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Abstract

A preliminary study on the gas chromatography and mass.spéctrometry
(Gas Phage Analytical Chemistry) of a series of silyl ether derlvatives
- of monosaccharides and related molecules is described. The silyl groups
A of interest all contain a bulky alkyl substitueht,‘i.e. t-butyl or i-propyl
and collectively are described as sterically crowded trialkylsilylb(SCTASi)
groups. They are : ggggfbﬁtyldiﬁethylsilyl (TBDMS1); cyclo-tetramethjlene~
isd—propyl-silyl (TMIPSi);'aﬁd gyclo-teﬁramethylene-tert-butylsilyl (TMTBSi)
- Monosaccharides ( D- 2—deoxyribose, D—ribose, D-xylose, D-glucose, D—galactose,
D-mannose and D-fructose ) as well as some related molecules ( D-1,4 ribono-
lactone and/?-D-benzylribofuranoside ) were reacted with the silyl reagents |

.. in various proportions and  the productg were analyzed by gas,chromatography

and the peaks studied by electron impact mass spectrometry. By these nethods )

"partial and mixed silyl derivatives could be obtained, which yielded informa—

tion on structure and rearrangement and fragmentation directing behavior

of SCTASi-groups in mass spectra.
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substituent group at the second lowest available carbon number bearing the

hydroxyl, etc.

TBDMSnO |
D-Z—deoxyribose. ; [ 1-0—TMSi-3—0~TBDHSi—5—0—TMIPSi—D—2~deoxy— ;
with numberings on - ' ribose or Ibe K

each carbon atonm

e ™ D-2-deoxyribose with TMSiO on carbon number 1; TBDMSi0O on carbon
abc - o

number 3; and TMIPSiO on carbon number 5;
When the sdbscripts are bracketed no specification is make to assign o

substituent groups to individual carbon atoms. ' /-
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INTRODUCTION

Carbdhydrates are among‘the most abundant chemical compounds in
biological systeﬁs. They can be broadly defined as substances which
upon hydrolysis, give polyhydroxy-aldehydes or polyhydrexy-ketones (1)

A brief classification of carbohydrates (2) is given as follows:

.Table 1 : Clagssification of carbohydrates.
— monosaccharidés
di-saccharides

tri-saccharides

homopolysaecharides

carbohydrates f—;poiysaccharides e.g. starch and glycogen

-heteropolysaccharides

‘e.g. acid muco-saccharides

glycoproteins

" complex - glycolipids

carbohydrates

nucleic acids

Together.with lipids and proteins, carbahydrates are cbnsidefédAas
the main building units of living organisms.‘ In plants, they are the |
structﬁral units, in the form of cellulose, hemiwééllulose:and iignins,
as well as the storage Snbstaﬁges,iin the form of starch, pectiné and
sugars. In higher animals, they are fdund.as hyaluronic acid, glycagén,
blood group substances, glucose, mucopulysaccharidés, adenosine triphps~‘

phate (ATP), nucleic acids and hydrexy acids.
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The. simplest form of carbohydrate is the monosaccharide or “sugar"

sub-unit. Monosaccharides can again be differentiated as aldoses and ke-

toses, depending on the nature of carbonyl group on the molecules. In

terms of chemical functional'ér;ups, monosaccharides arévclassiﬁie& into:

1) neutral sugars; 2) basic sugars’ (with NH, or CH34N(H)~ groups); and

' 3) acidic sugars (with carboxyl groups). Each sugar is also named dccord~

.ing to the number of -carbon atde;it'carfiég¢ For example, a three "carbon'

sugar is a triose. A schematic.classificatipn of simple sugars can be

- represented as follows:~

Table 2: Classificatiohlof simple sugars

neutral ketoses— '

acidic Ketoses —

— keto-trioses (3 carbons)

| keto-tetroses (4 carbons)

basic ketoses — .

neutral aldoses
acidic aldoses

basic aldoses

1]
1
t

e o Y0 e e e S Y P T . S T i s Y D o s . e M P e T S

_ keto septoses (7 carbons)

aldo-trioses (3 carbons)

aldb—tetroses (4vcarbons)

- . -

— aldo-septoses (7 carbons)

Isomerism and stereochemistry of sugars have been studied since the 19th

cnetury. Because of the polyhydroxy nature of monosaccharide molecules, and

hence;chiral carbon atoms, many stereo-isomers are possible. Take




for example, an aldo-pentose which contains 5 carbon atoms in the molecule.
The highest number of chiral carbon atoms = 3. Thus, there can be 23 oxr

‘8 sterecisomers.

" CHO
HCOH
HCOH

HCOH

CH,OH

Figure:1' Diagram of an aldo-pentose showing 3 chiral centreg.
Number ofypossible sterea*iSomers = 23 = 8,

If we fix one configuration of the~pehultimate carbon atom, and name
it as a D-sugar, its mirror_image>can-than.be assigned as the'L-sugar;
and the ﬁumber of remaining chiral carbons on eachbmalecule is 2. Thus,
»the nﬁmbér éf sterecwiscmersAfor either D~ or L4iseries~reduces~to 22, e.g.

?HQ | i %HO. '
HCOH  HCOH

% u *

HCOH HCOH

HCOH "~ HOCH

CHOH ~ CHOH
D-ribose ) L-ribose '
Figure: 2 Diagram showing the number of chiral éarbons on an aldo-

pentose if D~ and L- configurations are distinguished.




To provide a summary, the following table gives the highest number
of stereoisomers from each kind of sugar.

Table: 3 Number of stereoisomers for monosaccharides.

Number of carbon | Stereoisomers of ﬁ Stefeo-isomers‘for
atoms } ﬁonosaccharides v. D- oxr Lf_se?ies A4
3 olez 20 -
4 24 | 2laz
5 CBas | 2%as
6 2% = 16 2=
7 =32 | 2%z

For thermodynamic reasons, many sugars readily form cyclic isomers.
- They may form 5 or 6 membered-rings, by cyclization involving a‘hydrOxyl

 gtoup and the carbonyl groﬁp'oﬁlihe”méieéuie; e.g.

?HO

HiOH

HCOH —s |
| HO
HC|°H HO HO HO HO HO HO

" CH ()Fl‘ A =D-ribo- '/ﬁ—D—ribo- -D—ribo= X ~D-ribo-
' PASEE pyranose pyranose furauose furanose

D~-ribose

- Scheme:1 Cyclization of D-ribose in solvents, e.g. H20-




The formation of the cyclic acetal or ketal, ieads to new chiral centres
(anomeric carboms). -As a-result, -and including the possibility of 5 or 6
membered~ringé, 4 more stereo~igomers are formed, each of'whicﬁ is in equi-~
librium with each other and the acyclic isomer. The equilibrium depends also .
bon a lot of external factors such as temperatqre,‘solvent'system3 pH, ionic
strepgth, and oxldizing strength of the system. Thus; oné would-vieWwa.monéw
saccharide in solution-as a dynamic and~flexible-molecu1e capable of trans- -
forming from ong configuration to another with relat ve ease at ambienﬁ |
temperature. | | H

External acetals are also possible, with the formation of a number

of reaction products,.

CHO

HCOH e |
OMe

HCOH H——C—l '

MeOH _ _
HCOH o HOM» i HO  HO HoMe HO HO
CHZOH‘

Scheme: 2 formation of extérnal acetals,se.g. D§riboée éifh |

methanol /HC1.




Analytical chemistry of carbohydrates

Carbohydrates, no matter how complex in structure, eventually yleld

monosaccharides as hydrolysis products. The analytical chemistry of carbo-

hydrates is essentially : 1) the identification of "sub-units" (monosaccha-
rides); 2) the speciai sequeoce'deiermination of the building-block sequence;
" 3) the branching characteristics of the. molecule; 4) the special'structural -

"”aSpects of each monosaccharide (configuration) as well as 5) the biologically

active sites. v"Mbnosaccharide“ analyses alone are constantly performed -'

because of the ubiquitous nature of the sugars.‘
Monosaccharides,~to'a‘chemist} represent highly polar molecules,

| multi—fuoctional, thermo—~labile as'weli as very non-volatile. They ere sub-

ject to biologicaladegradation during analysis; In addition-to hardling

| problems; the structural aﬁo‘eoofigufaoionel.differences between molecules

afe extremely slight. A lypothetically ideol method for sugar analysis should

~ have the folloﬁing oharacteristics:- | |

1) sufficiently high resolution to separate sugat‘moleéules'

_i(including acyclic as well as cyclic anomers of 5 or 6 membered—riné sugar

',jisomers) from each other,

2) the power to quantify each individual component of the sugar -

mixture, V"

3) absolute determination of the unique configuration and structural

information of each component, and

4) a short analysis time, as well as ease of operation.
Table 4 gives a review and comparison on the capability of a variety

of 1nstrumental_techniques.




Table 4 Analytical capabilities of a variety of instrumental techniques.

Techniques Time | Separation Resolution | Sensitivity | Specificity Identification | Quantitation
‘ : {Selectivity)

TLC s yes poor /g flg P p/f

PC s yes p £ £lg p p/f

‘Ion-exchange | s yes £/g f/g f/g P P

chromatography o »

HPLC s yes g/exc. glexc. g/exc. g glexc.

Solvent 1 yes ) f f/g P. P

extraction - :

Crystallization| 1 yes P p/f p/f P P

Distillation 1 yes p/f p/f plf P p/f

Coulometric s - / / f ' p/f p/f P

titration : . E o o

Ion selective | s A ! flg exc, flg g

electrode ’

Enzyme assay s / / f/g 4 exc. glexc. g

(cbntid)




Table'4  (cont'd)

P IV D M B AL A AL Py

Techniques {Time Separation |Resolution | Sensitivity Spé@ifi@ii%?f” Identification quantitation :
UV absorption / / g flg =4 gfexc.
spectrophotometry : ' ; o
Fluorometey. & / / 2 £le & g/eke.
phosphorometry o

IR & Raman /- V4 g flg flg £
spectroscopy : ‘ - .

M.S. Wi /- exc. g exc. g

MR A s f/g glexc. g/exc. £/z
X-ray diffraction / / g f ‘4/exc. P
Immunochemical ! / ‘ gfexc. excC. 'é/exc. g/exc.
methods : - : R - C o
G ves exc. g/exc. g/exc. glexc. glexc.
Abbreviations: = long; s = short; p = poor; f = fair; éic. = exceiient; and /bz not apﬁiicablé.

UV = yltra violet, IR = infra-red , M.S. = mass spectfometry, Nﬁk =nuclear magnetic
resonance, GCafAgg@jgﬁg@mg¢§g§§§hy;tTLCZ; thin layer chromatography , PC = paper

chromatography and HPLC_= high performanace liquid chromatography.




With the above analytical capabilities of each method in mind,

one is able to select the combination of 2 or 3 techniques which gives
good separation, resolution, specificity,Vsensitivity, quantification
and identification within a reasonable analysis time period. The com-
'binatién of gas chromatography and mass spectrometry in particular offers
a highly complementary system which nearly fulfills the ériteria:menﬁioned -
above for good analysis of sugar mixture. |
Gas phage analytical chemistry

| "G;s Phaée Analyticai'Chemistry", é term coined by E.C. Horning (3),
" is a powerful analyticai technique for separation, quantitation and identi— ;
fication of components in a sample mixture. ﬁbst important analytical pro~
cesses of the above-mentioned technique occur in the gaseous phase, hence
' the name. In brief, the "gas-phase analysis" consists of i)_sample-pre~
paration (concentration,'enriching; extracting etc); 2) derivatization
(b&écking of thermally labile polar groupé on each.component;‘S) separatidn
v in gas phase (gas chromatography); 4) quantitation by gas chroﬁatographic
detectors and 5) identification (gas thomatographic.retention times, mass
spectral fragmentation patterns e;c.), The main features, namely, GC/MS
involve the properties of samples in gas phase. Over recent years, we
have witnessed a relatively productive period for gas phase analyses dué to
advan;es in derivatization and GC/MS instrumentation (high températuré GC
columns, temperature progrémming; highly seléctive absorbents, high préssure
techniques, automatioﬁ and high speed data processing), With the present aay
technology in micro-processing and control devices, gas phase analysis

occupies an important position in modern analytical chemistry.
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Chemical derivatization
Sample derivatization is frequently an essential process in gas

chromatography because separation depends on partition of gaseous sample

molecules between the carrier phase (gas) and the liquid solvent on the

column. Large or highly polar molecules dre often non-volatile! Many
of these compounds exert a measurable volatilify only at temperatures at

- which they decompose. If sample decomposition occurs inside a GC system

non-elution of sample and even destruction of the column may happen. :

Enhancemant of vdlatility and-preventiah of asyﬁmatxic chromato—
graphic peaks can be achieved by a derivatization process that blocks the
intér-molecular boh&ing‘of molecules through polar groups. A comprehensive

review on chemic¢al derivatization was feceﬂtly given by J. Drozd. (4)

pelpuwigee’ Spnitpeipefihlyntipioy

a) Trimethylsilylation: | _ | ‘ : i
Trimehtylgilylation {5,6) is a popular derivatization method for
polar group protection. The reaction, originally investigated by C.C.

