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IIRODUCTION

S4ince thianine wvas discoverad and isolated aa a pure compound
in 193% peopla who had to work with it or to use it for therspeutie,
nutritional, or pure research purposes eccountered difficulties due
to its iestability. ,

Although these questions have been studled for more than 20
years, pany aspects ptill remain unsolved and all that the litarse
ture provides us is partial information sbout some of the most
important weys scoording to which thiamine can be destroyed.
Espeeially the kind of information which we will find is cone
cerned with reports of cases, of definite conditions in which
thiamine was found to be unstable but unfortunately wvery fov ex-
plapations of the proceds of desstrustion in itself.

In fact there ore meny possibilities of Gegradation of thismive
and many compounds which have bsen shown €0 erhance its destruction.
It eppears that the most isportant factor affecting the sta-
bility of thiamina is the pH value of the zmsdium in wbich it is
dissolved. It was also one of the first degradstion factors to
ba reported. K. H. 7. m;clmmmmea@mw
mtwmmmatmﬁ“%pn%whmatmpﬂ
such as 8, T, 6, 5, b4, ani 3 the destroyed proporticns within one
houwr are 100, 67.8, 53.4, 40.0, 20.3, ard 16.0% respectively., No
loss of estivity occurs in 1$ Rydroechloric scid solutions in 7

hours.
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Hovever the effect of pH is not solaly to bs counsidered in thesa
mixtures but also the nature of the elactrolytes regulating thelr

is guite important. For instance & solution of thiamine heated
for ops hour at 100°C was completely destroyed with a borates buffer
st pH 5.5 while st the oame pH valus and in the same experimental
eopditions, 10% were destroyed with an ecetate buffer snd only 3B
inayhﬁsphatamﬁm ”meWmmmlamws.w.w,
D. A. Greenwood axd H. R. xrmin in 1543,

viorking on diet mixtures and studying the effects of various
salts, P. E. Waibel, H. R. Bird, and C. A. BoupamS showed the
daletarious effect of K;EPO,, CaC0,, end MoSOy.

K.B.T»Whin&mmaﬁwmmmmm
that o linear relstionship existed between the resation velocity
of tha dsstruction of thiamirs and the hydrogen ion concentration
for ooy given buffer in the pH range 3 to 8. For eson buffay
there was howvevsy s different relationship and the slope of tha
curves altersd a3 the ionic conatitution ci’ebe solution changad.

I# thiamine is gorerally corsidered to bae steble in apidic cone
ditions, an-exception. must be made for solutions of pH renge 4 to
7 containing sodium sulfita. This salt inﬁaadisverywllknwn
o split quantitatively the vitamin into 'bath of its cowstituent
m,mm&a&mmm&dﬂn&mmammws
m@wwwa.R.WMammsmmﬁMmmm
mimﬁmcftfwswmof%mt.



Flavores ond Dhencls moy also be considersd as dangarous products
for the Vitaais By. E. Hasgyzsa Ms eatablished thab flavounolds
are sble to destroy the vitamsin and thet the most deletaricus ascny
ihese compounds are the derivatives possessing an o. dipbenol &oup
in the side chain. '

oxidation of course is anothezr possidility end the lrrever-
sible transformation of thiamine to thiochrcme by potassium faxri-
cyanida, vair, potasaium persanganete and many other oxidative
ogents has besn proven mary years g0’ . Generally this oxidasicn
will not stop with the formstion of thicchrome but e moxe complax
reaction will ocouwr giving rise to other degradation products thet
so far ere 5till ucknown. ' .

Pacently some publicatious have appeared showicg tha complex
formation babm thiamine acd some heavy metals such 28 ponovalent
copper. Ve would refer here to the work of Eviemne Gero” in Frence
who ves sble to establish the existence of this complex which he
lzbelled ”WM”- e also showed that the reactioan is
reversibla and that the Chlorine atom in the thiazol ying is neces-
sery for its formation.

Floally two Dubch workers, P. de Langs end L. P. v. d. MiJl
peiicer” descrived in 195% & browning reaction betwesn thismice asd
gluesse. Heating =% 85°C mixtures in egual proporticns of the
ﬂMnMaw,Wmthmmafwémmw
tent in both of thess compounds waa’ccnsiders‘nly reduced. Rurther
rassarch showed that tha rate of browning 1s dapendent upon the



nature of the rescting aldcse since the asawd experioent with &
sixture of arsbinose and Vitamin B, shoved s greater browning
effeet under the pase conditions. The reaction seems 2lso to be
limited to low moisture conditions pince a solution of the mixture
Aaid not brown after besting =t 85°C for ten days.

_ To complate this short ard cuite geversl review of the egsats
papeble of influencing chemically the stability of thismine, we
should say & fow words zbout the catalytic and yrmctiva actions
which have been stiributed to many agents. The catalytie rols of
zetals acd on the other hand the favorabls action of ascorbic acid,
hydvoquinops, cysteine, sulfssuccidine, end especially glycerol
on th§ stability of thiamine in typical diat nmixtures was described

by A. A. Kandutsch and C. A. Baumang'C

. The formation of a pre-
cipitate in agueous solutions of Vitanin By 15 also koown to be
prevented or retarded by edditions of small emounts of thioglyeolie
ar thicdtbutyrie soid .

Desides thess many possibilities of chemical degradation, there
i3 howsver snother - type of destruction the lmportance of which
should not be peglected. We mesan the important group of biologleal
and miceoblological dsgradations of this compourd, Howsver this
aspect of the problam 1s bayord the subject of ouwr study and shall
not be discussed bave. |

" In the following pages we will sssentially comsider two among
the maln aspeeks of the chemical degradation of thlamine: pH and

roaotions with Bugars.



The effact of pH wns studied because of the geveral rols thabt
this Zactor plays in most ci; tha cases whare the cuestlion of the
stability of the vitamin arises. In eddition, as previously men~
ticned, 1t seems to be the most important factor eonditioning a
g00d consarvation of the vitaminie properties of the nolacula,

Thes reactions of Thismine with sugars was also of interest
sicoe this involves a new czapect of the cusstion. BEesides this
voastion might cecur frequently since thiamire is often mixed with
suzars ond heatsd in relstively éry state--for instence in the
pastry scd baking induatries.

Astarasthamtm&sdswmwmé,uemw
wom especially with ultrsviolet speetropbotomstry end peper
chromstograshy .

Ultraviolet spectrophotonetry is a guite interssting methed
for studying the structure modifisations of the molscule sincs &
veyy small change in this structure gecerally irnduces large changee
in 18 spectrophotometric properties. In additlion confusion still
existed in studles of Ultraviclet spectra of Thiamioe especilally
in bsaic solution.

These experiments wers run on 8 CARY recording spectrophoto-
meter modsl 11

On the other hand, peper chrowatography provided sn excellent
mathed for folloving the succesaive steps of these rescticns o
account of its Plexibility acd 4ts high sensitivity. It ds well
knoun that peper chromatography generally glves e,mé. rasults in



the separation of relatively low molecular weight products like
those that we might expect io this study. ’ '




SRCTIoN 1. EFFECTIS OF pH.
Part 7. Spectropbotomstric Study

¥o have described in a previocus warkl?‘ the spectrophotozetric

bebavionr cfmmmathoprawasamtmsftim.
Mary cbacrpbtion curves in the basic pH range however stlll remained
partially unexplained, andwtwmmaparbemew
will deal with some more experiments providing a more sabisfactory
and more complate explanation of these curves.

