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TE FEACTION OF ASCORBIC ACID WITZ PORALDMNYLE

#5% at

In previous work (1} 4t was discovered that fomaldshyde interfered
in the titration of aseorbic eeid with 2,8 diehloro phenol indophenol
¢r lodine. This phencmencn appeured to ocour even at & low 2, In the
dilute solutione used the titratadle seidity of the aceorbie zefid was
found to be unchanged and further, the fommaldehyds could be recoverad
from th@ solution quantitetively with dimedon.

In mors concentrated eolutions, sspseially in the presenoe of
caleium ourbonate, escorbic acid and fammeldehyde neemed t¢ fOom an
addition compound whisch could be obtained as a syrupe No femaldshyde
eould be recoversd from thie syrup with dimedom nor did 1t reduce
indophenol. Amsliysis supgested the additicn of $wo melegules of fomale
dehyds %o ona moleguls of assorbic seid. It resambled & suger in some
of its chemieal properties snd tasted swoet. The specifiec rodation in
water variad from [O‘Jzo =10:8% to «12.8%, The acetyl number veried
from 781 to B30 The reducinz power towsrd the Shaffer-Somogyl rveagent (&)
varied from BZ~57% of that of gluscess. A& densoylated derivstive obtalned
hed & molecular weight of about 830,



Avcording to Kuein (3} the condemsation of formsldehyde is vetslyved
by benzoin. He postulstes $h¢ mechanism of the reanction thuss
CHgon o
FhoCogePh + Eﬁ?*ﬂﬁ — théﬂt-"-é-v?h«*—-—-}
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This fintermedinte produst @ s hy@roxy methyl densoln. he smcossded
in fsolating. According te his theory, i% sow adde arother molaecule of
forasldehyde to fom another intermedinte sompound « 'Thie splite
to yield glyeoveldshyds ssd the origiusl benzoime
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Since the addition product of ascorbic metid and formsldehyde was
found to be a splendid eatalyst for the polmmerimabics of formaldehyde
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in alkelf, it wea Shought that the formmule might resenble, in type, that
of Kusin®s second intemmsdiate produet @ .«
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This prinscy additicn product miMt then add snmothar noleeule of
fornalishyde to form
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fueh s foremls would sccount for the meleaculsy wolght found end the
lons of indophanol redusing power.

The work preserted in this thesls w=ma sn atbenpt %o clarily the
nethanian of the recotion batwesp asgorbio acid and formaldehyde, and

to isolate a purs sddition produst whoss prupertiss could de &mwﬁinﬂﬂ.
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Piret, the sffect of formaldehyde on the i of smacorbie seid, redue~
tone, dihydroxy malede eoid and diethyl dihwdroxy mslente ves deternined.
Fach of these four compounds bad an spe=diol eprouping which 4o recjonaible
for tte indophenn} reducing powsr and the aciditys In the case of dihy~
droxy malelo seid, however, the seiﬁ;’.’ty ol the ens~4iol) group iz less
then $het of the im esrhozyle.

Seeond, the tine, Sempersture, coneentration and pH lftlaﬁanlliyl
¢f the resction batwesn encorbic acid and forsaldshiyde wers studliod,

Thizd, earbon dloxide was found %o bs produced in ﬁhil roaction,

A study of this waz also made.

Fourth, the addition ecupound wes preparsd as a eyrup by 2 method

diffarent from thet used previously.



A ©,1000 M, solution of ssenrbic aeid® was titrated in 1 nl, steps
with 0.2000 W. Me(H, ALl water used Hhroughout this mork was 8ietilled
{n Pyrex and desormtod with Ngs A Bockmann ¥ meter {glass slsctrode)

wns uesd for the pl deternsinntionns

ke Ba0T ml Ascorbie Aeid & e

D08
B 08
B.71 .
4408
EPL
830
11,17
1l.88
868 {pE)

4

s ds SO 35 @ ¥

4

gmanﬁ»umw@

Anpther einilar sxporinent was made using a solution of sscorbdie
ncid {0.1000 %) o 4Ff HOWD. The 4F HOHO used had a ¥ of 5.98 and &

negiieitles Wlffer cannolty.

