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ABSTRACT 

A method based on peracetylated oxime (PAKO) denvatives has been developed 
for rapld g I c-m s survey of ketoses This derlvatlzatlon procedure (and the chro- 
matographlc analyst- of these derlvatlves) IS identical to one previously employed to 
identify aldoses by means of peracetylated aldonomtnle (PAAN) derivatives The 
production of chemically different derlvatlves from the aldoses and ketoses by the 
same denvatlzatlon procedure greatly slmphfies the chromatographlc separation of 
the derlvatlves of the ketoses from those of the aldoses, and also results m dlstmctlvely 
different, mass-spectral fragmentation-pathways for the two sets of denvatlves Both 
the electron-impact (e 1 ) and ammoma chemical-lomzatlon (c 1) mass spectra of 
PAKO denvatlves have been examined Extensive differences between the fragmenta- 
tion-pathways of the PAAN and the PAKO denvatlves have been observed both by 
e 1 m s and ammoma c I m s The g 1 c -m s of these PAKO denvatlves, m coqunc- 
tlon with various, lsotoplc vanants of the derlvatlzatlon process, can yield extensive 
structural mformatlon with regard to the starting saccharides associated with the 
known, or unknown, g 1 c peaks The g 1 c and mass-spectral properties of highly 
O-methylated PAKO denvatlves of D-fructose are compared, and contrasted, to 
those of the PAKO derivatives of non-O-methylated saccharides The chromato- 
graphic properties of denvatlves of ohgosacchandes that result from the PAAN- 

PAKO denvatlzatlon procedure have also been studied 

*Presented before the DIVISION of Carbohydrate Chenustry, 2nd Jomt Conference of the Chenucal 
Institute of Canada and the Amencan Chermcal Society, Montreal, Canada, May 30-June 2, 1977 

0008-6215/80/~ 1% 02 25, @ 1980 - Hsewer Sclentic Pubhshmg Company 



202 F R SEYMOUR, E C M CHEN, J E. STOUFFJZR 

INTRODUCTION 

The gas-liquid chromatography (g 1 c ) of ketoses and their derlvatlves has not 
been studled as extensively as that of the aldoses, and many studies of ketoses have 
dealt exclusively with D-fructose1-4 Two fundamental approaches to sacchande 
separations by g 1 c , of the pertrImethylslly1 (Me,&) demvatlves and the per-Me+ 
oxlme denvatlves, were described m a single report by Sweeley et al 5, and the maJonty 
of the successive g 1 c studies of saccharides have dealt either with these derlvatlves 
or vanants of them The aforementioned Me$I denvatlzatlon procedure was adapted 
to combmed aldose and ketose g 1 c studies for mixtures of D-glucose and D-fruc- 
tose6-’ It was noted’ that the Me,& derlvatlve of D-fructose IS formed less readily, 
or more slowly, than the correspondmg derlvatlve of D-glucose Further studies of 
the Me+ derlvatlves of ketoses have been reportedg-“, and these ~111 be discussed 
m the followmg section dealmg with mass spectrometry In general, the mtroductlon 
of Me,SI groups greatly mcreases the volatlhty of the saccharides, and provides 
readily separable derlvatlves However, the direct formatlon of Me& denvatlves of 
saccharides leads to several problems, mcludmg (a) the production of multiple 
denvatlves, and g 1 c peaks, from a given startmg-sugar (due to a,/3 lsomensm and 
to the formatlon of furanosy! and pyranosyl products), (b) the production of dlEerent 
ratios of these multlple peaks under different reactlon-condltlons, and (c) the relatively 
complex, mass-spectral patterns that result from the rmg structure of these derivatives, 
and from the bulky Me& groups 

In the report that described the g 1 c propertles of the Me& denvatlves, 
Sweeley et al 5 also described the productlon of the per-Me& oxtme derlvatlves 
These analytIca derlvatlves are produced by first treatmg the saccharlde with hydroxyl- 
amme to yield the oxlme, and then per(tr~methylsllyl)atmg the hydroxyl groups, 
mcludmg that of the oxlme These per-Me,% oxlme derlvatlves are afforded both by 
aldoses and ketoses’, and have the advantage, relative to the per-Me,& sacchande 
derlvatlves, that fewer denvatlves are produced from each starting saccharlde. How- 
ever, the mtroductlon of an oxlme group mto a saccharlde has the potential of 
resultmg m two forms of the oxlme, the syn and the arztz Although such syn and antr 