1) Preparation of known cloayege products.

In tbe course of their vork on Thissive, Wililsns gt a1’ developed
ams@hmfwgpnﬁim%ﬁwnmmofiwm
stituent parts. mm&uMWMMMmmW
of sulfurous Mﬁmdwc;a‘dingtomfauwmgsm:

AV [\

/KJL o
5o, € — CHp-CE08
N3 \s 2 _—<’

HiC B

mmcfmmmmmw&smmmmmnsm
of vatar in the presence of 1.228 g of of annydrous Sodium Sulfite. Ths
ulting solution was brought to pH 4.8 by means of 06 nl of
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concentrated Hydrochloric acid. Aluost instantanecusly the solution
pecozes miliky due to the liberation of 2 mzathyl, & emino-pyrinmidyl,
5 pethylese sulfonie acid which is very speringly soluble in water.
This st.:?.utlnn wag kept at rooa temperaturs and in the sbsence of
1ight for 12 hours in order to obtain & clssvage as quantitstive

gs possiblo. Aftar that, it wes kept in a reZrigerstor et + 4°C

2or 8 hours in order to faver the pracipitation of the sulfonic seid.
This peacipitate was sepsrsted by filtretior on & Puchner funsel and
gonerously washed by mesns of lced amr until the filirets was {ree
of Chloridas, The Ziitrste and the first washlngs vers kept for
C Purkper extrsstion. The precipitate wes rocrystallised froa boiling
uster, washed mgain in vhe sace conditlons and finally dried to cooe
stent yeight in an axsisoator over Caleiunm Chloridls.

The pesond froction &2 the 'l*"x:imaiz.:a molacula, the thiasol pazt,
ig very soliuble in water and is coabained in the filtrate of tha
precoding operstions. This sguecus solutlon was consequectly brought
to p¥ 10 viﬁhf)ﬁ.‘iodiummdz‘wda and extrasted 6 timos with 50 ml
porticas of Chlovoform. These extracta were combined and thelir total
voiume =aduced o aboud 50 ml by evaporation under vacuum st rooa
temperoture. Ve oblalzed In tnis way an lmpure solution of b mothyl,
S /3 hydrogyetiyl thiazol, Faxrther purification was accomplished
by extructing the chloroform solution with § portions of 50 sl 2 N
#ydrochlorie Acid. After eveporation of this solution ab room tem=
persture and undsr vacuus, there remaired an &mrgm and very

hyaroscopic yesidue. Batier desiccation could be obtulced by



redigsclving this residue in szall fractions of absolute etlyl
aloohol and eveporsting o dryness agaln. The Pinal residus wes
dissolved in a minioum mmt of ethyl aleonol {3 ml) and an excess
of dickans (30 ml) was oddsd. After 2B kowrs, this solution provides
very ulce cxystals of b mstiyl, 5 /O hydrowyetkyl thissol hydro-
chlorida which cen be separated, washed with dioxane, and drbed
under Vaed.

The absarption cuxves of 2 mythyl, b emino pyrieidyl, 5 metlylens
sulfonic acid and of b methyl, 5 hydrexyetiyl thiazol hydrochlorids
warg studied as a funetisn of pi. The curyes of thes eguinclaeulme
pixtue of both of these compounds wers siudied ss a furction of pH
and as & Punction of tiow. Thy resuils of those cuperimsnis wre
g_imanrm t%a following pages.

2) Specteopbotometrdic Dats
aj Opeotra of 2 methyl, i} smino pyeimidyi, 5 methylens suifonie acid.

Tha U.¥. abaorpbion curves of this produst vere run from 2200 to
3200 £ ot the following pH: 1.85, 6.90, and 12.05. Since ia owr
pravious study the U,V. gspectra of Thianins hed bees run with gon-
contrasions of 20 zeg per ©l, and ve wanted to copare the present
cuxvas of the alaavaaa products with the previous cwrves of the
vhole iolaaule, wa deeided to use consenirations coxrasponding to
2C mog of Thiamine Rydrochloride per mi. Conseguertiy, sines the
rabioc of the molecular welsit of the pyrimidins fraciion over the
molacular welght of the vitanin is equzl 4o 203.15/ 337.27, we hed
to usa solutions containing 12 zmeg of pyrimidine sulfonic aeid per
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@l. The pH of the pure aguscus sclution waa 6.50. The aeidic solu=
¢1on wae prepeved by adding 0.1 ml of concentrated fydvockolorie
Acid to 10 wl of s solution gontaindag 120 veg of the product per
ml ard @iluting it to 100 =ml. The basice solution was prepared in
the pars manney by addition of 0.1 ul of ¢ H Sodium Hydroxyde. Bléaks
containing the sane concentrations of acid srd base wers run cote
ewrently.

Pig. 1 shows the typiesl abscrption curves uhich arc cbtaized
i this vay. Ve cen see that at low pH values the spectrun of this
produed I8 characterised by only one maximwm b the wavelsagih of
o756 %, I we increese the DR to 6.90, the extisstion coefficient
donrsases, At the swme tl:a the position of the maxlimm shitts to
the loft snd there appears o shoulder st higher wavelengths. I
we finally bring the solution to high pH veluss, the absorption
speotrum will be cherscterised by two meorime ab 2330 and 2775 8
raspestively, sud by one minimua at 2545 X. Tt should be uoted
rare that all these curves cross at two isobastic p«sim Iend 1Y,
the pesition of which is given by the following gooxdinates:

X (R) & %
I 2355 257 | Lad
: a2 156 260

Tab., 1
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15 is obvious that the ratlo of the extingtions at these waves
Ipngths and at any pH 15 & gonatant £nd can be used for the ianbliicom
tlon of this compound.

B
e & GoDsbags e 1465

E,
7% must be noticed hare that these variastions in the curven of ab=
sopphion are perfectly reversible, even 42 we brinz the moleeuias
at higﬁpﬂvalmsa Thia Pack neems to indicate o good stabllity
Fors this compound and difforentistes it from thiamize. The whole
molaculs of vitamin possesses indeed the nano charsoteristia verin-
tions in its U.V. spectrs, bubt these varistions ave only reversible
below pH T. We will describe latar the affacts of highey DH oo
the molecule, effects affecting this time ths thiazols fraetion.
b) Spechra of b mathyl, 5 /3 hydroxyebhyl thiazol.