Bls NoOH mks Agoorbie Acld | owe

a - :‘qﬁ"

3 $ BelH

g 8 879

2 7 Bl.1C

4 & Fedi

8 8 7210

a & 10.68

4 2 11.50
2.9 ] 8.21 (27}

*111 aseorbdbie acid need waa Vivemin C "Hoche® (symthstie lesseorbie)
made by Hoffmage-Lafocha, Ine.



Yurther data wers obtained ueing ascoxbie aeid {0.1000 ¥,) i{an %8%
HOHD, The 98% HCHD ueed had & PF of 5,89 and negligidle bulfer capnsitys
b & e

L § }
.58
8408
7«19
8480
10,08
1050
10,499

H
£
3

ks NaOH 8l Ascorbie Asid
0 .
: .
a
8 |
4
: .
8
9
a -

B O6R e 4B O g O 0

& 0,000 #. solution of redudtone (GHO » UIOH ~ CHG} in water was
titreted in s slzilar nanners '

s Reductons & P

s 60

4.70

P.54

798

B4 28

L
11.1%
il.81

6,08 {pk})

:
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Maon 0.1000 M, reduet ma in 47 HOW was used the followlng data

%are obtsined.

mis ﬁﬂdgg&g&g Lﬁ. 3‘?{’

TuBl
470
7.54
7.98

B TR
2.89

S ¥ S5 &
11.81

.10 {pK)

:

k1

48 0% & LN O 3§ <D w3 3

¥

~3 % B0 e €A 10 W 5D

2.5

Resulis obtvined using 0.1000 M. reductons in 39% NCHD,

2o o £ls Pedsctene |
3 o .19
i 2 280
] 8 T418
3 k4 7«50
4 & 77
] . .48
8 4 10.18
4 3 10.8L
8 g 15,80

a3 L3

7.7 {pk)

Ascorble aeid in Mg 44,08
Asvorvie acid in & HCHO Ba51
Aseordic aetd $n 3871 HGD P+ 23
Reductone in H Be03
Radustone in 1o I .10
Reduetone in 287 2000 7470

The syruy used was propared vy Ls Fo Boya
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One and saventesn hundredths irang of syrup in 00 nl., dietillsd Hpo

had @ pH of H.28 at 2% The addition of 1 mls 0,100 ¥, NaOH chunged the
i to 10,98,

Mhydroxy maleie zoid wao prepared by Fenton®s method (4).

gl 04030 H Magll Bl 0:020 He fe%d. g, o
ﬁ - ﬂaﬁ'
] ‘ i 5,10 (K} (®)
B 8 Vel

B mle 2,080 8B, sgid * £ al. 4% RGO 2.6
2 mle 0,080 ¥ aeld * 5 ml., 208 BOW 318

Titration curves ware mot rup in full because the amount of aefd

available was @mall end solutions of the ncid wers so unstable that

raliodle pH values were diffioult to obtain.

Biethyl dihydrozy malonte was preperved by Fenton's metusd {4).
Since this aeid 1o rather insoludle in wuter, 2 satur=ted solution,

shich was wsed, is only ahout 0.0 N

mle 0,010 M "mle sutursted solution ] 280
“M —m—- [EREerT—

g e ‘ Z.08

3 ] 378

| f‘é : .&"3

& ml. satursted solution + B wl. & HCSp 2,08

B zle saturated solution + 5 a2l 288 HOS  4.98
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Iz order to facilitate the preparction of the puvre anddition produecd

it wme thought advisable to study the rezction in datall and to detemins,
it poasibdle, optimum conditions. The firer eight experiments were m
26 follows: 0,500 g« sstorbic a0id, 0s5 g Calls, and 50.0 ml. of 4
ﬁm wore mixed ix & large test tube, placed in s ﬁzumﬂmiﬁn: son=
trollied water bath, and stirred _Gontzll‘lﬂtlig b an glestric stirrar.
Analysis wes made for HCHO sad reducisg substanees. Temperstures fron
5% to 50° were vaed. In none of these expsyiments wars resulta obtained

which oould be interpreted op vmuh could be chaeaked.

