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THE MECHANISH COF ALCCHOLIC FERENTATION

Introduction

The alcoholic fermentation of sugar containing maierials is one
of the cldest biochemical processes of which we have historical record.
On the other hand, only in recent years have we acguired much evidence
as to the mechanism by which alcohel and carben dicxzide ars formed from
the sugar. Although Pasteur' proved conclusively that fermentation is
closely azsocisted with the l1ife of certain organisme, yet it was not
wntil Euc}meraﬁhcwed that fermentation may tske place in the absence of
living cells that tiza inportance of organic catalysts was realizsd. It
was these researches of Buchner which made possible the intelligent
investigation of this importsnt mechanilsm.

In the several years which have passed since thie memorable discovery,
an enormous amount of work has been done in the field and many data have
acounulated. Many theorisg have alse been advanced to explaln the con~
fusing resulis which have been obtzined, bui obj‘ecticns have been ralsed
t0 all that have so far been presented. On reviewing these theories,
howevar, it sesmed rossible by a slight medification of some of them to
account for a large proportion of the available faets in & modified
thasory. Since the modified theéry sugszests the advisability of a nuber
of experimental investigations, it wonuld seem of value to give an sccount
of it at the present time, together with an outline of possible modes
of experimentel attack and a statement of the meagre resulte already

obtained.



The devslopwent of the new theory is made more intelligible by first
discussing the older theories most intimately involved, and by then
stterpting to show how they may perhaps be correlated. Ir& discussing
.those theorles which have been advancsd it is of course necessary t¢
irclude a sumary of the evidence or which they are based; but no attempt
will be made %o include information other than that whick is directly
invelved. It is hoped that no omissicns of unfavorable facts have been
made. The following discussion will be confined to the precess of fermenta~
tion as accomplished by enzyme systems, and will nect tc;uch upon the couplsx
gusstion of the mode ;f action of the living organisme.

Discussion

One of the most important contribusticns to the understanding of the
fermentation process was made by Neuberg who found that on adding sulfites’
t¢ fermenting mixtures, the production of alcohol was diminished, the
amount of glycerol was greatly increased, and acetaldehyde in large
gquantities was "fixed”.as the bisulfite addition compound. He thus modified
the usual reaction, represented by eguation

(1) CgHyp0g = 2C0, + 2C,HsOH
t¢ one which was closely represented by
(2) CgHyp0g + NalSOs = CH.OH.CHOH.CH,CH + COp + CHsCHO.NaHZ03

When the sulfite was replaced by sodium hydrcxide’the acstaldshyds
became replaced by alcohol and scdium acetate in equivalent amounts
according te the equation

(3) 206205 + NaOH = 2CH,OH.CHOH.CH,OH + 200, + CoHsOH + CH3COCNa
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This behavior he explained by asswning that acetaldehyde was first formed,
and then converted to alcohol and acid, according to the reaction:
(4) 2CH3CHO = CH3CHpOH + CH3COCNa
malring the primary reaction in sach case
 (5) CgHyp0g = CHpOH. CHOH. CHpOK + COp + CH3CHO,

Now it ha# long been known’ that one of the most active yeast anzymes,
nemely carboxylase, pessesses the specifie property of converting d-kstonic
. acids to aldehydes by the removal of aarbon dioxide. Pyruvic acld, for
exarple, 1s dsconposed by it into acetaldshyde and carbon diloxide according
to the squation

{6) CE;COCOOH = CH3CHO + COs.

If, therefors, pyruvic acid were an intermediate in the fermentation |
process, it would be easy to explain the equimelal formatlon of aldshyde
end carbon dioxlde as given in equation {5}, by assuming them both to be
derived from pyruvic acid. In substantiatlion of the view that pyruvic
acid i3 actually an intermediate in the process, it has been found‘that
net only is carboxylase an invariable constituent of all farmen‘amg oot
rlexes, but that the latter are zble to farment pyruvic acld as rapidly as
glucose.

The above, however, dces not indicate why the removal of V‘Ghe acetalde~
hyde preduces such changes. If the reactions be studied it will be neoted
that the appearance of pyruvie acid {or of aldehyde and carbon dicxide) is
clways accompenied by the appearance of an egqui-molal amount of glycerol;
that is, the basic reacticn may be represented

(7N CgHy 20 = CHOH. CHOH. CH,OH + CH3C0. COOH.