Sweeley proceeds as:-

3RO } (CH3)3fui—N(H)~Si*(CH3)3-—w% 3 RO—Si~(CH3)3>+,NHéf;

Over the years, other trimethylsilylation reagents, solvent systems,

and different derivatization conditions have been devised to achieve dif-. -
ferent goals in protecting different labile groups. The huge volume oF
literature on trimethylsilylation bears witness to the tremendous success of

trimethylsilylation on a great variety of compounds for GC purposes.
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However, the quantitative and fast trimethylsilylation reactlon

“has some disadvantages. The TMSi-samples -are subject to hydrolysis, which

causes handling and manipulative problems (e.g. inr TLC sample isolation).

For GC élutions, THMSi-~-derivatives may have small volatility differences

and co-chromatograph as a single peak. For stereo-isomeric TMSi-deriva-

tives, a high resalution (as much as 50,000-100,000 theoretical platea)

may be required for good separation. Mass spectral fragmentation patterns .

for isomers are often very similar and may give very little stereochemical

@ad,stfuctméalbinfcrmation.

N

Wide varieties of silylating reagents have been developad to com~

plement the trimethylsilylationrreagéntsu Broadly speaking, the silylat—

ing agents can be divided into 3 types:-

1)

2)

3)

alkvi dimethylsiiyl Eyﬁésf(RMQZSiv) where R = hydrogen (7,8),
ethyl (9), §ropy1 (9), allyl (15,16), chloromethyl (17-20),
bromoma*hyl (18 21,22), iodomathyl (18, 23), trifluorcpropyl

(2 4) heptafluoropeutyl (24), pentafluorsphenyl (24),

trialkylsilyl type (R 5i-) where R = ethyl, n-propyl, g}butyl

and nﬂhexyl’

sterical;; crowded trialkylsily} (SCTASi -) (26~28)- namely,
tert-butyldimethyl silyl (TBDMSi) (10~15)(29—33),»gxglgftetraw
methylene~iso-propylsilyl (TMIPS1i), cyclo-tetramethylene-tert—

butyldimethylsilyl (TMTBSi) and diphenyl-tert-butylsilyl (34).
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The halogen-containing alkylsilyl groups are known to enhance the
~detection limit of derivatized samples if electron~capture GC detectors are
used. H(CHB)ZSi derivatives have shorter retention times than those of
fhe-TMSi~ethers; whereas if longer retention times are necessary, other
trialkylsilylating reagents can be employed.in place of‘TMS-iClo Trialkyl-
silyl ' groups are also more‘selective towardé blocking of polar graﬁps-of
different steric énviroments, Phenyl group conﬁaining silyl ethers are -
valuable 1in UV spectrophotometric.analyéis of polyglycol derivatives‘aS'W@il
-ag nucleotide synfhéées (34). N
In & search for stable silyl ethers of prostaglandins in synthesis,

E.J. Corey et al (29) reacted theisilylating redgent tert-butyldimethyl~
silyl chloride, and imidaZéle in N,N-&imethyl.fermamide with the hydraxyl '
- groups of. prostaglandins. :The derivatization was found to ﬁrocead under
very mild conditions. Selectivity towafds»—OH groups was enhanced asicomr
' pared with TMSi-groups. Stable TBDMSi~prostaglandins which were resistant
to hydrogenclyéis, mild oxidation, reduction, aéid and base hydrolysis,
were formed. Also, they were crystalline compounds with sharp maltiog
points. The silyl groups can also be cleaved seléétively in tetrahydro-
furan with tetra-un-butyl ammonium fluoride ér in acidic media.

Furthermore, Ogil#ie (30); using séleétive dexivatizatién, was able
to block certain groups on ribose and 2-deoxyribose'moieties of nuclep~

sides for nucleotide synthesis.

'b) Silylation with SCTASi reagents:




As more highly selective‘blocking agents were required, silyl
groups with different sterically crowded enviroments around the silicon
atom were prepared. They generally féll inte the following structural

category:

X 3 V where R = iso-propyl, tert-butyl
R—Sj— ’ X = methyl, iso-propyl

(2X). = gzg}gftetgamethYIene

The replacement of methylvgroup by a bulkier alkyl group (e.g. t-
butyl or i-propyl) on a silicén atom drastically reduces éhe hydrolysis'ten-
dency of the silicon-oxygen ethex bond, andgyet retains enougﬁ volatilicy
of the derivative for GC analysis.

Quilliam eg al (36), emplo&ing SCTASi~derivatization on nucleosides

.and séeroids have found the protected molecules exhibit good "gas‘phase
analysis” chafaaiéfistics:~ |

1) The derivatization is fast, simple, with quantitative yield,and

| reaction goes to completion under mild conditions.

2) SCTASi-products are usually stable, and ére amenable to diretti'

chramatographicvénal&sis.‘

3) <Gas chromatographic and més§ spectral properties of derivatized

" stereoisomers were improved compared to TMSi—derivatives in the

case of stercids and nucleosides.
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The following figure shows the most commonly used SCTASi groups:-

_Structure

Protecting group Abbreviation
__f__ESi—-—- ggggrbutyldimethylsilyl - TBDMSi~
—Sf---- methyl—di—gggrprdpylsilyl MDIPSi- -
N\
Y
:>___55i _____ " tri-iso-propylsilyl TIPSi- -
Si---- cyclo~tetramethylene~ IMIPSi-
vggggfbutylsilyl
Si-—- cyclo-tetramethylene~ TMTBS1i~
= iso-propylsilyl
oW -
,Sl == di-phenyl-tert-butylsilyl DPTBSi~

Figure: 3
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Gas phase analytical chemistry of carbohydrates

Gas chromatography of carbohydrates was first performed in the form
of methylated monosaccharides by A.G. McInnes and ¢olleagues in 1958 (37).

Since then, new chemical derivatization methods have been tried on carbo~-

hydrate samples in GC separations. The real breakthrough came about in
.'_1963 when C.C. Sweeley and co-workers (38) gas-chromatographed trimethyl-

- s8ilyl derivatives of sugars. The silylated sugars which were formed in

quantitative yields possessed good .chromatographic behavior and had good

55 ' separation properties on different GC columns. Subsequently, trimethyl-
silylation became the most popular "protecting" procedure for saccharides,
~ basic and acidic sugars, as well as fbrusomé;cﬁmplex molecules.

L Gas phase analysis in carbohydrate structure determination

o ot P2l o

Struqture anélysis of “‘carbohydrates includes identification of monbmers
as well as sequencing and "branching"'of sub-units. A complete study of
a cémplex carbohydrate structure is very involved and complicated; énd it
demands the mest from analytical chemiétséu It~may require many extra tecﬁ~
niques such asANMR. IR, X-ray cryétallography, etc. Howecer, GC/MS‘has

_ become the most popular technique for carbohydrate~chém19ts-in terms of -

:versatility and reproducibility. One of the many general schemes for car—

. bohydrate structure analysis 1s given as follows:-
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.From all the possible information gathered from various steps,
the structure and sequence of the monomers of the original molecule
_can be determined. (Scheme 3)

Whereas complex cérbohydrates usﬁally go through theioutlined
gchene, simﬁle molécules in a sugar mixture can be directlf derivatized
‘and éhromatographed.‘ The usual volatile deriﬁativéS‘of monosaccharides
are: 1) trimetﬁylsilyl derivatiﬁes; 2) acetétes;.3) methyl ethers; 4)
butaneboronates; 5) trifluoraacetétes; 6) benzoates; 7) benzyl ethers§
8) toluene—p—sulfcﬁates and 9) propylidene ascetals. Table 5 shows the
"protected" derivatives as well as the common derivatizing reagents
'for sugars.

‘ :Somelderivativesbof ﬁeutral ketoses and aldoses present 2 major

corplications upon GC analysis. Firstly, the well-known multiplewpeak
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formation iIn the chromatogram for derivatives from one gsugar. Secondly,

each peak, even when well-resolved, is very much similar to the other
 diastereomerg structura11y thatéabgolnte identification (e.g. mass spec-
_ttémétry) is diffieult; Silylaﬁion aﬁd methylation are kmown to cause
.usncﬁ proplems. (39) | | |

| "jOne»way to remove tha-troublesome anomeric carbon centre is to
convert the carbonyl group into an oxime (38), a nitrile (39), a lac-

tone (41) or an alditol by reduction.
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‘Table 5 Derivatives from different protecting groups.

Reagents

Derivatives Protected groups
trimethylsilyl- R—OSi(Me)3 -OH
imidazole : -
(TMS1-Tm) trimethylsilyl ether -

R-G-0-51 (Me) ~C-OH
§ 3 §
trimethylsilyl ester
. Rr?—Si(ME)a --NH2
H
N-trimethylsilyl amine
v "Si V v : N- "
R‘ gﬁ (Me)3 «vR
N-trimethylsilyl amine
R-N-Si (Me) | -NH,,
éi(Me)3 3 2
N,N-di—trimethylsilyl amine
acéticsanhydride :R—O-g—CHs ' -0H
acetate -
R-NH-G~CH, ~NH,,
0
_acetamide
3 L
R'-NR"—E—CH3‘ ~NR"~-H
0
acetamide
N-(trifluoroacetyl)- R—-O-(';—CF3 -0OH
imidazole -0 .
trifluoroacetate
iRNH-g_CF3 -SHZ

trifluoroacetamide




Table 5 {cont'd)

Reagents

Derivatives

methaneboronic acid

methyl iodide/DMF

benzoyl chloride

~o-methyl hydroxyl- |

~oxime ..

__acetone/H+

cyclic alkyl boronate
- ro

v,
R-0~Me .
methyl ether
B !‘ v o
RrO-C~06H6
+ benzoate -
R-C~H
ﬁ—OMe:

R';E_th‘
N-OMe

O-methyl oxime

| - $sopropylidens’ acetal . |

Protected groups

1,2 cis dioi and

1,3 cis diol




EXPERIMENTAL

Reagent grade N,Nndimethyl formamide (DMF) was refiuxed over
calcium hydride, follawed by distillation; The “centre cut" of the
distillate was stored over Linde molecular sieves in a glass container.
"Silylation grade" DﬁF'wés-also obtainéd fram.Piafcé-Chamical Conmpany,
(Rockford, Ill,.)° Reagént grade pyfidine.(PYR)_was disﬁiliéd ffom:§—'
ﬁolﬁénesulfonyl chloride, redistilled from ;élcium hydride, followed
by storage over Linde molecular sieves. 'Tetrahydrufuran (THF) was first '
 eluted through an.actiQated alumina column- and then refluxed_with pow—
dered lithium aluminum hydride, LiAlﬂés 'This distillate was sfored
and protected from*lightf Both PYR and THF were alss purchasedbin.the
form of ”silylatioé grade' from Pierce Cheﬁical,Co.

