloroacetoxy, there is H

orwmimima, since it 1s in the nelghbourhood of such regions that f

a slight decrease in specific rotation and the curves show negative

temperature coefficlents.




=10=

With the production of the di-chloroacetoxy derivative, there ’
is a furihéf‘dGCréasé in spedifid rdtation; and thé rotations show, |
in part of the‘range under examination, definité positive temperature‘
coefficients in contrast with those of the mono~chloroacetoxy com-
pound where the temperature coefficient is negative. trom the
rotation values for the di-chloroacetoxy derivative, it will be seen
that maxime are shown for all colours of light, the tendency being
for thelr occurrence at higher temperature with decreasing wave-
length as has been shown to be the case with homogeneuus ethyl-d=

1)
taptrate .

again in the case of the tri-chloroacetoxy compound, the
rotations all show positi#e temperature coefficients.

Taken in general therefore, it will be noticed from the curves,
that whereas the derivatives having considerable negative rotations
show a rapid increase in rotation — become less negative — with
rise in temperature, those with intermedlate rotation such as
methyl lactate itself, whoss® curves would probably reach maxima
at temperatures in the region of 150°, show comparatively small
changes in rotation. The tendency then appears,that golng in order

through the series methyl lactate, methyl trichloroacetoxypropionate,
methyl di-chloroacetoxypropionate, methyl mono~chloroacetoxypropion~

ate, methyl acetoxypropionate, therse is a progression from/

Patterson. J. 1916, 109, 1145.
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those derivatives exhibiting positive temperattire coefficients,
throﬁghlﬁhésé exhibiting maximla, to those showing negative
temp erature coefficienté. |

The methoxy and the chlorosulphinyl derivatives had the highest
rotatlons of the substances examined, and it wlll be seen that the
positive temperature coefficlent of methyl lactate is in these
substances converted into a negative temperature coefficient, the
rotations rapidly diminishing as the temperéture rises, and
éuggesting the existence of a minimum at still higher temperatures.

Again, jJust as in the case of the tartrates, an exactly

opposlte behaviour is shown by the benzoyl and the nitrobenzoyl

derivatives. The introduction of the benzoyl redicle lowers the
rotation greatly at ordinary temperatures, and the curves then adsume
a form very similar to that shown on Fig.l. for the corresponding
lactates in which the curves appareﬁtly tend to intersect at high.
temperstures. This behaviour is still more obvious and pronounced

in the case of the nitrobenzoyl derivatives.

The curves in Fig.l. having been shown to possess a behaviour

in general agreement with that of the d-tartrates, it is for this
reason that they are considered analagous to those for the derivatives
of d-tartaric acid, and therefore that the partlicular set shown are
those of d~lactic acid. It will be seen that the lactic acid

syrup which was used in this work, and which possessed in the crude

syrup a negative rotation is actually l-lactic acld.
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Taking into consideration all these curves, it would appear

1) :
for the lactates

that the general tempersture-rotation curves
are very similar to those for the tartrates (Fig.2.) ; at low
temperatures, the rotations should have high negative values, with
‘incfeasing temperaturd, the rotations should become less negative,
pass through a region at which they intersect one another, reach

maximum values, and ultimately tend again towards minimum values.

Pig. 2.

i

/?otdl'fon.,
% 0o 9

7émfemi. ture.

N

The region of visibly anomalous dispersion was not actually )
2
reached in any of the above cases, but 1t has been shown by ulough

to exist in solutions of methyl lactate in water. Now 1t would be

expected from the appearance of these curves that the intersection

bf the violet and the red curves for methyl lactate, which would I
ocour at a low temperature in the homogeneous ester, should come {

into the region of ordinary temperatures in a solvent possessing

the power of depressing the/ | |

1) J. 1916, 109, 114l.

2) J. 1918, 113, 552.




th® rotation of the ester. Ethylene di“bromide considerably
depresses the rotation of ethyl tartrate,and therefore, a solution
of methyl lactate in ethylene dibromide was examined, and as
ejected, data was obtained which afforded evidence of visibly

anolamous dispersion. The results are shown in Pig. 3.

*7'@mperd.tvi 'e. .
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In the whole perhaps the results
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ithis 1s especlally the case for vlolet light

notably, but also that for blue requires a decided ourvature to fit

the experimental points.
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The scale in the main part of t'ig.4. is much too small for the
data for'methyi’lécﬁéte in the hmegeneo&s'bonditién”and in
golution in 6thylene dibromide,to be'representéd, and therefore
a smgll characteristic diagram for these two conditions 1s inset
in the' larger one. It will be seen from this that the region of
anomalous dispersion which is not quite reached on the homogeneous
ester 1s reached in the.solution in ethylene dibromide. It appears
from thls diagram that by cooiing homogeneous methyl lactate, the
rotation for green and violet would become idenﬁical at the
rotation value of + 5.5 which would be the rational zero for

these two colours.




Esgerimental.
several samples of commercial lactic acid syrup from different

sources were examined with a view to obtaining a supply which showed
18° ‘

a fairly high rotation. Samples having rotations of x (100 mm, )=
o 18° o 5461
204l ~=x (100 mm.) =<4.27 were received, it being decided to
5461

use that supply possessing the highest negative rotation. Un-
fortunately) this material could not be s%pplied in sufficient
quantity, so a syrup having rotation « 18 (100 mm. )z= 3.47" was
used. The preparation of the zinc 1ac§§§$ was carrled out as
follows:- 900 c.c. of water having been Rheated almost to bolling,
750 c.c. Of lactic acid syrup was intrdduced, the mass being
vigorously stirred. py this means, hydrolygie of the lactlde was
brought about.When the mixture was boliling, 426 g. zinc oxlde were
added slowly with stirring, and the solution was bolled till
neutral, the bulk of the ligquid being maintained by the addition of
more water at intervals. This process took about 8 hours. The
solution was then allowed to cool, and the inagtive zinc lactate
which orystallised out was removed by filtration. On concen-
trating the filtrate and allowing to stand, the active zinc lactate
orystallised. The bulk of inactive zinc lactate was extracted with
several 2 = litre portions of boiling water till the extracts showed
no appreciable rotation. on concentrating these extracts after
cooling and removal of inactive zinc lactate, more active salt was

obtailned, this being added to the main portion of active zinc

lactat Oe
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In this manner, aboutv278 g. actlve and 900 g@ inactive zinc
lactate were obtained, so that the original lactic acid syrup must
have been composed of about 62% of the ldevo and 38% of the

dextrorotatory form. ghe purest sample of zinc lactate obtalned

17 o
showed & rotation of X =039 (¢ = 2¢55 1 = 200 mm,)
5461

‘“he next stage in the process was the conversion of the zinc
lactate into zinc ammonium lactate. 100 go zinc lactate prepared
as above were dissolved in 500 c.c. water, 40 g. ammonium carbon-
ate dissolved in 180 c.c. water were added, and the precipitated
zinc carbonate filtered off. The filtrate in boiling deposited
more zinc carbonate which was also removed by filtration after
any excess ammonium carbonate had been des%gﬁyed by boliling.

To this solution of ammonium lactate, 160 g;K(4O ge less than was
required to convert all the ammonium lactate into the double salt)
dissolved in 750 c.c. water were addeds On evepprating and

allowing to cool, small crystals of zinc ammonium lactate were
depositeds. The mother liquor after being concentrated, was seeded
with a few crystals of pure active zinc emmonium lactate, and on
standing further crops were obtained. mother liquors from further
Preparations were treated in the séme manner till no more zinc

ammonium lsctate was deposited. 1t is important that the first
orystallisation should be carried out from a solution containing
excess of ammonium lactate, otherwise, the tendency 1s for the

zinc lactate to crystallise instead of the double salte It was

also found/
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that solutions of specific gravity 1.20 gave‘the best ylelds
of the double salt. o I |

The zinc ammonium lactate so obtained was recrystallise@'from
dilute ammonia solution 2(120 c.c. being used tg dissolve 100 g.
palt), till the product showed a rotation of §§'(aoo mm.) - 1.90°
for a solution of 1.80 g. in 20 c.c. of diluigeémmonia (300 c.c.
concentrated ammonia and 1000 c.d. distilled water; Patterson and
Forsyth(loc.cit.) From 2 litres of lactic acid syrup, 400 - 450 g.
of pure zinc ammonium 1 ~lactate could be obtained in the above

manmer.

Methyl L@ Lactate:
Y

The eéter was prepared by the methods of Purdie and Irvinel)
and Patterson and Forsythz, the zino ammonium lactate being
previously carefully dried in an air oven till it had lost a
woight equivalent to slightly more than 2 mols of water of
crystallisation. The methyl alcohol had been purified by standing
over qulcklime and by distillation. The pure ester boiled at 47°/
15 mm,, the yield being 60%.

‘The rotation of the preparation was then examined as shown

below.
Rotation of methyl l-lactate.

Densltles determined:
T ﬁ06° 22:57 40.4° ATQTQS T 100

d - 1.096 1,091 1.071 1.026 1.002.

1) J. 1899, 75, 484.
2) 1loc.cit.




AN = 6718 A.u.  Red 1light (T )
- 7.5 g 22.8° "59.9° B58.7° | 80.0567 1007
%(160 mme) =10.35| 10.49 11.15 ©11.48 11.98 | 21.41]12.73
(] -5.76 | 5.88 6.39 6 .70 7.13 7.57 |7.85
™M -5.99 | 6.11 8.65 6.97 7 .41 7.87 [8.27
A = 6234 A, Red 1light ( V)
( = 7.50 0° 22.0° 39.9° 58.7° | 80.056°] 100°
(160 mm.}=11.75 [11.93 12.68 13.18 13.72 | 14.23 }14.66
[x1 |-6.53 |6.68 7.80 7 .69 8.17 8.68 [9.18
(M]  |=-6.79 |6.96 7.48 8.00 8.50 9.03 |9.51
N = s7e0 .. Yollow Light (y.)
3 - 9° 0° 2l.9° 39.9° 58.7°] 80.06°f 100°
X (160 mm.)=13.18 |13.53 14,35 15.08 15.73| 16.35 | 16.87
(] |=-7.32 [7.58 8.22 8.79 9.36 10.02 | 10.53
{m] -7,82 |7.88 8.55 9.15 9.74 | 10.43 110.97
AN = 5481 AJd., Green Light (g.)
i3 = 10° 0° 21.9° 39.0° 58.7° 80.95°) I00° |
X (160 mm.)-14:33 [14.89 |[15.79 16.64 17.39 18.15 [ 18.74
[x] |=7.95 [8.89 9.04 9.70 10.35 11.08 [11.869 '7
{m] |-8.27 |8.83 9.40 10.08 10.77 | 11.52 (18.15 |
A = 4916 Add. Blue Light (b.)
i3 —F BT 0° a° 79" 56 7° | 80 06°] 100° |
X(1Omm) |~16.45 | 16.90 |18.31 19.48 20.56 81.50 |22.87 |
[x] |=9.15 9.47 [10.48 11.36 12.26 13.11 [13.97 ||
[Mm] |-9.58 9.84 |10.90 11.88 12-74 13.66 |14-53 |




=20=-
N = 4358 {M.  violet Light (v.)

T =10° 0° 21.9° 39.9° 58.7° | €0.95°] 100°
X(160 mm,)|17.49 | 18.57 20 .83 22.58 | 24.23 | 25.79 [26.99
(x) -9.71 | 10.40 11.93 13.17 14.42 | 15.73 |16.88
L] -10.98 | 10.82 12 .43 13.69 15.00 | 16.37 |17.54

Methyl l-x-Acetoxypropionate.

Thls substance was prepared by adding slowly 382 g. (twice
theoretical amount) of pure acetyl chloride to 21 ge. methyl lactate.
When the action became quiet, the mixture was heated to boiling under
reflux for 1% hours, and the excess acetyl chloride removed on the
water bath. The product was repeatedly fractlonated under reduced
pressure through a Sydney Young fractionating column till no change
in the rotation after successive distlillatlons was observed. The

methyl acetoxypropionate boliled at 68°/ 13 mm. and was obtained as

a colourless liquid with a faint odour. Yield was 80% of theoretical

Rotation of Methyl l-x-Acetoxypropionate.

Densities obtained:

T 18.8° 20.4° 39.6° 87° | 80° 100°
d 1.089 1.0866 1,0877_| 1.0350 | 1.0204 | 0.9983
T
t 0° 15.0° 41.3° | b68.8° “76.8° 100°
X(160 mm, J=26.64 |[26.13 25.37 24.85 24 .27 23.66
[x] -40.08 |39.83 39.74 39.71 39.49 39.51
M1 -58.44 |58.16 58:00 57.96 57-65 | 57.65




r 2.
T 0° 15.0° 41.3° 58.,8° 76.8° | ' 100°
X(160 mme )~31.04 | 30.44 29.59 28.87 28.36 27.72
L&} -468.64 | 46.41 46.33 46.13 46.16 46.28
(M) -88.09 | 67.80 87 .65 67.35 67.45 67 .80
Ve
t ] 0~ 15. 4° 41.3° 58.8° 76.8° 100°
X(160 mm. )=36.32 35.71 34.81 | 33.98 33.31 32.41
[x3 -54,56 54.47 54.21 54.821 54.06 54,11
IM] -~ |=79.85 79.60 79 .20 79.20 78+95 79.00
g
) I 0° 15.4° 41,30 58.8° | 76.8° 100°
X (160 mm,)=41,12 | 40.47 39 .26 38.51 37.77| 36.83
{x] -61.78 | 61,72 6l-47 61.54 861.48 | 61.50
(m] =~90.85 | 90.10 89.90 89.95| 89.80| 89.85
be
X o Ti5.0° 21.%0°] ©88.8° ] 76.8° | 100°
X(160 mm.)=51.00 [50.03 48.94 48.08 | 47.37 | 46.85
[x] -76.82 [76.27 76,65 76.83| 77.10 | 77.21
(M3 _ [=111,75 [111.35 111.80 | 112.25] 112.46 [112.66
Ve
T T o 15.4° 41,590 58.€° | 76.8° 100°
x(1680 mm.)=66.59 | 65.58 64.16 62,97 | 61.98 60.71
[x] =100.03 | 100.08 100.47 | 100.08 |100.78 |(101.35
[m] -~-146.10 | 146.10 146.70 | 146.10 [147.10 1148.00
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yethyl l-x-ghloroacetoxypropionate.