As for the pyrimidine nart of the molscule the .V, zbsorpilon

scectra of the thiasol frwebion wers yun et 3 giffarent pH values:
2.29, 6.63, and 11,50 reepectively acd at & congentration corresponds
mgtozsmgezwmmchlwi&mm, Trorefors the con~
centration to be used in this case was 179.5 X 20 / 337.27 =

10.6% mog /ml. Again the pH of 6.63 i thas of the e aguecus
soluticn. The acidie aod besic solutions were obtained by eddition
of .05 1l concentrated Hydrochloric Acid snd .05 ml O B Sodium
Hydroxyde wespectively to two 20 ml fracstions of a solution containe
ing 53 meg of product per nl and dilubing them to 100 ol. Blanks

yere run with the same concentrations of soid and ma,--m.



alkaline solutics, wa will thus bave an egulliibrium that we may

reprosent in the following way:

HBC

acidic form

basic form

*ﬁmtﬁmﬁmémaftbﬁmmiaremmmm
Pige. #. It shows the preseccs of & strongly seidic group, the pi
of which i® below 1, and a second group rush loss acidie chearacterised
by & pK of 6.5. Tbe K, of eowrse is ©o be attributed to the sulfoals
grouwp, whils tohe pa corveaponds to the anino group of the molecule.
Caleulstion of the eguivalent weight for this produet gave us a
vaiue of £43, showlng that in tha deseribed conditions of purifica-
tion, the product mtalliaes with 2 polecuias of water.

ztiammwmammmm.smuimmm
in the shope of the sbscrpiion curves ocour beatwesn pH h.5 axd 7.5.
The tityation curve shows us on the otber hand that the peutyalisa-
tion of the saino group oeours in this ;i racge.

-fg::.;s —————— ..3:;};2‘
Consecueatly we may say that thesa codifications in the resogscea of

tod pyriaidine fraction are icdueced ouly by changing the chargs of

Cﬁg\ 0
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2.03, L.b7, 5.97, 7.55; 8.83, 10.03, apd 12.00, (rest core must be
dom in the yreparation of the dlanks for these solutiocns beemise
thay mush contaln sodium sulfite, and this corpound also gives zoe
vopiations in its absorption spectra wvhen the hydrogen ion corseps
tration of its solutions ore changed. Therefore the pH of the blonks
hes to be adjusted as eccurrately ns poosidbla to the some value es
tha studisd solution.

The absorption curves of these solutlions ere regroduced on
Fig. 3. If we consider the curves which ore obbdalsed from pH 12,00
to pR 447, wa notice that they are subjsct exastly to the same
kind of variatiors s these vhich we bhave sgen before; in the study
of the pyrimiédine rirg. At low pH we flzd one maximum =% the ssoe
wavalength, two maxims at high pH, and two iscbestic polinis at
2500 ard 2770 3. As far ag the sxtinction of these curves is cone
gernad, each curve of the mixture, at any given pH, 15 equal to the
sunm of the curves of the goparats fractions at the saze i valus.
Comparing the cwrve of the mixture st pE .47 vith the cwrve at
‘oY 2.03, ve notice a ghift to the right vhen the asidity Is in-
orassed,. This obvicusly reflects the shift of the thiezcl fraction
in this pH range. v _
d) Absorption curves of the ecquimolsenisy mixturs of the cleavege

products o8 & funetion of tice,

12
¥ have shown previously” that tho spectrophotometric chare
acteristics of a bhasie solubion of thiamins are sudbjaet to sig-

nifieant variations as & fumetion of time. We were wondering whsther
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the clsavage products would also give similar variations, and there-
fore the absorption spectra of the equimolscular mixture were deter-
mined after increasing periods of time. As in the previous study,
these solutions were kept at 0°C and in the darkness. The absorpvion
curves were run after 2, 18, and 168 hours.

In no case were any veriations observed and we may conclude
that in the described experimental conditions the pyrimidine and
the thiazol fractions of thiamine are perfectly stable. These curves
will not be reproduced here since they are exactly similar to the
curves of Fig. 3.

3) Interpretation~ Application to the absorption cwrves of thiaminas

in acidic solution.

The existence of two iscbestic points (Fig. 1) wkere all the
curves of aﬁsorption of the 2 methyl, b} amino-pyrimidyl, 5 methylene
sulfonlc ecid cross, wbate;ver the pH, suggests that the change in
the absorption spectrum is due to an alteration in the positioﬁ of
equilibrium between two forms: an acidie form of the molecule,
characterised with an ebsorption at 2476 R and an alkaline form
with two mexims and one minimum, respactively at 2350, 2775, and
25hs5 8.

Fron the polnt of wview of resonance the molecule in acidic‘
solution appears to behave as one ertity, vwhile in basic solution,
there ere two centers of resonzunce corresponding to both maxima
observed in these cornditions. Between the aseidic form which is found

at low pH values and the basic form which is present in strongly



alkaline solutica, we will thus bave an gguiiibriun that we oay

reprasent in the following ways

Cip

/I N AP

N 8! ;
)\ i, - |,
Hal N aﬁg BqC’ Ny

acidic foym

basic form

Toe titration curve of this compound ia regresented in the
Fige Be It shows the presence of o strongly seidic group, the pX
of vaieh is below 1, and a seccnd group much loss acldie charscterised
by & pk of 6.5. i‘%ﬁp&lﬁf_am%%b&atwiwwmauwmﬁa
m,w%m%em%%tmmmnimmm.
Caleulstion of the eguivalent veight for this produst gave us &
value of 243, showing that in the deseribed conditions of purifica-
tion, the product cryetallises wita 2 moleculss of water.
1%18&&%&&5%0&3&1@0&%%3.3%@%%&%
m-mwafmmmwmumpah&m?.s.
mt&m&wm,aMusmt&W‘mmwm
tion of the amino group ceours in this pi resgs.
+ o
aﬁﬁs ‘____———-‘ ..zigﬁg
Consecuently we msy say thai thesa podifications in the resogacca of
twwm&mwmumimmdcwwcmmmmaf
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seon o heve an inflvence.

his coxxlusion can be extendsd o the whols oolacule of thiuwsdine
ftgeif. It possesses indsed (he saxe choruoteristic varistions in
Yhe U.V. speeira (Pig. 5). 40 ahoun befmm, these moddlisaticns
som in tha soms am:ditm,' io thy 3xme pH range ond ave e,lsa

reversible. It ean be eald comsoquantly thal those roversibla
cascges in the sbsarption eurves of thisadne LAl pd 7, <X a

ehion of the charge of the suise growp ino the pyrisldine ring.

W ey
ade A

i3 conclusion of course opplliss only to 2 sclution of pure thiaxine.
As we will oee in the npaxt poges, on incrsase of the pR valus sbove
7, lesds ¢o dogradation of the thissols ring, «ith suhsequant pole

Pigations ia the UW. spnecira.
%) Abzseption gurves of thissmire in basis goluticn.

7t would bs necesseyy bafore going on with fxrther counaileras
ticns, $o vofer Lo the previcus s'wm gnd $o susmeyize the cspeots

of tre spagire of solutions of thiamire vhere the pE Io ralsed zbove

The qurves can b olsased in two meln grouzs:

Te
n} Tha curves cbtained froa 3R 7 9 5,
b} Tre cuwves cbbalzad sbove pH O.

In asch of these grovps, ve chould also sonsider the tios slflocts,
sincs shove pH 7, the shacrzsiion cuizves of thizalne ure subject 1o

8

wdifications, even when hept otz tenpersdize very oliss L0 thelir
- froezicg polnt.