D—Z—deoxyribcse,-D~riﬁose; ﬁ~x§105e, D-galactose, D-gluccse, D-
manﬁose,'ﬁ—fructesa, and D~1,4~ribonolactone weré pufchased from SIGMA

Chemical Company (St. Louis, Missouri). They were all "SICMA Grade".
All sugars were used without further purification, and were stored at
4°C ingide a vacuum.des§i¢ator with phosphorus pentoxidé és drying agent.
'Beﬁzyl'alcchql (Certified Grade) was obtained from Fishgr_Scientific
Company (Fair Lawn, New Jersey). It was re-distilled at 205°C before
use in the synthesié of ﬁ—D—benzyl-ribofuranoside. Imidazole was p§:~
chased from Eastman Kodak Company (Rochestef, New York). N-alkanes
(n~020—n~640} were purchased from Applied Science Labs (State College,
Pennsylvania)., Decafluorotriphenylphosphine was obtained ffom PCR Inc.
(Gainsville, Florida). Pyrene, triphenylene and triphenylbenzene were =

kindly provided by M.A. Quilliam.
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The reagents, N-trimethylsilyl imidazole (TMSiIm), Tri-sil Z>(1.2M
TMSiIm in PYR), bis-trimethylsilyltrifluorcactamide (with 1% trimethyl~
silylchloride) (BSTFA), acetylimidazole (AcIm), trifluorocacetylimidazole
(TFAIm), and trifluoroacetic anhydride (TFAA) were purchased from Piefce
Chemical Company (Rockford,_lll.). Reagent grade acetic anhydride (AcAnh)
was distilled frﬁm phthalig anhydride,. and éﬁored in the dark before use.

gggngut?ldiméthylchlorasilané (TBDMSiCl) m.p. 121-125 C was pre*.

pared according to the method of Sommer and Taylor (42); it was also

pﬁrchased from Willow Brooks Labs (Waukesha, Wisconsin); cyclo-Tetra~

~ methylene-iso-propylchlorosilane (TMIPSiCl) b.p. 165~1?SOC.,and cyelo~ -
tetramethylene-text-butyl-chlorosilane (TMTBSiC1), b.p. 182-184°C, were
prepared by reacting 1§prropyllithium‘and’ggggfbﬁtyllithium (Alpha

- Products, Ventron Corp.; Danvers,-Masé.); respectively, under N2 with
freshly disfilled cyclo-tetramethylenedichloresilane (PCR inc., Gaines- | g
ville, Florida), b.p. 138~139°C, dissolﬁed in pentane containing 10% \

THF, followed by fractional distillation. The TMIPSiCl and TMTBSiCl

80 prepared, were glft from M.A. Ouilliam. . A\

. -y e e e e e ot ot A} U o S o R, o g o,

;3—D—bénzylriﬁofuranoside was prepa:ed according to the method of
R. Barker (43).. The preparation was performed as follows:-
5 gm of D-ribose was dissolved in 150 ml. of benzyl alcohol con-

taining 1% of HCL. The solution was left overnighit (16 hrs.}aﬁdjprctec§¢& £f6mf

light. The reaction mixture was neutralized with sodium bicarbonate;
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so&ium chloride so precipitated was filtered. The residuai genzylv \
alcohol was distilled off under.vacuum. To the resulting product, )
ethyl acetate was added. The solution was filtered and F—D-benzyl ribo~
furanoside was céncentrated in a rotary evaporator. After two recrys;
tallizétions?from ethyl acetate, the crystalline:?:p-benzyl ribofurano—
side was qsed in GC derivatization and analysis. Yielda 47% and m.p.
_-‘94-95°c. ' el | | e .

e it . o o v A i e s 908 ool AL o 4

ggggpratioh‘oggpnalytical'derivatives o - o S
All derivatizationsfwere‘carried out in dfy‘"Reécti—Vials".(tféi—f"
cally 0.3.ml; screw-top, teflon-lined-septum capped borosilicate glaés
vials) purch#sed‘from Pierce»éhemical.Co. 1f reaétion temperatures other
than ambient were required, the vials'couid snugly fittinto holes in an
" electrically heated.alumindm bléck; ”Der1vatizations7were carried out
with the following silylatihg reagents:-— | “
A = IM SCTASiCl and 24 :-lmidazo.lé in DMF.
B = I.M SCTASiCl and 2M imidazole in PYR
C ;fp;_;:fn-_i—ﬁl_..z.:...(iZz;_g msif-‘,{rm in PY‘R)
D % 1.2 M TBDMSiIm in PYR |
Persilylation o
Two methods,of petsilylatioﬁ were used:-
1) 20 micromolesfofssubsttate was weighéd into a vial; excess silylating
" 'reagents were put in all at the same time;vand :

2) 20 micromoles of substrate was first dissolved in a suitable solvent;

silylating reagents were added in after 24 hours.
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The reagent/substrate ratio was kept at 10 to 1. Vials were shaken
N :

’manually for 5 minutes after they were mixed to ensure a homogeneous re-

action mixture.

— v o - s o poaipenpvipipatoen g

Substrates (20 micromoles) were treated with silylétion reégent/
.substrate ratios of 1:1}, 251, 3:1, 4:1 etc. according to the number of
Ehlocked"vhydroxyl groups desired for the silylated substrate. |

Mixed derivatization

Partially derivatized compounds were further derivatized using more
powerful reagents. Usually, Tri-Sil Z, TFAIm and AcIm were used as "second":

protecting reagents, because their action has been proven to be "fast".

Excesszreagents were used to ensure "complete" blocking of all polar

‘groups before analysis.
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Gas chromatography
| Two different instruments were used in the study. The first one was a
_ Hewlett-Packard 5711A isothermal gas chromatograph equipped with a dual
Aflame ionization detector (FID): Glass-inserts wvere employed to line the
off—column injector block and also the detector, which were kept at 250 C
"and 300°C respectively;‘ Glass columns A and B.(lm X 2mm ID)'were packed
'fwith 10%Z OV-I and 10%. OV—l?, respectively, on 80/100 mesh Gas Chrom Q.;
‘.Column C was glass (3 7Sm x 2 4mm ID) packed with 107 0V—1 on 80/100 mesh
‘cas Chrom Q_.1 Nitrogen carrier gas. flow rates were maintained at 30 ml/min.
The oven was operated isothermally at temperatures which gave convenient
retention timesl_yColumns were routinely de—actiﬁated by injeection of_
Silyl-8 (Pierce.Chemical Co.). Also priot‘to packing the columns, the
" glass tnbing_Was treated with 5% dimethyldichlotosilaneltoluene; waehed,n
with methanol and dried; There was a splitter arrangement before the

detector. 20% of an effluent peak was channelled to the FID while the

other 80% was allowed to emerge through a collector port. Detailed construc—

: tion of thefdetector/collector/splitter arrangement has been decribed by
leuilliam (44) Effluent from a chromatographic column could be condensed
iionto the imner walls of. a glass capillary tdbe (1/16" OD x 0.01"™ ID) in—
:serted into the collector port. .

The second instrument was a Varian 1700 gas chromatograph equipped

with a FID and 1nterfaced to a Finnigan 1015 RF-quadrupole mass spectro-

mater. The glass-lined injector port and (FID + separator) were -
kept at 225 C and 250 c, respectively. Column D (10%0V-1, dimensions

and materials identical to column A) was operated with He carrier gas flow =




at 40 ml/min. The Varian wmodel could be temperature~programmed, and also

allowed GC/FID/MS cperation. ' ' ‘

The "solvent wash" technique was employed for sample introduction
into the GC. ‘A "plug" of solvent was first drawﬁ into the barrel of a 10
/@l Hamilton glass syringe, followe& by a small volume of aiy, and then the
sample mixture. 'The sample was. flushed Qith solvent oQta'tﬁe.column through :
aﬁ injector port saptum, |

The Kovats' isothermal retention index (I) éysteﬁ was employed to
4record GC retention values. A4special Hewlett~Packard 9100A caleculator
program enabled tha conversionfoftGC retention timas into Kovats' indices,
vagai&St-the retention times of a homologous series of n-alkanes co-injected
with the sample. Separaticn'factars (reteantion timavratios) of isomeric.
~ derivatives were alsc calculated for closely eluted“peéks.

Each GC pesk was checked for possibleaiscméric con&ersiwn and decompu-
sition on the column by re-chromatographing the eluted peak and observing
any changes in retention times.

Quantitative GC | -
1) Measureﬁént of éignéléf

Peak afeas of a'gas chromatogram-wera measured by'tﬁe nathod of
"Height x Wideh at Hélfrhéighté. Normal chrém;tographic peaﬁs often appro-

ximate a triangle, and the area can be calculated by the triangle formula.

1/2
= width of peak at half-height. The methodrinvclves: 1) drawing of thes

A=1zx wl/Z’ where A = area of the peak, H = height of the peak and W

baseline; 2) determing the height; and 3) measuring the height and the width
at half height. TFor overlapping peaks, the outlines of each peak were

extrapolated for the measurement of peak areas.




2) Conversion of GC signals to compositions of samples:.I
!
The method of "area normalization" was used to calculate the compo-
sition of isomeric or anomeric derivative mixtures, because all components

had the same response to the FID. The percentage of X (a component in a

sample) is calculated by, .

1008 ~ 100A_

A+ A +A, | %: A

where A.x = area of peak X,
X, Y and Z are three components in the mixture,
and A, = area of'é component peak 1) |
It should be noted that all components should be totally free from
| column adsorption as well as decomposition.
'3) Internal standard:
For accurate measurement of a component in a GC sample, the "1nter—».'
nal standard" ﬁethod was used. |
Severél solutions contaiﬁing the same amount of a sfandardlahd.
'varying:amouﬁts ofvthe.cdﬁponent of-inferestbwefe prepared; fAffér‘chgoma*
| tographing ana obtaiﬁing peak ateas, a calibration curve was bbtai;ed by

plotting A/Ais versus amount of component injected.
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Amount of component injected |

A = peak area of. a component,
Aié =. peak area of internal standard,
X, Y,_and Z are samples under study.
The ratios of slopes on the plot give relative molar response betwéen

components if A is in-units of concentration in moles/litre.

Individual compoments of a mixture can be quantitated from the calibra-

tion graph.
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‘All mass spectral data were obtained from a Finnigan 1015 RF-quadru~
poie mass spéctrometer. GC elu&tes were céllected in glass capillary tubes
~and introduced into the mass spectrometer w:l.th- a solid probe iniet. Alter-
natively, GC/MS Qas performed on samples t:hrough the Varian GC/i"'innigan MS.
system. The fonization chamber was kept at 200°C and ionization energy
was 70 eV. The instrument was tuned to "unit resolution" '(.44) which was
very close to the arragnement proposed by Eichelberger (45).

Due to the transmission charaéter_isi:ics ofv‘the' qﬁadrupdlé mass ané.-—-
lyser (46), correction for mass discrimination was made by multiplying

the intensity of each ion by its- mass before t.he- spectrum was normalized.

For each mass spectrum, the following procedure was employéd:-
| The height of each ion with m/ 2;50 was measured m‘anuélly, ‘apd
the values key-punched into IBM-computer cards. A computer. program, after

“Lin (47); automatically pepfomed mass—discrimination compenéation and
mass peak nofmalization.‘ The resulting plot (relative abundance versus

each m/z value) was also produced by the IBM computer.,
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-GAS -CHROMATOGRAPHY"

‘Introduction
The separation and analysis of sugars in biological samples call for

many different chromatographic techniques. Established methods include:

paper chromatography (48); thin layer chromatography (49); ion-exchange
chromatography (50); and recently, high performance liquid chromatography
(HPLC) which ‘makes use of different separation~principles: adsorption'

size exclusion and partition (normal and reverse phase) phenomena (51 52

,*53). HBLC has the advantages of ‘high resolution and reproducible results,_*
"and 1s steadily replacing some of the above—mentioned IOW*resolution tech- .
niques. A complementary and yet powerful method for sugar analysis is
kas chromatography by which one can quantify a-large number-of comporients
. 'in a sample during one operation or run".'_ - | |
| The application of gas chromatography to sugar analysis is not with-'

’out"problems. A major one is that many - monosaccharides give rise to multi- -;;;f

ple peaks. These anomeric and isomeric sugar peaks tend to overlap each

other and sometimes identification of individual peaks can be 1aborious. A

ey e gt T T

'Other investigators have tried to reduce this diffieulty by derivatlzation o

of the anomeric carbon atom.: Conversion of sugars into structures such

‘as alditols: (54), methyl oximes (55), lactones (41) and aldono-nitriles (40)

was attempted so as to simplify derivatization and gas chromatographic

operations.




In recent years, new types of derivative, SCTAS1 ethers, have been
found to be applicable to steroids. and nucleosides in both qualitative as
well as quantitative GC analyses (36). It was also shown that SCTASIi~
ethers do have certain édvantages over the meoisture-sensitive TMSi-ethers.
In order to extend the analytical usefulness of SCTASi~ethers to other
' types of blologlically important’moiecqles; the present investigationvwés
undertaken. The main objective of this study, however; waz to explore the
GC/MS properties of fully and partiallﬁ-SCTASilylatad sugars-and:relateﬂ.

compaunds so~:hat.cqndi£ions for quantitative énalysis.cquldﬂbe developad.

i s o T P T P VR S s S T S i e

Retentlon indices in this study are reported according to the
Kovats' system (57). Briefly, I: , which denotes Kovats' retention index
at a °C and on ligquid stationmary phase, b, can ba defined as,

v #t — . 1

NY = e - —

Y - v
log t r(H-2) log 'y ()

where N = pumber of cﬁtbén-at&ﬁs of ‘an even~number-carbon n-alkane standard,

t'%fé)aaéjuSteﬁ7fét@ntiéﬁ“tiﬁe‘for sanple,s 3 -
N _' . ‘ i Tl

T(N) = adjusted Eééeﬁtibﬁf%imé'fof n~alkane, N;
t' a2 " adjusted retention time for an n~alkane with N+2
r(+2)

carbon atons:

) o ' o 1
and log t" < Lo &' (< 108 ey,
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‘Since log t'?:i I or Ng Ig

log t'r(N);vs' N by interpolation. Usually, the value of Ig for a sample

can be obtained from a linear plot of

is more accurately determined from such a calibration graph than from the

{
above equation. The Kovats' retention index (isothermal) was found to be
relatively reproducible and free from operatingechdition differences among

' laboratories.' Also, physical (58) and structural properties (59) of separated o

sample components could be correlated with respect to their Kovats in—

~ dices. The analogous progtammed—tempetature methylene unit (MU) indices

(I= 100MU) have been used previously for various compounds including TMSi~
derivatives of sugars (6b). ' | :
All GC analyses were carried out on columns packed nith IOZ ov-1

.‘(a nen-polar methyl silicone liquid phase), coated onto Gas Chrom.Q sup—
port. An 0V-17 1iquid phase column was used initially in the study; but
was found to be unahle\topgive reasonable isomeric separation for TBDMSi-l
sugar anomers due to low mumber of'theoretical plates’(around 750 to 1,000).
OV-17 was not pursued further in this study. | | |

ov-1 is able to withstand high temperatures (up to 300°

'SCTASi—sugars, which may contain up to 5 silyl groups per molecule, were
eluted around I = 3000. Other liquid phase columns such as EGS (ethylene—

glycolsuccinate) and phenyl silcones, though useful for TMSi~derivatives,

are not-stable enough at high temperature for SCTASi-sugar analysis.
It must be noted that 10% liquid phase columns are only "semi-
analytical"” to sult this project where both GC analysis as well as peak

collection for mass spectrometry were required. . The typicalvnunbers of j
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of theoretical plates for columﬁs used in this study were estimated to be
about 1,000 to 2,000, depending on individual samples.

