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IRTRODUCTION

The stages in the cxidative degredation of sseorbic seid have cceupled
the attention of seversl groups of inwstigators over the peried of years
following the isolation of the compound by Ssent-Uyorgyi in EH{H + The
fact that during these oxidative stages carbon dioxide is given off by &
non-axidative procsse will be the principal concern of the present study,

A yressntetion of the chemistry of ascorbic asid is. given to provide
@ background for the evaluation of the observations made in this study.
#hile woridng with biclogical axidation systess, Ssent~Gyorgyi'l) obteined
8 orystalline substance having the formule Cglighge its apidic character,
atrong reducing properties, ami typicel oolor resctions caused it to be
classed with the suger derivatives of the urenie acid group and to be |
calleod hexuronic aclid. Herbert, lirst, et al{g) s in their classical
paper, demonstreted that this compound is not & mouber of ti:e urcnie
acid class and sought a more appropriate nawe., ALl ssuples of the compound
which had been isclated from plant and animel tissues wers found to heve
antie-scorbutic sctivity (see refereaces 3,4,5) end, consequently, ite name
was changed to sscorbie acid by Heworth and B%nhﬁm{a).

The Iritish !&ﬂ.ﬂra(a) found that the powerful redueing properties
of ascorbic scid ere evidenced by its reduction of iodine, silver nitrate,
copper acetale and potassium permanganate in cold n'eutral or aclid solutlions,
in addition, alkeline sciutions sre oaxidized by oxygen end Fehling's
golution is repidly redused in the cold., 7he presence of &% least oue
=nolie carbomyl group was indicated by the ease with which ozasonss are
tormed, by an ultre-violet absorption spectrus similar to many ketonic
substances and by color resctions with ferrie ¢hloride and seodium



nit@apmasm. susntitative furfurel formation on treateent with hydroe
¢hloric acid gave evidence that at least five of the wix carben atoms

cecur in an unbranched chaine Additiomal innst_.imﬁm{n phowed that

& molecule of aseurbic asld contains four hydrowyl groups, two being
enolie in character. These cbservaetions sleong with oxidation studiss which
will be discussed later, led Herbert, et s1'2), to state that mo fres
carbonyl grouwp oecurs in ascorbic acid apd that "the acidic properties are
dus %o the prosence of an activeted -CHOK group situsted next to a carbonyl
group, the reactive group being of the type ~C{UH):C(DH)we"

A further damm study of the oxidation of aseorbic acid enabled
the lritish group to couplete the determinstion of the structure of the
molecule and initlated an interest by other workers in the stages of
oxidetion of the substence, 7The eayly workers found that the course of
oxidation proceeds in two well-defined stages, When an seoid mnluﬁon of
lodine is used, two stous of lodine are reguired and two molscules of
hydriodic acid evs relessed during ine oxidation of orne molecule of
ascorble aeid, Fater is necessary for the reection sirce alecholic iocdine
is without effect, The first oxidetion stage oceurs without rupture of
the molegule since the product cen bs reduesd quentitatively to ascorbie

‘aeid by hydrogen sulfide or hydriodic seid, When these workers treated

the firet oxidation product of ascorbie acid with an alksline solution of
sodiun hypolodite, one atonlc equivalent of axygen was used; and calic

acid end & trilgdragbutyric scid were detected quantitatively, Methylation
and gubsequent amdde formetion gave trisethyi-l-threonsmide, The acid

was further identified as i-threoniec acid on the basis of iis conversiom
into d-tartsric acid on oxidstion with nitric scid, Uy considering the



information obtained in the above experiments, the authors suggested that
tie molsoules involved in the resctions have the following structures end
that the following chain of resactions cccurs in the aelkeline oxzidation of

asgorbic acdids
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It is epparent that tiw deta showed ascorbie agid to be a derivative
of leguloge ard ite first axidation produnt, dehydroascorbic acid, to be
converted sasily to 213=-diketo-l-gulenie seld. Dehydrossporbic seid is
considered to be & lactons of this diketogulonic seid and to be hydrated.
Ascorbic scid is, then, the reduced form of this lsctone.