Neubergf therefore, assumed them fo be simulbaneously produced from &
‘commn precursor by a precess of auto-oxidation and reduction, as
indicated in eguation 8. |

(8) 2(C3H03)* = CH3CO.COOE + CHpOH. CHOH. CHpOH
The system was then completed by adding a reaction whereby the aidehyde
is used to oxidize the precurscor to pyruvic acid and is reduced itsslf
tc alechel.

(9) (CsHgOs) + CH3CHO = CHs.CO.COOH + CH3CHyCH.
The remocval of the acetaldehyde by fixation methods prevents (9) and re-
guires that all the preformed precﬁmor be disposed of by (8) giving rise
to glycerol and pyruvic acid. The acid is then converted to aldehyds and
carbon dioxide by the sgency of the carboxylase (equation 6),and the |
aldehyde becomes fixed by the added reagents.

In the absence cf the fixing agents (&) proceeds only until a certain
small concentration of aldehyde is attained; from this point the pre-
cursor is disposéd of exclusively by (9. (This assumes a higher specific
rate for (9) then for (&).) It is to be noted that this mechenlsm also
accounts for the invarlable presence of glycerol in feménting mixtures.

Vhile the mechanism cutlined above affords a very satisfactory
explanation of many pointe, yst it is not’ cemplete in that it gives no
explanation of the formation of the reactive precurscr. [Neuberg was led

1o suggest that this precursor was methyl glycxalf verhape reacting in the

*This is a different nomenclature from that adopted by Neuberg, and
is intended to represent an intermediate of the empirical formula C3HEO:
or ¢ne capable of belng converted by hydratlion cr dshydration to cormounds
of that formula. Thus C3lgOy or C3HyOp are not excluded.
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enol form, CHo=CCE.CHO. The methyl glyoxal was assumed t¢ be formed from
its aldel, which in turn was supposed to result by the dehydration of
the hexcse. Thess wers reprssented by hin
 (10) CgHya0g = CgHglu + 2HzO
and  (11) CgHgOy = 2CH3.(C0.CH {or CHp = COH.CHO)

However, as methyl glyoxzal 1s only slowly fermented to alcohol and
carbon dioxide by enzyme preparations, this substance can hardly be ths
true intermediate in kthe process; for it would seem apparent that the real
intermediate must underge reaction at least as rapidly as the parent sub-
stance. It is not Justifiszble, however, to exclude the possibilisy that
the encl form of methyl glyoxal or scme other modification may constitute
the reactive precursor.

Harden hes approached the provlem from a different view-poind, and has
with his co-workers shown that the precess of carbohydrate fermentation is
not one involving only organic materisls, but that incrgenic thosthates
are intimately concerneds 3By o long series of studiesothey appeoar to lhave
demonstrated conclusively that, if inorganic phosphate be added to a faerment-
ing mixture, an excess of carbon dioxzide {over that formed without the
addition) is evolved in direct properiion to the amcunt of ‘a,dded vhosphate,
They have alsc shown that the rhosphate enters intc an organic combination
which they have isclated and which, afﬁer considerable debate, has been
accepted as being a hexose diphosphoric ester, CgHynOuw(R,POy)o¥ kBy gtudying
the relative amounts of the substance involved, Harden'has found that the
raaction 1s repressnted by the equation

(12)2CgHy 205 + 2RHPOy = CgMynlulBT04)s + 200; + 2C,HsOH + 2150,

*R is used to repressnt either Ma or H.
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He wae alse able Lo establish the fact that the dizvhosphate thus formed is
hydrolyzed back o & hexcssam(equatwn 13} by the agency of an enzyme which
is ﬁmesant in the ysast preparatisnsg
(13) CgHyp0u(BeF0u)s + 2Hz0 = CgHyplg + 2RHPOy

Additions) work hae shown that identisal divhosphates ars formed whether
glucose, fi*z;.c*?;z:ase, or mannose be the hexcsge used. This has been initerpretsd
By E«Iérden“as showing that s2ithsr the thres hexosss ars changed to thelr
sommon enclic form (éee below) previous to fermentatlon, or that only the
half of the molscule which is common 9 all three is amployed for the
formation of the diphos:;ahate, the other half undergoling decomposition 40
form alcohol and carbon dloxide. Of the twe possibllities he was ino;lmeé. 1]
favor the latter. A repressntation of the ithree sugars may aid in visualigzing

the above argunents.