Both N,N-dimethyl formamide (DM?) and pyridine (PYR) are excellent
solvents as well as reaction media for silylatiom of poiyhydraxy ccmpounds.g
While pyridine was not recommended for lowétémperatufeAGC (belo&_ZOO C); |
- because of its "tailing characteristic, nonetheless it has great solubili-n.
zing p@wer for carbohydzntes as well as fcr the darivafizad prodacra. If
is also z;hydrogen chloride receptor in organochlor031lane feactinns;.ln thié.
study, due to the bulklness of SCTASi groups and the polyhydroxy’nature of
sugars, GC was necessarily carried out at much higher temperatures, at

which thelpyridine "tail" né longer;obscured sample paaks (61).

N,N-dimethylformanide suffered one. disadvantage a bi phasic reaction

mixture was formed when silylation was contaminated even with only a trace
of moisture. The upper layer was found to cousist of mainly di-tert-
bntyltetramet§y1~éisiloxane in which silflated compounds are highly scluble.
Analogous producéts were formed when Ellis (62) performed trimethylsilyla-
tion with DMF as solvent. The structure of di~tert~butyltetramethyldiQilczngz

xane is shown as fellows:-

| {:
| ——l———'Sll—O—'Sll~—+—
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The identity of di-tert-butyltetramethyldisiloxane was established
when a temperature-programmed GC run was performed on the upper reaction—
layer (figure 4a), and the GC peak subsequently analysed by maés,SpecCro~

metry (figure 4b).

it ﬁas shown by C.C. Sweeley (28) that when crystalline monosaccha—=
rides were trimethylsiiylated, the rate of reaction was fast compared
- with muta—rotaeion;-hencgvessentiailf one derivatized product was formgd- S

. for each sugar. On the other hand, when monosaccharides were first dis-

solved andAfefluxed.énd allowed tovequilibrate in'ﬁyridine, éeaks éorresf :
'pohding ;o.the.iéomericgprpportions were obtained in. the g#s chromatogram,
The derivatizationS‘of monosaccharides‘were thus carried-out'in,z ways:-
1) Crystalline sugars were reacted with silylating reagents
directly;or o ’- .
2)'Crystalline sugars were'dissolved and heated to so?c for 24 hrs.

: bef°re'8e¢6ﬁdfderivaiizacion;1

Reaétioﬁ prodﬁéts wérewéﬁélysed at various time intervals until
-.there was no change  in the chromatographic yéék—pfofiléé;j'_v In the first

- 'method, it was found that SCTASi-ethers were not.formgd "instantanecusly"

" and considerable anomeric peaks were alwayé'observed.' The.mutato;étioﬁf

_rake was obviously competitive with the silylation rate. Variébié pro= ';:Q

protions of anomeric sugar peaks were observed over ayéé;ﬂbﬁr;period of

the silylation reaction; .On the other hand, sugars eQ@iiibféfé&uéé‘SODC

in pyridine for 24 hrs. always showed a reproducible patterh of anomeric

peaks after 20 min. of silylation reaction.




c 2 . 4. . 6 - 8 10 - 12 Min
60 .80 100 120 140 - _-160 °C

B ~

Gas chromatdgram'of.the‘upper layer of a silflatéd sugai reécﬁioh ﬁikture
when DMF was u§ed as a solvent. Peak identities: a = ggggfbutyidimethyl—
silyl chloride; b = di—ggggfbutyltetramethyl—diéiloxane; and ¢ =V§gggf
butyldimethylsilylimidazole.

Temperature programming startéd from 40° C at 10 °C/min. increase in-temp* 
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Figure: 4} Mass spectrum of di-tert-butyltetramethyldisiloxane. Peak identification:

_ | |
251031¥e2,» | _ :

SiOSiMe%

73 = Me,S17; 115 = t-BuMe,Si'; 147 = Me, ' 189 = t-BuMe

231 = M-CH,'; and 246 = ', | :
O ;
\
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Silylated moggsgecharidgg

In the case of trimethylsilylation of sugars, it was found that
reaction was almost instantaneous and completed within 5 minutes.upon mannual}

shaking. Both methods of derivatization,namely,l and 2, gave identical

TMSi—sugar chromatogram profiles because TMSi-reagents are extremely
“fast in action., - | . | V“A - - fﬁ“_ T
No separations of TMSi—suga: anomers were obsered, except"in the
iecase of frdctose,*whieﬁ formed two peaks..'I‘values ofvTMSisssgatS\havef'.

'pot:been_repOrted in the'literature. Table 6 shows the I values measured

'in this work. Partial TMSi—sugars were not observed when insufficient
 IMSi-reagents were used to silylate sugars. It is believed that heat-
induced reaction occurred on the column with the formation of a small
peak due to the per—silylated sugar, and the rest of the sugar molecules
- decomposed or abosrbed ooto;thencolumn; Immediate injection of Silyl-8,
however, did not elute any 'ghost" peaks.
While paftial“TMSiesugars were not chiomatographed,at all, partial
' TBDMSi-sﬁgarslﬁere found to be volatile enough to afford some separation
on GC. Examples are shownvin figures 5-8, with'results suﬁmarized in
Table 7. The number of silyl groups on each silylated species was con— .

i:firmed by mass spectrometry as well as by comparing GC retention times.

Usually they have lower I values than corresponding fully silylated com-
pounds. Multiple peaks were observed for partially silylated sugars and

their presence might be useful in "finger-printing" or confirming a parti-

cular sugar in a sample mixture. Though the number of silyl groups on a
molecule»éould be obtained from mass spectral data, the exact positions

of,gubstituents were difficult to assign. The number of possible cyclic struc~
¢ : :
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tures for a "simple" partially silyléted molecule, such as bis?0~TBDMSi~D-
2-deoxyribose, can amount to 6, as in fig. 8. Thus, no attempts have been
made to assign positions of substituent groups on the partially substituted
sugaré. ,

It is intefesting to note that tﬁe replacement of TMSi-group by TBDMSi
 moeit1es on sugar hydroxyl groups greatly>1n¢reased thé'I values of deriva~
tized sugars; better separation of anomers was also observe&. (Table 8)
Similar results have been reported for SCTASi—steroids and SCTASi—nucleoéidgs
(44) . The increase in bulkiness on the protecfing group.modifies the
‘derivatives to such an extent that improved separation over TMSi—aﬁalogueé~.r
‘on a low resolution column results. Table 9 gives a comparison of GG 

data for silylated sugars from various references.
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~ Table 6. GC retention data of per-O-TMSi-sugars

GC Data P -
Co ‘ d Numb : C d N : : 1180 1210 Se ar(i;)n factor 5
mpound Number ompound Name ov-1 ov-1 paratio c
Iaa tris-0-TMSi-D-2-deoxyribose ) 1496
11 tetrakis-0-THSi-D-ribose | 1681
aaaa
IITaaaa tetrakis-OnfMSi—D-xylose o : 1735
v v pentakis~-0-TMSi-D-glucose o o 1854
aaaaa , o , } : o
v pentakis-0-TMSi-D-galactose ' : 1862
aaaaa 1 , . : S ,
VI - pentakis-0~-TMSi~D~rannese _ 1953
aaaaa » e , ) . c
I a0aa pentakis-0-TMSi-D-fructose - . 1865 17
: 1931
| ‘

a _
' Refer to nqmenclature Scheme for structures and numbering}

Kovats' retention indices, and & = geparation factor (always;?l).
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Figure: 5 Gas chromatogram.of silylated D-ribose : a and._‘b_ = mono~0-

TBDMSi-D-ribose; ¢ and d = bis-O-TBDMSi-D-ribose; & £i~8» and W=rtris- . .

O0-TBDMSi-D-ribose. All assignments were confirmed by mass spectt"émetry..

Conditions: Columm A (0OV-1, 10%; Im x 2mm ID), 210°C,

N2@~ flow = 30 ml/min.
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Figure: @ Gas chromatogram of TBDMSiaD-Z;deokyribose. :

a, b_'and ¢ = bis-0-TBDMSi-D-2-deoxyriboses; d and e = trié-O—TBDMSi—D;
2-deoxyribose. | |

Conditions: Column A (0V-1, 10%; lmx 2m. ID) 210°C.

N

9 flow = 30 ml./min.
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mFig'ure: 7

" Gas chromatogram of silylated D-ribose: a; b,¢ and d ‘are all tétrakis-o-TBDMSi-

D-ribose derivatives .

Conditions: Column A (OV-1, 10Z; lm x 2mm ID) , 280° ¢ . Ny flow = 30 ml/min.
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Figuré: '8 Gas chromatogram of TBDMSAi-D-galactose. - a ‘ S '

a and b = pentakis-0-D-galactose. Conditions: (Column A, 10% OV--I_;‘ Im x 2mm ID)

9

24000, NZ flow rate = 30 ml/min.

-
(@




Table 7 = GC retention data for partial-0-TBDMSi-sugars E
| . ' GC Data®
a ' _a 210 240 ,
Compound Number : Compound Name IOV—l ‘ IOV-l Separation factor
T b1 s-0~TBDMS1~D~2-deoxyribose 1802 | 1.09 §
B | 1850 :
II, tri -OéTBDMSi-b—ribose 4 - 2240 o _ 1.08 ' E
(bbb) ° 2271 ~ ‘%
III(bbb) tris—O—TBDMSi—D—xylo§e i .ggég | 1.07 |
;V(bbb) tris—O-TBDMSi—O-gluFose - 2602 g
v, . ~0~TBDMS1~D~ = 2647 - 1.0
V(bbbb) tetrakls-0-T DVSi D glugose o 26?2 1.07 é
V(bbbb) - tetrakis-O-TBDMSi-D-galactose | . 2712

VI(bbb) A tris-0-TBDMSi-D-mannose ' ‘ 2611
VI(bbbb) : ;etrakis-OfTBDMSi—D-mannose ‘ 2688 1.15 §
: : : - 2742 :
VIII(bbbb) tetraki§~0fTBDMSi—D-fructose : 2711‘ é
N arefer to Nomenclature Scheme, b T = Kovats' retention inices ~ oX= geparation factor 5 §




Bis—o—l,S-TBDMSijﬁ—D—Z-deoxyribose }

O—H

——}—— S:i-O—KO
-‘-Si—"" - B _' S ‘—cSl"- |

Svmmmdaumecs .
” Sasians Foagy

vy

'313—043,S-TBDMSi;ﬁrD—Z-deoxyribose v; S Bis-0—3,S—TBDMSijﬁ-D-2~deoxyribose

Figure: 9 Possible structures of bis-0-TBDMSi-2-deoxyribose (cont'd) ' ff




—— l”
. Bis-0-1,3-TBDMSi-w-D-2-decxyribose ~_Bis-0-1,3-TBDMSi-p-D-2-deoxyribose

. Figure 9 "(cont'd) Possible structures of bis-0-TBDMSi-2-deoxyribose

Y




Table 8"GCvreten'tion data for per-O-TBDMSi-sugars

Compound Number? ' Coﬁpound Name? b 1210 b 1240 Separation factor.
' : : _ ov-1 . ov-1 .
L tris-0-TBDMS1i~D-2-deoxyribose 2092 | 1oo
_ : - 2152 .
I et tetrakis-0-TBDMSi-D-ribose 2654 199
: . 2512
' 1,11
2544 198
12624 .
IIIbbbb tetrakis-0~-TBDMSi-D-xylose . 2460 ‘ 15 |
: ' o 2500 : ‘ :
Vi pbbb ' pentakis-0-TBDMSi-D-glucose | | - 2807 L i
‘ : - . : 2925 ?
vbbbbb pentakis—O-TBDMSi—D—galactose , - 2868 113 }
' o ~ 2895 :
vxbbbbb pentakis—O-tBDMs1-D—mannose 2900 1.10 %
- 2936
VIIbbbbb } pentakis-O-TBDMSi—D-fructose - } ggzg | 134

9%

Soa ' : ' P ' : : :
~refer to nomenclature scheme for numbering and structures;»fPKovats' retention indices.