Isomers of the oxlme from a smgle sacchande are often described as chromatographl- 
tally unresolvable, this lack of resolution actually IS usually an mdlcatlon of the 
mefficlency of the g 1 c -separation condltlons Sweeley et al ’ described the mutual 
separation of per-Me,% oxlme derivatives of 1,3-dlhydroxy-2-propanone, D-erythro-2- 

pentulose, D-fructose, and 2,7-anhydro-D-a&o-heptulose (sedoheptulosan), and the 
separation of these derlvatlves from correspondmg denvatlves of aldoses of sumlar 
molecular weight 

Further developmental studies of the per-Me& oxlme method, with apphcatlons 
to food technology, were made by Mason and Slovef2 In general, the retention times 
of the per-Me& oxlme derivatives of ketoses were found to be somewhat shorter 
than those of the correspondmg denvatlves of aldoses of slrmlar molecular weight 
The advantages of these acyclic, per-Me& oxlme denvatlves, compared to the cychc 
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Me& denvatlves, became apparent with apphcatlons to sugar phosphates13 and 
aldoruc aclds14 Petersson14 also extensively studled the g 1 c and mass-spectral 
propertles of per-Me,& oxlme denvatlves of neutral saccharides,,“› and Stroz” exammed 
the quantltatlon of g 1 c data for the correspondmg denvatlve of D-nbose In addition, 
Petersson14 was able to correlate the g 1 c retention-times of the per-Me,Sl oxlme 
derivatives to structural features of these compounds Toba and Adachl16 exammed 
the chromatographlc propertles of per-Me& oxlme derlvatlves of dlsacchandes, 
including ketodlsaccharldes 

Lame and Sweeley’ 7~1 * employed a fundamental variation on the per-Me,Sl 
oxlme derlvatlzatlon procedure by employmg methoxyamme instead of hydroxyl- 
amme, and produced the per-Me,% O-methyloxlme derlvatlves’8 It was shown 
that many of the chromatographlc and mass-spectral properties of these derivatives 
were superior to those of the per-Me,!3 oxlme denvatlves Although the reports of 
Lame and Sweeley l 7 ’ * were prmclpally concerned with derivatives of aldoses, the 
per-Me,& O-methyloxlme derivative of D-fructose, as a representative example of 
the ketoses, was also exammed The g 1 c retention-times of these derlvatlves of 
D-fructose, and of the corresponding aldohexoses, were found to be quite slmllar” 
The chromatographlc and mass-spectral studies of per-Me,!31 O-methyloxlme com- 
pounds were extended by apphcatlon to phosphates of D-elytllro-2-pentulose and 
D-fructose by Harvey and Hornmg’3, and to dialdoses and aldosuloses by Dlzdaroglu 
et al lg 

Independent of the development of g 1 c condltlons for the separation of the 
various trlmethylsllyl derivatives of saccharides,,“› improvements m g 1 c resolution 
allowed the utlhzatlon of peracetylated aldltol derlvatlves of saccharides The ongmal, 
effective, g 1 c separation of peracetylated aldltols was reported by Sawardeker 
et a120, and various modlficatlons and apphcatlons of the technique have been 
summarized by Dutton3 These aldltol acetate derivatives are produced by an mltlal 
reduction of a saccharlde to the correspondmg aldltol, followed by peracetylatron 
Whereas the productlon of the per-Me&, the per-Me,& oxlme, or the per-Me,& 
O-methyloxlme derivatives from a single, starting sacchande results m at least two 
subsequent products for any of the denvatlzatlon procedures, the productlon of 
an aldltol acetate from a given starting-sacchande yields only a single denvatlve 
In general, most reductions have involved aldoses, but this technique 1s also applicable 
to ketoses2’ Therefore, it 1s possible to use the aldltol acetate method to obtain 
more-meanmgful chromatograms from much more complrcated starting-mixtures 
of saccharides than can be analyzed by any of the three tnmethylsdJ1 procedures 
However, one hmltatlon to the aldltol acetate derlvatlzatlon procedure 1s that the 
reduction of the aldose (or the ketose) carbonyl group to a hydroxyl group lessens 
the asymmetry of the molecule, and, in many cases, two different saccharides yield 
the identical aldltol acetate Amblgulty resulting from such reductions can be de- 
creased by employing deuterated reducmg agents in combmatlon with mass-spectral 
analyas, although similar problems st111 remam when such mformatlon 1s dependent 
on separations by g 1 c 
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Saccharides contammg O-methyloxlme and acetylated hydroxyl groups, 
reported by Mawhmney et al **, are intermediate between the alchtol acetates and 
the per-Me,3 O-methyloxlme denvatlves, and have been described as useful m the 
g 1 c separation and analysis of hexosammes 