C!SHO CHO CH-CH CH.CH
' j'HéOE HO(l)H ICG %(}H
. HGCI!}H HQClJH HOCH HOCH
HéOH H(!}GE HC’JGH HC‘SGH
HéDH HCCH HCOH ;T!('}OH
CH,OH éﬁggﬂ’ ’.L;HEGH ‘ g)HgQH
Flucose liannose Fructoss Coumon Enol Form

Lebedey, who has also investigated the phesphate guestion, has presanted
the via‘.ﬁ;sthat the hexcse decwposas to dlhydroxy acetons and glyceric alde-
hyde. JAccording to his theory the latter forms a vhosphate and recondenses,

while the former undergoes fermentation.



In squation form this DLeomices: .

(1L4) CgHy205 = CHyOH.CHOH.CHO + CHpOH. CO.CHR0H

(15 01,00, CHOH. CHO = CH3CH.OH + COs

| {16) CH,OH.CO.CH,0H + RpHPCy = C3Kg0z{(RpPOq) + HpO

(17) 2C3Hs0s(B.POy) = CgHyaOulRePOu)z

(13} Csngou(Rz'?{}q>g‘ + 20,0 = CgHyp04 +2RHPOy

‘Harden nas objected to tuis scheme on the ground that the phosphate
plays an apparently minor part, while actually no fermentation whataver
ocours in total absence of phosphate. He also polints out that, if this
gcheme were correct, then glyceric aldehyde should underge rapld ferwenta-
tion, whsreas it has been found that glyceraldehyde is almost '«.u'zferrzmmiza,‘bl‘a,a2

New Theory

The new idea which it is desired to present is that a hexose mono-
phosphate is first formed, and is then split by enzyme action into twe
dissimilar portions, one bYeing a very reactive form of a triose and the
other a tricse phosphate. The tricags phosphate is assumed to polymerize
%0 the stadble hexose diphospvhate of Harden, while the reactive tricss ls
the "enol" of Neubersg.

If we combine these new steps with others selected from the theories
just given, the complete mechanism in aguation form will read as follows:

(18) CgHyp05 + RoHPOy = CgHp105.RpP0q + Hp0
(19) CgHy305.RP04

{17) 2C3Es0s.ByP04

(3335603) * 4+ C3HsO0peR:POy

CHy00u{BaP0u) 2
(13) CgByoOu(BoPOy)y + BH0 = COghy 04 +2RgHPO,
~ (8) 2{(C3Hg03) = CH3.CO.COOH + CBpOH.CHOH. CHyOH
(6) CH3.CO.COOH = CHaCHO + €O,
{9) (CsHg03) + CH3CHO = CH3.CO.COOH + CH3CHyOH

“*This symbol has been described in the focotnote, vage U.
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I¢ is t0 bs noted that, if we omit sgaation {(7), which represents a
temporary initlal reaction, and sum the remaluing eguations, then we
arrive at the ordinary squation of fermentation (1). This represents

the condition which cbiains when the reastions have gone to completion,
and no intermediate products remain. In the earlier stsges of the process,
tha apécifia rate for (13} being low, the dishcsphate accumlates, giving
rise to the conditlon expressed by Harden in his eguation of fermentation
(12).

Turther consideration shows that, if the spscific rate for (19) is not
too high as compared with that for {18), then during the sarlisr fermenta-
tion when the concentrations of sugar and phosphate ars very iarge, mono-
vhosphats should appear, disagpeéring again as the sugar oy inorganis
phosphate besome exhausted. The facts of the case are exactly in accord
with this view,for 1t has been shown by Faler that at the beginning of
fermentation, esjerification of inorganic ?hagphate gxczeds carbon dioxide
production, the two becoming egual as the reaction proczeds. UWhile these
fTacts are sasily explalned by the new hypotheses, they do not appear io
have besn included by any of the older thsories.

Another qulite elmilar cbservaﬁiﬁn, alesn due to Eular:%is that a paculiar
yeast extract walch he prepared was asble to produce ssterification of
vhosphate without any svolutlon of carbon digxide. If through some ab-
nermality of the enzyme system (18} were to vrrocsed énd some latsr step
fail, Jjust such & condition would result. E&lqudid not isolate tha
organic phoszhate in the above irnstance, but it would be predicied as

being largely the mono-phosphats estar.
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The final observation relabing to this point, and probably the most
important of all, is feund in the recent work of Rc‘sbimnzzm the isolation
of & monophosphate esteor. 3By adding inorganie phc-sp}iaté in such amount
a8 %o malntain a maximue fermentation, and by then lsclating the orgamic
phosphates Roblson was able to prepare a very fermentable monc~phesphate.
It is 40 be noted that thess are just the conditions vhich would be
expected to lead to the greaﬁest acowmulation of the mono-phosphata.
Wnile the work is incompleie in that the ester was not shown %o be =
single mono-phosphate, yet the isclation would appear to be strong con-
Tirmation of the asevmptions which have been made. It is particularly
interesting that the inltial mte of fermentation of this new asster is
.approximately as great as that for glucese and phosphate mixtures;
exactly as would be required by the theory. That the initial rate soon
diminishes would tend %o confirm Roblson's opinion that he was dealing
with umixtures.