Table 9 Compariscme-between studies of silylated sugars

Number of reéolvéd.GC peaks

per column

70

S
I (e

;00075 7

not stated

Sugars
TMS1 derivatives TMS1 derivatives TMS1 derivatives’ TBDMS1 derivatives
63) (38 ) this study this study
D—Z-deoxyribose - 1 1 2
D-ribose 4 ‘3} 1 4
D-xylose 2 | 3 1 2
D;glucose 2 2 | 1 2
D-galactose 3 3 1 2
D-mannose 2 2 1 2
D-ffuctose 4 | 1 E3 2
Column liq. phase| SE-30 SE-52 0V~1. ov-1
; ov-101 . o ' '
Number of theo- - qapillgrgjcol.,; ) packed col. packed col. " packed éol.
retical plates : né. of plates 1,000-2,000

1,000 to 2,000

Abbreviation: 1iq. = liquid;

- = not done
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1,4-Ribonolactone

Another way of avoiding the prdblem of anomeric and configura-
tional isomerism in GC analysis of monosaccharides is to convert aldoses

into aldonic acids which cyclize preferentially into 1,4~ and/of 1,3~

‘lactones. Further derivatization of resulting lactones gives a single

peak in the gas chromatogram for each sugar. The_géneral scheme rung. as

follows:
specific
preferential
nild ‘
oxidation : cyclization derivatization
aldoseg=—~—~~-->aldonic acids >lactones~-~—--->derivatized lactones
Br/H,0 : HCl + careful : 4

concentration
Scheme: 4 ref(60)

Together with neutral saccharides, aldonic acids and salcsvof aldonic

acids can also be simultaneously examined:-

trimethylsilylation
aldonic acids e —— >TMSi-lactones
‘trimethylsilylation
salts of aldonic acids ;TMSi—esters.
reduction ' T TMSilyiation

hexuronic acids --> aldonolactones ---——--->TMSi-lactones

Scheme 5 ref( {41 )
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1,4~ribonolactone was selected as a protetype of sugar.lactones in
this study for the following reasons: 1) it is relatively simple in struc~
ture (3 hydroxyl groups); 2) it is readily évailable in a highly purified:
form; and 3) it assumes a cyclic structure inAmost solvent systems. GC
retention data for 1,4-ribonolactone derivativea.aré given in Table 10.

Excess SCTASL reagents on 1,4-ribonolactone gave one par-silylated
product (as detected by GC and mass- spectrometxy). Reaction times for.
reagents A and B were almost identical. For TBDMSiCi/imida201é/solvent,
a quantifative yieldvof'persilylated prodﬁct was formed ih;less than 30' ‘
minutes atVSOOC. No sburious peak due to the straight chain ribonic acid
derivative could be detected. As in the case of sugars, partial SCTASi-
1,4-ribonolactones ware also chromatographed (figsIIOnIZ).

Mixed derivatization using TFAIm. and Aczo was‘néﬁ successful becauss

1,4-ribonolactone was labile in the acidiec by products.




Table 10(GC retention data of silylated 1,4-ribonolactone)

n
2 refer to nomenclature scheme for numbering and

_ 180 . <210 240 - .280 '
Compound Number? Compox_xmd_Namea IOV'-l IOV—1 IOV‘-l IOV'-.l _ gzgtzition
IX 4 mono-0-TBDMS1i-1,4~ribonolactone | 1696

1805 1.35
Ix(bb) bis-0-TBDMS1i-1,4-ribonolactone gggg 1.21
| 2078 1.07

IX 0 tris-O—TBDMSi-l,A-ribonolagtone. 2321

X BS1-1,4- ' »

I (d) mono~0~-TMTBSi~1,4~ribonolactone gggg 1.26
Ix(dd) bis-O—TMTBSi—l,4~r1bonolactone‘_ ggég 1.65
| 2608 1.15
X4 tr1s-0~TMIBS1-1, 4-ribonolactone 3170
Ix(aaa) tris-O—TMSi—l,4—ribonolactong : 1700 -
: IXccc tris-0-TMIPSi~1,4-ribonolactone 3045
vaeee tris-0~-TMHS1i-1,4~-ribonolactone v 3560
IR (nab) b1s-0-TMS1i-mono-0-TEDMS 1~ 1902 5
1,4=ribonolactone ’
IX o) nono-0~TMS1~b1s—0-TBDMS 1~ 2120
1,4-ribonolactone

structuresi‘b4 I = Kovats':retention indices.
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Figure 10 Gas ch,rématogram of Silyléted_ 1,4 ribonolactones.

a, 13_ and ¢ = mono~0-TBDMS1-1,4 ribonolgctoneS. d, g;and g':s b1s-0-TROMSI~1, 4~ -

ribonolactones . g = tris-0-TBDMSi-},4ribonolactone.

Conditions: Column A (OV-1, 10%; lm x 2mm ID)~ 210°%c, N, flow = 30 ml/miﬁ.
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) Figuré: 11 Gas cﬁromatogrém'of partiallyisilylated'1,4~riﬁgﬁﬁiaétane§,

h, b= rono-0-THIBSI~1,4 ribbnélactdnes; d,e and £ = biS?O“TﬁTBSi—I,&.xisonj

-

nolactones.

. ‘ ) o N . -.‘-
Conditions: column A (OV-1, 10Z; lm x 2mm ID) 210 C, szlow = 30 ml/min.

ey
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" Fig. 12

¢a§ chromatogram of 0~TMTBSi“1,4~ribon01actoneé. Peak identities: d, e and £ =
bi3—0~TMTBSi~1;4~ribonolactones; g = tris-0~-TMIBSi~1,4-ribonolactone.

. - s . : o
Conditions: Column A (0V-1, Im x Zmm ID) 280 C, N, flow = 30 ml/min.;b
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Figure: 13 Gas chromatogram of mixed TMS1/TBDMSL derivatives of 1,4-ribonolactone. Peak identifi-
' ' CatiOﬂ' a = tris~-0-TMSi-1, 4-ribonolaci:ore, b= big-0~TMSi~mono~0-TBDMSi~1,4~ribono-
" lactone(s); e = mono-O—TMSi»bis—0~TBDMSi~1 4~ribonolactone(s), and d = trig=-0-TBDMSi-
4*ribonolactone.” CowditiOhs Column A {OV-1, 104, 1mx2mm ID),

N, flow = 30 m’/min, Temp . pregram’ 150 to 300°C, 10 degrees/min,’

A
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Further studies on the SCTASi-reagents were carried out on a syn-

thesized sample of P“D-benzylribofuranaside. In carbohydrate analysis,

complex molecule are often methanolysed and the resuiting methyl glyco—
'sideswseparéted to give structural information. .Thie approach has been -
very popular in glycolipid and glvcoprotein studies, becausg}fatty acids
are simultaneously obtained as .their methyl esters aﬁd'aminodgamyheXOéide~.l

bonds are more readily methanolysed than‘hydrolysed.v Also, neuraminic

acid is more stable as its metﬁyl ester,

ﬂ}D~benzy1ribofuranbside possesses.a~UVfabsorbing-benzene.ﬁing and
a éimple definite structure (three hydroxyls énd a;féfuranoid-conformatigniw
The UV absoibing properties are alsc compatible with TLC visualization
and HPLC detéction aﬁd duantitation} With the-chéraeteristic O-benzyl
group on the anomeric carbon atom, mass spectral interpretation shoﬁld '
be greatly facilitated. |

GC data.fs: derivatized ﬁ~beenzylribofuranosides are given in

- Table 11, the chromatograms being shown in figs. 14-20.




Table 11 . GC fetentipn data for derivatives of ﬁ.—D-benzyl ribofuranqside

tris-O—Ac7$-D—benzyi-ribofuranoéide

Compound Numbera‘ Compound Name? Igégl 13381 15391 Separation faxtor
VIIL meno=0~TBDMSi~f~D~benzyl -ribofuranoside 2241 1.09
. ' 2273 *
) 2337 1.20
VIII by bizs-f-.OT-TTBDMSi-/E-D-benzyl—ribofuranoside | ggg; 1.15
2604 1.10
VIII(d) mono-0-TMTBS1~ -behzyl-ribofuraﬁoside 2510 1.12
. , 2546 ’
: 2629 1.29
VIII (44) bis-O—TMTBSi-ﬁ-D—benzyl—ribofuranoside gggg | 1.26
VIIIbbb tris—O-TBDMSi7F~D—benzy1-ribofuranoside 2824
VIIIcce tris-O—TMIPSi-fi-D-benzyl-ribofuranosidel 3454
VIIIddd tris-O-TMTBS17B-D-benzyl—ribofuranosida 3578
VIIL . ;riéfofTMSij&Lbeenzyl-ribofuranoside 2140
" aaq | 2272
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- Table 11 (cont'd) GC retention data for derivatives of[?-D-benzylAribofuanoside

: ' S : "y anD b 2, b
- : 180 210 240
Conpound Number® Compound Name? : : IOV—I IOV-l IOV—l Separation factor.
VIII (}‘mb) b1s-o-'ms1-mono-o-'rBDMs1—/3—D—benzy1-ribofuranoside 2371
VIID o mono-0-THS1-b1s-0-TBDMS1-5-D benzyl-ribofuranoside 2600
VIII(qu) bist-Ac-mono-O-TBDMS17BTD-benzy1-ribofu;anoside . gzgg 1.1
VIII(qbb) mono~0—Ac-bis-OfTBDM817F—D—benzyl—ribofuranoside gggé 1.16 g
2697 1.14
VIII | P - | Cae
(ppb) bis-O—TFA-mono—O-TBDMS175-D-benzyl-ribofuranoside 1971 1.29
. ' A v ‘ . 2043 * g
2090 1.19
VIII(pbb)r_ _moqo—O-TFArbis-O-TBDMS11P-D-benzy1-ribofuranoside gzg% 1.07
2464 1.21
VIIIppp tris-OQTFAWB-D-béhzyl-ribofuranosideV | 1668

a: refer to nomenclature scheme for numbering and structures; b: I = Kovats' retention indices.
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Figure: 14 Gas chromatqgram of O-Silylated/?—D~benzylribofuranosidas.

a, b and ¢ = mono-0-TBDMSi~f-D~benzylribofuranosides

d, e, and f = bis~0-TBDMSi-A-D~benzylribofuranosides

g = tris-0-TBDMSi-f-D-benzylribofuranoside

Conditions: Column A (OV-1, 10%, lm x 2mm ID), 240°C, N, flow = 30 ml/min.
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' Figure 15 Gas chromatogram of mono-0~TMIBSi—f-D-benzylribofuranosides.
‘a, b and ¢ are all mono-silylated sPecies,' N :

Conditions: Columm A (OV-1, lm"x 2mm  ID) 240"0; NZ flbw = 30 ml/min.
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Minutes
Figurele, Gas chromatogram of O0-TMIBSi—A~D-ribofuranosides. Peak identities:

d and e = bis—O-TMTBSi— —D-benzylribofuranosides ;~g ”’tris-O—TMTBSi7B'D~‘v

' benzylribofuranoside. Only 2 peaks were dbserved for di~substituted species.

Conditions: Column A (OV-1, Im x 2mm ID) 280° C N flow = 30 ml/min.




s 10 12 14 16 18 20 22

Minutes *

Figuiel?’ Gas Chiom&togram of‘TMIPé131?-D4benéylribofufanoside. ﬁuéltb iﬁputities in TMIPSiCl preparation,
one of which was TMHSiCl ( gzpio-tettamethylene-hexyl—chlorosilane) the 4 last eluted peaks in the order of
~ elution were°'=g1 = tris-O-TMI?Sin-D-benzyl-ribofuranoside' X = bis-O-TMIPSi—mono-TMHSirﬁ-D-benzyl-ribofurano- o
sxde, y = mono—O~TMIPQi~bis*O-TMHSt-f-D-ribofuranoside and gy ™ tris-O-TMHSij?-D—benzylribofuranoside. -

Conditiqns Column A (OV-l 10%, lm x 2mm ID) 270 C, szlow = 30 ml/min.