Controversy arcse over the validity of this sequence of resctions
postulated by the dritish workers, Much econflicting date has besn
published bectuse of the fact that the chemistry of dehydroascorbis
acid, the primary reversible axidation product of asecrbde asid, is
extresely complex, Tre compownd iz forwed by xidation of ascorbic seid
with iodine, phenol-indophenol, cupric acetete, niniydrin, ami quinonpe.
The presance of the twe free snclic hypdroxyl groups in ascorbic scid
asoounts for the ease of exddation., Haworth and hmw) elaim o have



obtained dehydrosscorbic seid, Cgliglg, in the solid furm and state that
it probably exists in agueous sclutioms in the hydrated form. The lactone
ring, in contrast to that of sseorbic scid; opens resdily in weter to
yisld tie open chain asid, diketogulenic seid. The lactone form is
reduced to sscorbie scid by hydrogen sulfides the open chain form is not
reduged. According to thess authors, the opening of the ring, oven in
seid solatlons, gives rise to complax rearrangavents becsuse of the fact
that the dikets aclid can resct as & ketose suger possessing & ring strues
ture. This letier observation i» based on the fect that cosplicated
chenges ocour in the absorption spectyum, rotstion, ete. during equili-
bration of an aguecas solution of diketogulonic apid. In pentral or
alkaline solution, complex enolisstions mey take place.

The comprelensive peper published Ly Sorscok, et sl ', contains
portinent data on the exidatice-reduction potentials of the stages ia the
oxidation of ascorbio seid, These workers detected three stages of oxie
dation with seversl ncn-aidntive changes oscurring between stazes.
According to their findings, the first stage appears in the pii renge frem
2 to L) and results in the axidation of ascorbic acid to delydroascorbic
ecid. In aquecus solutions st pi i and st ordinary tesperatures, dehydre-
aseorbic scid undergoes & spontanecus, irreversible change to diketeguloazic

(%)

soid. From pil 5.5 to 7.5 diketogulomic acid is oxidised to » postulated

unstable intersediary, which breaks down in alkaline media to le-threonie
aoid and oxalic seldd. The third stage takes place rapidly only at a pi
greater tham 7.0 and possibly is the result of the uxidation of l-threonie
scid, It 18 %0 be noted that these men sluply stteupted to correlate their
observed physicochenicsl measurenents with the scheme of veactions set
forth by lerbert end sssceistes (Zend made no attespt to identify the



products formed. This, however, meed not disoredit the basic dets
obtainad,

burscok and his co-workers found that the irreversible chengs of
dehypdroascorbio acid presumably to diketogulonic seid was associated with
maried chonges in the chemieal and physiclogiscal properties of the sube
stance. Idkstogmlemic agid is respomsibie for s negatiwe potential drift
obparved in electvomstric messuremante of redex potential. It 4o & strenger
agid than delyrdrcascorbic soid and ¢ stronger redueing agent than assorbie
acid, It is not reduced to ascorbie seid by hydrogen sulfide or glutae
thione, It is mot sntiseosbutic., All of these menifestations of ehange
are dependent on piy all soeur at a pil above 4y ALl sre independent of
exidising agents; therefore, tho change is not an oxidation,

The products of oxidation, end the scheme of resctions se far discussed,
have been based upon conpounds isclated on oxidation of ascorbic mcid in
alkaline solution. Additional produete of ascorbic seid exidstion were
obtained by lerbert, first, ot s1'2) fron exidations carried en in seid
solntions., When aguecus solutions of ascorbio acdd were treated with
potassiva permangenate, uxidation otcurred almest instantamecusly with the
vtilisation of ebont one and one-tmlf atoss of anygen, sfter wiish the rate
of reaction siowed down, Uhen two atoms of oexypen had been utiliped the
rate becane oven slower and carbon dioxide wee evolved. Oxalie acid wae
detected a8 one produnt, If § NelaSO, wae added to the solution after
two atous of oxygen had besn used, the reactiom with evelution of carbom
dlaxide contimed at & alow rate until a total of times atoms of axypen
had been used. The resulfdng solution, saie alkaline, was non-redusing,
Uethylation, followed by smide formation, prodused the sase trimethyl
derivative, trisetiyl-l-threonamide, which had bean obtained during



elimline exidation. Mo sttospt wee made to explain the resction involving
the evelution of carbon diemide upon omidation of aseorbie nmeid in soid
solutions,

During the sescnd stage of sscorbie seid exidation, L.6., Shat follows
ing the formation of diketogulemic seid, lymen snd his co-workersii®) aleo
found that the evelution of earbun dioxide could bo demomstroted. The
svolution was especially motieesble in Nellveine's citrate-phusphate amt
in Serensan's phosphate buffers, but was only slightly notisesble in
| phthalate-sodiun hydrexide buffers.