The dimedon {7} method was useds A4 one ml. semple was teken,
acidified to phenol red, and 100 mi. of & esturated solution of dimethyl
dihydro resoreinol {dimedon) was added. This woa hastod en a stemn baph
for & few mimutes, then alloved to stand over cighte The fiuffy white
pre¢ipgitate ng collestad by filtration through & welghed Ooooh erucibdle.
m;y drying for at loast six hours iu an oven st 98° the final wel ciing
ms nade, Pelght of preci itate x 0.1087 equals the weigt of HOHD

in a one ul. saxples

A one ml. semple was dilnted to 20 wi, and ssutralized to methyl
redy 0.8 g dimedon wes sdded, the nizturs hested and ailowed %o stand
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over night. The mizture wae sheksn st intervals $o provids hetter cone
tant between the melid disedon #M the solutions This eonpletely rasoved
the HCHO. Dimedon and sscorbie scid were resoved Dy the foliowing trente
ments A fritted glass filter funusl wee enployed in ramovisg the pre=
efpitadte. Four ml. of o ﬁmwﬂumi mm' {containing 307 Fep{80g)=
and 9% Mef0s in 0.28 N, HpB0;) were added. The solutics wus @iluted to
20 wls and alloved to stand ten minutess After transferring o 3 250 514
flask, BalDy wes adled to the filtrate snd HoB bubdled Shroughe. After
blowing out sxcess Hg® with air the mixture was sgain filtered. The

filtrote wves nsutrelized to phesol red. The reducing velue war detormined

by use of the Ghaffeor-Somogyi reagens #00. 5

Binee the nethod juet desoribed wmay so long and laborious snother
wathod M sought %o repisos it.

¥irst, an sxtraction of P dimedon with benzuens wes sttevpled,
The HOEC was removed from & sample of the remction mizture as befors,

then oxtracted with bensens {Figure I}.



H —1 .
_ ~ henzene

_sample

F:cjure )
In thie apparatus $he bemzene was vaporised, condemsed on the Ssll water
sondenesyr, lod dowm through e glase tuhﬂ;.uzlauud to dubble up through
the selution, and roturned to the doiling Flesk by overflow intn %he

gide grae Two trial sxperinents geve waluss whieh falled to cheeks
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Beceond, roducing volus2 wars determioed witbout the removal of HOR
pr ascorbic acid. (,1000 g. ascorbie zeld wus dissolved in £0 nl, dise
$ililed Hobe A& one mls sampls of 3his misture wae diluted to & ml. and
its redueing veluoe determined with the Shalfer-Somogyl reageit. The ree
dueing valus was equivalent %o 1.80 mg. of glucose.

0.1000 g sscorbis acid was diesolved in © =l. 4F WOUC, then diluted
%0 50 ml. One ml. of thie sizture had a mdueing valuo sguivalent to
L.71 mge of glucvse.

Ope uls, 4% HOEO was diluted to B0 ml. A one mle suaple of this
soiution Mad a reducing velus muhﬂm 1o 0.0% nge glucosa.

Thin showed that varlation in redneing povar eoald be follownd
during the reastion meiher essily. Apjarently she OO vwxdesgoes o
 Commiszare reastion and thus hus » low reducing power. |

Tha techinique nged for dstamining :s'téi.ioing subatances Shroungzhout
tha meat of the work was this following. & one nl. m;;w&e wag taken fryom
the reastion mixtars, nwﬂ_‘smluﬁ $o Ml rod with 0,0 ¥, HCL aad
2iiuted to 80 wl. Pive ml. of ihis plas five mls of the Shaffer-Somogyl
resgent were Nesked om & bolllmg woter Dath for 18 miantes: Afder
- eooling, one xl. of a 4% potssaiun oxalade - pobtaseius iodide rangant
snd five nl. of 1 N HgfD, wers added. Thia wie then bitrebed to the
phenol ved = staveh andpolnt with fresh 0s000 B, NegBglue Hlank titrme
$lon minna titration of sample amals $itretion ¥value. One ml. tiltretion
is smivaions %0 0.113 nge gluccas in the five nl. ssmple. Ieta obtaimed

by this mathod ehecked better thax those of previcus nethods.
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2oldified with 100 sestio seid and titrsted,