5) Inthe pirsamp T %o 2.
The typles) ¢urve obteined for 4astapes ot pE 7.7 is e
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i Fige. 6. If vo izcreass ths pd of cuch a solubion, the naxium
{~; showa to the lafy will remain unchangad, while tm sucond peak
{8) will doorecse slowly. In this pH range the tize effect is of
the soxe nabipw. Sueh a soluticn, kept &b 0°C for & fov dyys, doas
nol show any changs io the maxnimum ab 233 mu, sbills the caximu et
200 ma siowly decreases and tends to reach 2 move oF l9ss stable
atate which 1s reprssentsd by the lower curve,

b) Above pH 9.

e Trought above pH 2. Sush solutions indeed shov sn looedlate
end vary lorgs incrsass of the extlnotion et 235 m:» This iocrsase
hovever 19 very trassient. It starts flabteuing rapidly within tie
£ivas houwrs following the wlsalinisation, mors alowly alteruepds, and
Pieslly the wiols curve m;a.cl’ms ti stebilisation efter one month sb
0*C. This is shown on Fig. 7.

5) Intsworetation of these resuita

a} ZIn the nd ranpe 7 %0 9.
'zﬁwmmﬁmmmxmm&mmm

duced by the substitution of the (hicrise stom in the thiszole ring,

& Lrocess vhich can be reprssented as follows:
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Fig. 7

Variations of the U.V.
spectra of thiamine as a
function of time at pH 12

atterl Be
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L) fuzves obtained sbove TH 9.

it is very interestizg to compare the spectrum of the 2 methyl,
 snino pyrinidyl, 5 wsilyylace sulfonie acid &t' bhigh ¢, with that
ef nn sltared tasic solubtion o2 thicmios., As we ssw in the preceds-
ing peregrapgh, such a solution reashss, after o fow wseks, & siae
villisatica stefe wvhich 15 represeniad by the lover curve on e
Fige 7 This lust curve presents two maxics and ooe alnlaum abt the
pane posibion as the curve of the Wise sulfooic soid at pH
312.05 {Fig. 1). Extiaction values are als‘ba identicsl. By lowering
the pH to 2.02 the altarsd solution of thimsing ghows an sbsorption
curve cherecterised by only one maximum at 2%7 =, end this curve

again can practically be superimposed on the spam of tha
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syrinddine sulfsaie acid ab lovw e Floedly we oust wootice thad

"I

poth iscuastio solnts can e fouwad 51 LD semd vavelopgth saund with

sl o s

tha saee axciaolion 2 Lohl cuses.

Tris loods us o the Dollioviog oonclusion: Above il G, a 80lue
$iun of tndecdoe which is kept for & suillclentiy long tise, s:.ll
Lava ibs thiazol molety gquantitatively desirgyed or at i2sst quane
sitanlvely cooverted o produgis devoid _of U.V. absorption. On the
otner hand, the pyrialdice Ormetion rming parfectly unalioged
and can 28 found guantitatively in the dogradateod solutlioc. Ioow-
laticn of this gwoduast, for instance by peper chrosabomeapity,
wowld probably allisy us t0 detersice woether or sot thore is some
rooidue of tha metiylieus Lridge ¢ of tie thiuzole ring linksd
$0 the ourboa 5 cof the pyricidine fyactiss. In any caﬁe tbe pro-
wious expericssats show that If it exisis, 1% dogs ok have any
{nfluerce on the absorpbida propertias of the pyrisidine Pizg. O
e Lasis of thooe Facts, 1% s theorsiisally vpossible to dsterning
the foiticl ooncanitpalion of thiauive in o el soiuiion woare
this vibasis hos Yees destroysd. Indsed if we make sure thet ¢ho
pH is above 3, and thait chae spacira wre stabilized, « i.9. thad
the thiezcle Dreetlos has wees coepleltaly dostroysd ~ o alxple
mossuresent of the axbicetlon b 035k o s 2762 2 will give us
she coooentyaticn of s n:frim..dim froobion and will allicw s o
calouiala the original conceasaiion of purs thiszing.

Toe pordeet siebility of a nixturs of the clsavage produgste
Lidleshas tha obability of i8a consiiluents and pestiowerly that

of Lim & methyl, § lydeoxyeilyl thiasole, gvea iu a besic solution.
»
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On the other hand iY we keep thicmiae exactly in The smme conditions,
its thiszole molety will be quentitatively destroyad, while tha
pyriaidios fragtica remains unaltered, as we have sean bafore. A
sirple eomparison of ths thiazole ring such a8 it is found in the
vitemin with the b wethyl § _/3 h'yﬁrcxyathyl thiszola indipatas t.hat.

tha oaly differecce lies in the uitrogeaz in the posit;isa 3.

——-?l-———- C——CZ=E3 I-——-— ¢ — (&
HC ¢ — CHo—CHpOH ¢ — Cdp— CHpOH
N/ \ /
8
Thiezole fractioz as Lound ”"sziazo_z frocsion obtained by
in Thiamine ' sulfite clesvege
Unstable Yary Stable

In thiamine this Nitrogen is iodeed & guaternary svonium,
while in ths cleavege produst, we find it es a normsal trivalsat |
Witrogen. This difference mskes the molecule of thissine unstable
and we would say that this Nitrogen in the Thiazole ring, may be
considered to be the "Cemter of Instabllity” of the vitaminm,

Prom the spectrophotometric point of view, a comparison of the
sbsorptlon curves of thizmine {rig. 5) with those of an ee;uimiar
mixture of the sulfite clesvage products (Flg. 3) indicates thet
this transition from § 2 to N'> is meds evideat by an important
decresse in the extinction values in the regloa of 280270 mi.

As Par as the lsrge incresse st 235 mu Is concerned, we should
remazber that in o solution of thiamine at high pH {above §), the
thizzola ring is cpenéd, and an aldehyde~sulfhydryl form is pro-

dueced.



The roagbion zay bo represecced <8 Ioliows:

- Cia cu
/ N i 2
| i —_— !
HO-CH\ py C—CHE-CHEOH \ 0=C~H C —_ L’Hz-CF (8)34
BC/ "8/ Ty U8 HC N i
3 3 RH
Carbinol form Aldehyde-Sulfhydryl form

On the other hend it is well knowa that ~5F mroups sbsard ia&m
region of 235 m 3’ 1°, Consequently, the appearaces of this high
peak when the pH is incressed is probably due to the formabion

of the -8H group, wnim the progressive mt?-an&sg of the awve
eould be explaioed, for instance, hy o subsequent cxidation

giving rise to thiaxine disulfids ond thean to other dseomposition

producsa, _ g
/ N /
N | H— C — CHy HC—C —U i
A . I /
HCO - -8 —C BHCO \
1 .
H3C N NH, (EHg x‘i}ig Hpl L] Ciig

CHLOH CEpOH

Thiamina Disulfide

Further evidence for this explasabion will be given ia the
chromatograpbi¢ pard of this astudy.