west and Rinohart{1l) 1n 1542 demonstrated that dehguvesseerbis seid,
bemmma:ammm&mmmwmm,m
a molecule of carbon diaxide per molecule of delgdreasvortie aeid if the
solation is allowed 0 remsin at teuperetures varying from 25 to 60° C.
until the evelution is cospleted. The writers suggosted that the followe
ing sories of resctions may teke placet
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An unsuccessful attespt %o iselate and ldentify l-axylosone was sade ot
that tiaw, It 12 pot wnreasgnshle %0 assuee that the breskiomm of



dilketogulonie acid pagees through the furmstion of lexylosene since the
synethesis of matural lesseorbie moid has been accomplisied Wy beginming
with tids conpound 3%,

The wark reported in this thesie is concerned with the chemdsiry
involved in the evulution of carben diowide fyom exidised solutioms of
ancorbie seid, Since sethods have becows avallable which permit the
deterninatlion of all of the pestulnted intermediates in the production of
carben digcide from ascorhie asdd, these were appiied to the problem. A
modification of the 2,0-diehlovephenal-indophencl method of iigiet and
¥eot(33) was used to determine ascortis soid wsd delydroasserbis aeid.
The 2,ledindivophenylliydrasine method of Roe srd Cesterling(il) was
used to obtain ecombdned values foy delgdireaseorbic ecid and diketogulonis
asid, Ly sppropriate ealculations, veluss for each cewpound were obtained.



EXPERINERTAL WRK

A. METHCDS
Preparstion of Dehydrosseorbie Aold.

Dehydroasgorbie scid was prepared by s modificetion of the method of
Holl and Wieters®®), 5. g, sscarbic acid in I e, of sirefyes, icse
cold weter ave shaken with 3.3 g. quinone im 80 cc. eold sthyl ether for
15 minutes. The squecus layer is fyeod of quinome and hydroguinose Ly
shaidng three tines with 100 g¢. portions of cold etiyl asetate and
£inally with 100 oe. cold ethyl ether. Nitrogen is bubbled through the
solution for 30-45 mimutes to remove any dissolved ether. 4 T0=808 yield
was obtained as shown by titesbion with indenhensl after reductism 4o
asoorbie acid with HeS.

Ereparstion of (uinone.

Guinone was prepared asccording to directions given by Willisws and
Brewster'26), A mixtare of 10 g. hydroguinene, $.5 g. potassium brosate,
100 oo, water, and 5 oo, leiigB0) is wermed to 60° C. in & 200 co, flssk
with stirring, Woen tie black, erystalline quinhyurone, forsed initislly,
{0 converted bo bright yellow quinone, the tespersture is raised to 80° C.
to dissclve the quinone completely. The solutiom is tien esoled to 0° C.,
 filtered, washed fres of potaseius bromide with a little ics water, and
dried over sodive hydrexide flakes in the refrigerater. The dried erystals
are stored in a Mghtlyestoppered brown bottle, kept in the vefrigerator,
Freesutions are takon to keep the orystallins product cold sinece quinone
has a motigeable vapor pressure at room temparature.
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1, 2,h-dinitrophonyliyniragine: Diesolve 2 g. of resgent is 100 e,
of spproximatoly 9 Nell;80,, flter, and keep in vefrigerator.

¢ B5F NHg80y0 To MO0 co. watar add 900 cc. consentrated Hgfity y ip;
g7« Lol

3» Metaphosphoric acidethisures solution: Prepere s nolution come
teining 5f metgphosphoric seid (WPOy) end 1% thioures,

Sethods

Nlutions of the solution contedning the amownt of delydroascorbie
peid m'w are sade so that the delydrosscorbic apid eoncentvetion
lies between 0.25and 15,per co. h co. of ths dilution sre pipetied scoumw
ately into esch of thres test-tubes, One tube is kept for = hlank, %o
esch of the others is added 1 g¢o. of the 2% 2,l-dinitrophenylhydresine
rengent, The three tubes ere held st 37° ¢, for 3 hours, then cooled
in ice water, While the tubes are still in the ifce beth, % ee, of §5F
ligh0y, are added drop by drop over s period of not less then ) minute.

