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ABSTRACT

Dihydroxyacetone (DHA) and formic acid (HCOOH) in formose samples
were analyzed using reversed-phase liquid chromatography (RPLC) utiliz-
ing amodified chromatographic and 2, 4-Dinitrophynylhydrazine (DNPH)-
derivatization techniques. Especial evaporation technique was devel oped
to remove excess of unconverted substance from the formose mixture to
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facilitate the reduction of excess of reagent used for derivatization. Usage
of derivatization reagent (DNPH) was reduced by a factor of 60. The opti-
mum conditions for separation of DHA-hydrazone were (5-90)%ACN at 1
ml/min. Sodium borohydride (NaBH,) reduction of aldehydes, ketonesand
sugars helped to anayze HCOOH-hydrazone quantitatively in formose

sample. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Theformosereaction (FR) itsdf isaspecid typeof
oneof themost fundamentd reactionsfor carbohydrate
chemistry and natura product chemistry. Thisreaction
isof great importanceto the question of origin of life
becauseit isconsidered asapotential synthesisroute
for the generation of complex monosaccharides, anon-
enzymatic sourceof sugars, startingwiththesmpleC,
compound HCHO. Inaddition, it may play abigrolein
long manned space missions, whereregenerativelife
support systems providing carbohydrates are neces-
sary (seeFigure 1). Such closed syssem employing car-
bohydrate production must be devel oped.

CO, + H,0 = HCHO +0,

Figure 1 : Scheme for the production of formose sugar
(synthetic sugar) from for maldehyde.

Thisreaction isan autocatal ytic anionic polymer-
ization of formaldehyde (HCHO) to carbohydrates,
which requiresabase, for examplecal cium hydroxide
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(Ca(OH),), ascatalyst and acarbohydrate containing
a-hydrogen such as gylcolaldehyde (GA) or glyceral-
dehyde (GCA) intrace amounts acting asaninitiator.
Thereaction product containsat |east 30 different com-
poundsincluding straight chain- and BC-carbohydrates,
organic acidsand sugar degradation products.

Anayssof formosesugar by HPLCisachalenging
issueto the chromatographer sincelong period. The
reaction products are complex mixtures that need
challenges to analyze by using available analytical
techniques. Gas chromatography-mass spectrometry
(GC-MS) and thinlayer chromatography (TLC) were
usedfor thistask. Quditative measurement and structure
elucidation of formose productswere done previousy
by TLC and GC-MS, respectively as reported®®,
Currently, thereis no HPLC technique existing for
quantification of individua substances (for instance,
DHA) in formose sample. In ion chromatography,
analysis of HCOOH in formose sample is quite
problematic dueto the bad peak resolution comesfrom
interference with other organic acids. Withregardsto
the present tate-of -the-art of formose sugar analys's,
only two recent publications?* describe a HPLC
method with a DNPH derivatization procedure. A
detailed analytical investigation regarding analysis of
individual compoundsinformosedoesnot exist ether.
Of coursethederivati zation method iswel| established
for analysis of common monosaccharides and
formal dehyde (HCHO)™ !, Inthiscontext, up to now,
the methods presented in the earlier publication™ are
thewell-developed one.

Inthisreport, amodification of the previousmeth-
ods and application for the analysis of DHA and
HCOOH informose samplesare presented. Particular
sampl e preparation and chromatographic techniques
applied arediscussed.

EXPERIMENTAL

For mosereaction

Experimentswere conducted using abatch reac-
tor-system. PF sol ution was prepared by dissolving 200
g powdered-PFin 400 mL water (50°C), refluxing for
4 hfollowed by filtering*@.

A calculated amount (mentioned as below) of
HCHO was transferred into avessel of high quality
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(HQ)-water to afina volumeof 25 mL. For dissolving
acal culated amount of GA initiator, an aliquot of the
prepared HCHO-solution wasremoved. After com-
pleting thedissol ution of theinitiator, thealiquot was
transferred back into thevessel containingHCHO. Af-
ter dissolving the Ca(OH), powder in 25 mL of water
inanother vessdl, the reactants were pre-heated to the
reaction temperature [40(=2)°C and 98(+0.5)°C].
Water-bath and oil bath were used for increasing and
mai ntai ning temperaturein moderate and hightempera:
tures, respectively. Thereaction was started by trans-
ferringtheHCHO-solution containing the pre-dissolved
initiator into 2100 mL reaction vessdl and adding the
pre-dissolved Ca(OH),. By applying N,,, inert reaction
conditionsweremaintained.