Figure: 18 Gas chromatogram of mixed TMSi/TBDMSi derivatives of ]B—D-ibehzyl--
ribofnranbside. a= tris-O—TMSi—ﬁ—D—benzylribofuranoside, b = bis-O—TMSi—mono-

| 0—TBDMSi—ﬁ-D-benzylribofuranoside, c= mono-O-—TMSi—bis—O-TBDMSi—/g-—D-benzylﬂ

" Minutes

ribofuranoside; and d = tris-O—TBD"ISi-—ﬂ*-D-*benzylribofuranoside. :

Conditions: (Column A, OV-1 10%) 210 C.,

2

N flow = 30 ml./min.
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Figure: 19  Gas chromatogram of TFA/TBDMSi mixed derivatives of IB—D—benzylribofuranosides.

© Peak identities: a = tris-0-TFA-B-D-benzylribofuranoside; b, ¢ and d = bis-O-TFA-mono-O-TBDMSi-
ﬁ-b-benzylribofuranosides; e, fand g = mono-o-'TFA-bis—O-'IBDMS_;L—ﬁ-D-benzylribofuranosides.

Conditions: Column A (10% OV-1, lm x 2mm ID) 210°C, N, = flow = 30 ml/min.
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Figure: 20 Gas chromatogram of mixed derivatives of leD-benzylribofuranoside.

as= tris—-o-acetyl-ﬁ-D—benzylribofuranos’ide; b, ¢ and d = bis-0-acetyl-mono~
-O-TBDMSi—ﬁ—D—'benaylribofuranosides-; e, f and g = mono-o-acetyl—-bis-O-TBDMS‘i—

'ﬁ-D-—b enz_ylribofﬁranosides .
Conditions: Column A (OV-1, 10%Z, Im x>‘2mm ID) 240°C, N2 flow = 30 ml/min.




Quantitative GC

The application'of SCTASi-sugars in quantitative GC was also in~

vestigated. Although quantitation by GC has been well documented (64)

one should make sure that errors due to handling, deceﬁposifioh and chemi-
cal transformation of derivatized samples are minimized.'
. Some derivatized samples are known to decampose on columns. This

- - may happen when active sites are present in 1njection ports, columns Lo

 ‘;and detectors. Catalytic decomposition at hot metal surfaces has also
ied to serious errors iﬁ eaeple analysis. JQInfthef‘caSes derivatizationl
by-products cou;d'hydrolyse derivatized sémples,e.g. acid catalysed
‘elimination of TFA from pert;ifluoroacetates (65). N

Cheﬁical’transfermation of samples include both intra~molecu1ar anel
~ intermolecular reactions. “As a result of 2»3 silyl group migratien,

extra GC peaks were observed when either 2'-0 or 3'-0'unprotected.partial

'SCTASi-nucleosides were chromatographed (44).
The third kind of quantitation error is due to poor sample handling
- and poor injection teehniques; It would be erroneous‘if'wefassume that

I

the signal from the GC detector represents fully the amount of sample intro-

’ duced into the instrument. Dead volumes are common problems in 1njection
‘needles as well as injection port connections.

One way of preventing sample handling errors is to "spike' samples

with "internal standards". The chemical nature of internal standards to

be used is still open'to controversy. Some workers prefer standards that
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| are structurally very similar to samples being analysed. Others advocate
the use of chemicélly inert universal GC internal standards e.g. pyrene,
triphenylene, etc. In this study the latter type of standard was employed.
Generally, internal standards shéuld possess: good GC behavior (symmetrical'
peaks; total elution, etc.); inertress; freedom from overlapping sample
peaks and linearity of detector respomse. Aromatic polycyclic coméoands are
commonly uséd‘in-routine anélyses'és internal standards.

Typiéélly, a plot of ratilo 6f.sample peak response to response of inter—
nal standaxd vs. amount injected can provide much information about samélé
decomposition and possible chemical,transformafion, as well as linearity of
responsé. Fig. 21 shows the responsé‘of tris-O—TBDMSi~ﬁ—D~benzylribofuranow
side with respect to the amountAinjectedvonto the column. The straight line
‘ plot is an indication of gébd linear respdﬁse.of the SCTASL derivatives..Also,
the graph extrapolates through the origin 6f the plot, impl&ing‘no decom~ ?
position of dgrivatized sample on the column. | - |

Figure 22 shows the responses of other SCTASi-derivatives.
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Figure. 21 FID response curves for s1lylatedi5~D—benzylribofuranosides

and 1 4~ribonolactones° (A) tris-O—TBDMSi7ﬁ—D—benzylribofuranoside, (B)rris~

C~TBDMSi-1 4~ribonolactone, (c) tris—O—TMSi7§—Dvbenzylribofuranoside (D)tris~

0-TMSi-1,4~ ribonolactone. All areas were calculated against internal standards.
Both TMSi- and TBDMSi- derivatives show good linear responses.*mhe ratio

between slopes of 2 curves gives the relative molar response (RMR) be-

tween 2 derivatives.
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Figure; 22 FID response curves of silylated hexose, pentose and D-Z—

deoxyribose' (A) pentakis—O—TBDMSi-D—galactose, (B) tetrakis—0~TBDMSi—D~

ribose; (C) tris-O~TBDMSi—D-Z—deoxyribose, (D) tetrakis~0—TMS1~O-D*ribose,

(E) tris-O—TMSi—0~D—Z—deoxyribose.A' - 11 " - S "*fiif}f';-




ot
ey
]
I
o)
]
[»}
1.
»
.
fdo
=3
3
o}
1Y
n
=4
1Q
]
n‘
%

et e e o i A 4 v o e St e o o P e e A e et i et

It is suggested, from indirect evidence, that mutarotation of a

crystalline sugar involves two consescutive events. First, an iso-~

merization takes place and theﬁ equilibrium is eventually established.

The isomerization process involves not. only conversion into constitutional
isomeﬁé,.i.el furanoses, pyranoses aﬁd‘septanoses-(knowh as lactol ring |
isomerization); but also anomerization (»<-»8 form interconversion). (66, -
~ 67). The equilibrium process which depends on relative free energies. of
components In & particular solvent system, determines the.relative pro-
portions of the isomerization prodﬁcts;(fig. 23).

It was shown by C.C. Sweéeley tﬁat ;ncmeric forms of an‘équilibrated '
sugar could be quantizatively determined 5y trimethylsilylation of a muta-
" rotated sugar, foilawed by ‘subsequent GC analysis (38). The relative
areas of the éomponent represented the rvelative proportions of indiviw
&ual anomers. Unfortuhately, in the présent study, the identity of an in-
dividual anomer could‘not be assigned. However, ratios of pea&s for each
.sugar e#amined ara presented in Table 12.andvcomparéd with other data from

various sourcsas.




o ~-furanose A ~septanose

N A

aldehydo form
/3 -pyranose m or —~——> & ~pyranose
k;—:t"o-form' of o :
l/- sugar v \ ’ ‘
| ' . \ : /g-—furano.s'e

ﬁ -septanose

Figure: 23.Equilibrium processes in mutarotdtion of sugars
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Table 12, Comparison of mutarotaf:ion studies (in pyridine).
- This study | v Other studies - ‘ | reference
Sugars no. of peaks. _ Ratio of p_eak‘ ' )’ :0(—-f.. s f'f';"?('l’" :]Bv -p.
resolved : areas
D-2-deoxy- 2 - 13.4:86.6 _ ratios
ribose . .
D-ribose 4 45.7:5.8:40.6:7.9 20 ¢ - :+ - 1 17 : 62 - (68a)
. - B to- ot 22 ;48 (68,)
D-xylose 2 '81.5 : 18.S> B § B PR B s 45,9 : .42.8 e (38 )
D-galactose| ~ 2 : - 88,2 ': 11.8 l e 13.7 : 23.4 ¢ 31.7 :+ 31.2 - (693)
' S+ 5.: 62.1:33.8: 49.0 (69b)
| 263: -t — :29.9: 45.8 (38 )
D-glucose 2 : 13.4 : 86.6 -, - . — ., 43 1 57 (70 )
| ) 22: — ot = 1473 49.5 (38)
D-mannose 2 - 61,3 : 38.7 |
| D-fructose 2. 70.9 : 28.7 | u
ey S e e
, - <




Table 12 (cont'd) o

Abbreviations. ci~f, = X~furanose; /5 -f, = B furanome, o-p. = (x-pyranose P-p = }?Mpyranese, 5= J-sugar.
Conditions' (68 )--room temp., (68 )«-70 C, values obtained by NMR.

(38) ~~-not specified;tvalues obtained by GC.

(69a)~~room temp.; (69b)~-25°C; values'Obtained by GC.

(70)~~~room temp.; values obtained Ei GC.

In this study, temp, = 50°C.

o
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It is evident from the data in Table 12 that conditions are impor-

i
tant in the determination of the equilibrium compositioh, e.g. in galac-
tose determination. Thus, temperature seemed to. change the distribution

of components to a very drastic extent., Other studies have shown that

- mutarotation was also sensitive to the purity of the solvent system :

f'and/or 1mpurities, especially traces of moisture or cations (71)




MASS SPECTROMETRY

Introduction

Mass spectrometric analysis of a substance involves conversion'
of atomic or molecular species into ions; and-subsequent separation of
these ions on the basis of their mass-to-charge ratio (m/z) by‘ﬁagnetic
or electrostatic means. Mass spectrometry was first applied to carbo~
hydrates in 1958 by P.A. Finan and co-workers (72) In that'inveSti-
gation, aPPearance~potentials of CG 11 5 ions.were measured frdmiuae -
iderivatized monosaccharides. Later works, . however, were directed.towards
 protected| . carbohydrates which due to their enhanced volatilities, '
ﬁere’more amenable to the mass spectral instrumentation. Derivatizatiou.t
methods are esSentially similar to those £o6r GC. Excellent techniques
for protection of hydroxzyl and/or carbonyl groups on carbohydrates include:
a alkylation (73); acetylation (74); iSopropylidation (75); boronation (76);
-and trimethylsilylation (77)

Much information can be obtained from the mass spectravof these
derivatives. Very often molecular weights can be deduced easily from
characteristic peaks, e.g. M and masses of fragments derived from it.

In high resolution mass spectrometry the elemental composition of each
ionic peak can be determined. Because ‘sdbstitution of protecting groups
-profoundly influences fragmentation patterns, diagnostic and characteristic
features asspciated with certain types of derivatives could be examined

as distinct classes. Prediction of fragmentation pathways can also be




made on new samples. Modes of fragmentation are also closely related to
the stereochemistry as well as to the linkages between monosaccharide sub-

units of carbohydrate molecules. Mass spectrometry has become an indispen~

sible tool in carbohydrate research.

.Newer methods of ionization,'suchvas field ionization (FI), field
desorptioﬁ (FD) and chemical ionization (CI), though giving prominen: M+
and/or related beaks, provide little fragmentation for M+ ions and thus

less struétural 1nformation; In this study, electron impact. (EI) foni-.

zation was employed throughout.

Electron_impact mass spectrometry

Electron impact ionization makes qse-of-én electron beam of "ﬁni—
form" kinetic energy to bombard a saméle to generate ionic species.for
" mass separation and rgcordihg.' Typically, an energy of 70'e§ is employed. -
This me;hod usﬁally results in large amountsvof energy transferred to the |

. molecule, causing extensive ionization, fragmentation and rearrangement .

- depending on the thermodynamics and stabilities as well as chemical nature
of daughter ions towards further decomposition. Operation with low elec~

tron energy minimizes fragmentation but drastically reduces ion yield.

A scheme of possible fates of an ionized molecule is shown in figure: 24.
Intensities Gf mass-analysed ion beams can be plotted out in a
~ bar-graph line diagram, with m/z as the abscissa,and‘relative abundance

of ifons as the,ordinate,_ The highest peak (base peak) is arbitrarily set

to be 100%. Other peaks in the mass spectrum are expressed as relative
intensities of the base peak. The resulting spectrum is characteristic

of the original specimen.'-
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A-B-C-D B S a- B-C- D] or M

fonization

s

neutral (molecular ion)

molecule

fragmentation rearrangenent

S - _

[A B- CJ ~} D - [A-C] -+ B-D
even-electron neutral | - © " odd electron. neutral fragment of
ion radical - - - don o molecule :

Figure: 24. TFormation of different ions from the molecular iom.