1 ec, of the coupling reagent is then added to the blank, the tubes are
removed from tho ice water and are kept at room temperature for 30 mirutes
before readings are taken on a photoelectric eolorineter with a 5h0 =,
flter,

A standard calibration curve mey be prepared with stendard solvntions
of dehydrossecorbic seld in soncentrations ranging from 0.25, %o 15, per ec.
The dehydrosseerbic mgid sterdard is prepored by oxidising s solution of
25 mg. of secorbic scid in 2% oc. of 5% metaphosphoric ssid with 1 or 2
drops of bromine, shakinmg until yellew, and sersting until cclorless.



Standarda of appropriste soncontrations are made by dijuting aliquet
portions with 5% metaphosphoris ssid eonsaining 1§ thicurea,

Thie mothod fo based on the forwation of osssones with the reagent
and the subgsequent reactlion with sulfurie scid to forr a soludle, reddishe
colored compound suitable for oglorimetric resdings. Tho sethod was
desorived orioinally 3 eor tng determination of sscorbic acid and
dehyppdroascorbic acld. Siree 2,h-dinitrephenylhvdresine forms the saze
~ osazow with ascorbie acld, dehydvosmcorble asdd, and diketoguloudc
soid becmse of the comversion of the firet twe to diketogulonis mid(m)
and sinoe, wnder the gonditions of the method deseribed above, sclutions
of dikmtopulonie neld give the seaw Mzaitx of coler as equinolsr
qusrdities of escorbic seid when the latter i oxidized®) tne metnod
was considersd suitable, in the presert study, for the determination of

diketopulonic seid plus delyvirosecorbie acid.

A yeesrt paper by Roe and mwﬁcm{“} s Gealing with the 2,bw

dinitrophenyligdrazine wethod, shows that only eigity-cne por cent of the
dehydroascorbie acid present in sclution is converted to dilstegulonie
scid in three hours at 37° . Only after sight bours at 37° C. doss
eoupling of asoorbic acid with the resgert begin to interfers with the
determination of dehydroascorbic aeid and dikstogulonic scid under the
conditions of the method, It will be shown later that this slower
eoupling of delydreascorbic acid doss not interfere with the indirest
determinetion of diketogulonie mcid in ouwr adaptation of the wethod.
Other interference would be expeoled from aldehydes or ketones,
which souple with the reagens. 7These substances do react with 2,ledinitvo-
phanmylhydragine but do not give tho reddishecglored product with sulfurde
0004'™), wien tie Garivstives of pentonss, hexseen, #nd ghaewrouie esid,
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the brownish coler produced en addibien of gulluric acid lades oz stunding
at roon temparsture for 30 to 4§ minutes undil there iz 1ittle or no intere
fevrence. The fading is believed to be due to the splitting of the dinitro-
phenylhpdrasine compound at the hydveaine linkapss with sulfuris ecid,

and the reformation of the originsd uncolored substences, Only cempounds
vlowely similar in stracture %W delydrosscorbis acid will give the rodiishe
eoloryl derivetive. €lucose, xyloove, fructose, sad glusurenic acid hewve
besn shown 0 lnterfers but this interfesresse can be dilubed mtaﬂ, F \

cmatderation of lnterfopmos from products Lorped under the experisental
conditlang used in the presert work will be given later.

& modifiontion of the methed of Vighet and T‘ﬂt(n) for deterxining
aseorble aeld with 2,6-dichlovaphensl indophenel im xylets wes developod
Loy une with the uffered solutions sncountersd in the courss of the
presant study, In the original provedure a standsrdized snvumt of the
acidined form of the dye as the hpdrochloride in xylews is shalen with
the solution %o Lo snalysed for ascorble scid and the resulting decroese
in codor of the dye in sylsme is determined by photoslectric colorimatyy.
The tﬂluing change wes found necesssry in the present stodyt A specified
anount of the stendardived xyloms-dye soludion ia shakoes with alkald
solution Yo converd the dye to the weterwsoluble, xylens-insoluble salt
form. The bulfersd soleutiom (pi 3.5) contalnisg sssorbic acid in added
to the dye solutlon; & psrt of the dye is lmmedintely redused by the
aseorbic seld, and the remaising wireduced dye 1s recomvertsd to the salt
form whish 9 sheken back dnto the xyleme, and tha decreass in solor i3
w in the photoslectsric colarinetsr,
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The followlng recgents ave reguired:

de 0003 B~ sodiun hydroxide.