The mono-chloroacetyl chloride used in this preparation was
prepared by the action of thionyl chloride on mono=chloracetic acid.
Phosphorus pentachloride cannot be used owing to the difficulty of
separating the product of the reaction from the phosphorus oxy-
‘chloride formed, both substances having boiling points very near
one another.

‘the mono~chloracetic acid and the thionyl chloride were bolled
- under reflux till no more hydrogen chloride was liberated, and
the product fractionated through a Sydney Young column, the portion
boiling at 105°~ 106°being retained.

The chloroacetyl chloride prepared as above was heated under -
reflux with twice the theoretical quantity of methyl lactate for
four hours, and the product fractionally distilled under reduced
pressure through a colummn till no further change in rotation
was observed. The methyl l-m=monochloroacetoxypropionate was a
colourless liquid of b.p. 110° /15 mme Yield was theoretical.
Analysis of the product gave Cl, 19.65%. valculated result is €I,

19.77%.

Hotation of Methyl l-m-Chloroacetoxypropionate,

Densities determined:

BT @5 | @.56° 315" 59.85° | 80.0° 55"
d| 1.8521 1.2287 1.22684 1.8064 | 1.1830 1.1598
q.
t 0° 21.8° | &9.76° 59.0 ° 80.0
(80 mm,)=-27. 50 27.01 25.88 25,04 24.20
(%] -35,01 35.99 35.07 34,58 34.09
M) =85, 00 65.15 683+45 82.59 81.70




-Ko-

r 2.
T 00 21.3°| 39.76° 59.0° || 80.00 100° |
({60 mm.)| -32.12 [ 31.81 30, 24 29,29 28,38 27.64
(x] -41.,95 | 41.58 40.98 40.45 39.84 39.72
(M) -76.90 | 75.22 74.17 73,20 72.08 71.88
Yo
T 0° 21.5° 39.75° | 59.0° 80.0° 100°
x(60 mme)=37.8% | 36.55 35.44 | 34,47 3%3.26 | 32.31
{x] -49.15 | 48.70 48,08 47.60 46.86 | 48.42
[m] -88.95 | 88.10 86.856 86 10 84.78 | 84.00
Eo
T R 21.5 | 89.76° | 59.0° | 80.0° 100°
x(B0 mme)=42.64 | 41.43 40 22 39.08 | 37.75 B6. 79
[x] -55e469 55419 54450 53496 53.18 5. 87
fm] |-100.75 | 99.90 98 65 97.73 | 96.30 95.75
De
3 0° 21.3° 59,75° 50.0° | €0.0° 1007
x(60 mm,)~-53.,26 | 51.78 50.486 48.89 | 47.26 45.98
] -59.56 | 68.98 68.37 82 .51 | 66.58 66.08
] |-125.eo 124.80 | 123.65 122.15 |120.45 |119.55
Ve
T 0o 21.5° 39.76° 59.0° | 80.0° 100 ©
X(80 mm.}—69.70 87.91 66.40 64.79 | 62.67 61.27
[x] -9104 | 90.48 | 89.97 89.47 | 88.29 88.04
] !-164.55 163.75 |1688.80 161.96 |169.70 1169.25
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Methyl l-s~plchlorocacetoxypropionate.

This was prepared from methyl lactate and dichloroacetyl
ohloride (b.p. 107°~ 108) in exactly the same manner as was the
monochloroacetoxy derivative from chloroacetyl chloride. The
colourless product boiled at 115 / 15 mme. Yield of impure ester

was theoretical. Analysis gave Cl, 33.R87%.

]

33.03%.

Theory requires ¢},

Methyl
Rotation ofhl-u-Dichloroacetoxypropionate.

Densltles determined:

) 22.0° B9.0" 60.5° 81.5° 100°
d 1.3315 1.3105 1.28 1.2858 1.2359
rl.
) 55 T8I 0" | 39.0° 59.5° —%5.0° | 100"
X(e0 mm.&-20.35 20.36 20.07 19.78 - 19.24 | 18.88
(] -24.94| 25.46 25,33 25.575 28 .43 | 25.19
Ml |=-53.88| 54.74 5489 55.00 54.88 | 54.03
r 2
[t [ 0° [21.0° 39.0° 59.5° 79.0° 100°
(60 mm.)=23%.74|23.83 23.57 23.07 22.59 | 21.99
(«] -29.13(29.88 29,97 29,925 20.86 | 29.87
M |-62.63[64.11 64.44 64.35 64.20 | 83.79
v ’
v T Ue RI:O°] o9.0° 70T 7oTOT 100~
x(60 mm.)-27.88| 28.03| 27.61 27.182 26.57 |25.93
1a] ~34.18| 35.07| 35.11 35.176 35.105 |34.965
(M -73%.49| 75.40( 75.49 75.64 75.51 {75.19




e
[} o Qljo Jm .0° . 5"§_.50 W‘\. ] "—Er’a ‘
%x(60 mme }=31.64 31.80 31,41 30,87 30.80 | 29.49
(x] -38. 88 39,79 39.95 40.05 39.91 | 39.786
{™) -83%.46 85.55 85.89 86.11 85.81 | 85.49
be
t ; g 21.0° 39.0° 59.5° 79,0 ° 100"
x(60 mm, )=39.27 39, 87 39.28 38.65 38.15 | 36.98
Q% |-48-18 49.64 49.96 50«14 50.41 | 49.87
i |=103.6 ]108.7 107 .4 107+ & 1084 |107.8
Ve
T 0’ 21.0° 39.0° 59.5° 79,0° 100°
X(60 Eme)=51.63 52.28 52.17 51.48 50.48 | 49.51
L) j-es.se 65.41 €66.345 | 66.78 66.71 | 66.77
M -1%6.2 | 140.6 142.6 143.8 143.4 |143.8

methyl l-x-Trichloroacetoxyproplonate.

The trichloroacetylchloride used in this preparation was

obtained in the same manner as monochloroacetyl chloride, from

trichloracetic acid. The product was fractlonally distilled, that

portion boiling at 117 - 118 being retained.
0 prepare the methyl trichloroacetoxypropionate, the acld

chloride was bolled under reflux with twice the theoretilcal

quantity of methyl lactate till no more hydrogen chloride was

liberated (about 3 hours).

The product was fractionally distilled

through a column under reduced pressure till no change in the/
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rotation of the distillate was observed.

The ester boiled at

. .
116 / 13 mm, ‘yield of impure product was theoretical.

analysis gaveCl, 42.40%.

Denslties determined:

Theory requires G, 42.69%.

T “21.5° 40.0° 59,0° 81.6° 100°
d 1.3919 13678 1.3416 1.3219 1.2893

Rotation of Methyl l-x~Trichloroacetoxypropionate.

ril

T [ o° 20.5° 41.0° 59.0° 80.6°] 100° |
X(60 mme)-14.18 14.19 14.04 13.93 13.82 | 13,89
(] -16.64 16.97 17.13 17.31 17.52 | 17.73
Ml |-41. 52 42.34 42.74 43.19 43.71 | 42.24

T 2.

e [ o0° 2050 41.0° " 69.0° 80.5° | 100°
X(60 mm,)=16.60 16.58 16 .49 16.37 16.22 [18.07
[x] -19, 48 19 .83 20.12 20.33 20.57 |20.79
(M ~48.80 49 .48 50.19 50.78 51.32 |51.87

yo

K3 [ 0° 50.6° 41.0° 59,0° 80.6° | 100°

(eo mm, )=19.45 19.45 19.36 19,23 19.14 |18.91
[] -22.81 2%.86 23.682 23,89 24.87 |[24.45
[~y =56.91 58.03 58.93 59.&1» 60.56 161.00




e
(k3 0° 20.5° 41,0° 59.0° 80, &° ~100°
X(60 mm, )=22.08 22.06 21.986 21,83 21,72 21.49
[x] -25.88 26,739 B86.79 27.18 27.54 27.79
(] -64.57 | 65.84 66 .84 67.66 68.72 | 69 .34
b.
T 0° 20 6° 41,0° 59,00 80.5° 1007
X(60 mm,)=-27.39 27,46 27.52 27.36 27.23 | 27.083
™] - 32,13 | 32.84  33.58 33,99 34.52 | 34,93
(] |-80.18 | 81.00 83.85 84.80 86.13 | 87.15
Ve
T 0° 20.8° 20.0° 59.0° 80.6°] 100°
X(60 mm.)=35,53 35.95 35.89 35,95 38,90 | 35.74
] -41.68 43,00 43,73 44,688 45,51 | 46.80
M -104.0 | 107.3 109.1 111.4 113,5 {118.3

methyl l-x-iethoxypropionate.

The ester was prepared according to the method of rurdie and

1)

Irvine , and was finally purified by fractional distillation

through a column under reduced pressure.

Rrotation of Mathyl l-x=Methoxypropionate.

Densities determlned:

it had b.p. 38°/13 mm.

lﬁ 5" 22.5° | 42°0° | 49:5°] 61:6°] 7557 o7
la 1.0039 |o0.9958 |0-9766 | 096775 | 095556 [0.9408 | 0-9285

1)

Je 1899, 75, 485.




ri
£ —o0° 25.0° 40.0° @0.0° 78.0° [+ 100°
X(60 mm.)-41:70 38.74 37.85 35.71 33.83 32.10
3 ~88.14 64.96 63.51 82.29 60,37 58.82
LM] ~81.05 77 .34 75 .58 74.10 71 .85 89 .99
r g
T 0o 5.0° 40.0° 60.0° 79.0° 100°
x(60 mme )m48.63 .25 43,72 41,59 39,91 | 37.88
) ~79.468 I75.88 74.55 72.54 71.22 | 69.48
M |~94.556 190.30 88.75 86 .30 84.73 | 82.59
Yo
t 0° 25. 00 40.0° €0.0¢ 80-0° 100°
Xx(80 mm, )=57.17 53,32 51.26 48,78 46.80 | 44.16
M [=111.20 | 106.40 103:90 101.85 98.20 | 96.282
e
T O 65.0° 40,0° 80.0° 80.0° 100°
x(80 mmj-e4.94 80. 58 58, 30 55,89 52.55 | B0.31
] -106.18 | 101.57 99.41 98.45 93.87 | 92.19
My |-1268.20 |180.90 118.25 114.80 111.70 [109.70
be
[t 0% ~B5.0° 40.0° 60.0° 79.0° | 100
X(60 mm, }~81.48 75.38 72.95 69, 98 66.08 | 83.23
s! -133,14 | 126.39 124°38 122,08 117.92 |115.88
) ~159.35 | 160.40 148.10 145.820 140.35 [137.95




- -

Ve

T 0°  25.0° 40.0° 60.0° 80.0° 100°
X(60 mm.)-107.-88 100.61 968.98 92.08 87.656 83. @7
LY -176.24 168.7 165.36 160,51 156,57 153.35
Ml ~209.85 200.70 196.80 191.00 186.30 182.50

unethyl 1-x-Benzoylo%%rbpionate.

The ester was prepared by boiling methylvlactate with twice the
theoretical amount of redistilled benzoyl chloride for about 3 hours
under reflux, The product was then fractionated from a Claisen
flask under reduced pressure till the rotation was constant. The
product boiled at 145 /13 mm. and was a colourless viscous liquid
with a faint agreeable odour. Yield was 85% of theoretical.

Rotation of Methyl l-x~Benzoyloxypropionate.

Densities determined:

T ~18.56° |  20.256° 40.0° 60.0° 0,259 9
a 1.1474 1.1443 1.1860 11068 1.0872 |1.o7o 3
rl
t 0° 18.0° 40-0° 681.5° 805° 100° ]
(60 mme )+ 9.32 8.66 7.90 7.08 6.422 5.83
Lx] +13.36 | 18.59 11.89 10. 68 9.84 9.10 ’
(] +27.79 | 28.80 25.48 © 28.83 20 .46 18.98
rg
T 0° 15-0° 40.0° 8I-5° 80.6° | 100°
X(60 mm.) +11.54 | 10.82 9.79 8.8 7.99 7.82
Ix] +168.55 | 156.73 14,49 13,35 12.26 | 11.26
(] »34.42 | 32.78 31.6 27. 39 25.49 | 23.44




=530=

Yo
% 5? 15° 57 0.0° eT. 5" 0B’ ~—100° ]
X(60 mme )|+ 14.69 | 13.88 12 .54 11.36 10.17 9.185
x1 + 21,08 | 20.14 18.57 16.98 15,59 14.334
M +43.80 | 41.82 58.61 35.35 31.85 29.47
Ee
T 0 | 15.5¢ 40.0° 681.5° 80.5°
x{(60 mme)|+17.,96 | 16.98 15.27 13.89 12.40
[ +26.7¢ | 24,64 23.60 20,83 19,01
M +53.45 | 51.28 47.05 42.85 39.55
be
¥ g 15.5° 40, 0° 6L.5° 80.5° 1007
X(80 mme )| +26.17 | 24.75 22,27 19,98 18,08 16,32
] +37 .63 | 35.92 32.97 30,08 27.72 25.46
{m] +78.10 | 74.70 68. 60 62.42 57460 52.80
Ve
T 0 ~16.5° 40.0° 61.5° 80.5° 100° |
X(60 mm, )|+ 42.98 | €40.27 36,18 33 .47 29.85 26 .56
x] +61.85 | 58.44 53.55 48.94 44,85 41,45
) +128.301121.55 111.30 103.50 93 .50 86.25

Methyl l-x-o-Nitrobenzoyloxyproplonate.