The geasral scoese of the following page swmmarizes the sig-
nificent points of tbe U.V. spectra of thisalve sad of its sulfits
cleavaze products, the arrows indicaling the interrelationships

betveen all thesze points (Fig. 8).
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vepd 1. Chroastograchlz Stuly

Tha U.¥. Sgectposbotonstyy zives us wssiul infopastlon <a the
degradnbicn process of thiunips, howsver QY SRpis ore #5ill o
oa shodled,

ve have soec thot the degrodation products criginabing froa
tha thissolie ring sves Lo be devold of U.W. sbscrpiion.

e 4o not krow how psry cegradatiog prodete are formed at the
various pH'S.

g do nob know i€ all these Dregmeata &ra prodused Logstber
o if they ere forand suscessively ia a soguenca of reactions.

Do dilfevens besic solts zive different hinds of dagredatlons
or ip thalr poraiciouws sstlon dus only o thaiy alielinlity?

e asn 8 banie degrsdation process compave wi“oﬁ & sulfita
gloavass peastion?

Mammwtmmtwoamww&wam
cevihod of isoiation of &li these dssitruction cospounds would be o

grout help fn the Jurtber study.

1} Eothod.
Paper of soered o wricel to be able to give soue

yasulls. if one ssesussa thst no polymerisation srises in the course
of thasa reselions, o migzt- axpgact to Find produats of pelatively
1wmlﬂmﬁww1@$,wammtha§g&;wmmam'm
canerally sucesseful in the separstion of thves profusts. It
;mmmammghwiﬁ%wmamgaus o run Durthes

ehanicel beeis, oither oo the peper o2 OB tie oluted sasple. The
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sseending method was used sinee 1t gonerally providas less streck=
ing then the descending cne. The chazbers used in these experiments
were csbinsts fobriceted of air tight plsstlc bags {polyvinyl
chloride), susported by sn adeguats glass frame. The papger used
was Whotman fo. L.

a) Detection methoda.

in order So dotact the colorisss apois, we nzedsd appropricte
reagents, and since rost of the cogpounds we had to locate ware
unkuown, we selscted tuo kinds of reagents:

I/ Guite general resgests such es Tollens reagent or Potas-
siws Permopgenebe vhich ere cble to revesl alnost any orgenic
conpound «

11/ More specific tesis providing some information on the
sresence of definite grouss in the detected subsianess.

e various reagents which were used ero listed in the follow-

ing table.
Petectad Method of
Resgent Produsts Aoplieation
Potasgium Perman= Almost any crganic | Spraying
ganateld : compound
Tollens Resgent Redueing substeness | Sgraylog
end a great deal of | Drying at room T° or
orgenic compounds in an oven at 80°C
Sromephensl Blua/ falides {pink) Spreying, drying at
silver Nitratel® Purinss snd Pyrinie | rooa T° and washing
dires (blua) by iswersion in alst,
watar.



Anlline Phthalate™

1§
ﬁrl‘lch"a
2.4 dinitrophenyl
ydrazi

Potassium 3
Farricyanide™

'Y

21
Tillmans Reagent

22
Diazoreaction

ﬁ""‘u‘ *‘

Maleinisd ae°3
2

Rinwdric >

Tripharyl) Totra=
soliws Chloride®d

Glueosznaives
Raduelng compounds
Forfursl

ronie aclds

Glucssaxines

urfurals

Thiaaine

Glucosamines

Reduneing Compounds

Thianine

=SE Grouss

=NAp Crouss in
“ngzha‘aic chains

Peducing Sugars

| Spraying
Reating at 30 - 40°C
Syraying
peating at 37°C for 2 h
Spraying

32

Spraying
Heating at 110°C

Oheapvation in U.YV.
light

Spraying

Soraying

Qoraying with soln I
Drying in air fop 15 min
Spreying with soln IX

prayln 5
I:ry*.r;o in darknesa for
2k hours

Bpraying and keeping
in moist atmosphere at
10°0 for 2 howrs
vashing with water

L 2

Sceiua mtroprussiﬂe/ ~SB groucs Spraying with soln I
Sodium Cymaids *¢ feS- groups {-217)
Disping in Soln IT
(~3-8~)
Tabig 2

In addition, we should say that o direct exesination of a

chrozetogram in UJN. light st 366 sy (Minerslight Loag Wave UV

vodsl 8L 3560) geperally gives interestlng information aad somee

times allows us to izmedistely iocate 4 or 5 spois.



b) Solvent systexs.

The secord point wes to devalop o solvent systen which wvould
ellou us to fractiozate 28 meny products of dagradation as possible.

Trerefore, & 10% solutioca of thimmine iu F KOE wea boiled for
v min. Under these drastig conditions, thismins is transfommed
to an extremaly complex mivture of degradation produets. This
pixture wos used, beceune of its complexity, to £1zd out a solvand
systea which would provide gatisfactoxy sa;caratiém » and wonld be
used consequently ia the study of fegradation processes under ich
milder conditions, The vericua types of solvents whieh wWare

psed aye given in the pext tablas

Solvazt systams used Do exvanebogrLniy
B Dutanol 2 Ethyl Aleoshol 1 Hatey 1 part
{Vol.)

" 1 ¥ el kig L

£33 l < k] 3 3-

" I Glac. Aget. Acid |1 = 5
Iscaxnyl S Pyridine ‘ 5 b 3
Alconol :

Prenol 80 gr. . Ry " g.5. 8d ml| 100
. Table 3

Most of these sclvents sre simple mixturea. Some of them hove

evar produce tvo different layers caturated with each otrer. In
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this sase the orgenic phase was always used for the chromstograshy
1t3el?, while the aguesus loyer was reserved for satursting the
chaiber.

Tha mixtures § Butanol/iestic acid/iater, L/1/5, and
5§ Sutenol/Sthyl alcohol/wWater, 2/1/1, bave provided the rost satis-
feotory results. we did not cboerve suy tallicg effect and in
both sosss the diffusion of the spots is nesligidle. The sélvent
Iaml sicohol/pyridine/water, 5/5/3, gsve pructically the sanme
vesults 28 Aid IT Dutanol/Acstlc ncid/Weter, 2/1/1.

Ye fourd thet s coubination of ¥ Dubanol/icetic Aeid/Water,
4/1/5, acd ¥ Dusanol/Echyd Alechol/Water, 2/1/1, in a two dimen-
sicpal chromatography was so far the best method for szparating
a hié—hly c:ac;le:: pixture of degradation groducts of thiamins.

-

2) Effzets of pH on thae chromatographis beheyiour of thismine.