The peracetylated aldonomtnle (PAAN) denvatlves are altematlve, sacchande 
denvatlves that have proved amenable to g 1 c separation and to mass-spectral 
anaIysls The facile, two-step, denvatlzatlon procedure employs hydroxylamme to 
convert an aldose mto a hydroxyloxlme denvatlve (as does the first step of the per- 
Me,% oxlme denvatlzation procedure), and then acetic anhydnde, which both 
peracetylates all hydroxyl groups and reduces the oxlme group to a mtnle group 
Therefore, the PAAN derivative from a given aldose IS very similar to the corre- 
sponding aldltol acetate derivative of that sacchande, but, m the case of the PAAN 
denvatlve, C-l IS converted mto the chromatographlcally, and mass-spectroscopically, 
dlstmctlve mtrlle group A mtnle group mvolvmg C-l neither adds nor subtracts 
a center of asymmetry (with regard to the a,/3 anomenc rmxture from the orlgmal 

aldose), and therefore each aldose yields a smgle PAAN denvatlve 
The production of these PAAN derivatives, for purposes of g 1 c separation 

and mass-spectral analysis, was described by Lance and Jones23 and Dmltnev et al 24 

Varma and co-workers extensively developed g 1 c conditions for PAAN denvatlves 
of neutral saccharides and hexosamme derlvatlves25-28, and also made extensive 
blomedlcal apphcatlons of this technlque29-32 Hommg and co-workers employed 
these PAAN derlvatlves for g 1 c studies using glass-capillary co1umns33 and for 
study of the electron-impact (e I ) mass spectra of these compounds34, and applied 

the denvatlzatlon procedure for surveymg the saccharides present m urme35 We 
have employed extensive, lsotoprc substltutlon to study the g 1 c -m s of these PAAN 
derlvatlves36*37, and LI et al ‘* also examined the mass spectra of these compounds 
As the rutnle group of the PAAN denvative involves three of the bonds ofthe terminal, 
backbone carbon atom of the ongmal aldose, there can be no correspondmg mtrlle 
analog for ketoses, because two of the bonds of the carbon atom of the ketone group 
are mvolved m carbon-carbon bonds However, at the end of the first step of the 
PAAN denvatlzatlon procedure, aldoses and ketoses are both converted mto their 
respective ommes On addition of acetic anhydride m the second step of the denvatl- 
zatlon procedure, the oxlmes of the ketoses afford peracetylated oxlmes, without 
the subsequent dehydration step that gives the mtnle group of the PAAN denvatives 
Although these sacchande denvatlves may accurately be described as peracetylated 
oxlmes, we prefer to employ the term peracetylated ketooxlme (PAKO) to emphasize 
the ketose ongm of these denvatlves, for d:rect comparison to the PAAN (per- 
acetylated aldonomtrde) nomenclature of the denvatlves of the aldoses. Therefore, 
the umform derlvatlzatlon procedure can suuultaneously convert aldoses mto PAAN 
denvatlves and ketoses mto PAKO denvatlves. 

Szafranek et al 33 and Morrlson3’ noted that the g 1 c properties of the acetylated 
alltols and the PAAN denvatlves are smular, and both denvatlves of the same 
sacchande could be readily chromatographed, Szafranek et al demonstrated this 
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Aldose derlvatrves 
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Fig 1 The generahzed structures of the products from aldoses (a) and Z-ketoses (k), when these 
saccharides are denvatlzed by the followmg procedures per-Me& oxlme (a), per-Me& O-methyl- 
oxlme (LB), aldltol acetate (c), U-acetylated-O-methyloxlme acetate (d), and PAAN-PAKO (e) 