2, Citrute buifer, prepered by dissolving 21.0 g. oitrle seid in
200 ga. of 1.0 B sodlum hydredds (carbonste~froe) pod dilating to
230 ec. ,

3. 3% wetophosphoric asid with altrate bulfler, seds Sy using 7 co.
of aller %o 28 c¢. of metaphoaphorie seid,

ke E3era. |

Ss 2,6.dichlorephanal indophsnol in xylese. O.1 g of dye is axtrected
with tno 25 oe. portions of belling water, filtered; snd diluted to 200 ee.
This solutlion is seldified wilh hpdrachloric seld until red. 200 co. of
sylome sre shaken with Uhe solutlion, The xylens-dye leyer ie washod
ssverel tlues with 200 oc. portions of 0.03 N-HIL, % prevest Jaling of
tag dye by the seid in the ascorble edid selubions to be aralysed, The
wylens-dye layer 18 dried with snlydrous sodlum sulfate and filtered. The
selution 1s then diluted with portians of xylene %o a reading of 180-15%
om the Klett-Summerson photoslsctric colorimeter with 2 S0 mufilter.

The procedure for the anslysis of ssecarbie seid solutions is as
followss A blavk i: prepared by sdding 1 oo, 0.03 B.lalll to 10 ¢s, xylene-
dye solution in & glasp-gteprered graduste followed by shaking sbout onew
hsll minute uatdl the color 1o removed froa tie xylens, 1 cc. of the 3%
mateplnophorie scldecitrate baffer golution is sdded and the dye is shaken
back into the wylame (Time: 30 to 60 mec.). Ths xylene layer is freed of
water by centrifuging. The blank i used to et the colorimeter at 190,
Samples of the ascorbiec scid solntion e be mmalyped sre Qiluted with the
wetephiosphoric seld-oltrate tuffer solution to & point at which 1 e,
. containe 0,01 %0 0,06 vy, sscorbic noid, The dlluded sclution is trested
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B e saem mepner 8 e Ulalor L ece is edded to tie bepsin selution of
the dye in xylone and the woedueed salt furm of the dye is shaken back
into tie xylene layer for colorisetric veading. Resdings chould bLe nade
within 30 ndnules after the roduction of the dye. It Lo SLaporiant that
U Une of conteel of the buffered sscorbic scld solution with the dye
apd o period of sheking be kept eonstect.

4 slandard curve weas constructed by tresting aliguots of & standexd
GuCOFLLE GCid-iw Laplotpioric seld-buller golublon L Vhe waer described
sbove. leproducible curves were obtained.

Lohydreageorbic apid mey be determined Yy the spue method after roe
duction wiilh Rydrogen oullide, The sagple comitaiond gy sucerbic seid emd
delytdrosscorbic acdé ip diluted with the bulfered metaphosphoric acid
solution ou that ous ce, of the dilubiun comtalns 0.01 to 0.06 ng. frev
ascerblce agdd. b is Lubbled lhrough 8 poriion of the diluted solutlen
for 1P siswtes. The Hylwsaturated selutlen is sllowed Lo star for two
bours, after whlch tisme nitrugen is bubbled tircugh for JO=US minutes e
rwﬂthaﬁll. ihds reduced sodutoon, containing total ssturbic scid
{(delyurcescorbis asid reduced %o aamzf’bia scid plag the original ascunt
of Irew aseorbic acid) is diluted to contain 001 to 0.06 mg. ascorbic
GGl por o0, and the wsount of the campound iz then detersined os de~
voribed wbove. The value cbbolied for free asewrbic scdd sublragted from
Lhe value cbtained for totel sseorbic scid glves the asount of delgdro-
ascorbic aedd present in tie solution.

& blank wau trsated with hydcogen sulfide in the ebove aspner. Xo
iuberforsnce Wil the xylens-dye reagout ccourred Irow the residucl sullide
waresoved by .bnhbnu itrogen through the solution.
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2. I'ROCIIUTRS

mmefwmmﬂMunMMMMMr
"hethods.” 2 few ce. wore reserved for initial deterzdnations of ascorbie
apid, delprdroascorbis scid end diketogulomic acidg the remaining portion
of the solution was divided into two parts, one designated "DiA fyscotion,*
to be used %o deteruine the change in soncentration of the tivee substances
during the period of the experiment and the other,designated "GO, fractien®
to be used to determine the smount of carbon dioxide evolved during the
pese period of time.