- The mass spectrum of a compound also depends on the type of instrument-used.
Decafluorotriphenylphosphine has been recommended as a standard for tuning a
mass spectrometer, especially the quadrupole types (45). In order to obtainv
similat mass speetra for the same compound on quadrupole as well es'magnetic
mass spectrometers, "special” tunfng procedures were'used (44 365-xFig. 25%
shows a mass spectrum of the standard decafluorotriphenylphosphine, recordedi

ton our Finnigan quadrupo&e mass spectrometer after correction for mass dis- -

crinination. fo> - _ f - '.., e

et e pas pasenth

An understanding of trialkylsilylated ethers of carbohydrates best:
starts with the chemistry of silicon. Silicon belongs to Group IV of ‘the

Periodic Table. Usuallyvsilicon attains a co-ordination number of 4, with

"Morbital hybridization ofﬂegg,i (p¥eo)" Pondingthay sometimes be operational' }

in Si-N and Si-O bonding systems. Silicon has an electronegativity of

1.8 and a covalent radius of 1,17 A (78, 79) YThus, silicon can accommodate»,iy o

more substituent groups around it than can carbon; and silicon has more
- affinity for positive charge. Also, Si-0 end Si-0 bondfdiséociation enetgieseA 
. are 127¢10 and 85+10 kcal/mol, respectiVely (80). The exceptional strength )
of the 5i-0 bond is a major determinmﬁg factor in the fragmentation of tri-
>alkylsily1 ethers of organic compounds. In general, fission of Si-C bondsiis"
much‘favoured.over that of Si-0 bonds. | |

It is‘generally believed that for silyl ethers electron impact caosee
the formation of e molecular ion with positive chatge on the oxygen atom as |
shown in scheme 6, although a ﬁositively chatgedgtentre remotejtromftheveiliiQ '

ether site is possible.
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Figure: 25. Mass spectrum of decafluorophenylphosphine under "standard" conditions,
with correction for mass discrimination. o
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R K S SR
R+—C—0C -Si Me
' I I
R + Me

Scheme g, Possible fissions of a trimethysilyl ether.

R and R' denote alkyl-groups remote from the:silyl group.
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Fragmentation can be brought about by t{-cleavages at a, b{ ¢ and d.

- Due- to the-relative stabilities of C-C C-ﬁ and Si-0 bonds, fission at a

is ‘the preferred route. (M-CHS)T in trimethylsilyl ethers is;the most often
observed product from the M& ion. (M—CH ) is: relatively stable, because
expulsien ;0f CH3 eases the steric crowding at the Si atom. In TBDMSi ethers,

-

expulsion of the bulky tert-butyl group is the norm.

¢ vt e g bt o

- In cyclic systems, €.8. TMSi-glucOpyranose,,1oss”ofwsilanols is always 3'
' observed because of the ease of abstraction of a hydrogen from an adjacent :
carbon (fig. 26). There is also an absence of metastable peaks at the high
end of the mass spectra of TMSi—sugars.. Cleavage of C-C bonds within the
:furanose or pyranose rings occurs to a smaller extent and‘this glves re-
arrangement—ions'at the middle and lower range of the mass spectrum (77).

‘ M /(M-CH3) abundance - ratios are also dependent on operating temperatures
of the ionization source and inlet probe while SCTASi~ethers are found to -
be more predictable. '(MHR). is an abundant. fon in the mass spectrum (R =
t-Bu or i-Pr}. Generally, fragmentation patterns of SCTASi—ethers are
simpler, and with less rearrangements. SCTASi groups have also unique
properties of 'directing fragmentations for some derivatives (36).,

Different SCTASi groups produce characteristic shifts f£;u~ s%

‘1n mass spectra. Replacement of a TBDMSi by a TMTBSi moiety would
cause a shift of +26 u, whereas replacing a TBDMSi. by a TMIPSi only pro-
duces a change»gf +12 u. By using different kinds of SCTASi reagents, cor—

responding mass peaks can be labelled for differently Silylated'molecules.
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Figure; 26. | |
Lbss of trimethylsilanol from H~15+: R = TMSi and R' = TMS:L—CH3 -
Molecule shown here is pentakis—0~TMSi—xﬁD—glucose.




Much work ﬁas been done on the TMSi¥sugars (77,81,82). High resolution
mass spectrometry and deuterium labelling of TMSi-monosaccharides have
helped td elucidate fragmentations and geneses of many ionic species.
The mass'spectral behavior of SCTASi-sugars, however, have not been |
. described in fhe literature. The folloﬁing is an attempt to interpret
some high-1ights of.the mass spgqtrg~pf5§q¢e SCTAQi—mondsédcharidés. The
discussion is divided into 4 parts: | |
a) pyranose systems which include TEDMSi¥D~g1ucoses, —-mannoses; and
. -fructoses; ‘ | “ | |
b) the D-2-deoxyribose system whiéh éonéists of SCTASi~D;2-deoxyri-
boses; |
¢) ribofuranose systems which include SCTASi- —D-benzylribofurano~
sides, -D-riboses and —D-xyloses, and,

d) SCTASi-ribonolactone furanoid systems.
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1) Pentakis—O—TBDMSi—D—glucoses:
rAnalcgcue/to TMSi-hexoses, GC of TBDMSi—D~g1ucoses gave more than
one peak.> Mass spectral analysis of the 2 eluted peaks (figs. 27 28) re~
veals similar or analogous fragmentation patterns ‘to those for TMSi-gluﬁ :
{ﬁcoses reported by DeJongh et al (77). o |
Scheme 7 shaws the loss of tert-bntyl radical from the molecular |
ion , M+, to form the (M-57) don at m/z 693. Non-specific'or (specific 7)
losses of tert—butyldimethylsilanol molecules give (M-57—132) . m/z 561,
and (M-57—132-132) . m/z 429. - o
o The Gﬂ )—tﬁBu ion (m/e 693) can be pqstelared_to give.an ionA}”“ﬂ.
. m/z 561 through loss of t—butyldimthylsilanol. Further loss of MeZSiO
is believed to produce m/z 487. On.thefother hand, élimination of
‘CHZCO from m/; 693 could produce m}z 519 which can in turn gives'm/zi445
'with the loss of MeZSiO. This is outlined in scheme 8. ” e
Other ionic specleercf medium abundances, .g. m/z 231 m/z 245

and n/z 375 can arise from the M ion rhrough some even mass intermediates

" as shown in scheme 9.
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M (m/z 750) »M-57 (m/z 693) + t-Bu

> mfz 561 + t-BuMe, Si0H

> mfz 429 + t_:_~Br.MezsiOH R : o *

Scheme 7 Formation of m/z 693, m/z 561 -and m/z 429
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Scheme:8. Geneses of m/z 487, n/z 519 and m/z 445 from m/z 693.
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Scheme 9. Foramation of m/z 231, m/z 245 and m/z 375 from M+ ion,

through some even- mass intermediates, (R=TBDMSi)



Scheme: 10. Formation of m/z 288, from H+ ion., (R=TBDMSi).



One ionic species which 1s characteristic of TBDMSi-pyranose is the
m/z 288 peak .(m/z 204 in THMSi~pyranoses). Its facile formation involves
cyclic migration of électrons around the pyranose rings. Three possible
routes of formation are shown in scheme 10. ¥uranoid systems could not
undergo similar electron shifts end for them m/z 288 tends to bes very
small.

Ho@ever, furanoid systems can undergo ancther’ typ° of fragmentatlon‘
to give m/z 301 (m/z 217 in TMSi~furanoa$s) which: is much more intensa than"
that from the pyranoses (scheme 11).

Judglng from the rather high m/z 301 peak in the mass: spec -rim of
pentakis—O»TBDdSiwglucose (GC peak 2), there could have been contamination

by furanose(s ) in the GC peak (figso 27 28)

'ROCH,

Scheme: 11 Formation of m/z 301 from pentakis—-O-TEDMSi-D-glucose.

(R = TBDMSi; m/z 750 corresponds to M+'ion)
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ii) Pentakis-0O-TBDMSi-D-mannose:

The mass spectra of TBDMSi—D—mannoses' are very similar to those of
TBDMSi~-D~glucoses. The differences between them amount to variations
‘of intensities of major ion_ic peaks (mass spectra figs; 29,30).
1ii) Pentakis-O-TBDMSi-D-fructoses: | " -

Mass spectra (figs. 31,32) were obtained from the 2 resolved GC

peaks pf VIL i bbb® Prominent m/z 301 peaks in both mass spectra indicate

that both are furanoid systems. The Xx:or ,9 anomers, however, could not

be distinguished since the spectra are almost identical. The character~ -

istic peak is (M~145) or (M—TBDMSiOCH2)+. (scheme 12)

| (M-i45)_+, m/zeos? |

- CHOR o
o R+.CHOR :
" OR |
- +

Scheme: 12 Formation of (M-145)+ fon from M' of pentakis-0O-TBDMSi-
D-fructose. (m-145)+ is an ion characteristic of TBDMSi-

2-ketofuranoses. (R = TBDMS1i).
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Figure 29. | Mass spectrum of pentakis—o-TBDMSi-D-mannose (VIbbbbb’ Mw 750, OV 1 -. 2900)
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(b) Mass spectra of SCTASi-D-2-deoxyriboses
1} Per SCTASi-D-2-deoxyriboses:

The following thres sections deal with the furanose systems in general.

The mass spectra of the TMSi-furanoses (77); and TMSi-deoxyribofuranosides

as well as TﬁSi—ribonucleosides (83) have been investigated beforé. Sub-
sequent work by Quilliam (44) of this laboratory on O~SCTASi-2'-deoxyribo-
nucléosides and O-SCTASi—ribonucleosides,helped to elucidate many. of the

_fragmentaéioh patterns.of the abbveémantioned moLedﬁles. He employed tech~

.niques=such~a3'high regolution méss spectrbmatfy;'measuremant of &ecomb0§i~”
tion of metastab1° 1ons, deauerium labelling and mixed derivatl"ation, to
interprete geneses of various fragmenrs.,-

SCTASi~D~2-deoxyriboses bear many s milarltles towards SCTASE-2'-
de§xyribonuc1eosi&ea. Fig#xes 33'depigts.¢ommon structural features betweeé

the 2 classes of compounds.

YO— ~ON\0U vo

0z - 0z

tris-0-SCTASI-g~ . tris-0-SCTASi-#- bis-0-SCTASI~

D-2-dezoxy-ribo- D-2-deoxyribo~ i D—ZLdeoxyribOw

furanose furanose ~nucleoside - -

Figure: 33. Comparison between SCTASi—deoxyribohucleosides and SCTASi—
D-2-deoxyriboses. Y, Z and U are SCTASL groups at the

oxygens of C., C, and C respectively. B denctes the base
. 57 73 1 _

unit in the nuclebside. 
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If the group OU is regarded as analogous in behavior to the base B
in mass spectral fragmentation schemes, SCTASi-2-deoxyriboses can be inter—

preted as if they were the SCTASi-déoxyribonucleosides, except perhaps with

Aminor modifications.

It convenient to label certain ffagménts of tﬁe SCTASi-Z-ééa#&riboséi

" molecule since this wbhld simplify much in the explanation qf_the fragmenta?
tions. Referring to figure 34, numbers 1 te 5 denote the carbon atoms in

. the molecule, (B = base moiety; S = sugar and J = fragment containing C

1» Gy
and B or OU)

Figure: 34.
Major fragments of SCTASi-2-deoxyribose.
The mass spectra of tris-0-TBDMSi and ~TMTBSi ethers of 2-deoxyribose

are shown in figs. 35 to 38. One of the major precursors of SCTASi-ethers

has been found to be the (M—R)+.ion, where the SCTASL group is represented

by RX2Si with R = t-Bu or i-Pr. It is not surprising that most of the frag-

ments of SCTASi—Z—deokyribose come from (M-R)+“as'shown'in scheme 13/
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Scheme 13. Mass spectral fragmentation of SCTASi-D-2-deoxyriboses, by

analogy with 2'-deoxyribonucleosides (77). All assignments

. are tentative. Numbers adjacent to ions denote masses of

ions for TBDMSi derivatives (no brackets) and for TMIBS1 de-

rivatives

!

R L I
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(554)  (497)

—---{}(xzsioﬁ)+

(with brackets).

------ > M-r-J)" 261
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Sheme: 13. (Cont'd)

Mass spectral fragmentation of SCTASi—Z-deoxyriboses.
m———mm—me3>(S=ZOH) = 213 ~————wm } (e 5 o*
70K (239)
+ o+ - -
476 345 >RX,810CH," %?31)
(554) (397) '
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2 3 4 2 (213)
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(i1) Mass spectral fragmentation of partial SCTASi-D-2-deoxyriboses
Gas chromatography of the reaction mixture gave two peaks corres—

ponding to bis-0-D-2-deoxyriboses. The mass spectra of I (figs. 39,

(bb)’
40) show similar breakdoWn patterns to Ibbb One characteristic ion which
is not found in the mass spectra of Ibbb is (M-R-H 0) at m/z 287 asg there

. is a free hydroxyl group on the molecule. It is extremely difficult to as—
-{ sign correct positions—to the silyl groups 1n the molecule. The maximum

? number of isomers is six, whereas only two GC peaks were obtained. It is
strongly suspected that the GC column did not resolve all the isomers present

though it is probable that some were formed in minor amounts.