relatlonshp with glass-capillary columns contammg SE-30, whereas Mornson 
employed a variety of packed columns However, Morrison made the mterestmg 
observation that, when an ohgosaccharlde IS subJected to the sequence of (Q) re- 
ductlon of the saccharlde at the reducing end, (b) hydrolysis, and (c) formation of the 
PAAN denvatlves of the saccharides m the hydrolyzate, followed by chromato- 
graphic analysis, the resulting chromatogram will contam one peak for an acetylated 
aldltol and other peak(s) for the PAAN denvatlves The degree of polymerization 
(d p ) of the ohgosaccharlde will then be represented by [( % of PAAN derivative/ % 
of aldltol acetate) + 11, and, for a hetero-ohgosacchande, the aldltol group will help 
sequence the compound by identifying the reducing end Varma et al ‘* employed 
this combined, aldltol-aldonomtnle method to evaluate the chain lengths of glycos- 
ammoglycans In general, the PAAN derivative has a retention time distinctly shorter 
than that of the corresponding aldltol acetate 

The foregoing descnptlon of acyclic denvatlves of saccharides commonly 
employed for g 1 c separations 1s summarized m Fig 1, which does not include the 
more-complex, cychc structures ansmg from the simple per(tnmethylnlyl)atlon of 
saccharides..“› Fig 1 shows the structures of the saccharlde derivatives that arise from 
the five acychc-derlvafizatlon procedures, Indicated by the bold-face letters a through 
e The per-Me& oxlme derivative5 1s identified as a, the per-Me,% O-methyloxlme 
derlvatlve” as b, the aldltol acetate denvatlve” as c, the O-acetylated O-methyl- 
oxlme derivative** as d, and the PAAN (or PAKO) denvatlve23 as e Fig 1 1s further 
subdlvlded to show the first two carbon-atom positrons of an aldose derlvatlve (a) 
and ketose derivative (k) of a sven derlvatlzatlon procedure Ths 1s not mtended to 
be an exhaustive hst of acychc denvatlves of saccharides,,“› as other such denvatlves 
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6-8 samples The derlvatlzatlon can be performed m either (a) the thick-walled 
evaporation-tube, equipped with a Teflon-coated stlrrmg-bar and a glass, standard- 
taper stopper, or (b) a hydrolysis vlal (10 cm x 14 mm o d ) equipped with a similar 
stlrrmg-bar and a Teflon-lined screw-cap Hydroxylamme hydrochloride (a weight 
either equal to, or m excess of, that of the sacchande) and pyridme (0 2 mL) are 
added to the vial, which 1s then immersed a few cm mto an 011 bath at 70”, and the 
contents magnetlcally stlrred for 20 mm In the case of the large, rotary-evaporator 
tubes, the reactlon flasks are removed from the bath after 5 mm, rotated so that the 
derlvatlzatlon solution bathes the surface of the lower wall of the tube, and the heating 
and stirring are continued The vials are brlefly cooled, ace& anhydride (0 1 mL) 1s 
added, and the heating and stlrrmg are continued for a second 20-mm penod The 
resulting solution may then be directly InJected for g 1 c analysis 

However, the resulting PAAN-PAKO denvatlves are most readily handled 
by an extraction and washing process, which can be convemently performed m 
hydrolysis tubes (10 cm x 14 mm 1 d ), using bulb-equipped, Pasteur plpets for 
solvent transfers The reaction mixture 1s transferred to a vial contammg water 
(2 mL) and chloroform (1 mL), and vlbromlxed for 10 s The chloroform extract 
1s then transferred to a second vial contammg water (2 mL) and again vlbromlxed 
for 10 s The final chloroform extract 1s dried over a few pellets of 4 A molecular 
sieve, and transferred to a small vlal havmg a Teflon-hned screw-cap The derlvatlves 
are stable for months, most of the degradation of these products during prolonged 
periods of storage results from partial hydrolysis of the 0-acetyl groups, and this 
may readily be remedied by evaporation of the solution and re-derlvatlzatlon of the 
sample (without the hydroxylamme step) A 1-pmol ahquot of the chloroform 
extract 1s an adequate and convement sample-size for chromatography, either when 
employmg the hydrogen-flame detector, or a well tuned, mass spectrometer The 
chloroform extraction of the PAAN-PAKO derlvatlves 1s convement because (a) 
the liquid phase of the g 1 c columns IS protected from the denvatlzatlon reagents, 
(b) the PAAN-PAKO derivatives are stable for months, instead of a few days m the 
denvatlzatlon solution, and (c) the “tallmg” of the chromatographlc mJectlon-front 
IS greatly lessened The isotopically substituted derivatives were produced either by 
(a) employing methyl-d, Iodide m permethylatlons preceding hydrolysis of the 
polymer, or (b) substltutmg either [lSN]NH,OH HCl for NHzOH HCI, or acetic 
anhydnde-d, for acetic anhydride m the derlvatlzatlon procedure 