A 10% agueous solution of thlsmine hydrochlorids (pH 2.4) was
divided in 12 fractions. Inersesiag asounts of O N Sodium Hydroxide
vere edded to these solutions, and the following sories of pH

values was obtained: 2.4, 4.1, k.5, 6.4, 7.8, 8.5, 5.0, 9.3,

o

0.0, 11.2, 12.0, 13.0. Ismedlately after their preparation,

0.1 @l samples oi‘; each of these solutions wers put on six dife
farent pepers apd run concurrsatly for 15 houys with the solvent

N Bubenol/Tthyl aleokol/wetasr, 2/1/1. After drying, esch of these
chromstograns was observed in U.V. light a2nd spreyed with different
reagsnta. Parallaly we ran Sodium fydraxide, Sodium Chlerids,

Thiamine (free base), md Thiochrome as known reference corpounds.
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mha rosulis of these exporinmenbts axa shown oo Fig. 9. Direct
exsmizntion of the dried chromstogrsw under U.V. Light shows & yow

£

of briznt blue flucrescent spots, all hoviag exuctly the sma Qp
(0.58) =a Thiochrowza. Repaated ochrozsbographles with aiffersut
solvest aystens confirmed thls fest. Under the describved gonditions,
thio&*e:ée was formed in very szall amounts ab pd 7 8, reaghed o
mecirm of Antensity et pE 8.5 azd 9.0, staried to decresse pro-
gressively from pH §.0 to raash £inally the pHE 13.C where the spod
is scarecely visible. !

1f such & paper 18 sproyed with a basic solutlos of Potesslun
Forricyanide, the Thismine wolecula will be sransformed into Thiow
chroma. 3t Is {nterssting to note that this yrocsdurs reveals two
aitrerert rous of spobs, one in the eeidic reglon o R 0.0 (B
end anothar fa the basic reglon with Rp valus of 2.4 ('ﬁ; )+ Speay- V
ing another papay with Tollons reagent profucad a brtwn colopation
with &1l the spobts baviag ea Rp of 040 vhile the row of Spobas ab
fip O.46 remaing uncoloxed.

Furthermare we see thot ot X 8.5 the spots zzl s‘aaz't sppearing
whille the ipteasibty of By decreasss slightly. &t B 2.0, both spota
are spproxcimstely of the same size end st pH 5.7 811 By seems 0O bve
gonvey to Bi- 12 we toke o loock gt the Sitratica awrve ol

3‘2, 1% wiil indicote to us that the resction occwrwriag ot '

thiagine
this laest pH 13 the comversion of T #roe thisaing to the carbinol
form. This is an acceptable explanstlon, since tha cerbicol fora

can give the thiochroms resetion. Morsover, since its Chlovlios atom
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tn the thiazol ring has been replaced by a hydroxyl group, this com-
pound would not be expectsd to react with silver nitreste (Tollems),
which wes obsarved praevicusly. ‘

It is also interesting to note that thiamine hydrochloride 1s
jonized in suck a chromatogrsphic system and thet both fractions;
the fraa base of thiamine and hydrochloric asid; more or less
neutralised, wmove separstely. Above pi 7.8, the whole row of
spotas "C" appears to be sodium chloride, ss shown by its Rp (0.28)
and its violet coloration with Tollens reagent. Below pH 7.8, all
these spots still give a violet colcration showing the presence of
tha chlorine atom. In addition, as the pH 1s lwared, the intensaity
of the yellow coloration produced by spraying the paper with an
seid-base. indicator such as Brome-phenol blus, is incressed. This
allows us to conclude that at pE 2.4 (pure agueous solution of
thié.min& hydrochloride) thia’spo‘a o™ is hydrochlorie acid and
consequently that the upper spot giving the thiochrome reazction
must be the free basa of thiamine. It slso appears that before
the peutralisation cccurs, both fractions have & tendency to stlck
together, what is dus to itheir electrostatic attracilon, while at
| higher pH's they can move quite independastly.

The spots "FY, present in increasing concentrations froa pH
$.5 te 13.0, sppeared to be sodium hydroxide. This was shown by

omperizcon with a sta.ﬁdard and by spraying with acid-~base Iindicators.

]

The presence of sodium hydroxide sbove pH 9.5 18 slso in good agree-

mant with the characteristics of the tiltration cuwrve.
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The upper spod "BV (85 ¢ 5.78) ond the lower ome "E" (Rp 1 0.14)

-

era sHill unknowa. Spob BT gives a blus fluorsscence undaer U.V.
lignt axd o brown coloreticn with Zollens recgent. IU 40 alwgys
present iz tha pH vange B « 1. Co the other hond, "IV, which sypears
from pH 10 to 13, might besr some reletion to the opening of the
thiazol ring, vhich ocours 88 we sow previously zbove pH O.

Tn the paxt experizent wa sproyed tha chroseiogram with the
_reagent brose-pbencl. blus/silver mitrate which hos been described
58 o resgent for purdves and pyrimidines. Afver gemarous washing
by Aipping ia aistilled water; thers remsin on the chromalogran
to rovs of intenss blus spots which 4id oot sppesr before. We
designuted them D and B, Thele respective Eg's an9 0,6k asd
3‘52,' 'z..zé. they ere separated by the spob of thiochrome. Opob i ol

perdially interfares with the 53¢ fore aad that of

O
ofF
By
ot
gr
g

&
$oiw
e

(e

¥ =

thner icmedistely. Further informsticn on the nelure of "D" wes
chtaired by sprzying the peper with resgects for -3H fmé =Gwlie
groups. Copious wétting of the paper with scdlun aitroprusaide
resgent @oes not glve any svidence of ~BH groups. wmaver 1f ve
sproy sfterwards with the solutlon of sodiun cymnida, we obtein a
vory beizht red colorasion of tha spot "DV, Suggesting the jresence
of an «8-g- bhridgs.

Zoowing the chromztogrephic behaviouwr of this spot, we wers
shle to loente it by Ity Rpon 2 chrometograr that had oot been

sprayed. Wa eut the surlp of papar gorresponding to "DY and by



alution we obbained an agusous solution of this compound. Thres
Prochions of this solution wers sdjusted to pH 2.35, 7.10 and 11.75
respechively, aad run on the spectrophotometer. Toe acgorption
curves (Flg. 10) suggest undoubtedly the prasence of the pyzisidine
ring in this moleculs, s is shown by two maxiza ab 235 apd 276 =
in besic solution, wod ounly one ot 242 mp in scidic media (We zm
tre valuss 235, 277, ood 287 for ths pure pyrimidive fraction), Al
Wmmugﬁz-ﬁaﬁ?.wmatwcpammcm
%o the valuss which we have sstablished for tha ischbestic points of
the pyrimidine fraction, the thixd cwavy ob o 11.7% doee pob pass
through these points. This cbuormal bebaviowr might be dus sither
to an izpurity or to & modificetion in the side cbaln, leading To
spectropbotometyric varistions et high pH's.

o the basis of these results, the compound "D° appeers to
contain the syrimidine ring nod an -3-8- bridge. This suggasts a
substance such a3 thiamine disulfids which hos already bsen mene
tionad in the spectrophotoxetyic section. ¥e would say however,
that since the nitrozrusside-cyanide resction is nob quite specific
Por ~5-8= bridges, the cbove fazta are not dafinlts enough o cone
2irm the presesce of thisaine disulfide without ouy restriction.
Further study and especislly syntbesis of this cowpound foxr coo-
perison of the chromstographic behaviowr would provide the final
proof. .

Mo sum up these experiments, we could say consequently that

there is no sppesrance of thiamine destruction in tha acldiec range,
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vhan the chromatogrsphy is run iumedisiely ofter the prepsration
of the solulion.