TMiration 1%k 0,000 W, Aqueoug X
{3 nle = 0,787 wg, asecrble <eid

In order %0 follow the dise pesrance of auwﬁu aold during the
resction; indophansl and {odine titrations were counpared as o applige-
The nsual test experimints were made {using G.500 g. asocorbie,

0s8 g Cal0d3z, and 50 ml. 4F 0O} ot 30° One nl. swples wers takenm,

mle Iz Used  Ascorble jstd Ruuiveleny
LW ] $a 83 e
%80 4040
Fu d e B3
$e 50 TalB
BeZE 858
L% 8 1.89
1,38 G221
222 Qe 73
020 0,47
Pitration Witk Indophannl
{1 ale = D,0Y nge sseorbic ﬁﬁi&}
Bie indgphenol yeed Aseorble seld equivaient

19,508 4450

23. 00 N

£1,00 4488

17.0% Ze¥R

13,80 Eu04
8,18 1.4l
S.88 Oaucig
e 30 DB
Gedl AT
3«00 .00
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L gomtrol wse also Tun on 0.500 g aseorbic aeid iz B0 wl. @
HCOD {omitting CalDz) usisg $he same solution of imdophencl.
el 8le indoghencl used Ascorbie feld Biuiyeiemt
2 B 50 1,87
T8 [ P M) 3
1 Be78 '
5 {a 70
4 D258
4] £.70
4] 0,88
4 e 20
In eonparing thess duta % must be noted thut the recotion in the
presencs of Calls wont oun st a pf of 7,7 shils the control without the
CalDy mas at a P8 of about 4.8 4
Todize titrution was preferred hocause of the greatsr stabilidy of

the solution on standing.
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Exparineats oarried out naing the foregoing methods yielded results
shieh eould pot de intevpreted. In order to oliminzate oxidation as a
factor, further sxperiments were omrricd out im Nge %he dats obtained
ware mueh nors satiafotory and could be chesked more closelys In the
followine experinents, HCHO, sseorbic moid and reducing substenocws were
- deteruined by the aforsmentionsd nethods. |

0.800 g« ascorbie acid, 0.8 g« Coaldy, and 50 ml. 4F ECH0 weore mized
and allowed %o react in a 100 ml, Xjeldahl which had o oide tube on the
bulb for takiag sajples. A etroam of Mg excluded Og ead served as an
egltator. Puns were made st 5B 48° and 609, One sxperiment wea Tun at
2E° using YO¥ HOK instend of &F HOHD.

In axder %0 observe the sffeets of pi, the following was dones
0.000 g+ nooorbic mold, 048 g ¥20 nnd 50 ml, 47 HCEO wore mixed sod run
at 359, m maintained = pf of 10.4. 4u ideatical experinapt wmwac
enrrisd out using EOH to obtein « pH of 9.0

The roaulis of these last two sxzpsrimente zaﬂiﬁfﬂ that the Tunetion
of the Cx0Z wae merely thot of maintaising = s rather than thet of
ezerting & catelytie offects To o onfirm this, oaleium ascorbate wos
used. 0,500 g accorbie meid wes dissolved in 25 ml. Hg0 wnd excese €alls
added. After .fixuriag‘ 25 ml, 8% HCHO were added and the uixzture '
allowed tc reset os bofore. The results wers very similar $o those obe
talnsd vhen an excess of CalDg was precent. It was ahe&rvﬂ shat Call:
was preof ftated durimg the veaction. Thic suggosted a liberstion of Clp
Trom the astorble eeids PFurther work showed this o be true.
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e C0g produced in the resction Flask wee owapt into the ~beorptien
épiral by & strows of Wy {purified by passeing over hot copper)s It was
-absorbed in the spirel by 0.2 ¥. Ba{OH)ge A% the ané of the detsmination,
excens Ba{Ol)z was ttrratod with 0.1 M. HEL to & -,ahmlahtmilin endpointe
The affact of pi on the rosction was first studied. é.;.:::o e aseorbie
aﬂiﬁ in 20 ml. CQp=Troe ﬁiat%;&aﬁ Hy0 was brought to pi 7.8 with HelH.