0~ Nitrobenzoyl chloride (7 g.) and methyl lactate (8 ge) were

boiled gently in a flask fitted to an air condenser for 8 hours,

and the unchanged methyl lactate was dlstllled off under reduced

Pressure.,

at 140°- 200° /6 mm. was dissolved in ether, and shaken with a

The residue comnsisting of impure product which distilled

concentrated/
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solution of sodium carbonate to free it from excess nitrobenzoyl
chloride. After removal of the ether, the product was distilled
several times, the portion boiling at 175 = 1800/16 mm . heing |
retained. un standing, the ester solidlfied,and was crystallised
several times from 40 - 60°petroleum ether in whioh it is slightly
soluble. it had m.p. 36 - 37°and was in the form of colourless
plates. Yield of impure ester was 70% of theoretical. Analysigt=
found: N, 5.87%. valculated: N, 5.53%.

Rotation of Methyl l-x-o-Nitrobenzoyloxyproplionate.

Denslities determlned:

|t 25.6"° 42.0° 80.0° | 88.0° 100°
a 1.2692 1,2537 1.2367 1.8177 1.2009
rl
K3 —14.0° 25.0° 20.09 80.0° 81.257"  100°)
X(40 mm, ) + 15,95 14 .97 13,61 11.91 10.18| 8.98
| +31.14 29 .47 27.08 24.08 20.90] 18.89
M +78.78 74 .56 68.51 80.93 58.90| 47.28
r g
¥ 120 B54.0° 40.0° 60.0° 81.26°] 100°
X(40 mm, )|+20.37 18.90 17.19 15.01 12.80 | 13.%8
1 +39.76 37.18 34,20 30. 34 26.47 | 23,86
] +100. 58 94.08 86 .58 76,77 66.97 | 59.86
yc
t 14,0° 24.0° 40.0° 60.0° 80.0°
X(40 mm,.) +26.30 24.53 21,99 19.38 16.73
T +51.34 48.26 43,74 39.14 34.30
i +132.91 122 .10 110-70 99.082 86.78




-

Ee
12,07 24,00 40.0° —80.0° | BlL.eb 1007
X (40 mm,e ]t 48,93 46,88 41, 89 37.08° 81.90 | 28.35
] + 95.582 91.06 83.35 74.92 65.50 | 59.02
] + £41. 68 230. 39 210.87 189.52 165.71 ]149.31
be
t 14.0° 24.0° 40.0° 60.0° 81.26¢°| 100° |
X(40 mm. )| + 48.93 46,28 41.89 37.06 31.90 | 28.35
(x1 +95.52 91}0€‘ 83.35 74.92 65.50 | 59.02
(Ml | +241.68 2%0.39" 210 .87 189. 68 165.71 |149.31
Ve
T 14,0° 24.0° 40,0 60,0° 81.25° 100°
x(40 mme )+ 97.08 88.55 79,45 70,14 55.79 | 47.04
(x] +189. 39 174.22 158.07 141.79 114.55 | 97.98
M +479.91 44078 399.91 358.73 289.81 [247.77

Methyl X-m-Nitrobenzoyloxypropionate.
methyl lactate (8 g.) was boiled under reflux with m-nitrobenzoyl
¢hloride (7 g.) until no more hydrogen chloride was evolved (about 6

hours). The excess methyl lactate was distilled off under reduced

Pressure, and on further distillation a product came over at 180° -

196°/ 8 mm. An ether solution of this substance was shaken with sodium

carbonate solution, and after removal of the ether, the residue was

fractionated.
apparently on account of racemisation. oeversal further attempts were
attended with the same result. Analysis of the product gave n,5.85%.
Calculated N, 5.53%.

it seems curious that the m=-nitro-derivative should undergo
racemisation, whilst the corresponding o-oompound seemed to be quite

stable,

tYhe rotation of the product however gradually diminished
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The highser boliling point of the m-compound seems scarcely sufficient hﬁ
to a&coﬁnﬁ for this, - o o |

The preparation of l-x-p. nitrobenzoyloxypropionate was
attempted in the same manner as indicated above for the 0-and m-
nitrobenzoyl derivatives, but the methyl lactate, and the p-
nitrébenzoyl chloride did not seem to react with one another at all,
the methyl lactate being recovered from the reaction mixture un=
changed. The use of large excess methyl lactate, thﬂbmployment of
higher temperatures, and prolonged heating made no appreciable
difference im the final result. The effect of pgridine on the
condensation at 0 and looowas also tried without success.

nethyl l-x-Chlorosulphinylpropionate. 1)

This ester was prepared by krankland and varner's method for
the ethyl derivative. The product, purified by fractional distill-
ation through a column, boiled at 89713 mm,. analysis of the ester
showed Gl, 1@-13%; &S, 17+-64%. Theoretical; Ol, 19.0%%; s, 17.20%.

It has been pointed out that methyl x—cg%orosulphinylpropionate

l. should contain an asymmetric sulphur atom which might influence

its rotation. several compounds containing trivalemnt sulphur of

the type 11 have already been resolved.

CHy * CH COOHC g ‘
0 =C— R
0=5-a 0=3§

i, .
With regard to the configurational nature of the chlorosulphinyl
group in the compound examined, nothing can at present/

1) ;ﬂimu, 105, 1101. ) assa
lips, J. 1985, 127, .
uarrisoa, Kenyon’ana rhilips, Je. 1928, R079.
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Rotation of l-x-Chlorosulphinylpropionate.

Densities determined:

T — 19.5° 40.0° 59.5° 80.0° 100°
d 13420 1.3165 1.2928 1.8645 1.2414
rl
T 0° "16.0° 26.5° 42.0° | 60.0°[ B0.0°[100°
X(80 mm, )| =136.76| 131. 33 | 127.79 128.92 100.86 | 109.80(104.33
[l -168.84| 162.57 | 159.70 155.91 150.83| 144.66(139.94
M -311.3 | 30%.3 898.0 290.9 281.4 | 269.5 |@61.1
r 2
e 0° 16.0° 26.6° 42.0° 60.0° | 80.0°] 100°
k(60 mm.)-162.51 | 158.40 | 154.21 145,50 138.28 |130.50|123.49
[x] -198.26 | 196.08 | 192.73 184.50 178.47 {171.70(165.80
M -3689.9 | 365.8 359.6 344.2 333.0 [|320.3 [309.3
Yo
T 0° 15.5° | 26.56° 4a1.5° 60.0° | 80.0° 100°
x(60 mm.)-194.04 [186.-19 |180.72 173,34 164.58 |155.69 | 147. 34
(] -238.72 [230.34 |225.86 219.80 212.43 [204.84 | 197.81
[v] -441.7 l429.7 421.4 410.1 396.3  |382.2 | 369.1
geo
i o 5.5 e |05 ‘o8 109, 86 179'5; 14160“51
x(60 mm.) -323. 66| 214.85 [R086,3% |199.85 . .35 | 166
b ) -2'78.82 265.80 |260.36 |253.41 844.800 | 235.96 | 2R3.96
] -5090.1 | 495.9 485.7 472 .8 456.7 440.8 417.8




b. @
T ‘ O 16.0° 26.5° 42.0° 60 .0° 80.0° 100°
x(60 mm.)-288.88|278.78 | 287.57 |258.73 | 245.30 231.561 |218.01
[} -351.68|345.07 | 334.40 |[328.17 | 316.60 304.59 |R292.70
T -656.1 1643.8 | 6:23.9 612.3 590.7 568.3 [5468-1
Ve
) 0° 15.5° 26.5° 42.0° 80.0° 80.0° 100°
% (60 mm, )-402,95| 386.19| 375.15 | 358.90 340.88 | 321.45| 304.42
[x) -491.59| 477.77| 468.84 | 455.33 | 439.97 | 422.92| 408.71
™M -917.2 | 891:4 | 8747 849.3 820.8 | 789.0 762
anilide of 1 - lactic acild.
this preparation was carried out asm described by sischoff and
Walden « 10 g. methyl lactate and 9 g.. Aniline were heated together

under reflux at 150" ~ 160 for 6 hours. The unchanged substltuents

being removed by distillation. 5 ge. methyl lactate were reco¥ered.
The brown residue was dissolved in benzene, washed with water and
dilute hydrochloric acid, and boiled with animal charcoal. un
removal of the benzene, repeated attempts at purification by
crystallising ended in failure, and the boiling point, 250 /13 mm.

- was éo high that the risk of racemisation was considered too great

for purification by distillation.

o- Toluidide of l=lactlc acid.

o=Toluldine, and the requisite quantity of methyl lactate were
heated together for varyling periods of time, and it was found that

the reaction required 10 hours heating before it took place to any

appreciable extent. ‘The brown resldue left after heatling one such

preparation for 12 hours was freed from unchanged substlituents,

1) AXINl e 18943 379’ 73,
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taken up in benzene, washed with dilute hydrochloric acid, and boiled

with animal charcoal. ‘he yellow oil left on removal Bf the benzene

wag crystallised from alcohol and 60 = 80°petroleum ether m,p. was

Q

59 .
un examination it was found that the rotatio? of the products ‘
18
obtained in the above manner was very small (X (100 mume )40.10 = 1
18° 5461 :

X (100 mm.)+ 04155 ( 070 g. in 10 c.c. benzene), and with a view

5461
to ascertaining if the substance had racemised 1:5 ge Wwere heated ‘

with 8 c.c. dilute hydrochloric acid for a considerable time to bring

about hydrolysis. ihe resulting solution was neutralised with
zine carbonate, and the o-toluidine yémoved with benzene. The ‘
aqueous solution of zinc lactate 80 obtained was evaporated to ”
d}yneaa on the water bath and dissolved in dilute ammonia. +he

highest rotation obtained for such zinc lactate was,
1 °
X - (100 mm.) - 0.88°.

5461
ror comparison with this, the rotatlon of the theoretical amount of

zinc 1 =lactate obtainable from le5 ge o=toluldide was dissolved in

ammonia of the strength previously used, and the votation was

g

1 .
x (100 mme) = 1e20

5461
It was therefore concluded that the substance had undergone racemis-

atlion,

%o minimise the risk of racemisation, the preparation was

attempted at lower temperature, but the two reactants were in all

cases recovered unchanged.
an attempt was also made to isolate the p. nitranilide of l=-

lactic acld, but continued heating of methyl lactate and p.nitraniline

together over lomg periods of time Was in sufficient to cause any/




reactlion to take place.

Methyl l-Lactaté in Ethylene Dibromide.

-3

P = 8.3043

Densitles determined:
% 20.5° 39.0° 59.5° ~80.5° 100°
d £2.1193 £2.0819 2.0402 _1.9988 1.9577
t Wy Wr 2. |xly Weg Kb v
21.0°| 0.00° | -0.05° |40.08 [vr0.16° [+1.04 [r4.,97°
30.0 [=1.586 -1.085 | =0.49 |-011l4 {+1.082 [*&.78
43.0 |=1.27 -1.31 -1.85 |=-1,085(-0.37 +8.955
4900 - —3521 - "'2‘05 - + .91
59-5 -2017 -2-31 -2027 -8568 "'1-61 +0.21
70.0 |=2.44 | «8.70 -2.89 |=2.98 [-2.61 |=1.17
80.5 |~2.76 -2:40 | =4.13 |-4.02 |-R.63 [~ 2.95
900 |=2.44 | -3,54 |=3.71 |-4.06 [-3.38 |-3.54
100° |~3.09 ~3.535 | =442 [-4.70 [=5.08 -4.87

vhe data for the characteristic diagram (based onE@g.) were

taken from smoothed ciirves drawn from the above figures for r 2,

g. and v. and were as follows (before inversion, see page 6.)

[IXITr 2 =0.05° =0.95° =1.7° - 2.4 =3.15° ]

| [x] & +0.10 ~100 -2 -00 -3-00 -4.00
&} v, +5.00 +2. 80 +0.80 -0.96 -8.680




Part 11,

The Dehydrogenation of succinic Acid
and Aldehydes by aAnimal Tissue.
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) ‘Introduction.
1 C ‘
Thainberg in 1909 made the discovery that succinic acid was

able to increase the respiration of surviving muscle in as far as

the oxygen requirement was concerned. Battelli and Sternz), who
took up a study of this phenomenon were able to show that the property
of oxidising succinic acld was possessed in varying degree by most
animal tissue, and they gave the name "succinoxydone" to the enzyme
responsible, pointing out that it was very resistant to washing of
the tissue with water, being closely bound up with the cellulam
atructure. in the oxidation of the succinlc acid, oxygen was taken -
up, but no formation of carbon Dioxide occurred. malic acld was
postulated by Battelli and Stern as the product of the reaction.

The real course of the process, however, was established by EinbeckS),
who found that the primary reaction product of the succinic aclid was
not Malic aclid, but Pumaric acid, a second enzyme, Fumarase, catalys—
ing the formation of Malic acid from rumaric acid. This view has

4) 5) 8)
been accepted by Battelli and stern , uH.0. Dakin , and Thunberg .

1) skand, Archiv, rhys. 28, 430, 1909.
2) sioch. z. 30, 173, 1910.

3) ber. 90, 301, 1914.

4) sioch. Z. 31, 478, 191l.

§) Jnl. Biol. Chem. 58, 183, 1923.

8) skand. Archiv. Phys. 24, 2%, 1910; 26, 27, 1911; 33, 223,

1916; 35, 163, 1917; 40, 1, 1920.
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biegfriedl)was able to show that Succinic acid is & product of
the.phySiological‘decomposition of protein, and this view is generally
accepted now, the succinic acid being probably formed through the
breaking down of amino acids (D.H.Moyleg )e this worker suggests
that succinic acid may also occur in the decompositlion of fatty acids
and carbohydrates.

The isolation from tissue of the Succlnodehydrase, as the enzyme
is called, is attended with many difficultlies. BE. OhlssonS)was able
to obtain an active preparation by extracting the minced flesh with
%B sodium phbpphate solution, and Widmark4)by the use of 1.5% sodium
carbonate solution. The ferment isolated by these methods,however,
was found to be susceptible to shaking, and to lose its activity
‘very easlly on coagulation of the assoclated protein. accordingly,
therefore, for most of the work reported here, the source of the
enzyme was minced muscle which had been thoroughly washed with water
80 that the "self-respiration" of the flesh was reduced so far as
to be negligible. By this means, results obtained with the same
enzyme preparation coulld be reproduced in a satisfactory manner.

psattelli and SternS)in their study of the succinlic acid
oxidation used oxygen as the hydrogen acceptor, whilst Thunberge)
and his school employed the anaerobic method, with methylene blue

as acceptor. Thunberg postulated the enzyme as being of a/

1) ber. g1, 383, 1895/96.