From pH 7 to 5, the chromabtograpny 89 well o8 the btitration
curve, ochows the travsfornation of tha free basa of thlsnive To
4t cerbincl form. In addition however, ths chromstography iodi-
cates 2 purtial travsorwetion to thioshwome, especially ab pid 8.5
and also to & very small amount of & pyrimidine derivetive (D).

Above pH 9, we get destyuction of thiamine. Under these con~
ditions, thers sppesr the carbinol form of thismira, thicchroxe, a
pysimidive derivative which night be thisadne disulfide, onother
purine or pyrimidirg derivative and twe unknown rroducis. Thelr

incation on the chromatogran mey be represented as follows:

Rp ‘Dasigasklon Comound

0.76 B Unlenown

.65 B Pyrinidine dexdvative. May be
thiamize disulfids »

558 A Thiockzoms

552 ' Furice or pyrizidine derivelive

Seib B;_ Thisaloe s cerdiaol form

350 21 Thionice a5 & fres boas

0.23 1 Sodiwa Chlorida

De19 P Sodiws Hydrowida

0.1 B Unkaown

Table &
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3} Eifects of time on the chromatographic behavicur of thisuiue.

In the pext experiment we daclded fo prepsxa solutions of thize-
ming abt different pl’'s and to foliou oy chrm..;\atogragm tha vadiﬁea-
tions of the vitamin as a function of tize. Three 10% solutions
were prepared and adjusted respectively to pi 6.54, 8.72, end
12.34 wnilch represent characteristic poiuts aa tha titration cuxve
of vitamin Bye. Thesa solutions wers kKeyt in aa lncubatar ab 37°C
and chromatograus ware run after 1, 2, 95, s...d 1l days. A9 usual
wo used the system N Bubasol/Ethyl alschol/Water, 2/1/1. Tabla 5
gupmarizas the results and shoss the differsat products which wars
Porped or destroyed, &t the thres gelected pii vaiuss, &3 2 function
of time.

4t o 6.54, we found tha spots corresponding to thiamine as a
free base, sodium chloride and thiochrome. Over the il day. pericd
no chsnge was observed st this pE valud,

4t pH B.72, we didnot notice any difference from tha preceding
cose, axceyt the mrml equilibriun Getween the frse Lesa and Lhe
carbinol form of thismive. After ons day &t 37°C, two unknown
products, B and B were forced. after 5 days, we noticed the eppear-
ance of 'both pyrimidine derivatives and a‘ new blue fluorescence st
Rp 0.86 (6).

Finally, &b pE 12.3%, the decomposition rate was mich higher.
we found five products of decomposition immedistely after the prepars-
tion of the solution, 2 nav cre afler Oug day, aad a second ona

after 5 days st 37°C. The carbinol fora of thiusnive was destroyed



. % gonils . L T R L
Days Poread or destroyed [} products ot pH

(37°¢)

G50 378 12.3%
L) o ¥
L3 151 nl B,’
- 1
o |
i A
c c ¢

3'

;3 B
B B
2 D (212

A, Thicchroze (Rp: 0.58)

Iree bose (Rp: 0.80); By,

33 EM‘:’* 3 Cﬂ.;.&.“" ride (331:

D', Purine or Fyrimidine derivail

.i‘, wwim m-‘%r%&‘ (LtF&

£
W a

£, Unknown

ERETE IO 4 4

Tateai-a 23 carbinsl form {3

0.8} ;

WZ@S

> I -0 YN
{Re? S.75): B

28). I, Thiamine dlsulfide :

(p: 0.52); B, Unk

'"‘ (4» : 30;.4‘-‘)}-



aftor o doys in these corndltions end tho suze hoppausd Lo thio-
erroce ofter gloven doys.

Thiachmone anpsered clnosit in all the experizents bul whils

geessively dostroyed whon the pd wes lacrensed.

Under very drsstic conditions {Bollicg e 104 sclution In N
Potassiun Bydrexids for 30 wmin.), v could separsie in e two dizene
sisnal ehromatograghy 15 different spota. Since tvo of them must
e Sodivm hydroxide snd Sodiun chicyidas, thore appear to be at
leeat 13 differens products of dsgradation. Five of these destruce-
tion products give the resctions of purines and pyrinidizes.

This providss us a gesersl visw of the rasctions of destruetion
of thisming in basie solution, It iz evidest however that fDurther
idantifastion of the still unknown producta, deterwminstion of
€he rolationsnips betwsen these producta, and guantitative study
would he necessary to give a setisfactory explanetion of ticse
vory inbtricats proceases.

%) Moda of actica of Dipotassium Phogshats,
Since Waibel, Bird and Boumernd have repovted the delsterious

action of dipotasaiusm phosphate on thianine, ve wondsred whether
or not this resction could be cozpored with the kind of degredae-
tion described for sodium hydrovids. Consequently we ran poper
ehromatogress wWith 105 solutions of thianine adjusted to pB 6.54
and 8.13 by ceans of dipoisssium phosphate. Concurreatly we ran on

the some poager thismdza solutions abt Yhs sama concentrotion and



L5

sdjucted ot the gsece pB, bub this Lime with sodiua hydroxide. The
splubions wore @mpt at 3770 cnd zgsin chromatogrecs uwers run aftor
£, 1, 2, 5, and 11 Gcwys.

In 20 &8s were we £ole Lo sbov any dilfarence balueean tha
dografation products ovlalned fron dipobessiug phobphats ond thoos
given by sodiwas hydroxide. Muybe thers wes some sllght varistions
in teres of the acoust of the degradation profucts produced by one
cethod or by the othey, bud anyway, it wes nob parceptible.

Consaquently, wo may say thab ol least gualitetlvely, the offect
of dipotasaiun phospbate is idesticel to Lhnt of sodlum hydroxids

st the soma piH vslue.
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5 OF THISIINES WITH GLUCCSE.

our ottention wss directed towarda this guestion by the recent
study of . @6 Lengd oxd L. Po v @ MiJ1 Dekker” in Hollacd. These
workers vars able £o ahow that by heatiog mixtures of thiaainge and
SUZETS the coptent of both of these products wes considspedly re-
duced. They nlso noticed that there occurred an intense hrowning
of the mixtures snd that the pH of thair aguecus solutions was
progressively lowersd. Concuryestly the sample developed an ine
tonse Plucrescence. Simllar rosults were obtaized wilh avabinocse,
but much moye intenslively.

Ye ware tnterested to know whetber or nob 4his was a Maillard
type resction like those ccowwring betwesn sminoeecids and sugﬁrsa?.

we wers slso woudseing 1f the described reaction poulid not bo

 the resull of an intemtian of t%n mydrochioric aeid of thiaxirce
hydrochloride with gluecse and subsequent dastruetion of thiamive
by the formed products.

In ordey to iavestigate tlose guestions, w2 dagided to perforsm
sanlogous esperisests and to see what kind of inforpation papas
chromatopraphy would provida.

EMWW@W%&W&D&QMV&WW
and heated in ssaled test tubes in an oven at 85°C for 13 days:

1) Thianine Hydrochloride + Glucocse

2) " 4 + £
3) i as & £ree bose + (lucose
h) " Yononltrate + Glucose

5} Dianinctolusra Dinydrochloride ~ Glucose
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Somples were rsmoved successivaly after 1, 2, L, 9, ond 13

Thisnipe g o fyee bese was cbtained by lyophilisstion of &
109 solubion of thiamine hydrochlorids brought to rH 6.54% with G
sodium hydsoxide.