Inthe case of 40(+2)°C reaction temperature, 46
gL of HCHO, 14 gL of calcium hydroxide
[Ca(OH),] and 2.5 gL of glycolaldehyde (GA) were
taken for thereaction. In the other case when reac-
tion was conducted at high temperature[98(+0.5)°C],
54.6 gL of HCHO and 8.47 gL *of Ca(OH), were
taken. Thereactionswere stopped by decreasing the
pH to 5.0 by addition of apre-determined amount of
HNO, (13% HNO,).

Evapor ation of formosesample- procedure

Addition of DHA and HCHO standardswith known
quantitiesin the evaporated formose model samples
followed by four steps evaporation and subsequent
analysiswere conducted. All sampleswerediluted to
factor 5 prior to evaporation experimentsthosefinally
reach to the original volumeafter evaporation. Loss of
severd volatile compoundsduring evaporation depends
on the sample’s matrix. DHA and HCHO both are
volatilesand evaporation of DHA isinterfered by the
HCHO inthematrix therefore, it isnecessarytoadd a
certain amount of both standards to optimize the
evaporation rate of DHA from the samples and to
establish recovery. Rotary vacuum evaporator wasused
for al evaporation experiments. Evaporation wasdone
at 0.1 bars and 80°C with a rotating speed and
evaporation timeof 80 rpm and 20 min, respectively.

Reduction of formose samples- procedure

For conducting reduction reaction, particular aka-
line pH (8-10) was necessary. Therefore, 1 ml of
formose sampl e (produced by high temperature reac-
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tion, samplepH was 7.0) was diluted to 5.62 ml with
de-ionized water followed by addition of 100 uL of 1%
NH,OH agueous solution to risethe pH up to 9.0 to
facilitatereduction. AsFR further startsif pH exceeds
10.0 therefore, care should be taken to maintain the
specific pH. Reduction was started for 24 h at ambient
temperature by addition of 54.6 mg sodium borohy-
dride(NaBH,). Reactant wasstirred in aclosed-glass
tube during the reaction period. Production of certain
amount of H, gasinsidethetubewasnot problematic.
Reaction was stopped by addition of 220 uL of 10%
HCI. Find volume of thereduced samplewas6 ml.

Analysis
(a) Chemicalsand reagents

Ca(OH),, GA, sugar standards, absol ute ethanol,
HCOOH and DNPH were purchased from Sigma
Aldrich, Vienna, Austria. 36% HCHO agueous sol u-
tion (containing approximately 10% CH,OH as stabi-
lizer), paraformal dehyde (PF), CH,OH, H,SO,, ac-
etonitrile (CH,CN) and HNO, wereobtained from Carl
Roth, Graz, Austria. NH,OH (25% sol ution) was ob-
tained fromAlfaAesar, Vienna, Austria. Sodium boro-
hydride (NaBH,) was purchased from Merck, Vienna,
Austria. All standards, chemical s and reagents meet
HPLC-grade purity.

(b) Chromatographicconditions

Hitachi Lachrom EliteHPLC system (VWR Inter-
national, Darmstadt, Germany) equipped with L-2130
pump, L-2450 DAD, containingaHg lampwith 13 uL
flow cellsand set at 360 nm was used for analysis of
the derivatized samples. Three Chromolith RP-C18
columnseach (100 X 4.6 mm) with Chromolith guard
cartridge (5 X 4.6 mm) (al from VWR International)
were used for determination of the aforementioned
andytes. Different gradients((5-90) and (5-100)%) and
flow rates(0.8and 1.0ml/min) wereusedfor theandyss
of DHA. Gradient wasgpplied for 65 minruntime. For
HCOOH analysis, the conditions were: (5-36.6)%
ACN for 20minat 1 ml/min.

(c) Preparation and analysis of standards and
samples

HCHO, DHA and HCOOH each 10 gL * stocks
were prepared by diluting the corresponding reagents
in de-ionized water. Stocks were stored in 4°C.