245 ml. %% HCHO wes added, making the concentrstion of HOHNC about 4.
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ﬁu Bixture wia allowed to reset for four hours st 009, then acidified.
Theoratical C0g =~ 0.0828 g Found =« 0.0858 ge § Bhoorssical =« S

In au exactly sisiler experizent Ca{0R)g wes ussd to brisg the pil
%0 7.65. e mixture wac allowed b0 resct for fous hours at 800, them
aetdifiod, 00g == 0.0077 g & thooretical -~ $1, Next a phoaubete
butfer was xannﬂ to maintain o gl of 8.4. The vecetlon procesded for six
hours at 80 COp found == 0.0577 g. Lasily, tue pll of «n esscbly simi~
lar mixture was brought %0 & 34 of S‘.%}ss'nm m and sllowed o reseh
for four hours at 60%, then acidificds €03 found == 0.0599 g. £ theo=
rotianl - 30.9.

fiince 00y wes produced at a I of 948, it soened probable thad
ssoorble weld and HOHD weuld recel witoout the additlon of any base.
04280 go ascorbic seid was dlssclvad iu 20 al. COg~iree g0 and 25 nl.
5 BOIO added. This was allowed to pecet for five hours &t 09, 0
Tound =~ 0.0852 ¥ theovetical ~- 100. At the ead of the resetion the
2% wua He8. Blanks wers run under m A esmdhi&nag lo apprecisble
(g wan ovelveds Kore $han theorotical amounts of (0g could not be obw
“tained by rumaing %lw suma s:pm*méat for 24 bours. Further, the same
experinent wes carvied out ut 0° for 42 bours. C0p Tound =~ O.0865 g,
# theorstical =- 4le This sizture wes Yum for m Curther %4 Bouss g
found == 0,0180 g @ thooretionl -~ 9. JYor the sotal <V hour peviod

005 Tound «- 0,0400 gy ©# theorotical o= T8,
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The affeet of varying the copesntration of HGHD was mext studteds

In sach expoeriment 0.840 g. escordle aoid wis dissolved in 5 wl. Hgd and

saffieient 207 BCHD sdded to obiain the desired eoncentrntion.

Gongmtm%mn Time in

QrHGO An g  _Houre,
2 2
4 4]
3 2%
] e
i1 B
‘14 -8
1840 5
18 -]

€.°

AT IR

50
L
&0
&
60
80
60
80

ve C0g

Pro

Gy 0871
D.0448
(D463
Qu0343
OO B84
00433
00074
0,088

¢ Theoretical

ss28g83s

Parther, the speed of the re-otion wes deteminads In this get of

experinente 0.850 g. necorble ac0id was dissolved in E8 nl. Hgd and 10 ml.

307 HOMO added to meke & oconeentrution of about 11d,

earried out at TN0,

Time in £ COg R
Hours Produced Theoretical

g $.0088 10.8

4 $.G178 Biled

& G027 45,0

ii 60508 1.0

in mgse
nEgose i

198
2z
218
249

The yooptions warse

Rodueing Substences O0.01 H. Iz
nl. Titration
veient)

el
e 8
D88
0,18



\’ V9N W AaY
woul ey au3 03 01 X ol J
P £ AT »