2) »pioch. Jgnl. 18, 351, 1924.

3) Skend. Archiv. Phys. 41, 77, 1931.
4) Ibio. 44, 200, 1923.

5) loc. cit.

6) loce.cit.
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/a dehydrase nature according to the yilsland l)theory, and. gquite /%
specific for the subsﬁrate‘Succinic acld., wmeanwhile, the identity
of the Succind dshydrase and the "Succinoxydone" hed not bsen
established, but this was done by, Fischeré)and Hahn and HaarmannO)
who proved the identity of the reaction products in the two cases,
thus showing that in both feactions, the succinic acid was being
acted on by the same enzyme-the Succinodehydrase. pischer found
that the dehvd“ogenotlon under anaerobic and aerobic conditions
led to the formation of 25 - 30% Fumaric acid, and 70 = 75% Halic
acid, carbon dioxide being formed only to abvery slight extent,

Lt was pointed out by Thunberg4)that the dehydrogenation of
Succinic, acid with oxygen ss hydrogen aooeptor.is very susceptible
4to the influence of cyanide, traces of which inhibit the reaction
considerably. strangely,however, in the reaction under anaerobic
conditions in presence of nethylene blue which leads to the same
products, such an influence is not apparent. This difference in
behaviour in the 0 cases was teken by Bach and M1ch11n5)as
evidence agp inst the identity of the two enzymes concerned, and
the possibility of their being two Succinodehydrases was suggested.
Wieland and Frag 963 however, by means of a close study of the Kinetics
of the two reactions justified the view deduced from the results
or Fischer.‘

1) Ber. 55, 36 39, 1922; Eygeb. d. Physial. 20, 477, 1922.
2) Ber. 60, 2257, 1927.
3) zeitsch. £. Biol. 86, 528, 1927; 87, 107, 1928.

4) loc. cite.

5) Ber. 60, 827, 1927,

8) Ann. 477, 1, 1929.
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In this connection 0. Warburg postulated that the inhibitory
influence of cyanide on oxidation processes is dﬁo to the effect
on the oxygen aoﬁivéting component or the systems, and he produced
the Thunberg observation as proof of the presence of activated
oxygen on the Succinic acid oxidation. warburg, explesining the
difference between the effect of cyanide on the anaerobic and the
gerobic oxidations,put forward the view that in contrast with the
oxidation by means of oxygen, that using methylene blue cannot
really be comparable with biological oxidation processes, and that
results obtained by this method are not épplicablé.

+his view 8f Warburg is opposed by Wielandg)who put forward
the theory that Biological oxidations procsed just as well without
oxygen, much less activated oxygen, all that is required being a
suitable hydrogen acceptor which takes up the hydrogen activated
by the particular enzyme responsible. According to the Wieland
theory, all biologlcel oxidations lead to the formation of
hydrogen peroxide, the function of the catalase being to destroy
this as it is formed. the explanation of the Thunberg observ-
ation is given as being due to the poisbniné of the catalase by
the <cyanids, the dehydrase action being then inhibited in the
aerobic process by the hydrogén peroxide upon which the cyanide
poisdned‘oatalase is unable to act. Usirg methylene blue as
hydrogen acceptor, simce no hydrogen peroxide is formed, the
catalase action does not come into play, and the <¢yanide 1is
therefore without injurioﬁs effect on the syétem.

1) Bioch. z. 177, 471.

2) loc.cite _ )
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In the following work, an attempt was made to throw sone

light on these problens,.

Enzyme Material.

As the source for the preparation of a sultable enzyme
containing material, the muscle of the left ventricle of horse
heart was used ( Wieland and Frage,loc.cit.), As soon as possible
after the slaughter of the animal, the heart muscle was washed
with toluene saturated water, fat and sinews removed, and the
‘remainder put through a flesh mincer thres times. The freshly
divided tissue was then washed with toluene-saturated distilled
water till no more protein was detected in the washings, and
filtered off. The aﬁount of wash water used was about 25 times
the weight of the minced flesh. in this manner, in 1% hours
after the slaughter of the animal, a large supply of no longer
respiring tissue containing about 18% dry weight could be.obtained.

This material was very active as regards succino dehydrase
content, and its activity was ﬁot lost on dryinge. The preparation
was kept in ice under foluene, and in this menner was fourd %o
retain its activity at 2 more or less constant level during the
second to the tenth day after.the preparation. After the Pirst
day, it was always found that the activity had suffered a CoOne
siderable decrease, and after the tenth day,va gradual sinking‘in
activity set in, a process which wes attended by coagulation of

protein in the Supernatant toluene-water layer covering,the

flesh. uo injurious effect due to toluene could be detected/.




Regults obisined with the sane preparation could bhe speated, but
lﬂrge varistions were noted on material prspared from different
gources, a result:@hich is only to be expected,considering the
differsnce iﬁ the conditions such as age, health, and nature of
the animals from which the hearts were obtalhede. In experinents
on the inhibitions of reactions of the enzyme, contral experiments
were therefore’made, in which the normal course of ths reactlons
was studied, and by this means,since the results were relatively

the same, comparable effects could be obtained.

the Dependence of the Activity of the Enzyme
on outside Influences.

1)
According to Ahlgren the optimum temperature for

Succinodehydrase is 47°~ 48;'and for horse muscle, the tempersturs

coefficient is constant between 34 -~ and 46 . The temperature

used in the work described here was 572 this belng maintained cone

stant by means of an slectrically heated and controlled thermostate.
The hydrogen immconcentzetion Tor the optimum activity

of the dehyflrase sccording to E.Ohlsson2>is at PeH. 8.6 ~ 8.7,

so that at lower temperatures

and dependent on the temperature, ;
3

the optimum is moved towards the alkaline range. Lehman
found it at PeB. 7.3 - %.9, while Wieland and Frage gaVe it at
7e3 10 7.8, depending on the concentration of the substrate.
The enzyme is however still quite active in the acld range,
rotaining 25% of its activity at pP.He6e3, but in the alkaline side
it loses its/

1) Skand. Archiv. Phys. 1925 Supplement.

2) loc. cit.

3) Bot. Hotis. 1922, 2892

R
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scetivity more aulckiy,beins destroyed conpletely according to
Ohlsson at'PH59.5.

As hes be.n shown by Vieland and Frage (loc.ciﬁ.) by a study
of the reactlon velocity in a Barcroft-Warburg apperatus, the ra
of reaction is somewhat greater using pure oxygen then in air
It was also showvn by these workers that‘the velocity is only 1o a
slight extent dependent on the concentration of the substrate.

Ccomparison of the Effect of Cyanide on the Succino-
dehydrase and the Uatalase Actione.

1he measurenments in these experiments were made by means
of the Barcroft-Wsrburg svparatus, in wvhich the vessels were fitted
with small side tubes, from vhich one of the reacting substances
could be jntroduced into the mzin part of the vessel when the

contents had reached the temperature of the thermostat. By this

means, errors due to extizpolation for the amount of oxygen evolved

nd taken up during the time the Peading substances were attaining
thz bath temperature, were avolded. The apparatus held 12 vessels
which were shaken at 37°, contrel experiments belng made for the
self respiration of the emzyme material, the tumperature and buro- i
metric change, end the normal uniphibited reaction. ‘the volumes

1)
of the vessels were calculated according to VWarburg .

For the experiments on the dehydrase actlon, the vessels
. o
contained 0.5 g. enzyme material, 4.0 cc. 15 phosphate buffer
¥
solublon (PeHe7e 4), the requisite amount of 10 Hydrogen Cyan¢de
T

1l
solution,and in the small side tubes, 2.0 cc. 10 sodium succinate
solution., gmall cups inside the vessels held 0.1 cc. 0% potassium
hydrosxide solution which sbsorbed nny carbon dioxide which might

be t.tAl valure/

r'hs
A5 zon T OCE

;—“
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the contents of each vessel was 10 c¢c. W0 equalise the

by

0

temperature, the vessels were shaken for seversl minutes with cpen
taps, then the taps having been closed, the sodiun succinet®
solution was run in from the side tubes, and readings of ths oxyg:n

uptake taken at regular intervals.

1. Sl 11. 1v.

o— mnpncn posem—e— —

yoncentration

of H.C.He 0 n n n
1000 500 200.
Table L.
Oxygen Uptake com’ .

Time (@miima) 1. 11 111, 1v.
15 586 45 26 14
30 . 026 o7 65 B3
45 1063 158 70 51
60 1118 270 160 70
90 ( 1126 %85 255 100
120 1126 615 360 140
150 | 340 480 180
180 970 600 230
210 - - -
240 : 1080 845 720
300 1090 990 440
330 . - 1070 550
380 - - 582
Theoretical 1120 ] 1120 1120 1120




Inhibition ' Succinode Action
by HON; |
The curves drawn from the results are shown above (Pig#l)»
The results are in agreement with those 01 Wieland and Fpage (loo,
cite) It will be seen that in the uninhibited reaction, the rate
of dehydrogenation is at first linear“gradually falling oxf with

decreasing substrate concentration. Fron the cuurse of edie in-

hibited reaction, it is apparent that the inhibition aoes noo

remain constant for any one concentration of cya“de, but that it
gradually decreases as the reaction proceeds. Tnis is specially
noticeable in the'cases of1lSbO and loo .HOI where the recovery
from the initial effects of the HCH is very marked. it is difficult
to reconcile these results with the view that the inhibition pro-

duced by cyanide on the suecino/''clehydrase action is not due directly

to the effect of cyanide on the suecinodehydrase, buo bo die

hydrogen /



o e 1O
peroxide which the cyanide inhibited catslase 1s unsble to

remove from the reactlon, If were the case one would expect

the normal and inhibited reactions to be the sane at

5

irst

>

then to fall away gradually in the inhibited reactions

o

3 the hydrogen peroxide accumulated.

ck

Tt is to be noted that althoush the effect of<Qanide

is constant for any one enz§me naterial, it vories with the
different preparations, this being due to individual differsnces
in the enzyme surfaces in the various materials. Only with the
pure enzyme frec from accompanying protein could this effect be
excludede.
The experinents on the catalase action were carried

out with the same material, and in precisely the same manner as
those fof the déhydrase, but in this case,instead of sodium

side tubes attached to the Barcroft

m
vessels held 2.0 cce 0Ff 30 hydrogen perozide sclution making

succinat® solution, the

the concentration on the total 10 cce. of liculd in each case
i

T50.
1. | 11. 111. | 1V. v. vi. vil.
oncentration n - ;_3_ n n B n
of HCN. - 1000 500 200 100 75 80.

crma Oxygen evolved.



Table 2%

Time Tmin.,' 1

Theoretical

ibition of A

J,y HCN

1B 1 tutt-
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gatalage is geherally rscognised as being exceedingly sus-

ceptible to the inlluence of cysnide, ani according to Ronz,
1) n o .

Piegel and Hakashara , the presence of 100 wCH is sufficient to
inhibit its action completely. Although this was not found for
the catalase éontained in the preparation used for this work,yet
the effect of the cyanide was quite marked. This difference in
results, and the comparative passivity of the catalase in the

preparation is probably due to the protective influence of prom-

tein contained in the enzyme material, and perhaps alsc to the

large amount of catalase present. It will be seen however, fron
n
the results (Fig.2.) that the presence of 500 HCN is sufficient

to reduce thz rate of reaction to about 1/3 of its normal value,
; and that %b causes it to be twelve times as slow.

There does not appsar to be sny relationship between the
inhibitioh of the catalese as shown above and the corresponding

inhibitions obtained for the succinodehydrase action, but it must

be remembered that the two cases are not quite analagous, since the

behaviour of Cyanide inhibited catalase when under the iniluence of

hydrogen peroxide added directly may not be similer to that when

the hydrogen veroxide 1s formsed on the enzyme surface as a product
of the dehydrogenation of succinic acld by the succinodehydrase.
with a view to showiﬁg that hydrogen peroxide is formed on the
dehydrogenation of succinic acid by succlinodehydrase, the use of
cerous hydroxide was tried. This method of identifying and
estimating the hydrogen peroxide formed by dehydrogenating enzymes
was applied successfully by Wieland and Rosenfeld in connection
with Rsnthine dehvdrase, and it was thought that under suitable

conditions an application could be found in the investigation of the
succinodehydrase action.

i 1) 4ann. 477, 69, 1929.
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gerous hydroxide which is itself colourless,reacts with
hydrogen peroxide to form the yellow~brown ceric peroxide, thus

3 Ce (OH)+ 3E 0 - 2 Ce. (OH) OOH * 24 O,
5 22 3 2

and when the reaction 1s carried out at p.H 8.0, the conditions
are such that sutoxidation of the cerouépydroxide does not take
place.

Assuming the inhibition produced by cyanide on the succino=-
dehydrase to be due to the effect of cyanide on the catalase
rather than directly -on the succinodehydrase itself, it was thought
that by darrying out the reaction in the presence of hydrogen
‘peroxide and cerous hydroxide, due to the hydrogen peroxide being
renoved from the reaction by tihie cerous hydroxide, the reaction
could be induced to take its normal course, or, in other words,
that the cerous hydroxide would, by taking the place of the
catalase, allow the uninhibited course of the reaction to proceed.
f Although such conditions could not be realised, definite proof of
| hydrogen peroxide formation, and also evidence of the inhibitory
action of hydrogen peroxide on the succinodehydrase action was

obtained.

Preparation of tie gerium Reagent.