—— Fyll Peper

Formose modd sampleswere prepared following the
sametechnique. To maintain the DNPH/samplemole
ratio approximately 30:1, DNPH solutionswere pre-
pared by dissolving thereagent in H,SO, as 100 mg/
0.5 ml of acid and then diluted to 50 ml with absolute
ethanol. The prepared reagents were 17.0, 2.0, 1.0,
0.75,0.5and 0.35 gL asrequired for thederivatization
protocol. Particular derivatization techniquewasfol-
lowed as described in the earlier work(*2. Formose
sampleswerederivatizedwith17.0and 1.5gL* of re-
agent for theanalysisof HCOOH in non-reduced and
reduced samples (see Figure 5), respectively. Other
mentioned concentrationsof reagent wereusedinthe
samplesintendedto usefor DHA analysis. All samples
werediluted to 1:500 before derivatization.

RESULTSAND DISCUSSION

Optimization of DHA analysis

Figure 2a, b, c and d represent resultsin which
chromatograms produced by using 0.35gL* of DNPH
seemed to be the best one (see Figure 2d). The
derivati zation reactions appeared asincompletewhen
using the concentrations of DNPH below 0.35 gL .
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Figure2: A.Analysisof DHAin RPLC; c(DNPH): 1.0gL?,
CH_CN/water gradient used: (5-100)% CH_CN for 60 min at
1 ml/min; Peak assignments: 1: Unreacted DNPH, 2: DHA-
hydrazone, 3: GA-hydrazone, 4. hydrosulphate; B. (DNPH):
0.75gL%; C.¢(DNPH): 0.5gL%; D.¢(DNPH): 0.359L *%; other
conditionsfor B., C,and D. areasA
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(5-100)%ACN at 1 ml/min asappeared inthe previ-
ouswork was used for the separation. Reduction of
flow rateresultsworseresolutionin DHA peak (see
Figure3a). Among all of theoptimizationtrias, the
best chromatographic conditionswerefound asin Fig-
ure 3b where (5-90)%ACN at 1 ml/minwasused for
the separation.

Fil Fil n m w b n
bfirrates

Figure3: A.Analysisof DHAin RPLC; c(DNPH): 0.35gL %,
CH_CN/water gradient used: (5-100)% CH,CN for 60 min at
0.8 ml/min; Peak assignments: 1. Unreacted DNPH, 2: DHA-
hydrazone, 3: GA-hydrazone, 4: hydrosulphate; B. CH,CN/
water gradient used: (5-90)% CH,CN for 60 min at 1.0 ml/
min; ¢(DNPH): 0.35gL "1 and peak assignments. asA

Optimization of DHA evapor ation

Asitismentionedintheearlier work™ the DHA
peak appears on thetailing of 1% Unreacted DNPH
peak therefore, quantification was not possiblewithin
the samerun together with other compounds. Remova
of excessamount of Unreacted DNPH isessential to
analyze the DHA. To eliminate this problem, the
technique mentioned in section 2.2 wasfollowed.
Though ahint maderegarding the usage of evaporation
techniquein the previous work, the analytical data
for DHA presented was an approximation from the
GCA quantification yet. DHA produces out of FR
through isomerization of GCA in a particular
proportion, while approximation is possible.
However, this ratio is depending on the reaction
parameters. Therefore, precise quantification is
necessary for this substance.

Figure4 isaplot of percent calculated DHA in
vapour phase (V P) and corresponding concentration
(gLY) inliquid phase (LP) of 4 different observations.
TheFigureconstructed asresemblewith the “McCabe-
Thiele’ diagram (method for the analysis of binary
distillation) for theanaysisof volatile substances. Itis
necessary to bementioned herethe DHA isavolatile

compound intheformose sampleasHCHO therefore,
evaporation of thematrix contai ning these compounds
results certain losses of theamount inthevapour phase.
It is then obvious to take into account the losses.
Accordingto ‘Henry’s law’, the equilibrium of DHA
will beinterfered by other volatile substancesinthe
matrix. Value of DHA inVPwascalculated by using
thedevel oped curve. Reevant analytical and cal culated
dataareprovidedinTABLE 1, 2and 3. However, itis
mentionable here that ‘McCabe-Thiele’ diagram is
limited for specific reaction samples. Detailed
investigations by varying the concentrationsof different
substances in the model solution are necessary to
optimizeared ‘vapour-liquid phase diagram’ for DHA
andysisinformosesample. Thisisreasonably afuture

outl ook for thiswork.
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Figure4: Developed diagram for theanalysisof DHA in
RPL C system; thick linerepresentsthe ‘line of constant
response’ for all thevaluesmeasur ed; used dataareprovided
inTABLE4