ARES oMt Al tean aimpos Py

f



Syrapy wus prepared as follows! 5.00 z. aseorbdic aoid wea disanived
in 100 ml, Bg0 end 128 ml. 38% HCO added. This mixture was allowed to
rescet in Mp at 60° unill no more Dy mes evolved. Nzoess BCED was re-
moved by eovsporating im & vecuum et 45°, adding Epd repsatedly, and
evaporsting repentedly until the distillate gave no preeipitate with
dimedon solution, A golden brown coloy spseared as scon a8 the RCHD
disappoared. The syrup was teken up ip absolnte alechol, decclorized
with charcosl, nnd the aleohol ovspormted by a atress of air. Last traces
of aloohol were ramoved by an oil wvaouum puup. 4 thick, swees, iight
yollow aymyp was uhiaim. The whole proeess took sbous two woeeks. This
eyrap 4id mot yodues indophencl, fém-d no pracipitate with dimedon, and
ratuced fheffer-Somogyl sugar réasgent very slowly in the cold. 4 yellow
eclor wng obtained in Waite and Green's aniline tests A color similay
but not fdentieal with fruvtose appeared in the Seliwanol? test. Ine
soluble whits orystals ware obtained by omldation of the syrup with ﬁ5
&8 in the fomation of mucie acids  4An csazons could mot be prepured.
Curves obtained (7, Van Eruggen in this lsboratory} when tﬁm syTrup was
naed tb esdalyse the comdensation of MG indiecats the pressnse of

keto groups Boiling with 1% BCL splite out furfural.



DPiscussion and Oonolusion

Thoe sxperimental work presentsd shows definitely that fominldehyle
has the property of booking the lonimation of the sne=disl groups A8
shown, the i is rejsed although thore is ro nrﬂmf. on tie titratable asie~
ditye That the forunldehyde blocks the sneediol group 18 aleo indieated
by the fmot that the indophenal reducing power dlssppenvyss This wus
doternined in the case of mecorbie aeid by L. ¥. Ney and in the cuse of
roductone by R W Leong 4o this labdoratorys Thers is probadbly & loose
addition conpound fomieds

It hes been found that calefum earbonate does not have & eatalyiie
effa0t on the reaation batween formaldehypde and aseorbic seld, nor ie
the presance of the oaleium ion necessary. The rote of the rewstion is
tncressed by hest, 4p to 807 st leust,srd alkeli. However, when the
slhalindty i# nin_dt too greatly, sspeeially at Ligher teaupomtures, the
formaldeliyde undergoes condensetion to supars. The ofTeod of heot and
alkall 1o nos simply thes of aeuicntmu, howevers In the surver of
. both the lodine titrstior and redueing substances sthers appears $o be an
induetion period at the start. The lodine sitretion first rises, thes
fallse The roducing substances deerease, them inersase., Thin first pore

tion of both eurves tends %o be rathor unstable dua, ;mhuhly, to the fact



that the sscorble seld L2 very locsely cambdined. Tha inluction perlod
tends to ba shortened by s ¥ise in tempersture or alialinity. Porwale
dehyde curves ave 2ot falt to be relisble as s measurs of the resction.
It e poseible that formaldehyds unilergees eide resetions, it is carried
over in scme part by the sirean of Ny, sad therve i2 & possibility thay
dimsdon Tomme o conpound with the additicn eompound which would rosult
in erronesus valuess

.;‘-Gﬂ foperdent of all 49 the faet $thet seenrbie scid eppears o be
Gooarbosyletsd by formaldehyde even im the absesce of alkali. As shown
previously, theorstiesl yields of varbon dioxide have bes obtaineds
Martuer, this resction coours aven 2t roam tenperciyse and in rather
dilute solutionss Haworth (5] mentiond thst the lactome siructurs ie
BOTe seaéizr broken ¥hon the eme=diol group is otheriged. It o pousitle
that the addition of fomaldehyde has s similay affect, emsing the
lagtone ring to break, asd followed by decerbozvietion.

Yollowing Zusin®as idees, the rocctior Detwes: formeldehyde and

asvorbie seld may de vieunlized as followe:
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Taomers of these aelecules would uvadpubtedly ba presants ¥Wo oritical
experizent hes boon devised to determine the nuabar of molecules of fommale
dahyds wiich rscots with one moleculs of ascorble acid. Thie fe 4iffie
cult to detomine sines lorge swounts of formaldehyde must be used to
obtaln eonplets resotion, izaix-arara 'mlmtwa ghances i coneeniration

are amalls Turther, ¢ide veactions of fomaldebyide cen not be rulaed

out as yotb.
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