An %b solution of cerous Sulphate was brought to p«H 8.0 by
the sddition of the requisite amount of borate buffér solution
P H 9.24, and the white precipitate of cerous hydroxide so obtained.
was used in the Following experinents. This reagent was non-
autoxidisable, and when treated with hydrogen peroxide assuned a
yeéllow=brown colour due to the Tormation of ceric peroxide, lhen

shaken in a Barcroft apparatus with the enzyme preparation, then

i With/
hv—' —
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/with sodium succinat® solution, and finally with hydrogen cyanide,
no trace of oxygen uptake wasz apparsnt in any case,

Control experiments were first carried out to see if it were
possible to obtain the fOrmation of ceric peroxide when hydrogen
peroiide was added to the enzyme preparation in the presence of
cyanide. The following results were obtained. The strength of
the hydrogen peroxide used was determined by titration with
potassium permanganale solution. The reaction wes carried out
at 37° and the Barcroft vessels were filled sccording to the table

shown belowe

1. 11. 111, iv.
Enzyne Preparation N 0.Bg OeaBge OeBg. 0554
Hydrogen peroxide solution 100cCa. 240 240 4.0 4.0
cc. Ce (SO ) solution 121'50 - 260 - 240
2 43
ce. Borat® buffer solution 2+0pHS 0 } 200pE9 +24] 200880} 240PHI » 24
cCe HCH gb . Qe Oa Oai2 Qe
cce H Oe 5e3 303 BeB 1e3
2 :
emm. Oxygenevolved.
Time (mine)
o 42 6 101 10
5 , 70 12 158 13
8 93 12 177 18
10 ~ - 186 19
15 98 12 189 19
25 99 12 189 19
i\ L 104 12 égz 19.
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At the end of the experiment, the contents of vessels 11
and 1lV. were yellow in oolour due to the ceric peroxide formation,

and it is evident from the results that the affinity of cerous

hydroxide for hydrogen peroxide is greater than that of th:s catalase

vhen cyanide is present at the above concentrations. Owing to the
reducing property of the flesh in the enzyme preparation, and the
presence of funaric acid formed in the dehydrogenation of succinic
acild when this substyaie was present, the applicationvof the usual
nethods (by potessium permangate or lodometrically) of estimating
the coric pebdxide formed was not possible. This difficulty,
however was aveided by the use of titanous chloride in acid

solution, & definite volume of this reagent being added to the

reaction mixture at the end of the experiment, and the excess

titrated with ferric iron solution till t e brown oo louration
with potassium rthodamide was obtained. In 1le. and 1Ve. of the above
experiments using %b solutions of these reagents, the theoretical
amoun% of hydrogen peroxide was found in combinztion with the cerous
hydroxide at the end of the experiment.

fhe investigation of the succinodehydrase action in the presenc

of cerous hydroxide and cyanide gave the following results. The

Barcroft vessels were filled according to ths Table shown belowa
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Table 3.
1. 11. 111. 1V. V. Vi.
Enzyme preparationl 0.5g. 0.5g. Oe5ge 0e5ge Oe5ge Oe5ge
cc.Borate buffer 240 240 2.0 2¢O 20 20
solution. PH 840 PH 9.24 | PH Q.24 PH 8.0 P 9_._24 P 8.0
m
cc.50 ve (SO ) .
2 4 3 - 240 20 - 260
solution.
cceSodium Sttccin-
ate solution;g 260 240 20 20 260 20
N 123
cc.10 HCN. - - Oel " Oed 0.8 O«R
cce H O 5¢5 B35 3.4 Bed 33 Be3
2 J
Cmm. Oxygen.
Time (min.) 1. il. 11l1l. 1Ve. Ve Vi,
16 378 324 29 21 68 12
30 728 653 e 45 107 18
45 950 908 135 ng 15¢ 30
60 1148 1248 168 84 193 45
20 13856 1540 225 132 261 ée
120 1470 1610 281 180 318 90
180 1575 1640 384 273 414 141
240 1610 1850 489 369 Bl5 198
300 1625 1653 560 508 584 234
|Theoretical. 1798« '
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At the end of the experiment, the flesh particies in vessels
111. and 1lv. were yellow in colour in contrast with those in the
other vessels, showing apparently that the ceric peroXide was
absorbed in the enZyme material. 1t will be seen from the curves
(#igeBe) drawvn from the data obtéined, that although in the pre-
gence of ceruin hydroxide and cyanide the theoretical oxygenAﬁp_
take was not realised, yet a large increase over the uptake with
cyanide alone was obtained and again it will be seen that when
both are present, the cyanide has practically no influence on the
oxygen uptakes It will aléo be observed that the course of the
normal reacticn in presence Of cerous hydroxide (i&) shows an
increased velccity towards the end of the reaction over that of
the reaction without cerivim hydroxide (;), 3, phenomenonvwhich is
difficult to explain unless by assuming that the cerous hydroxide
1s protecting the succinodehydrase in some woy = namely, by re
moving hydrogen peroxide which the catalase weakened, by this time,
is unable to do quickly enough to prevent its inhibiting in

fluence on the succinodehydrase.



vhe sbove expsrinsnt wes repeated with new enzyme nat

crial,

and thé-hydrogen pé}oxide eatimeted as described above. The
Bareroft vessels were £illad sccording to the teble.
e 11. 111. 1v. Ve vl. vlile v1ille
Fnzyme rreperatlon.Ce5g] Cobgp OeBge| 0.52p DeSgp 0.5ge 085k Uedg
“lIee.Borate buffsr Z2e0 | 240 240 20 200 20 240 2«0
solution.
= » '
[Ce. BO Ce (804) 20 | 20 2.0 20 2«0 2.0 - ~
2 3
solutiona.
n
UCc.10 Sodium - ot 200 2«0 20 20 20 200
succinat® solub.
n
¢c.T0 HOW solutb. | - - ~ - | 0.2 | 0.2 0.2 062
“leo. 20 5e5 | 5e5 | 345 | Be5 | De3 | 5.8| 5.5 | 563
Emm. Xygen Table 4.
rime (I»,'IinSZ) 1a 11, 1173, ly Ve V1e Vile v11l1e
156 - - 324 340 89 78 62 57
30 - - 582 647 165 | 141 147 145
45 - - 890 255| 218 | 194 258 236
60 - - 11451210 | 279 | 244 516 322
90 - - 1830 |1704| 374 | 328 435 496
120 - - 1960 [1985| 463 | 412 645 672
150 e - 2155 2140 ] 548 | 490 g18 850
1.80 e - 2218 [R190| 632 | 563 280 1019
240 - - 2260 2235 802 | 721 1324 1380
%00 - ~ |2260 |2285| 950 | 863 |1642  [1709
360 - - - 1081 | 998 1930 1985.
Theoretical. 2240.
L :




In
used as

termined.

it

Succinodehydrase Action-in Presenci
0e(C5)3 and HON.

the estimation of the hydrogen peroxide 1. and 11. were
controls, the eerie peroxide in V. and. vl. being de-
1 11 v n

cc.. B ¥H202

found. 0. 017 0.047 0 .069 0.064

cc. H.H202

present - 0.052 0.047

equivalent

emn .oxygen. - - 293 265

" of oxygen

taken up used

in #202 form- - . 31.7 26.6

ation.
would appear from the above results that the enzyme pre-
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/preparation is not so susceptible to the influence of cyanide
as the one previously used, since this time in the presence of
cerium hydroxide and cyanide the oxygen uptake was considerably
less than when cyanide alone was present, it will be seen,however,
from the curves in Pig.4. that when both were preseht (V.) the
initial velocity of reaction was slightly greater than when only
cyanide was added (V11.). The results obtained with the first
preparation were repeated,however,with the second preparation using
larger quantities of cyanide. Each determination was made twice,
the results being only shown for one series, since they were,

within the experimental error, the same.

nodehydrase
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Ta,ble Se

cc.N H202 present,
equivalent cmm,
Oxygen.

% of 02 taken up
used in formation

of HRO0R.

B2.8

0.034 0.020

275

0021 (06037 = (0.034{0

2740

1. |11, {121, | 29| v. |vi. |viz.|vizad ax.
Enzyme preparation./ 0¢5g. 0e¢5g[ 058 [0e58|0e52{0e¢58| 058|058 [0e58
cc.Borate buffer
golution. 2.0 | 240 [2e0 |2+0 |240 |2¢0 |2¢0 [2.0 |20
c.c.%'o cerium .
sulphate soln. - 20 | 2.0 - - |RBeO | = [240 | -
c.c.r{'o sodium
succinate. - 2e0 |20 |Re0 [2e0 [240 | 240 |Re0 (240
c@.%b HCH. - - |0e2 |0.2 | - |0e4 |0s2 [1.0 [1.0
CC.H20. 5e5 | 3¢5 | B3e3 [B5e3 |BeB [Bel [Bel [2e5 (445
gmm. OXygen.
[ Time (mins.) } oy owe ]l v v v v | i
15 - 879 54 28 225| 60 36 60 12
30 - 516 | 108 1lé 432 1111 84_ 117 46
45 " -~ | 789 [159 | 192 | 661]171 | 146 | 182 | 77
60 - {1032 | 213 | 271 | 881|e1e | 198 | 210 | 107
90 - |1492 | 314 | 432 [1310(309 | 316 | 291 | 171
120 - |1805 | 398 | 590 [1825|387 | 428 | 363 | 223
150 - 11998 | 476 | 741 1842 463 | 538 | 429 | 878
180 - |2080 | 555 | 865 - |- - | 498 | 337
210 - |2140 | - [1086 |2062|603 |765 | - | =
240 - |2160 | 694 |1195 [2102|648 | 890 | 612 | 438
300 2180 | 795 1440 [2140|746 1095 | 708 | 521.
Estlnatlon of ﬁydrogen peroxilde.
| 1, w. | vo | vi. vid.vm | .
5o 5208 Tomnd 0017 L0570\ EE 0. 054 = 10208110087

0030
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t willl be seen Ffrom the results thai ag

2in, as in the cuase
of the first enzyme preparatlon, the amount of cyanide within the
n n ‘

limits of B0OO0 to 100 Im 3 no efBect on the oxygen uptake in the
presence of cerous hydroxide. This could be due to two reasonss
Firstly, the cerous hydroxide might prevent the action of the
cyanide due to some protective effect exerted by it on the enzyme
surface, or gecondly, the catalase actlon having been excluded

due to the cyanide, the inhibition could be due to the adsoppiion

-)

®

0]

urface of the ceric peroxide formed, the =sction of

on the enzyme

&

the substrate being thus inhibited. I the first was the case,
then one would expect that the cerous hydroiide would also inhibit
the action of the substrate - a condition which is not in agree~
ment with the results obtained when the reactions in the presence
and absence of ceérous hydroxide were compared (Fige3.) OFf the
two, the second condition is the mogb probable. From the appear-
ance of the reaction mixture at the end of the experiments when
both cerous hydroxide and cyanide were present, it could he scen
that the ceric peroxide was formed on the surface of the‘enzyme
preparation, and the constant result (27%) for the amount of
hydrogen peroxide formed would appear L0 be in agreement with this
conclusions

the increased uptake of oxygen in the presence of both « rous
hydroxide and cyanide at certain concentrations of cyanide over
that when cyanide alone is present, and the fact that in severy
case where hoth are present the initial reazction velocity is
greater then vhen cyanide alone is present would point to the
Tact that hydrogen peroxide has an inhibitory effect on the
Succinodehydrase action,and that this is the resson for the

differenral



-
/differenoe between the serobic dehydrogenation,and the anaerobic

dehydrogenation in presence of methylene blue with rasard to the

The reason why no greater results than 27% were obtained
for ths amount of hydrogen peroxide formed is not clear. One
would expect that with increasing amounts of cpanide, the amount

of ceric peroxide would also increase,




V.

vhe Influesnce of garbon ponoxide on the
succincdehydrase actlone.
1)
keilin from a study of the actlon of carbon monoxide on

certain oxidising enzymes found tha} the action of the indophenol
oxidases of both yeast and muscle and the ozidation of catechol
by the oxygenase of the potato was strongly inhibited. Hydrogen
cyanide in these cases was also found to have a stron; inhibitory
2

action., Haldane )showed that the inhibitory effect on the
actlivity of moths and cress plants was probably due to the Doison~
ing of an oxidation catalyst present in the cells. Again

4
Warburg pointed out the analogy between tns inhiblting effect
of cyanlide and carbon monoxide on the respiration of yeast,
postulating that in both cases the inhibition was dus to the

EN

effect on the iron containing oxygen transporting component of

|

nactivat

ch
[N
@

the respiratory fermsnt resulting in its one. yp to

this point 1t seened that the carbon monoxide and the cyanide

act in a sinmilar way, the cysnide of the two having the morse
marked effect, Folrly largs anounts of carbon monoxide being
necessary to produce resulﬁs.obtained with small amounts of
cyenide. Dixon 4) however, -howed that there was no such in-
hibiting effect of carbon monoxide on the dehydroganation of
aldehydes, by the sldchydrase present in milk, and on the succinic
acid oxidation by the Terment contsined in muscles In the follow-
ing work, the effect of carbon monoxide on the succinic acid

dehydrogenation was again carried out using another enzyme mat erw

1al, and employing a different technigue, fron that used by

Dixon in his resgsarche
1) Rature, 119, 670. 3) pioch. Z. 177, 471.

Né‘ture,
2 A 119a 352: Rinch. F1 .91 4mero 4.) BY Ars - 190191 199777
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The eerbon nonoxide was prspared in the ususl way by th: action

M)

of concentrated sulphuric acid on fomilc acid, the gas svolv.d

{
being purified by passing through strong sodium hydroxide sclution,
strong sulphuric acid, alkaiine po%assium permangasnate solution,
and water. The experiment was conducted in the Barcrofi.Warburg
apparatus, the vessels being provided with small side tubes which
could be d osed by means of ground glass stoppers.

Varilous mixtures of carbon monoxide and air were introduced
into a long graduated gas cylinder, and the Barcroft vessels having
been charged =s noted below, with the exception of the sodium
succinat® solution, the gas mixture was led through the vessels
fron the containing cylinder for 15 minutes, so that they con-
tained ﬁhe sane propbrtion of alr and carbon monoxide as had been
present in the containing cylindere At the end of this tinme,
the gas being still allowed to pass, the sodium succinate sol-
utién was introduced through the side tubes, the stoppers replaced

and the apparatus'lowered into the thermostat. when the teuperam

ture of the contents of the vessels had reached that of the
thermostat, readings of the bxygen uptake were taken alb regular
infervals. A control experiment without carbon monoxide was made
in each case.
m
woch Barcroft vessel held 0.5g enzyme preparation, 4 cc. T5
' m

phosphate buffer solution p H.7.4, and 5 cc. 50 sodium succinate
solution, the total wvolume being made up in each case to 10 cce
with distilled water saturated with toluenee

the gas mixtures were as followsi=




1.
Volume 71 of
air 1005
0Oarbon Monoxide -
1
Cum. Oxygen
Time (Mins.) 1.
15 467
§0 851
45 1010
60 1046
75 1087
90 1101
120 1104
150 1104
180
210
240

_26_

11, 111
80 80
20 20
Table 6»
11. 111
551 350
7014 680
942 938
1000 1019
1050 1043
1070 1065
1107 1067
1107 1067

Iv.