After 13 days of hesting, the sample of the free boss of
thissdine / Glucose tusmed 0 & very dark black coloration. Thise
mice hydrochloride / Gluccse beczme brown, Thlanmine moncaitrate
gave a light brown eolow, whils mm hydrochloride / Bucrcse
gave no reactioa at all, Diaminotoluens plus Gluccse algo tock a
derkay colorebion. Vhenever these browning reactlions cocurred,
they were sccampanisd by s noticesbls hardening of the whols mass.

The fact thet thiamize doss nob reset with suerose see=s bo
indicats that the free aldehyde group would ba required in tha
suzar, Oo tha other hand, the larpe incresse in the intensity of
the interscbion vhon the anino grovp of thisadne is free and the
Poct that diaminotoluene heated with gluccse in the came conditlions
gave the sams kind of resciion, suggest very mockediy the participa-
tion of this amino groun in tha resction.

It was speeially intereating to follow by poper chromatogrephy
the rasetion occourring betwesn the fres bose of thianins and gluccse.

The products of veaction being perfectly solubla in water, 10%
sguecus solutions wers prepered uwith fresh mixtures, vith nixtwres
having been hested for 2 days, and with samples heated for 13 days.

Tractions of C.1 ml of each solution were placed on Whatoas Ho. L



ohronatogeaphia payers, and the copexraticn run £or 15 houwrs vith
1 Putanol/Btiyl alochol/Water, 2/1/1, es & solvent. Oix popers
wemmtammrinmﬂsrﬁammmwithwﬁ.m fs3arcin g
roagants.

whe nool of spots obtaised IS resresented on the Fig. 1.

1% sppears from this chromatogram, that tha concentyation of
shissdne 1s considerably reduced in the course of the healing
pericd. The sewms 18 true vith glucose. A% the base of the paper &
sew compound, very soluble i water and giviog scae tolling affect
iz Pormed congurrently. This compound which possessde & very
brigot yollow flucrescencs results fron the resction of thiamine
with giuocse o3 csgba ahown in tha following mannee.

e have seen ia the precsding sestlon that thiswine gives by
dostruetion purine o pyrimidine derivstives charecterised by &
typlcal end very iotecse blug colorabion whea the paper is treated
by the mixture bross-phenol blus/ silver nitrate and uashed sfter-
vards. Pocor oromatograns ;metmmmmdw
m%ﬁaﬁm&W%mW&Wx%aﬁm
thismive to be promessively destroyed. After that pexricd, the
papers vere pprayed with tha trome-phenol blua / silver nityste
roagesh, vashed end dried. All the apots of thisnine oppesved
yith an intense blue coloraticn, test wich was also given and with
an equal high intensity, by the raw lcwer spot {Bp: 0)» Thia ve-
coetion shous that at laast a loxes frootion of the thiamiva mole-
culs 15 pombined in this new compound. nggmmmwm

quite different from those of 3he purine or pyrimidire devivatives



"__/__\/_/-‘\ Solvent front

G (08 5)

<:::> Thiocnrome (0.58)
(:::> Thiamine (0.40)

Glucose (0.31)
Sodium Chloride (0.28)

——+ » Glucothiamine (0.00)
0 2 13 Time of heating (days)

FIG. 11

Chromatogram showing the reaction Thiamine-Glucose
(Solvent System: N-Butanol,Ethyl alconol,water-2,1,1)
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(5.52 2nd 0.68).

Secondary reachtions oye also involved in the whole procmss, ol
lecst two of which sbould be mantioned: Oxidation of minuke amcunts
of thiamips to thiothwose and the formation of & nev blue fluoresceat
product (Rp: 0.85). This pow compound seexs to be the saxe v the
unknown substance "G’ (R 0.86) found in the basic demeradation
producta.

Sixmilaw results are cbtaived by chromatograghy of ths heated
nixture of glucose with thismine hydrochloride and thimming mononi-
trats. Mwuwmwmtmsmﬁinmmm
cnse, they show formation of high emcunts of glucothisnine ead
parallel decvease on ths concentyations of thiamine end giuscse
1n the sample. ) |

ztmwmwmmﬁmx§3h,awwmzsmaw
ported the stabilizing action of amino-ecids on solutiors contadninyg
thiamire. They claimed that the effect was lost when the oulno group
W%mmmmwmmmzmw@mmmwm
Smino ZICUDe Such & statenent saews now rather easy 1o explain
sines smino-acids would compete with thiasmine in the Maillord
reaction.

£5 & conelusion we would say that definitely there 1s a reaction
between thiamine end glucose usnd that ail the actual data indicats
s Maillexd typs resctlion.
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SUMMARY

The prasernt studies or the nonensymatic destruction of thiamine

gan be swmuarized as follous:

A} BPECTROPHOTOMETRIC STUDIES.

1)
2)

3)

L)

5)

5)

The U.V. spectrophotomairice prozerties of thiamips in
the pH range 7 to 1l were discussed.

The influecce of time on the absorption characteristics
cf thase solutiorns was described,

In the same way were established the spectrophoctometric
properties of 2 wethyl, b amino~pyrinidyl, 5 methylene
sulfonic acid and of b methyl, 5 /3 hydroxyetlyl thissol.
It was shown that the particular properties of the
iscbestic points encountered in these curves can be
applied to the identification and masay of these come
pounds.

In some cases, tha ebsorption curves of a degradated
solution of thismine could be used to determine the con-
centration of the vitamin in the origiral solution.

Tha stability of the respective rings vas discussed and
the great influence of the quaternary ammonium on the sta-

vility of the thismins molecule was established.

B) ClRCHATOCRAPHIC STUDIES.

1)

A paper chrooatograpbic method for separeting the
destruction products of thiaamine vas developed.
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3)

k)
%)

6)
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This pethod was applied to the study of the effachs of pi
and tize on the successive degradation steps of the
vitanic.

Studies on Freshly preparsd beaic solubions of thiaaine
have shown the existence of its cerbinol form, thiochwoos,
o pyrizidine dertvative which might bo thisnine disuwlfids,
another surips or pyrintdice dsrivative ard two 53111 une

known produsts.

W'mmemmmmmmamma
the number of destruction products incyeeses to 13.

The mode of action of dipotassium vhospbate is 2dsntical
10 thad of sodiun hydroxids ob the saxe [H.
mmmamm'tmcanbaus&&mw@mwef
the Gagradation products of thiawics sad to quaptitatively
determine the emount of vitania By in cooplex nixtures.

{Pharmacauticals.e..)

¢) REACTION BETWESN THIAINE AND SUGARS.

1)
2)

3)

Thare is a strong resction between thianine and glucces.
A brova compound, having e bright yellow flucrescence is
produced. It can bo isolsted by paper ciwomstograply.
(Rp: O in the described eonditions)

the data indicate s Malllard type resciion between the
amino group of thiamine ond the sldehyde group of the

suger.
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