To determine the carbon dimdde evelved, a flask contalning the
%Mﬂ@sﬁa%ﬂ%ﬁ&@“&mg@?mwwwg
mhumntur;uhrhtﬁ. MMMM&MHIMV
mmummmmummmwumwm!u
the gas, sud then into the flask containing omdy water. The inert gas
was. then bubbled thwough the CUy fraction at the rate of one bubble per
setond, then through concantrsted sulfurie acid, drierite, and a weighed
tube contedndag & layer of asearite followed by & layer of drierits., The
evolved CO, was abeorbed by the sssarite in the weighed tube. The differ-
etoo 1n the weight of tho tube bafore and after the experiment indieated
the welight of COp evolwed, The scoursey of the method was checked by
acldifying a known amount of carbonate in the reaction flask. The theore
etical yield of GOy was obtained.

In order that experimentsl condiiions might be the same for the two
fractions of dehydroascorbic acid, the flask econtaining the DI fractiem
and, sgeing & similay flesk conteining only water wers placed in the
constant-temperature water Lath, Jlitrogen was bubbled fiyet through the
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fesk conteindng water and thon thyough the flashk conteining the DA
Craction, This treetment sided also in medrteining a cowstert wolume
of the U Jrection tlreughout the period #r‘ the axperimental run,

A% Yhe ord of the wperinent the THA frevdion was 2llowed to cool
% roon tagursiure, Analyses wors wun on the DR frection %o determine
the srownt of ascorbie acld; delydrosscorbis aeld; and diketognlonie seld
romadand: g in the solutdon,

Calowlations wore made in the following menners Values for fyee
aseorble acld vere determined by the dichlorephensl indophenc) method
deseribed. DNehpiranscoriie acid ves obtained by mibtraeting the valus
for Irec sscorble seid from the valus for the total msoorble aeid dater
wived by ihe indophemel wethed after wedustlon of the selution with
bpdrogen widlide, As will be shown Jater, the avount of diketoulonda
acid presect at any one tlme depends wpon tro diffsrent rates of change:
e conversion of dehpircasecrblc acld to dikstogilonle scld and the
degredation of d&wﬁﬂm acid ascospamied Yy the relesss ¢f carbom
dloxlde, It was found unnecessery fer QUr pUrpoBas to detor due the
absolute valus of diketogulonic seld. lowever, sings one objest of this
stady ls to camlata the change in diketogulonic acld with the swolntlon
of ssrbon diexide, the loss of diketoplonic scid is lugportest, 2inee
the n_t‘zm;i of Bee and Ouswl.tagum delarmines both dehydroascorbic acid
and diketogulonic acid, and since dehydroascorbie acid is assumed %o be |
somverted to dikelogalonic acid before any furitber changes ceour in the
wolecules, the dliferense Letwsean the values obbaimed by the dinitrophanyle
bydresive mothod b the begimaing snd at the end of an experimeut ws
gausiderad Lo represent the diketoguionic scid Joot during that tims,
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Initially it was necessery tc fimd ¢ teaperature st which the decarb-
oxylation reaction takes plece st a rate fast encugh to show & decided
change in the concentrations of the resctante during e three-howr poricd.
In this uﬁu of emperiments, selutions of deipnircescorbic acid were
kept st tosperatures ranging from 22° to €0° G. for twelve hoursy saiples
zwmuwmmmiwmazﬁwmm -
nothods were removed at threeshouy intervels, The curves iz Figuvre 1,
with typieal values obtaimed by the two methods, show the decrease in
mmm of the sonstituents over a twelve-houwr period at the tempera-
tares indicoled. & tempersture of (0% C. was chosen as the ocno mwost sulted
for the work at head,

g, RESLLYS

Amotwumamhmﬁrﬂnelﬂmafw
the intermedistos in selutious of delydroaseorbic aeid. The saluticns
were maintained st G0° C. for 3, 6, 9, and 12 hour periods. Emphasis
should be placed on the fact tiat the deta for esch experimnt in this
group represents valuss obtaimed hy stopping the reactiom et the hour
indiscated amd taldng sazples for the determinations described under
H-Muuuuummmu-mm“mfww«mfw
sampling. &mwntdwmfqutuﬂmmml.
The sethed of caleulation may be followed frem thils table,
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diecide evolveds, lo compored with the va Jue for delydrocscorbic acid prosont