50

50

1000

1010

1029

1040

1040

50

50

1025

1025

vI.

25

15

1007

1035

10353

25

15

1011

1038

1038

1038
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It will We secn from the results that 2ilthoucgh t o reaction

veloclity falls off with decreasing oxygen concentration, in svery
cass the theoretical ozyren uptake is obtained., ko inhibiting
influence due to the presence of cafbon monoxide is apparecints

A further experiment was then carried out with the same
enzyme material. In this case pure carbon monoxide wus passed
from the generaiing flask into the Barcroft vessels, sodium
succlinat® solution added, and the reaction mixture shaken up
for 135 minutes under an atmosphere of carbon monoxide, 4t the
end of this time, a stream of alr was gulickly passed throush
the vessels to expel the carbon monoxide, and the activity
megsured in the usual way.

' n

1. normal experiment with 5 cc. 50 sodium succinat® solution.
R. and 111. as 1. in an atmosphere of carbon monoxide

1V.control experiment to which the sodium succinat® was not

added till the carbon monoxide wes expelled from 1l. and 111.




Oxygon, fable 7.

T~

Mime (nins () 1.
15 428
S0 820
45 978
60 1019

90 1085

fkeory 1120.

11.

15

15

1034

1055

1064

1064

1011

1026 .



If, as yerburs believes, the actions cf cyanide and carbon

nonoxide are analagous, we night expect that some inhibition of

€3

i
a

the succinodehydrase action due to carbon menoxide would be appa
The results given above show definiteiy that the carbon monowide é
has no such effect. In fact, as is chown in fig. 7, ceven after {
the enzyme preparation had been shaken in an atmosphers of pure ;
carbon monoxide Tor over two hours, it wss still as capable of
dehydrogenating succinic acld as another sample of the enzyne
preparation which had been shaken for-the same length of tinme
in aire. u1he negative vglues in column l1lle. abowe are probably
due to small guantities of (B2 evolved by the enzyme preparation, i
gince the usual small amount of potassium hydroxide was not ilne
troduced into the small cups of the Barcroft vessels owing to the
denger of cormbination with the carbon monoxide.

lf it is assumed thet the actlon of carbon monoxide and
cyanide are snalaBous in so far as thelr inhibitory action is
due to their effect on the iron containing oxygen transporiing
system, then i1t would follow from the above resulis that the view
that an iron complex is the oxygen carrier in the succinodehydrase
action does not hold. Lt is apparent that the action of cyanide
is upon some mechanism of the dehydrogenation process upon vwhich
the carbon monoxide has no effect, and from the results of the
work done on the influence of cyanide, it Would‘appear that the

catalase is the susceptlble part of the system.



The Influence of guinone and Hvdroquinone on
the Succinods hydrase actlon.

shrough the inability of quinone to act as hydrogen accepitor
in the actlion of succ dehydrase, Wieland and Frage (locs. wits)
were led . to a study of the effect of duinone and hydroquinone
on the enzyne preparation obtained from horse heafﬁ mﬁsole.
They found that cguinone caused an inhiv¥ition of the succinic acid
dehydwogenation, and was at the same time strongly absorbed on
the tigsue. Hydroquinone, when added to a solution containing

es

[¢]

the enzyme preparation and succinic acid was found in somo ca
to cause an increase, and 1n most cases, a considerable decrease
in the oxygen requirement, although ths formation of guinone
could be detected in the resulting mixture. These facts were

further investigated in the following worke

Hvdroguinone as Hydrogen Donator.
Ly 3 oA

the experiments were carried out using the Barcroft-Warburg
apparstus, the usuval washed muscle preparation belng the source

of the enzyme. rhe conditions of the experiments were the sane

O

as previously réported, except that the hydrogenion concentration
was changed over slightly to the acld sidec (p H 6.8) in view of
‘the susceptibility of hydroquinone to autoxidation in alkaline

solution.

Bach vessel, with the exceptiono of ¥l., to which no enzyne
was added, held 0.5 g enzyme preparation. l,'is the control

experinsnt Tor th: succinodehydrase actlon, the concentration

P . . . 2 0
of sodium succinst@® being 850, T = 37




Cono. of
Hydroquinone:?

Gone, of
Quinone.

Cjmi. Oxygent

Time (nin)»
15
30
45
60
90

120
150
ISO
225
255
300

Theoretical

1*

1003
1443
1796
2150
2205
2265
, 2205

11.

25

Table 8 «

57
203
443
619
'922
1110
1190
1230
1255
1260

45
199
376

*675
880
995

1042

10S3

1110

1117

AT m m m

V111

2540

I

350

vill
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course of the reactlon with hydroquinone goes very slowly at

Pirst, even in cases vhere e relatively high concontration of

hydroguinone is present, that a maximum velocity 1s reached and
maintained for a comsiderable time, the reaction gradually

becoming slower till no more oxygen 1s taken up. In SOl cases g

only is the theoretical oxygen requirement of the zdded hbdroqu_none1

satisfied. Where the original concentzation of the added hydro-
n
quinone is above 100, oxvzen 1s taken up till the poimt is reachsed
m
indicating that T00 hydroguinone has been oxidised, where the

original concentration of the hydroguinone is below this [igure,

the theoretical oxzygen uptaﬂ, is reached.

[~

As shown by columns z;l_and Z;;;, guinone has an inhibitory
offect on the hydroquinoné oxldation. Since it can be showm that
quinone is formed in this reaction, it would appear that this
compound is responsible for the inhibitory effect vhich prevenied
the hydroqulnone in some casBSes from being completely oxidis ed.e i

m !
Further, it would appear that T00 guinone is the amount necessary |
to bring the reaction to a standstill. Repeated experiments gave
the same results and confirmed this view.

The Influence of Cyanide on the Dehydmogenation of Hydro-
guinone. =

In view of the fact that thé autoxidation of hydroquinons
is not susceptible to cyanide poisoning, the dehydrogenation of
hydroquinOne was carried out‘in presence of added amounts of
hydrogen cyanide. Two different enzyme preparations A and B were
used, each vessel containing 0.5 'g. enzyme preparation. l. re-

Presents the control ex:seriment oontainingi% sodium succinate,

PH=6.8 T-= 37 °




Bydroquinone n o n n n
cone . 25 25 25 Too 100
HCI conc. n n n
loo 1000 200 500 .
dmm. Oxygen. Table 9.
Tine (mins.) 1. 11. in. tv. V. VI, Vil
15 360 52 2 40 0 0 2
30 122 179 42 80 29 15 24
45 941 407 90 126 68 26 35
60 1043 506 ill 145 161 35 45
90 1118 113 170 201 5914 43 61
150 1140 8§22 223 250 557 47 12
1590 ot 879 266 292 §711 58 106
180 1170 917 314 335 120 60 158
Theoretical: 1120,
ogenat ion

by Hydrogen Cyanid
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In contrast with the values obteined by Wleland and Frag
(locecita) For the influence of cyanide on the dshydrogenstion
of hydroguinone, the sbove figures (Table.9es) show that system 1s

nuch more susceptible to the influence of cyznide than the

succinic acid dehydrogenation.

" succinic Acid and Hydroquinone acting together
‘ as Substrate.

.

The effect of hydroquinone and sodium succinate aoging tom
Y &

gether as substrate and the influence of dquinone on the succinic

acid and dehydrogenation was the subject of the Following work,

0:5 ge enzyme preparation. peE 6.8, T = z7°,

Volune of solution in all cases was 10 CCe ‘fl‘
i

!

L

Goncentration 1. 11. 111. | 1v. | V. Vi. | Vil | v311d ]

Sodiwn Succinat@| m ] m n m n m m

50 | B0 50 50 | 80 50 50 B0 |

Hydrogquinone - iy i} m n oy -~ - |
| 25 50 250 | 500 1000

Quinone - - - ~ - - m i ‘

50 250+ |

. ,‘




o B
¢rme OXYy&EN. mable 10.
Tine (mins.) 1le 11 111, v, Ve Vle Vil, V111 i
15 580 | 385 | es8 | 751 | 672 | 681 0 0
30 282 566 225 1164 1029 1052 0 17
45 1398 2828 1118 1840 1447 1478 0 4.3
60 1803 |1100 12580 | 2020 1780 1825 0 82
90 2135 |1492 1841 2385 2145 2250 0 98
120 o318 |1731 | 1o4e 2618 | 2300 | 2402 0 122
180 2327 1820 2115 2745 2584 2490 0 139
180 - 1875 |2182 |2830 |[=2402 | 25%0 o | 1s6.
fheoretical 2240 .
v With smell quantities of hydroguinone it is apparent that when

both hydroquinone and succinic acid are acting together, the re

Yy

action takes pléo@<without injurious effect to eithur of the systems,
the theoretical oxygen requirements for both substrates being
satisfied;when,however, the concentration of hydroquinone reaches
Values grester than %bo, the inhibition becomes marked, and the
OXygen uptake decreases With increesing quantity of hydroquinone,
The inhibitory effect of quinone on the %zcoinic aclid dehydrogenation
podinted out by Wieland and Frage (Loc.cits) is shown by =the results
in V1] and y111 (Tab.10.)

A comparison of the effects of quinoneé on the two systems shows
that the succinic acid dehyﬁrogenation 1s the more suscevtible,.

This may be taken as evidence that the two systems are quite AiGm -

tinect from one another, and that different enzymes are responsible,




.
As a further demonstration of the fact that the complete

. M
dehydrogenation of 100 hydroguinone wes sufficient to inhibit

D

completely the succinodshydrase reaction, the followlng sexperiment
was carried ocut. A new enzyme preparaticn was used.

X <]
0.5 g. enzynme proparation. P.H 6.8, T = 37

1. 11le. 111.

Hydroquinone i} n
- 100 100
concentration.

The Barcroft vessels filled as indicated above were shaken
[¢] . ' - 4
at 37 for two hours, when to each, sodium succinat® solution was
m
added so that the concentration was 80 ,and the oxygen uptake

measured in the ususl waye. Volume of solution in each case was

10 cce
fmne Oxygen. Table 11.
Tinme (mins. ) 1. 11. 111.
) 15 541 | 20 21 \
30 766 48 83
a5 00 | 71 7%
, 60 1236 02 90
20 1540 | 121 113
120 17185 145 136.
Theoretical.| 2240.

it can be seen from the results that when the succinatd was
added the dehydrogenation of the hydroquinone had been sufficient

to almost completely inhibit the succinodehydrase action.




ing experiment was carried out. A preparatlon of the ecnzyne metorial

@

was prescrvedunder toluene in an ice box at 0°, and the activity
towards the two substrates measurel from time to tinme, under the
usual conditions, by means of the parcroft-Warburg epparatus. i1he
following table shows the rates of decrease in activity.0.5 g enzyme

preparation was used in each case and volume of soluticn was 10 cce

Table 12.

Ho. of days after | emm. OXygen n grrie Oxygen taken b
preparation of taken up by 850 up by m sodium |
enzyme naterisl, |hydroquinone after 50 %
120 mins. at p H 6.8 succinaté after 120 v
and 37°%. mine. at p B 6.8 & 37%. |

4 1025 2280

5 960 2100

6 940 2140
11 980 440 i
17 _ 660 140. |

it is evident that the activity towards succinaté falls away

very much more rapidly than that towards hydroquinone, the lattér

. ‘ |
maintaining the same value from the 4th to the 1lth day after the I
Preparation of the material. 1t would therefore appear that there J

are two different enzymes concerned in the two cases, and that of

the two, the enzyme responsible for the hydrogquinone dehydrogenation

1s the more stable. the conclusion that there are two different

enzymes /



/enzymes is also supported by the fact that ths extent of the it

hibition produced by cyanide 1s not the save in the two systems.

o

1n order to find if the enzyrme preparation was able in the
fresenoe of hydroquinone to bring about the dshydrogenation of such
substances as lethyl. glyoxal, pyr@%c acld and scetic acld, quan
tities of these substances were shaken with the enzyme preparation
and varying smounts of hydroquinone in the Barcroft apparatus at
57°and Ve Be8es In no case hoviever, was any influence apparent

on the oxygen uptake due to the presencs of theée substances.

Tyrosine and other Phsnolic substances
as Hydrogen Donators.

1)
It has been shown by various workers including Bach s Onslow
and Robinson , and many others that tyrosinase 1s capable of

oxidisging, besides tyrosine, such other compounds as catechol,

pcresol, di~hydroxy~phenylalanine and hydroguinone. .in view of

.

this, it was thought possible that the action of the enzyme prom
paration used in this work might be due to the so-called tyrosinase
“action, and the following series qf experiments was carried out.
varying quantities of catechol, p cresol, di=hydroxyphenylalanine
and tyrosine were shaken with the enzyme prgparation in a Barcroft
apparatus at p B 6.8 and 57°, the following figures showing the
greatest extents to which oxidation of the various substances was
’apparent after a peridd of 3 hours. All preparations examined

showed the normal activity towards hydroquinone.

Catechol 10%

p cresol 10%

Tyrosine 2%
an

2, 3, di=hydroxyphenylaline nil.