The other phase of the fermentation guestlon, in which the modified
thsory appears t0 be particularly successful, is that pertaining $o
the fermentability of various intermediates which havs been suggested.

Of the four isocmwers which have besn sxtensively oxamined in the past, namely
lactic acid” (GHsCHOH.COOH), methyl glyoxal® (CHs.CO.CHO), glyceraldehyds
(CH,0H. CHOH. CHO) , and dihydroxy acetons (CHOH.0O.CH.OH} only the last

is fermentsd with appfaaiable rapldity. As the present zixenry reguiras

that some reactive iscwer ve the true intesrmediate, the non~farmentability
of the firet three substances can be explained by assuming that each is

changed to the reactive form only very slowly. THowever, as the theory

also requires that at least one of the possible phosphate esters of the
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smpirical formula C3Hs0s.R:POy be rapldly condensed to hexose diphos-
phaxe, 1% is also pozesible 40 account for the realy fermentabllity of
the dinrdroxy aceions. The explanation would be that the dihydroxy
acstons undergoes easy conversion to a phosphate ester which is identical
with thataﬁrmaily foramed during fermentation, and which, thersfore, entars
the eyele by condensing to hexoss divhosphate {equation 17). The appear~
ence of the same diphosphate during the fermentabtion of dihydroxy scetons
or of the hexoses is intsresting in view of this sxplanation. The fast
that the other suggested substances do not undergo mimilar conversions
may well depend upon their inabllity to form a condensable triocse
zono-phosphate.

In summarizing the proposed thary it may be sald that it appears
{0 unite ouch of the varicus theories which have been previously presented
into a corprshensive whole. Harden's results become wore cbvious, uwrile
an origin of WNeuberg's active precurssr is provided. Explanations are
provided for the kmown facts concerning the varying fermentabilities of
certain intermsdiates which have been vproposed in the past. Rebisonls
researches on a hexose moeno-phosprate are incorporatsd, ae wsll as the
pecullar results of Euler on estsrification of phosphate wlthout corres-
rsending evolutlon of carbon dioxide. It seema possible that further
épplicatien of the theory will be useful in the understémding of othsr
pecullar resvlis which have besn cbtained, particularly in the case of

the mede of astion of co-zymass.



wl =

Experimental Frogram

If the new theory which has besn provesed astually reprssents the
course of the fermentation process, certain experimental results wonld be
axpocted. These nay be driefly emwerated and then discussed.

T4 should be possidle:

1. To demcastrate and rerhaps to isclabte a highly fermeniable
hexose mono-phosphate. The specific rate for its fermentatlion shonid bve
at least as great as that for 1ts parent hexoss. It is of the greatest
 jmportance to know whether the same monophosphate resulis from all
fermentable Nex0ses.

2. To demonstrate at least traces of a triose phosphate during
farmentations.

3. To 3solate or synthesize a trlose vhosphate which is rapidly
sonverted by the yeast enzymes to a diphosphets, identical with the hexose
diphosthate which normally appears.

4. To demonstrabe traces of the reactive or fementable iscmer
of the formula {(CsHgls).

5 To isolate or wore probsbly synthesize this reactive isousr
and $o show that it rapidly undergoes the changes postulatsd by Heuberg,
when added to the proper ensyme aysteus.

It may be expecied that, if the fermentable tricse 157 reactive, a8
has been assumed, then (%) and (5) above will te extremsly diffioult.
While they are rerhaps necsssary for & conclusive proof of the theory,

yob 1t seews hardly advisable o atbenpt then inltially.