 (iii) Mass spectra of mixed TMSi/TBDMSi derivatives of D—Z-deoxyrihoses

~of 6 the mass spectrum (fig. 41) shows only (M—t'Bu) and a small peak,for
(M—CHS) ion, due- to the facile elimination of the bulky. t-butyl radical from
'therTBDMSi-moiety. That:- there was one TMSi‘oroup and two TBDMSi groups in

the derivative is shown by the presence of m/z 155 which corresponds to the

’ (M—t-BuLTBDMsmH—msmH) ‘ion.l.
. ly

Conversely, in the mass spectrum of I( b)(fig. 42) m/z 155 is
represented by (M-t° Bu-ZTMSiOH) which selfexplains the formula of the de—

_ rivative. (A single GC peak was: observed instead of the maximum of 6):> Also

the TBDMSi group. exerts stronger fragmentation 'directing' properties than

does the-TMSi group. The ion at m/z 103 in the mass spectrum of I(aab)'

probably represents TMSiOCHé+.
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(c) Mass spectra of SCTASi-P-D-ribofuranosides

i) Whereas mass spectral fragmentation patterns of SCTASi-D-2~-de—-
oxyriboses can be explained by analogy with the SCTASi-deoxyribonucleosides,

silylated ﬁ-D—benzylribofuranosides and silylated D-ribofuranoses are

also analougues of silylated-:ibonucleosides in ﬁ§:/, As figure 43 shoﬁs

OU and Bz (behzyl)xcan also be reg&rded the same as the nucleobase B for

'»mass spectral interpretation purposes. The mass spectra of silyl deriva~ ,
; tives of P-D-benzylribofuranosides are shown in figures 4447, with frag-*

' mentation pathways (deduced by analogy with rlbonucleosides) given in scheme

14.

0z ow =~ 0z ow

a 3 o : b BN
Figure. 43a Compa‘ison of ¢ (SCTASi—rlbonucleoside) with a (SCTASijﬁ-D~

ribofuranoside and b (SCTASirD-ribofuranose) Y Z, W 1nd U

/'

~ represent SCTASi groups on the oxygeu atoms of CS’ C3, C2 and

'ilcl respectively. (B = base and Bz = benzyl)

MR , K

Figure: 43b. Diagram‘ehoﬁing'major fragments of SCTASi -D-ribofuranosides.
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recorded on Finnigan 1015 mass spectrometer at 70 eV.
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Figure: 46, Mass spectrum of tris—o-TMIPSiéﬁ-D-bénzyl-ribofurahosidé (VIIIccc, MW 618, Igsol ~3454)
. _ - ,

__rgcorded on Finnigan 1015 mass spectrometer at 70 eV,
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Figure: 47, Mags spectrum of tris—O-TMTBSi—-f)—D—benzyl-ribofuranoside (VIII dda’ MW 660 Iggol = 3578), _
recorded on F:{.nniga_n 1015 mass spectrometer.at 70 eV, | y
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147
189 > CH.X.S10SiX
173 32
173 147
147
189
189
+ 133
133
2 185
185

Scheme: 14 (cont'd) Lower mass ions such as 101," 173, 189 .and 185

which contain cyclo-tetramethylene group as Xz decompose

further to give smaller fragments. -
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Scheme: 14 (cont'd)

Some lower mass ions such as 127, 141,‘129, 157, 171
and 115 which contain cyclo-tetramethylene group as X2 decompose fur~

ther into smaller fragments.

J=3B+ CZHZ + OW; J for VIIIaaa = 222; for'VIIIbbb = 264; for VIIIccc =

276 and for VIIIddd = 290.
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ii) Partial SCTASi-f-D-benzylribofurancsides
The mass spectra of mono-TBDMSi and mono~TMIBSi deriwvatives (all three

isomers were separated by GC in each casa«figs. 14,15) are shown in figs. 48~

53. The mass spectra of bis-TBDMS{ deriﬁativesr(three GC peaks fig.l4) and
bis~THMTBS1 derivatives (two GC peaks, fig: 16) are shown in figa. 54~58.
411 mass spectra show characteristic.(M%E;Bu~H20)+ ions as well as.(M7§°Bg~
BzOH‘)+ ions. C7H7+ is the base peak in all spectra, showing thetwéll%anWn~-;

stability of this ion (usually assigned.the trapylium~structur&).;

Some wariations in peak heightsvin the mags spectra of isomeric deri-

vatives are also observed,




RELATIVE INTENSITY, %

SPECTRUM RECORDED ON 1015 QURDRUPOLE 'MASS SPECTROMETER
AND NORMRLIZED T0 CUNSTHNTSENSITIVITT‘

m/z

Figure: 48. Mass spectrum of mono-0-TBDMSi- »D~benzylribofﬁrancside (VIII

recorded on Fipnigan 1015 mass spectrometer at 70 eV.
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Figure: 50, Mass spectrum of mono-O-'l‘BDMSi—ﬁ-n-benzyl-ribofuranoside (VIII (b)* MW 352;, OVOI = 2337), N
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Figure: 51. Mass spectrum of mono-O—TMTBSijZ-D-benzyl—ribofuranoside (VIII (d)? MW 380, 13301 = 2510),

recorded on Finnigan 1015 mass spectrometer at-70 eV,
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Figure: 58, Mass spectrum of b19-0-TMTBSi7gLDbbenzylribofuranoside (VIII(d;Sjnﬁﬁwééé; ig?gl = 3159),
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recorded on Finnigan 1015 mass spectrometer at 70 eV.
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111) Mixed Ac/TBDMSi derivatives of(Z-D—benzylribofuranosides

The mass spectra of mono-TBDMSi—bis—acetyl—ﬁ—D—bénzylribofuranoside

are shown in figé. 59—61§ of bis-TBDMSi-mono-actyl derivatives in figs. 62-64.

In each case, all three isomers were separated by GC (fig. 20). Figure 65
shows the mass spectrum of the tris-acetyl derivative.

The mass spectra analyses show characteris.tic.(M—S?)+ for all deriva-

tives. Further studies should provide detailed mechanisms of fragmentation

of mixed derivatives.
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Figure:59. Mass spectrum of mono-O-TBDMSi—bis-o-cha-D—benzylribofuranoside (VIII(bqq)’ MW 438,
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Igégl = 2395), recorded on Finnigan 1015 mass,spectrometet at 70 eV,
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Figure: .60, Mass spectrum of mon@-O-TBDNSi—bis-O-Ac-§7D-beﬁzy1-ribofuranoside (VIII(qu), MW 438,
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iv) Mass spectral fragmentation of‘SCTASi—D—ribose

Four GC peaks were 6b£ained for IIbbbb indicating the presence of
four isomers (fig. 7). It is believed that two of the structures should
- correspond to the furanose system and the other two to the pyranose sys-
tem. The mass spectra are shown in figs 66-69. A distinctive feature
of TBDMSi-furanose is the peak at m/z 301, A furanoid system shbuldﬂbe
dis;inquished from tha-pyrahose form by the m/z 301 to m/z 288 ratio.
Tha ﬁéé;?spectrum of tetrakis-0-~TMIBSi-D-ribose (single GC peak) is
" shown 1n fig. 70:
Here, inierpretationbis analogous tb that for SCTASi-ribonucleo—

sides (scheme 15).

v) Mass spectra of SCTASi-D-xyloses

Gas chromatography gave t&o peaks corresponding to tetrakis~6*
TBDMSi—D»xylbse, thetx,andlg anomers. The mass spectra are shown in figs.
71 and 72. Generally, the spectra parallel those of the riboses, with

variations in heights of peaks.
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Schemels.Maés spectral fragmentation patterns of SCTASi—D—ribofuranbses.
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(d) Mass-swectra of SCTASi—1,4 ribonolactones

‘i) Full§ silylated 1,4-ribonolactones.

The mass spectral interpretation of TMSi-aldonolactones was per-
formed by Petersson and co-workers (84). They showed that diastereomers
could be differentiated from each other by examining the differeﬁces‘in
intensities for various fragmentation~pro&ucts; "In this study, SCTASi—i,4
- ribonolactones were selected for investigation because of theit siﬁple strﬁc-.
tures (three substituent groups). The mass spectra of tris-TMSi; TBDMSH , -
-fMIPSi,'TM1881 1,4—ribonolactones~are.shown in figs.'73-76. Molecular |
weights éan easily be'obtained from (MF-R)+ ions. Characteristic ions in- -
clude loss of CO from (MPR)+; i.e; the (M’--R-28)+ iéﬁ; and alsq the
Gw-R—SCTASiOH)+ ions. Other ionic species are common fragments most fre-

quently encountered in the mass spectra of SCTASi-ethers.
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ii) Partial O-SCTASi-1,4~ribonoclactones:

The mass spectra of the mono~TBDMSi, mono~TMTBSL, bis-TBDMSi, and.
bis~THTBSi ethefs of 1l,4~-ribonolactones are shown in figas. 77-87. Three.
isomers could occur in each case, and with the exception of the mono-
TMTBéi derivatives-(which gave two GC peaks, fig, 11), three GC peaks
were obtained-(fig9-10~12) As in the mass spectra of other par»ially
silylated polyhydroxy compounds, loss of water from some of the f”agm@P$8
is common. The ion at m/z 159 represents 103@'0f water from (N~57a28)
wvhile m/z 117 and m/z 143 are both unique to partial SCTASi~1,4fribonclac~

tones.
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Conclusion:

Derivatization of monosaccharide molecules with SCTASi reagents
drastiéally increases the GC retention times of the compounds compared
with TMSi analogues. The separations ofvanomers as well as stereoisomers
are much enhanced. Evidently; the'Sterically crowded si1y1 groups. intfov
duced into the molecules modify greatly the 1nteractions between the de-~
rivatives and the liquid phase of the column used ( in this case OV-1 ).
SCTASi—ethers of monosaccharides are not only stable to high GC column
temperatures; they are also very resistant to hydrolyéis, thus enabling ease
in handling. For polyhydroxyl molecules, the TBDMSi-motety ( the least
bulky among the three silyl groups studed ) seems to be quite compatible
with GC analysis. When the number of free hydroxyl groups on the molecule
exceeds 6, the molecular weight of the derivative ﬁay become exceedingly
high for maés spectral purposes. However, partialiy silylafed monosaccharides
could also be chromatogfaphed_withdut loss of peak symmetry and eluted at
much lower reten;ion times. MixedAderivatives, posseésing‘characteristic‘
properties of protecting}groups,,can also be prepared and are Qery much
amenable to.gas phase analyses. - | ‘ |

Other SCTASi-ethers ( namely, TMIPSi and TMTBSi derivatives ) sutfer

from long GC retention times as well as less prominent peaks at high—mass
regions in their mass spectra. Sometimes, derivatives tend to have-high
molecular weights which exceed the normal range of a medium priced mass
spectrometer. On the other hand, ;hey prévide effectiveAlaBelling of
silicon groups and are complementary to TBDMSi-derivatives in}mass spectral

interpretations.
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SCTASi-moieites by yiél&ing a stable siliconium ion, h#ve both frag-
mentation 'directing' asbwell as characteristic silyl rearrangement pfq—
perties. Ihey afford moderately intense peaks at the high end of the mass

~spectrum which aid in obtaining molecular weights and other information
© pertaining to silylated compounds. - | ‘. ST
Preliminary results on SCTASi—monosaccharidé gas phase analysis pro-
perties-élso indicate that much knowledge is still'lacking.in the absolute
mass séectral identification of anomers and epimers, as well as stereo-
' isomers‘of manyvsilylated moﬁosaccharides- Further studies could be di=
rected to deute:ium labelling of' the derivafized molecules,_ High fesolﬁfionz
mass spectrometry and the studonf metastable peaks should:providevmuch
: information concerning indispucable.interpretation of-fragméntation path~
~ways of SCTASi-sugars. v . _ v
It is hoped that once‘detailed fragmentation patterns ha&e beén worked
out mass fragmentography could supply Qualifative infofmation at pico-gram
levelé,'and'may provide sufficient specificity for a partiqular structure
‘to enable a positive identification. |
| ‘ Future studies tﬁat might/be of vélue to perform would be the investi-
gation‘of SCTASi%methyl glycosides and SCTASiéglycosamines. The former
- compounds are important in complex Carbbhydrate analysis when'methanolysis
is used. The 1at£er compounds aré of significance.because_of the wide

presence of giycosamines in biological systenms.
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