1) ..
) Bioch. Zeit. 60, os 2) 1..420, 1925
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Lt would appear that the activity towards hydroguinore is

not caused by tyrominase, the enzyme responsible belng apparently i

specific for the hydroginone. L1t may be moted in this connection,
that Bertrand 1)Was able to effect a separation of Laccase and
Tyrosinase occurring in Russula delica. the laccase was shown to

be specifio.for hydroquinone and pyrogallol, but had no eoffect on
tyrosine. i

in contrast with the results obtained above for the simulm

taneous dehydrogenastion of hydroquinone and succinic acid when

both together were present as substrate, the presence of catechol
was found to have a very considerable inhibitory effect on the |
dehydrogenation of succinic acid.

mach Barcroft vessel held 0.5 g enzyne preparation, p B 6.8, '

(]

T = 37 .
Goncentration Te | 11 111 | 1V. Ve |
Suooinaté,. : n al - m -

sodium - 8o 50 B0
Uatechol - m m m n
| : 50 50 | 250 250

1) Bull. Soc. Chem. Serie 3 Bd.1l3, 361, 1896.

2) Bull. Soce Chem. Serie 3 Bd.l7, 621, 1897.

..I------------Il-lIIllIIllllllIIIIIIIIIIII-II.----i



ﬂm’l . OXVE'}QT-‘ b

et 23} e

Ta,bl e 13.

Tine (mins,) 1e 11 11l 1V. Ve
15 165 88 27 153 6
%0 728 163 54 268 11
45 508 198 81 402 17
60 670 226 102 524 23
90 952 267 152 695 43

120 1182 304 191 791 55
150 1370 338 | 233 875 72
180 1525 370 254 861 85.
Theoretical. | 2240.

\
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irethrl glvowal, pcetic acid and pyruvic acid
s Hydrogen Donators.

1)

Yoeniessen working on the producte of organic oxidation
brought about by physiological processes taking place in the body
£ o &b 5

of a dog was able to ldentify succinic acid and formic acid as the

products formed by the oxidation of pyruvic acid. In these experi~

ments, conducted in vivo, definite quantities of pyruvic acid were
injected into the snaesthetised animal, the succinlic acid and
formic acid being detected and estimated in the usuel waye. This
discovery gave rise to a theory.for the breaking dovh of hzXo$§es

in animal metabolism, the process being represented as Tollows s
2 L5

SUGAR — Z[CH3COCH0] — 2 [C%Cocoon}

methyl glyoxal pyruvic deid
Coon "coou | COOH CoqH Coom COOH ?oou
\ [ - )
¢o c“o CHa "f%? o M0 ayoy Hr COM oo
{ 1 0 =+ 1 T — e S
+ - : — COOH COOH COOH "~ COOH 4002
CH, CHy, +
\ §
¢Q ¢o cCoou
1 | (

the process was assumed to be continuous with repeated formm
ation and breaking dovn of pyruwic acid.

In view of the above, the minced muscle of horse heart, both
in the washed and unwashed condition, was heated with varying
amoﬁnts of méthyl glyoxal, pyruvic acid and acetic acid in g
Barcroft apparatus at p H 7.4 and 37° to find if any oxidation
of /

1) Klin, Wochenschrift 211, 1930.

R



ﬁm’these substonces ook places, " Elth guantities of nsthyl
il il : ‘

glyoxal varying from B0 to 250 and the usual 0.8 g muscle tissue,

no uptake of oxygen was apparent alfter 4 hours. Vith pyruvic and
acetic acids using washed tissue, the results were agaln negative,
but with the unwashed muscle, an oxygen uptake equivalent to about

2
5% and 2% respectively of the added substrates was obtained. This

,

however, was too small to admit identification of the products.

The Press Ligquol,

With a view to obtaining a more suitable enzyme contalning
material than the previously used flesh preparation, a press
liquor was prepared. the left ventricle of horse heart immediately
after the slaughter of the animal was minced three times, wrapped

in linen, and subjected to a pressure of 300 K&. per sq. cr. Tor 1

&

hour in a steel press. During the operation, the receiver for the
P &

(]

liquor was kept at 0° in ice, and after centrifuging off any solid

matter, the blood coloured solution wes saturated with tolmol, and é

Preserved at O°tilﬂused. In this manner, from 500 g. nuscle, gl

160~180 ge. of liguor could be obtained. %
|

the press liquor was not so active as an egual welght of the
previously used enzyme preparation, and had the disadvantage of
hgving a considersble selfw~respiration. Aalso, the activity towards. ik
succinic acid decreased very quickly, being reduced to one half of

the original activity after standing, 24 hours at 0 under the

4.
Presence of toluene. Ln the case of hydroguinone,however, the é
, ‘ p

decrease in activity was not so marked, and after falling slightly |
€

during the Pivst 24 hours, it was naintained at a Talrly constant {
7

level for seversl dayse thils increase in sctivity towards succinic

acid wes nlways eccompenied by the precipltation of quantities ofy

B e ——




selves showed no acti¥ity, this being vrobobl:s

3
)
o
=
O
S
[}

Jof protein vhich
a manifestoation of the phenomena already poiﬂted out in this fileld
by Ohlsson, Vidmark, and Gronvall (loc.cit.) who Ffound that the
succinodehydrase was unstable in solution, its activity bsing lost
due to the coagulation of either the enzyme itself or the associated
protein,

vhe ectivity of press liquors made in the above manner varied

4

considerably accordihg to the condition of the starting materis

}_J

2
but the followlng results obtained using one preparation, wers
genefal for thoss examined. The experiments were carried ocut on
the barcroft -Warburg apparatus on the same day as thie press liquor
was preparsds At the end of the ezperiments, the Barcroft vessel:s
were in every case cobserved to contain guantities of coagulated

"Proteine.

5.0 cc. press liquor used.(;! and V11l held 05 g. of previcusl:

used washed nuscle prsparation from the same source.)

L]

T = 37°%
P B of succinic aclid 7.4.
P He of hydroquinone 6.8

Volume of solution in each case was 10 CGa

Concentration | 1. 11 111 | 1V Ve V1e . Vil. V1ii.
] Sodium m n m
sziginate 50 50 - 50 | = - - -
Hydrogquinone - - - ) st} m n
501 =0 - o
.
In all coses excopt 11 and Y1 ,U02 absorption by 504 KOH.

<




fiac.

Time

v

Oxygen,

(min* 1
15
30

45
60
90
120
150
130
2%40

1.

630
1340
1862
2125
2360
2540
2820
3240

4410

22.

625
1114,
1646
2010
2270

2366
2469
2654

2392

Table 14

111.

15
84
Q"
141

535

1032

1805

quor

Iv.

465

852
1552
1727
1995
2113
2130
2247

2202

V.

84
179
4-53
616
900

1030
1230
1364

1530

VI,
40
30
304
533
310
1020
1175
1290
1435

V11.

277

501

95
144~
294
5814

1413

VI111.

13

136
4608
729
919
1049
1120 .

jdroquinom

by Press 'Liquor.
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gaking allowance focr the sell-respiration, 1t wvould appear

that 0«5 g. B8f the usual flesh peeparastion (dry veight 0el &)
is only slightly less active towards succlnic aclid and hydroquinone
than 5.0 cc. of the press liquor (dry weight 0.3 g.) it will be
seen from the curves (Figs.10 and 11.) that the self respiration
111 and V11 increases rapidly after 60 minutes, meintaining a
linear velocity during the remainder of the‘time undesr observation,
Corresponding to this increase in the selfl respiration,'there is an
increase in the spéed of uptake of oxygen in the experiments in
which sodium succinat® is presente. 1his phenomenon is however
absent in the cases where hydroquinone is added, a fact vhich can
be accounted for by the inhibitory action of the quinone formed as
a product of the dehydrogenation of hydroguinone, it will be
noticed from the results, that in the case of suooinété, 8 GOl
siderable quantity of Co2 was evolved, while with hydroquinone,
such an effect was only apparent to a very slight degree, this
difference again Peing probably due to the inhibitory action of
the formed guinone.

By Quickly drying the press liquor in a vaccum desiccator
over caustic soda and concentrated sulphuric acid, = light browm
coloured product was obtained, which on being ground to a fine
powder in a mortar, was Ffound to have a negligible self respirstion,
and to retain the activity qulte satisfactorily. ‘'he activity
towards succinic acid,however, was not quite so great as that of
the correéponding amount of press liquor, and considerably less
tﬁan that of the drv preparation obtained from 045 g. of the

Previously used flesh preparation.

e
T

R
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e & Comm
5 CcC. pPress rilouor gave O%§9_g. dry material.
05 S ﬁashed rmuscle preparation gave Ool ge dry material,
The Barorbft vessels were filled &g follovwsiw
le 0.5 gs washed muscle preparation.
1l. 0.1 g. dry material from l.
111.540 cc. press liquor.
1V. 5.0 cce. press liguor.
Ve 0429 ge dried press liquor.
wach vessel, with the exception of 1V, which was the control

m
experiment to determine the self respiration, held 50 sodium

» e @
succinaté, p H was Te%, T, 37

Volume of solution in each case was 10 CCe

cnrie OXySeNe Teble 13.

Time (min.)| 1. 11 111, 1V. Ve
15 325 | 408 431 3 205

. 30 635 713 79% 8 388
45 1053 (1124 | 1326 28 564
60 . 1414 | 1502 1770 60 746
90 2030 {2027 2148 152 1061
120 2287 | 25370 2068 271 1296

| Theorsticals|2040.

It is interesting to note that whereas the dryingof the
washed muscle preparation wzs attended by an increase in the
activity, in the cose of the press liguor, a conslderable re=
duction was the resulte. it would appear that there is soue
difference in the state in wvhich the enzyme occurs in the two

Gases, and in view of this 1t was thought that if the enzyme could

. be‘

R
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/be separated from part of g agsocliated protein, it mi

&

obtoined in 2 more stebls form. Attempts were thers

using the press liguer to see 1f it were possible to effect &

PUPlLlC’ulOH by precipitation and absorption methodsse

attenpts ot Purificetlon of Succinodehydraps.
with & view to obteining a more active and purer form of
the succinodehydrase, a serles of experiments were carried out
using the press Jiquo” as the starting material.‘ ihe treatment
cand testing of the various products unless otherwise stated, wes
~done on the same day as thet on vwhich thie horse heart hed been

obteined, and the press liquor was preparsd as soon as pos Lbl@

2 .

‘hter of the animal.

[

after the slau

¢

wy precipitation of the cemntrifuged press liquor with
equal volume of acetone, products were obtalined which were
active- towards hydroguinone, but insctive towards succinic acids

uging an equal volume ofsa turated ammonxmnsulfwie solutlon,
it was foudd that the succinodehydrase could be precipitsted, vhile
fhe enzyne responsible for the dehydrogenation of hydroguinone
remained in solutione

100 cce of the press liguor were treated with 100 cce saturated
ammonium sulphate seclution, the precipitate certrifuged off, and
made up te 0 co. with distilled water. In 1 and 111 of the
following experiments made on the Barcreft arparatus, cc. OF
the above suspension was used. 1l and 1V show for comparison

the values obtained with 5.0 cc. of the originel press liguor.
N .

-

1. and 11 held 30 sodiun succinat@ D H 7e4.
s
111 and 1V held B0 hydroguinone p H 6.8.

Volune of solution in each cass was 10 CCe

,,

e,




O teble 18
|

Titic (ming.) e 11, 111, 1ve
ih 221 431 0 5
50 441|703 0 6
45 691 138 0 240
60 801} 1770 2 474
20 1238 2148 11 847
120 1440 2267 23 1178
150 1560 2275 33 1208
180 1640 | 2283 42 1293.

The figures showvn in column 1l. were obtained by subtrecting
'thevuptake of oxygen representing the self respiration of 5 ccC.
of press ligquor from that obtained vhen sodium succinaté was
presente.

In view of the above results, it was thought that washing

“the precipitats snzyme with small smounts of distilled water
might affect a separation of the associated ammonium $ulphate,

but when this was done, it was found that although a cors iderable
purification of the enzyne was obtained, the products were very
.unstable., Un being dried or allowed to stand overnight at O?,

the activity decreased very rapidly, and in the case of solutions,

coagulation of the protein accompanied by inactivation of the

enzyue could not be prevented.

0

rurification of the enzyme by absorption from the pres
liquor using varying anounts of Kaolin at p B 4.8 was also tried,
bRt scein the instability of the enzyme was made apparent. The

enzyne was ansorbed, and could be €luted with n
‘ -2 <o 2 , ol L s - | s L A b —— vl g‘l,’jziloni 8 SO _, + —.'
. 50 v Bosunlon

{_VJQUite/ 4 -
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/auite satiafoctorily, Dui the activity of ths zsociutlons so

ranidly expsirienced above
in ths case of the wioniun $wlrhate preciplitat:es. It would

appear that that the succinodshydrase can only exist in a stable

form when attached to the cell structure, and the activity of

S
ct ct

dried press liquor already noted is no doubt due to the activ ¥

of the enzyme attached to cells present therein.
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THE DEHYDROGENATION OF ALDEHYDES BY
ANIMAL TISSUE.

SCHMIEDEBERG‘l)

, in 1881 found that surviving kidney had
the power of oxidising salicylaldehyde into" salicylic acid, and
JACOBI 2) who verified this work, also showed that the property
was possessed by various other organs including, liver, kidney,
lungs, and spleen. Later PARNAS 32 and BATTELLI and STERN 4)
pbinted out that these organs also possessed the power of bringing
abouﬁ the Gannizzaro reaction, and to the enzyme responsible, Parnss
gave the name "Aldehydmutase”, while Battelli and Stern identified
it with the Schmiedeberg‘enzyme. Purther relations between the
"Aldehydrase', and the "Aldehydmutase" were not forthcoming till
. WIELAND 52 postulating that the mutase¢reaction was only a form of
the aldehydrase reaction in which the hydrogen acceptor was another
molecule of aldehyde o H
o recclh ¢ Rogo0 o Rl v & }
H H
showed, using milk in a study of

(1) the €annizzaro reaction with Salicylaldehyde in
absence of oxygen,

(2)  the Schardinger reaction with methylené blue,

(3)  total oxidation in presence of oxygen,

1) A.Pth. 14, 288, l86l.
2) Ibid 29, 386, 1891.
3) Bioch 2. 28, 274, 1910.
4) Bioch B. 29, 130, 1910.
5) Ber. 47, 2085, 1914.
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that the progressive inactivation of the ferments concerned in each
case followed the same course. It is therefore postulated that
there is no acceptor specificity for the aldehydrase, and that the

same ferment which dehydrogehates aldehydes in presence of oxygen

performs the schardinger reaction, and the fannigzaro reaction.