at whe boginning the experinent; speciflically theny the values show the

change in concentradion of the substapces during the coooriments sbated a
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Exemdvation of Figure S showe the rate of loss of diketegulonie acid
te be fuster, spparently, than the rate of carbon dioxide evolution.
Thoughtful ecnsideration of the methods used polnt to two possible ressons
for the diserepancy between the retes. The low wvalues for diketogulonie
sold lost during Siw first & hours may be csused by failuve ic detect ell
of the dilmiogulonie seld present by the dinitrephenylhydrasine wethod,
liowever, eryor frow tlis souree is gredually replsced by a different
increasing positive errer. The sost probeble explanation for this lncresss
hummhmbyasMrMemmuuﬁm
pruduct, forwed during the degredaticn, capable of soupling with the reagent
used. Suoh s possibility was investizuted. A solution of delydroascerbie
seid wes maintained st 60° C. for 19 hours, er until carbon diexide evelue
tion had ceased, The solulion was analyved Ly the dinitrophenyliydrasine
mothod in the same manney as sll other sweples, The amoumt of “apparent”
dilwstogulonic asid wee high enoug: o sccvunt for the lncreasing positive
difference between valuss for lose of dikmtegulomic acid end evalution of
carbon diexide, The amount of interference fyom this source at any given
time during the evelution of corbon diexide wes lipossible to prediet. The
developuent of this interferenve during the twelve-hour peried ehosen foy
this work is not suflicient to influsnce greetly the econclusions to be
drewn later.

After six hours a slight asoumt ¢of interfereonce was alsc noted in
doterminations of delgdreascorbie acid by the dichlorophencl indophsnel
sothod. %The valuss for froe assarbic acid rose slizbly but sieadily.

In the methods for caloulation used, such & riss would result in highes
valuss for the loss of deipdreascorbic asid than weuld theopetieally be
expected. ¥hen the curves in Figare § are extended beyond the twelve-bour



experimental period to the tizs a% wideh evolution of carbom dioxide censes,
the apount of error ccourring from both methods of deternination is shown
graphically. The errce is pesitive in bLoth casss and, theyrsfore, is in the
right directlons Interference by the unlmown product is greatsr in the
dinitrophenylhydrasine pethod than Sn the indophsnol metiod tut is mot
greater than the 108 considered moosptebls for work invelving the use of
saveral differant tecimiques. }

Tha beliel thmt zylosons is the initial degrsdation produst of diketo-
gulonio acid snd that it might be identical with the unlmown product csusing
the interforence noted sbove led to sttampts o dsclate and identify it
The solutions of delyuroaseorbic scid after ewvelution of carbon dioxide
ahowed the presance of & substance capable of reducing Semedict's solution
in the cold, Tresiuent of these sclutions with phenylhniresine acd with
bremopherylhydrasine peve good yields of weter-insoluble erystalline coe-
pounds, llowever, mm&meﬁmtam“mm
which could mot be saparated in s state of purity adequate for identifica-

tion,



DISCBSSION

The principsl findings in this study are eabodied in Table 2 and
Figure 5. Lxauination of the data and the curves shows thet the grester
pert of the dehydroascorbic asid is lost during the first six hours and
that at the sens time the diketogulomic acid, formed from the dehydro-
aseorble scid, disappears at & linear rete clesely sppruximating the rate
of evolution of earbon dloxide. Such @ series of sonsecutiwe resctions
i» better vepresented by the curves in Figure 6, The eonceutrations of
the three rescting substances present at various times is whown graphically.
Since the dimitrophenylhydrasine sathod ss used in this work does mot
detersine the absolutes smount of delgrirsassorbis seid, thes wvaluss fop
diketogulonie acid calgulated as present at any given time are relative
snd pot absolute. fShe u‘lun for diketogulonic sgid present, as detere
eined in Tebles 1 and 2, are ouly indicotive of the genersl change in
mx&uﬁnatm'm”mmmmmmwmm
periments, Congequeatly, the curve in Figure & for the emoumt of this
cospound present, has boon dotted in amd is used only to show the trend in
its change in concentration. From the figure, it will be noted that the
concentration of deiydroasverble acid decresses steedily during the firvet
three hours when the concentration of diketogulonie acid is increasing.
At the ssme tise the smount of carbon diaxide evolved inoreaves and,
tisoretically, equais the imitial coscentration of dehydrvascorbie acdd
at 19 hours. West and Rinehart'™*) showed thet st &° C. 0.50 millisels
of sarbon dioxide were obtained from 0.58 millimols of delydroasscorbic
nodd in 2h hours., 7The figures show that in the consecutive resctions
debydroascorbie —) diketogulenie —) carbon diwmdde + xylosoms (%)

acid acid
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there is imitislly & velatively fast conversion of delgdzoaseorbie teo
diketogulonie acid, which is then followed Ly the slowsr decarboxylation
of diketogulenic ascid, The contimmed conversion of dehydreascorbic to
diketogulonie aeid coupled with the slower decarbaxylation reaction would
agres with the shape of the diketogulonie seid curve after thres hours.