-



£lgo, while (1) is not only quits fundementzl and mmch wore probable
of success than the former palr, 1t cenm not be undertaxen at the present
time, as Rahiacn?%as expressed his intention of continuing his investlige~
ticneg along these liness

There remaln. (2) and (3) and these are intimstely related, The nost
yrﬁmiaiﬁgbiaiﬁial investigation spuears to be Lo attempt the synthesis
of a tricse vhosphate which undergoes repld condensation to hexose di-
vhosphate, and then from e study of its properties to demonsirate 1t as e
normal constituent of enzymlc fermentatlicns. As we have ne &-priord
grounds for postulating a particular tricse phosphate, it becouwse necessary
to synthesize them all. Of the three possible iricse §hgsph&tes, nansly
glyceraldehyde, & ~phesphate, glyceraldehyde ,6 ~phosphate, and dihyiroxy
acetone vhosphate, only the last appears in ths literatore. This was
praparaiwby reacting ethyl metaphosphate with dihydrexy acetune, and was
reporied to reduce Fehlings solutlen after preliminary belllng with acids,
and to form an osazone melting at 143°, which still condained phosyhorvs.

The methoed would sppear %0 be of gensral eppliecability, thus we may expes

CHa {RpP0u) ?cha ?z{zszz CHpOR :fzzg(zagmu}
| ! o

CHOH =<——  CHOE —— CH{R;P04) ?O —> 00

n E | ‘

CEO CHO CHO CHROH CH,CH

4 second and perheps wmore useful method would bs the oxidation of the

mown glycerophosphates.

CEy (RoPOy) ?zag-{gzycg} CHu (R POy) »;;zxge}z' CH,0H

! !

i i § !

CHOH =<— CHOH — CC ?E{B@FQ&) — f}iig@?eg}
! ! i

i i i

CHO A CHoOH CEnCE CHO



In the above the possibility of ring compounds has besn excludsd.
Should it be found that no one of the three compounds above possesses
the predicted properties, then 1t might be advisable {0 asttempt the

gynthesis of such couplex substances a8

- CHp ?ﬁgEgPGq
I
032}?0.; er CH.
| - | >0
CHO CHOH

but this need not be considered further at this {inme.

Waile the synthesis and investigation of the triose phesphate is
perhaps the most obvicous methed of appreach, yet it shovld nobt ve for-
gotten that the other suggestsd prcblems are egually lmportant, and
should be attempted when possible.

Experimentsl

The work thus far has been deveted to attempbs to oxidlze the two
knewn glyeamphoéphatas te aldehyde and ketone. The two lsomeric glycer-
ophosphates have been shown to give guite different disodium szits, one
beling nicely crystalline, and the cther hygroscopic and very Jifficulty
crystailizsed. Syntheses starting from allyl alcohol in ome cass and
from @a -dichlerhydrin in the other have proved the crystalline iscmer
to be the A -phosphate and the sther to be the Q =phosphate.

From Ezetman & s0lid purified salt was secured, Crystallizatlon
from concentrated solutions gave a large yileld of a beaubtifully crystalline

material which was undoubtedly the 5 -glycercphesphate.
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Monsanto Chemical Cowpany supplied a 0% syrup of disodium phosrhate
which was clalmsd to e largely the aform. On evaporating to a very
thick syrup and cooling for several days with frequent stirring, only
& small proportion c.f erystalline material ssparated indicating only
a small amount of the B form. Extraotion of the highly viscous residual
mass with several lots of absointe aleohol with subseguent svaporation
of the aleohelie sxtract gave only a smsll residue, indicating very
little free glycerol. Xvaporation of some of ths original solution for
some time on the water-bath showed a sclid content of zbvout I making
the sclution approximately 2% molal.

2 =glycsrovhosyhate. - OGreat 4ifficulty has been experlencad in

the attempted cxidation of the 8 isomer. In the first place, it cau be
oxidized only with the uimost iifficulz:y and is not even conparsble in
this respect with glycerel. Horecover, in all the many atteupte so far
tried, even vwhen the cxidizing agent was coupletely reduced, no =zldehyde
remained at the end of the experiment. Iven when much less than theo-
retlcal amounte of oxidants were used, the same msz;;},t‘g? FBraived, This
ig presumably due %o the fact that very sirong axi:iiziﬂg agents have
been found necessary to initlate any oxldation 2% all, and thevefore

probebly oxldlize the zldehpde first formed %o acid.