We are not aware of any parameters of this PAAN-PAKO denvatizatlon 
procedure for which precise control 1s needed Neither the reaction temperature nor 
the reaction time 1s critical However, reactlon temperatures below 60” may result m 
mcomplete denvatlzatlon, and reaction temperatures appreciably above 80 o may 
result m the selective loss of some of the more volatde, saccharlde derlvatlves How- 
ever, we have consistently performed, at 70” (bath temp ), denvatiatlons of relatively 
volatile (e g , 0-methylated) saccharides by employing loosely stoppered vials, and 
have not observed any selective loss of these saccharides 

The PAAN-PAKO derlvatlves are quite compatible with the chloroform solvent, 
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as they are degraded slowly, and the solvent can be evaporated without selective loss 
of the denvatlve We find it convement to concentrate the solutions by posltlonmg, 
dxrectly over the surface of the solution, the tip of a Pasteur plpet attached by a 
vacuum hue to a water aspirator By final concentration of the solution, It IS possible 
to denvatlze small (- 10 ,ug) samples of saccharides An arbltrarlly small weight 
(- 1 mg) of hydroxylamme hydrochloride IS employed, and the denvatlzatlon pro- 
ceeds as for larger amounts (see ref 37 for a dlscusslon of the effects of an excess of 
hydroxylamme hydrochlonde on the PAAN denvatlzatlon of saccharides contammg 
a deoxy group) 

D-Erythrose IS a convenient reference for the r r t values, because of the short 
retention time of Its PAAN denvatlve However, as the sugar IS normally available 
as a syrup, it 1s not convenient for use as an internal standard for quantltatlon We 
therefore prefer to perform a prehmmary denvatlzatlon, without an internal standard, 
to Identify the general “profile” of the chromatogram, and to establish the probable 

absence of the PAAN denvatlve of a sugar that can be added m pure, crystalline 

form (e g , D-arabmose or D-glucose) A second denvatlzatlon IS then performed, 
with the addition of a measured weight of the reference sugar before the addltlon 
of hydroxylamme hydrochloride, a drop of chloroform contammg the PAAN 
derlvatlve of r+erythrose (from a stock reference-solutron) bemg added to the final 

chloroform extract 
The two-step acetylatlon IS performed like the standard PAAN-PAKO denva- 

tlzation, except for the followmg modlficatlon At the end of the 20-mm heatmg- 

period after the addition of the pyrldme, a relatively small volume of acetic anhydride 
(-20 % mol excess) 1s added, and heatmg and stlrnng are continued for 1 h at 50” 
A larger amount of acetic anhydrlde-d, (at least 10 times that of the acetic anhydride) 
IS then added, followed by heatmg and stlrrmg for 20 mm at 70”, and extraction 

The OV-17 column does not require protection nor do the PAAN-PAKO 
denvatlves require extensive drying before the inJection Prehmmary chromatography, 
and quantltatlon of the g 1 c peak areas, are performed with a hydrogen-flame 

detector Good chromatograms, employing the hydrogen-flame detector or mass 
spectrometer, are normally obtained on mJectlon of - 1 ,uL of the chloroform extract 
from the denvatlzatlon 

If anhydrous condltlons are maintained, and the reaction mixture is directly 

InJected mto the column, it IS possible to observe g 1 c peaks that represent denvatlves 

of ammo acids, compounds that could be present m a hydrolyzate However, contact 

with water for even a few seconds degrades these denvatlves of the ammo acids, and 

the water extraction of the chloroform phase apparently removes them Therefore, 
the PAAN-PAKO denvatlzatxon procedure is effective for the ldentificatlon of 
saccharides (when present as a few mole-percent) m glycopeptldes, although, for 
small weights of sacchamdes, a final concentration of the chloroform solution may be 

necessary 
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