mmﬁmezwammwmmumumm
this work to & first order reaction. 7The kinetie equation of a reaction
of ths first opder may be written in the fullowing forms

l-‘-l”ll-“

whore & » initial congentration of the rescting substence, x « decresse in
songentration after lapse of tiwe ¢, and ¥ » veloeity sonstent. Such a
form expresses the fnct that the quantity of the reacting meterisl remaindng
falls off exponentialily. ouqrmmmma,u-cmmm
smount of delgrirospeorbic acid pressnt appesrs to follow this form of equs-
tion.

For eny first order reaction the time telen for a defimite fruction
of the reacting msterial to deccapuse is independent of the initial cov=
centration. In our work, the initlal conventration of dehydroascorbic acid
ranged from 2 to L gress, yet the curves for dehydrcaseorbic aoid present
and for caybon dioxide preduced imply s rate of resction independent from
these original coveenirations. in sdditiom, the values for the svolution
of coarbon diaxide f£it very closely s straight line smnd also satisfy the
above test of a Lirst order reaction. These facts ludicats that the cone
sscutive reactions in the evolution of curbon dioxide frum delydroascorbis
acid solutions ure all of the first oxder.



Rigid proof of a resotion of this order can be obteimed ocnly from
subatituting experimental values in the sguations
b | a |
k2w In sy
1 8-
The following table siows the results of applying such a test to vur data
~ for the chenge in comsentratien of dehydrosscorbic seid,.

TANE 3
{ & «x) 1 : k
054 mil 3 hrs. .22}
0.30 6 0,201
0.22 9 0.168
0.4 12 0,164

Since 8 constant value for k is not obtained, our date would tend teo
cast doubt on the evidence obtained by Pempey and Zilva‘ D) thet the
converelon of delynreoascerbic scid to dilstogulonic acid follows & first
order reaction. %They showed, however, that the rate of reaction is |
slowest at pH L and is scoelerated at pli above snd below . Becsuse the
pii of the solutions used in our work changed from 2 to 4, the greater
differcuces in k values for the first six hours way be due 0 a lower pi,
and the better agreement of the k values in the lapt six hours say be dus
to a more stable pii,

The studies on the evolution of carbom diaxide elarify certain points
coheerning the chemlstry of dehydreascorbic seid. That evelution of carben
dicxide in the reaction is due to decerbexylation of diketogulenic sgid is
shown by the curves in figure 5. Tie millimels of carbon diexide evelved
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correspond to the millimols of diketogulonic acid lost within less than
10 per cant bt O %o 12 heurs.

The importance, if any, of this degredation of dehydroascorbic scid
to the physiological destruction of asgertic acid mst aweit further work.
Prelimdnaxy experiments in whioh dehydrouscorbic acid solutione were mein-
teined st pil 7.0 with phogphate buffers, show thst evolution of carbon
dioxide oceurs, 1he correlation of the rate of evolution with the die-
eppearante of delydroascorble acid and diketoguloniec acid at this pi is
still to Le deteruined.

The schenme of reactions for the degredation of ascerbic scid as set
forth by Yest and Rnshart(13) has been carried further towsrd confirsation
Ly this work. mewmmﬁmmexwlmmwm
to the couplex nmature of the ccmpounds remsiming after decsrboxylatien has
scourred, |



SUBMAE

The spomtansous evalotion of earbon dioxide from solutions of dehpiro-
aseorbic acid malm the sequenve oi consecutive reactions:

delypiroasoorbie — diketogulonic — ) carbon diaxide ¢ lexylosone (7).
scid acid

The rate of cerbon dioxide evolution parallels the rate of diketogulonie
acid destyruction. Une mele of dikstogulonio acid yields one mole of earben
dicoride.
All of the reactions ocourrinmg in the degredatiom of dehydroescorbie

nmmmtnhcorm firet arder.

& modification of the ssecrbis method of Mghst and
M‘n) is given for the detersinstion of sscorbie acid in stromgly
buffered sclutions.
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