With a view, therefore, to comparing the actions of the
enzyme in animal tissue responsible for the direct oxidation of
aldehydes and the disproportioning of aldehydes into the alcohol
and acid, it was proposed to examine these two actions, the first
by the nsg?l methods depending on the rate of decoclourisation of
methylene blue in presence of aldehyde ,or the oxygen requirement of
the aldehyde as measured on the Barcroft-Warburg Apparatus, and the

second by means of titrating the acid as it was formed under

anaerobic conditions according to the Gannizzaro reaction.

Preparation of Suitable Ehzyme Material.

Knowing the heart to be associated with sugar metabolism
it was thought possible, though no mention of this could be found in
the}literature, that aldehydrase might be present there.
Accordingly the press liquor from horse heart prepared ac described
pre#iously was examined for the presence of aldehydrase using the
Barcroft-Warburg apparatus,

Each vessel held 5.0 cc. press liquor, the quantity of
acetaldehyde necessary to give the concentrations noted on
following page, and 4.0 cc. %S phosphate buffer solution ph.8.0,

the total volume of solution being made up in each case to 10 cc.
with/

b ma A
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' 0
with toluene saturated distilled water. Temperature was 37 .

I 11 III Iv.
Concentration
of n n m -
Acetaldehyde . 10 20 50
Cmm. oxygen. Table 17.
Time (min). I II III 1v.
15 2 | a4 - 6 7
30 26 32 33 | 38
45 46 56 61 | 63
60 74 80 86 90
90 122 128 137 160
120 _ 170 174 188 232
180 262 252 272 521
240 306 2908 322 1020.

It is evident from the above results that acetaldehyde
inhibits very strongly the self respiration of the press liquor.
It cannot however be concluded that the aldehyde is not being
dehydrogenated, as the‘effects due to the self respiration and the
presence of aldehyde may not be additive. It may be that the
aldehyde is adsorbed on the surface of the enzymes, thus preventing
the action of the substrates responsible for the self respiration.

An sttempt to find if the press liquor contained
aldehydrase was also carried out using the method depending on the
time of decolourisation of methylene blue in an atmosphere of

nitrogen. With acetaldehyde, positi&e results were obtained, but
for salicylaldehyde, the time of decolourisation was exactly the

same /

il
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same a8 that for the press liquor alone without added substrate.
This negative result with acetaldehyde may be explained by the slow
rate of reaction of this substrate.

Experiments made with a view to following the course of
the Gannizzaro re#ction as catalysed by the aldehydrase, by titrating
the formed acid with Barium hydroxide solution showed that the press
liquor was unsuitable for a study of the reaction by this method

|
|
being too highly buffered, and too deeply coloured. i

The press liquor was however shown to contain the engyme ?
capable of promoting the €annizzaro reaction by means of the
following experiment. 100 cc. of fresh press liquor, saturated
with toluene, were introduced into a round bottomed flask fitted
with a rubber stopper containing two tubes with stopcocks. The
flask was placed in a thermostat at37°, and freed from ozygen, by

repeated evacuation and filling with nitrogen. 1.055 g. salicy-
laldehyde dissolved in 160 cc. %5 phosphate buffer solution, ph.8.0,
were introduced, and evacuation and filling with nitrogen repeated. f

After 24 hours, the reaction was stopped by the addition of 50 ce.

n 4 :
4 sulphuric acid, and the reaction mixture extracted for 12 hours |

with ether. The ether extract was then examined for salicylaldehyde,;

salicylic acid and salicyl alcohol according to the method of |
Wieland 1). : The separation was not carried out quantitatively, |

a8 it was found that the salicylaldehyde could not be completely
cxtracted/ |

1) Ber. 1914, 47, 2085.
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extracted from the reactiorn mixture, but 0.012 g. sglicylic acid
and & trace of the alcohol were isolated and identified.

Washing of minced horse heart muscle was found to remove
the eldehydrase, as the suceinodehydrase containing preparation msed
earlier in this work was incapable of catalysing the dehydrogensation
of sldehydes either sccording to the fannigzszaro reaction or, with
uptake of oxygen, into the corresponding acid.

Liver having beern shown to contain considerable quantities
of aldehydrese by verious workers including Parnas and Battelii and
Stern (loc.cit.), it was thought that a preparation better suited
for a study of the enzyme counld be made. Accordingly, half an hour
after the sisughter of the mnimegl, s plece of horse liver was minced
three timesg, and shakern for 1 hour with ar egual weight nf'%g

phospbhate buffer ph.6.2 (the hyirogen ien concentration ef horse
liver) under presence of tolmene. The activity of the ligquid
obtained after centriffuging towards salicylaldehyde and acetaldehyde
was then determined at ph.8.0 and 37° by means of the Barcroft

-

apparatus.
Each vessel held 2 cc. phesphate soluiion extract and

4.0 ec. %;— phosphate buffer solutien ph.8.0, the total volume being
Nade up to0 10 ec. with toluene saturated water.

1 i1 111 v v vI
Conc .acetaldehyde - - - %; gﬁ gb
m m
Conc.salicylaldehyde - 156 ig% - - -
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Cmm.oEygen. Table 18.
_— . -1- -
Time (min.). I II 111 IV \' VI
i i .—J.'_F"‘i
15 0 4 8 | 117 117 94
30 6 8 | -13 197 186 | 151
45 24 11 20 248 226 | 182
60 44 15 24 261 259 | 211
90 53 8 |~ 26 339 293 | 270
120 68 22 25 280 372 | 224
189 123 28 42 457 | 468 | 414

It will be seen from the results, that again, as in the
corresponding experiment made with the press liquor from horse heart,
the effect of salicylaldehyde was to inhibit the self respiration,
but on the other hand, in this case acetaldehyde caused an increase
in the oxygen uptake. It would appear also that the course of the
reaction with acetaldehyde is attended with a large decrease in the
activity of the enzyme. Again, however, as in the case of the press ;
liquor from horse heart, in spite of the inhibition of the self v
regpiration, the €annizzaro reaction could take place.

100 cc, of the above phosphate extract, saturated with

toluene, were added to 1.0 g. salicylaldehyde dissolved in 150 cc.

%5 phosphate buffer solution ph.8.0, in the absence of oxygen, and
the reaction mixture was allowed to stand for 16 hours at 37°., on
treating the ether extract of the resulting product according to the

method previously used, 0.04 g. salicylic acid, and 0.01 gm.
ealicyy%leohol were obtained and identified.
' With & view to obtaining an enzyme preparation which would

Possess no self respiration, the use of acetone as a precipitating
agent was tried. Fresh horse liver having been minced three times,

was/
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was extracted for 1 hour on a shaking machine with an equal weight
of toluene saturated water. The aqueons solution was then cent-
rifuged off, precipitated with acetone, and the precipitate, having
been washed with 25% aqueons acetone, was dried in a vacuum

L
dessfcator. From 100 cc. aqueons extract of liver, 8 g. dry
precipitate sould be obtained, and this preparation was found to
retein its activity for several days when preserved under light

petroleum ether B.P. 20° - 40°.
The activity of the aqueuus extract of liver and the

acetone precipitate when determined on the Barcroft apparatus gave

the following results:-

I and II contained 5.0 cc. aqueons extract.

I1r, 1v, v, Vi, VvIiI, VIII contained 0.5 g. acetone precipitate.

Volume of solution in each vessel was 10 cc. pH.8.0, T, 37°.

I II III Iv v VI VII VIII

Acetaldehyde |, N 0 m o | m 0 m 0

concentration 20 20 20 20

HEM concen- 0 0 | n n n n
tration 500 |500 | 200 200

cmm.oxygen. Table 19.

Time (min.) I II III Iv v VI VII VIII
15 576 | 129 245 12 236 3 225 0
30 787 | 192 310 24 296 6 279 0
45 1014 | 246 361 44 340 9 318 0
6o 1150 | 283 390 51 371 14 345 3
90 1371 | 356 471 77 | 435 24 395 6
120 1535 | 430 527 94 478 35 | 441 10
150 1661 | 502 575 110 529 48 489 15
180 1755 | 604 617 133. | 561 64 528 20
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It is evident from the foregoing results that by
precipitation with acetone, a considerable decrease in the self
res?iration wes effected, allowing the course of the aldehydrase
reaction to be studied more closely. It will be seen that the
reaction goes very quickly at first, falling away rapidly at the
end of the first 15 minutes. The reason for this is not obvious,
and whether it is duvue to destruction of the enzyme it is not
possible to say. The figures in columns VI and VIII show that
cyenide at the concentrations used is without appreciable effect
on the dehydrogenation.

Further attempts at is;létion of the enzyme were
unsuccessful. Quantities of the aquetns extract of minced liver

were shaken with pure olive oil at pH. 8.0, but the residue left
after extracting with etherhthe curd~like substance which separated
on éentrifuging, and the remaining solution were found to be '
inactive, the enzyme havihg-probably been destroyed by the shaking.
Adsorﬁtion of the enzyme from the aquenusextract of liver
wit.h‘*aolin at ph. 4.6 was also carried out, but treatment of the
keaolin with gb ammonia solution, and %b phosphate buffer solution
PH. 8.0 failed to elute the enzyme in sufficient quantity to make
- the method of practical value. It would appear that the
Oxidases as a class are not so suited to purification by
adsorption methods as the other classes of enzymes, and their
Purification will always be attended with difficulty t1ill a new
method 18 discovered which is applicable where the usual methods

&re not.




Concentration of Substrate and
Rate of Reaction.

The effect of concentration of substrate on the rate of
reaction of acetaldehyde and salicylaldenyde was determined using
the Thunberg method employing the time of decolourisation of
methylene blue, according to the improved method described by
Wieland and ROSENFELD l). The enzyme material was obtained by
extracting the acetone precipate prepared as described above with a
solution containing equal volumes of ¥5b ammonia solution and %5
phosphate buffer solution ph.8.0 10 cc. of the extracting
solution per 1 g. of enzyme material were used. It 1s to be noted
that precipitation of the engyme by ﬂanging this solution to ph.4.6
with acetate buffer resulted in its inactivation.

In each of the following tests 5.0 cc. extract were taken,
and toluene water was added so thet in each case the total volume
after adding substrate and methylene blue amounted %o 10 cc. The

same engyme material was used throughout the experiment.

Table 20.

acetaldehyde m m m m m
concentration 8.3 - 12.5 25 50 100
Time of decolour-

isation of 1 mﬁ. 145" | 1'20" 50" | 1'30" | 2's0"

M.B.

Salicylaldebyde m,. m m m m
concentration 417 625 1250 2500 5400
féﬁxgi 2?“2132‘1' 5's0" | 4'35" | 2's50" | 310" [ 3'40"

i) Ann. 477, 32, 1929. o L
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SHlichldskd, .
Acehdldehyde
5000 4-000 Actitcyjdidehyde
react Aldehydrase and Concentrat

nbstrat

Prom the results (Fig.12), it can be seen that definite
optimum concentrations exists for both aldehydes examined, the rate
of reaction falling more quickly at concentrations above thafc. at
those below the optimum. This is especially marked in the case of

salicylaldehyde where the velocity of reaction remains almost
m m
constant between the concentrations 1250 an(i 5400%* Again it will

be seen that at the optimum concentration of both substrates, the
reaction with acetaldehyde proceeds almost three times as quickly

as that with salicylaldehyde.
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The Cannizzaro Reaction.

An attempt to follow the.course of the €annizzaro reaction
was carried out using the enzyme preparation obtained by extracting
the acetone precipitate of the aqueons extract of liver, prepared as
described above, with-lgb ammonia solution, 5 g. of the solid being
treated with 30 ccs. of ammonia solution.

4 Thunberg tubes were filled according to the table shown

below.
I II ITL Iv

Engzyme

solution 5.0 cc| 5.0 5.0 5.0
%5 phosphate
buffer solution - - 2.0 cec 2.0 ce.
pH. 8.0
Toluene saturated

water 4.0 ce| 4.0 c¢f 0.6 ce.| 0.6 cc f

Phenol " phthalein 1 drop| 1 drop

The tubes were placed in a thermostat at 370. After

repeated evacuation and filling with nitrogen, tubes I and II were
n

titrated with 3p Barium hydroxide from 2 cc. burettes placed in the

stoppers, till the red colouration indicating that the hydrogen ion

concentration of pH. 8.0 had been reached. A stream of nitrogen

: m
8till being passed into tubes I and III, 1 cc. T acetaldehyde

solution was introduced and the pH. of I again brought to 8.0 by
the additicn of a few drops of Ba.(OH)2 solution from the burette.
The /

[



The nitrogen stream was then stopped, and at regular intervals,

baryta solution was added to I and II so that the red colouration

of the phenol”“phthalein was maintained. The

the results,.

Table 21.

Time (min.). 55 150
Tube I cc. go Ba(OH) 0.18 0.66 0.84
Tube II (control)

cc a 0.41 .4
fo Bi(0HA 045
cc acetic acid
formed 0.18 0.28 0.31

A

following table shows

375 500 1440

1a0.

Canni“aro React ion
with Ace talddhy.de «-f- -

Although the reaction might not have been completed after

1440 minutes, it could not be followed any further owing to the

precipitation of protein which obscured the colour of the phenol-

phthalein. The destruction of the enzyme responsible for the

Cannizzaro reaction was however shown to be attended by the

destruction/
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destruction of that responsible for the dehydrogenation of aldehyde

with methylene blue as hydrogen acceptor by a comparison of the
activity of the enzyme in tubes III and IV. These tubes having

been kept at 37° alongside tubes I and IT served as a control for

the activity of the enzyme after the cannizzaro reaction had taken

m
place, and 1 cc. T acetaldehyde having been introduced into tube

IV, the times of decolourisation of 1 cc. (1 Mg.) methylene blue
were determined in the usual way.

IIT Iv
Time of decolourisation

(min.) 15! 2's0"
A control experiment without acetaldehyde was not decolourised in
45 minutes.

The above can be taken as evidence that the two actions

of aldehydrase are brought about by\the same enzyme.