A typieal run with bromine and Varyingamaun‘os of sodium carbonate ab
different tewperatures may be given as am illustration. The carbonate and
bromine were added in amounts to corrvespvond with the followng equations:

{a) C3H,0z. POulap + Brp = C3H505P0sH, + 2NaBr

(b} C3H,0p.POuNag + Bro+ iNa,003 = Csls0pePOuHNa + $C0; + H0 + 2NaBr

(e) c;z;z?ag.m@;ra@ + Bry+ NapCO3 = C3Hs0,PO0yNay + COp + HpO + 2NaBr
Tests were made with the typical aldehyde-ketone reagents: Fehlings solutloen
in the celd (F,) and heated (W), Schiffs reagent (S}, and alksline perman-
genate (X). The method used in reporting is: -, test negative; * questicn-

able; + faintly positive; ++ positive; +++ stirongly positive; ++++ very

strong iest.

¥ ' 5 K
{a} Teo NapC03 100°, 30 min. « -+ *
o " " 45°, 1€ hrs. - - 4+ -
{a) " "o2° 0 - - + -
(v} 2 7 " ] - - + +
@ 21 = 7 - - * +

It will be noted that even in the first mixture which became acid during

the reasction, nc reducible substance was formed. The positive resulis

found ‘wi th the Schiffs reagent merely polnt o soms reéiiual cxidizing agent.
As oxidante chromic anhydride in glaciszl acetis acid and chrowates with

sulfuric acld were tried, as well as thesze rsagents which have been partlou-

larly reccmmended for the partial oxidation of glycerel. In this latter

group were bmmine? hypobmmitea,zqhy-:ircgen peroxide in the presence of ferrous

saltaaoa.nd nitrs.r_: acidyef varying strengths. In no case were more than {races

of aldehydes ever indiecated, although a mumber of different concentraticns

and temperatures were tried.



Apparently it will be necessary to atteupt this reaction ned only in
acid solution and at o low temperature, tut also, 1f possible, in the
presence of some reagent vhich will unite with the aldehy:ia 28 the latter

forms and thue remove it from the sphere of action.

@ _-glycerophosphate. - The oxidation of the (& -isomer has proved
somewhat more éuecessful, though a8 yet the desired product has not been
isolated. After trying savarai of the above-mentioned reagents, it was
found that best resuls were apparently secured by using bremine as the
oxidizing agent*. While alkall carbonates added to the bromine mixture
appear to speed up the resction, the awcunt of reducing substance produced
is somewhat decreased, so their use haé been abandoned. As now performed
the 50% glycerol phosphate solutlon is mixed with an equal volume of water
and the thecreticsal amcun‘b‘ of bromine is added. Swall batches are used,
as better resulis are cbtained }for some unknown reason. The mixture is
allowed to stand with frequent shaking at room temperature until the bromire
disappears. On testing such a batch the follovi ng resulis ars usually
found {using the nomenclature described above): F,, ++; Fy, #4455, + or +4;
X, ++f. On apprlying L‘enigés color testsazwhich are suppcsed tc be specific
for dihydrexzyacetone, the test is ordinarily ++ or ++h

It remalns to isclate the substance tc which these tesis are due. As
the original and final subsiances are almost identicsl, it is not te be
expected that the isclation will be simple. On adding absolute aslcohol it

is pozsible to separate an oll which shows all the above tests, tut this

S s R

¥Grimbert and Bailly msed bromine water in thelr work on the structure of
the glycerophosphates., They made no attempt to isolats the precduct of the
cxidation, but merely proved that the mixture gave the usuzl zldehyde-
ketone tests and Denigbs test for dihydroxy acetone.



-17=-

fails to. accomplish much, as the original gl:;céraphcsphate is likewlise
precipitated. Barium and calcium salts likewise precipltate both compounds,
and no salis have been found vhich differentiate between the two. Bescause
of the phosphate group, the substances can not be distilled, although this
wmight serve to remove any phosphate-free substances which may have been
formed In the reaction.

Fractiecnal crygt&liizatién appears most hopeful, as the a&-glyosre-
phosphate is practically non-crystallizable. On one oceasion by evancrating
the reacted mixture tc & swall bulk and cooling to zbout 18° & crystalline
galt wae isclated. This deconposed on heating, giving an odor like that of
burnt sugar (unlike the original glycerophosphate), and left an incrganic
residue. It gave a +++ test with alkaline permanganate and reduced Fehlings
soluticn slowly on boiling. ﬁtar being first bolled with acid, it re-
duced Fehlings solution rapidly and in the celd. On the other hand it
showed nc Schiffs reaction, gave negative results with Denigés dihydroxy
acetone vesis, and in the ons exporiment which was triad, formed no phenyl

hydrozin derivative. Only a sx@ll amount of the substance was afllable

and subseguent attewmpts to prepare it have thus far been without avall.

The work on both the & and (B isomers is velng continuved.
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