TABLE 1: Dataon 1% event of evapor ation experiments.
HCHO and DHA in model and for mose samples; quantities
added befor e evapor ation and cor r esponding observed val-
uesafter evaporation; FD =formosemodel sample

DHA  HCHO DHA HCHO
Samples added added observed observed

[9/1] [9/1] [9/1] [9/1]
FD 1 2.00 32 1.56 11.90
FD_2 1.00 32 0.86 9.60
FD_3 0.50 32 0.70 10.80
FD_4 150 20 1.05 7.12
Formose 0 0 0.25 6.55
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TABLE 2: Cumulativedataon 1%, 2" and 3™ eventsof evapo-
ration experimentswer eobtained in RPL C. Threestepsevapo-
ration of the same samplesof four different formose model
sampleswer econducted. HCHO and DHA observed inliquid
phase and calculated in vapor phase in corresponding
samples; VP =vapor phase

DHA in 1¥ DHA in HCHO in 1% HCHO in
observation* [g/l] VP (%) observation* [g/l] VP (%)
1.56 30.45 11.90 69.13
0.86 30.81 9.60 75.10
0.70 32.71 10.80 71.98
1.05 39.76 7.12 73.18
DHAIn2®  DHAin HCHOin2“ HCHOIn
observation [g/l] VP (%) observation[g/l] VP (%)
1.56 30.00 5.62 52.77
0.70 18.61 2.90 69.80
0.50 0 5.34 50.56
1.05 0 5.07 28.80
DHAiIn3Y DHAin HCHOIn3® HCHOIn
observation [g/l] VP (%) observation[g/l] VP (%)
127 18.60 2.67 52.50
0.68 3.60 1.50 48.28
0.46 8.00 2.90 45.70
0.77 26.67 222 56.21

*Corresponding data on 1% event of evaporation experiments
fromTABLE 1

TABLE 3: Data arranged from TABLE 2 to construct
Figure 3

1st valueof  Meanvalueof 1stvalueof Mean value of
DHA observed DHA observed DHA inVP DHA in VP
[9/] [9/] (%) (%)
1.56 30.45
1.56 1.463 30.00 26.350
127 18.60
2nd value 2nd value
0.86 30.81
0.70 0.745 18.61 17.673
0.68 3.60
3rd value 3rd value
0.50 32.71
0.50 0.487 0 13.570
0.46 8.00
4th value 4th value
1.05 39.76
1.05 0.957 0 22.143
0.77 26.67

Finally, DHA was precisely quantifiedin 4 min
formose sample as 0.643 gL using the optimized

—— Fyll Peper

evaporation and chromatographic conditions, whilethe
HCHO conversionwas 23.7 gL .

Optimization of HCOOH analysis

Formose samples produced a high temperaturere-
action weretaken under reduction (asdescribed in sec-
tion 2.3) for the ease of HCOOH analysis. Reduced
sampleswere anayzed by using the chromatographic
conditionsasin section 2.4.2. Figure 5 showsthechro-
matogram overlays of non-reduced and reduced
formose samples. Non-reduced samples possessed
larger peak areasdueto emerging either sugarsor other
analogues of sugarsin it whereas, reduction of those
sugarsprivileged the precise quantification of HCOOH.
Theoptimized method isauniquefor thequantification
of HCOOH in formose sample since quantification of
thisacidisinterfered by other organic acid’s peaks in
ion chromatography. It is mentionable, including
HCOOH; some other organic acids are produced in
formosereactionindeed.

| 360nm

168

HCOOH (reduced)
samples = 7.0 g/L

GLC=
1 0.159
Figure5: Chromatogram overlaysof non-reduced and re-
duced formose samples; 16S, 26S and 32Sarethe 16, 26
and 32 secreaction samplesrespectively; quantified data
asin legend; chromatographic conditions asin section

2.4.2; sample dilutions and DNPH concentrationsasin
section 2.4.3

CONCLUSIONS

A modified DNPH derivatizationmethodin RPLC
for quantification and determination of DHA and
HCOOH informose samplesas presentedin thismanu-
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scriptisanadditiona crucid contributioninthefield of
formose chemidry. Particular evaporationtechniqueand
diagram was developed for the DHA anaysis, which
could behd pful to andyzethisspecific substanceinthe
formose samples. Analysis of HCOOH in formose
sampl e by the devel oped technique can be considered
as a better one over ion chromatography due to no
interference comesfrom other substancesinthesample
duringandysis.
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