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{u-e.gres,g

A prelfnl.nary study on the gas chrouaÈography and ¡nass spectroaetry

(Gas Phase Analytfcal Che¡nfstry) of a serf.ee of sflyl ether derLvatÍves

of nonosaccfrarldee and related molecules.f,s descrÍbed. The silyl groups

of fnterest all contafn a bulky alkyl subetf,Èuent, f.e. t-butyr or f-propyl
and collectfvely are descrlbed as sterically crowded trlalkylsilyl (ScTASf)

groups. They are ! terr-buryldfinerhylstryl (TBDlfsr); ç¿glq-rerranerhjrLene-
t-Ègpropyl-s1lyl (TIIIPST) ; and czgto--tetramethylene-rerr-buÈy1sf1y1 (TlfrBsl) .

Dfcinosaccharfd.es ( D-2-deoxyrf.bose, D-rlbose, D-:<ylose, D-¡¡lucose, D-galacÈosé,

D-mannose and D-fructose ) as Ìrell aE aone refated molecules ( ¡-tr4 rlbono-
lacÈone anaf-u-tenzylrl.bofuranosLde ) were reacËed wtrth the sllyl reagents

I
fn varfous Proportl.ons and'the products were enalyzed by gas chronatography

and the peaks etudÍed by electron lmpact mass spectromeÈry. By these nethods

partfal and nfxed stlyl derLva.tf.vee could 'ue obtained, whfch ylelded inforna-
tion on structure and rearrange¡aênt and fragoentatlo¡r dÍrectÍng behavLor

of SGTASf-groups ln mass spectra.
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11.lSl.

TBDMSl

îltrPst

lit'fÎBsl 
_

IÌ{nsf

TFA

Ac

l.:.-:
i :'r'.

Bach derf.vatfve ls represented by a Ronan nrneral wlth eubscrlpts Ln

8n411 letters. The flrst subscrfpt denotes a substftuent group at thê lowest

avaf.lable carbon nr-¡nber on the molecule. The second eubscrÍpt ls for a
. :ì:.. . :

substltuent group at the second lor¡est available carbon nunber beartng the

hydroryl, etc. :

TMIPSiO

TMSi J

TBDMSiO
1 -O-1ÌÍS f- 3-O-TBD,US f-5-O-1ßÍIPSt-D-2-deoxy-
ribose or I -ebc

I , _ = D-2-deoxyrfbose rvith TlfSlO on carbon number L; TBDMSIO on carbon
abc

nu¡ober 3; and ltfIPSlO on carbon number 5.

When ihe srùscrlpts are brackeÈed, no speeiffcatfon Ls make to assfgn

substÍtuent groups to lndlvf.dual carbon atoms.

.'i
D-2-deoxyrÍbose

wl.th nunberf-n¡¡s on
each carbon aÈo$

-+
.t.

i.r':t:.i:.i;s:i

= É-D-benzyl rlbofura¡osfde

=. .'1 r4-rlbonolactone
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INTP-ODUCTION

9erb-ebv-gteqgs-

Carbohydrates are among the nogt abundant chemfcal eompouads in

bÍologfcal systems, They can be broadly defLned as substances whÍch

upon hydrolysid, give po3-yhydroxy-aldehydes or polyhydroxy*ketones (l)

A brlef classÍfLcation of carbohydrates (2) fs given as fol"lor.rs:

Tab1e I : Classiflcåtf.on of carbohydrates.

monosaccharides

dl-saccharldes

tri-saccharides

carbohydraÈes
,- 

homopolysaccharfdes

polysacchartdesl 
".U. sËareh and glycogen

I

L hu t.top" lysaccharldes

complex 
-_tcarbohydrates t

e"g" acíd muco-sãccharfdes

gl-ycoproÈef.ns

glycoliplds

nucl-e1c acids

I

\i

I

Together rEith llpi,is ancl protefns, carbohydrates are cbns:Ldered as

the rnaln buil-d{.ng unlÈs of lf.vlng orgaalsrns, In plants, Ehe¡ are Èhe

structurål unfÈs, ln the form of celluloeeo hemL-ce!.lulose and llgnj-ns,

as weLl as the etorage substancesr fn the forrn of sÈarch, pecEfrre and

sugars. In hlgher animals, they are found as hyaluronlc aeid, glycogen,

blood group substanees, gLucose, rntrcopolysaccharldes, adenoaine trlphos'-

phate (etr¡, nuclelc acf.ds and hydroxy acids.



The. elupleat form of carbohydrate Ls the uonosaccharide or "su¡¡ar"

sub-unf.t. ìfonosaccharLdes can again be dlfferentlated as aldoses and ker

toses, dependlng oû the naËure of carbonyL group on the molecules. In
terîDs of chernical functÍonal groups, monosaccharl.des are qlasslfied lnto:

1) neutral sugars; 2) baslc sugars (¡rith NHn or CH3-N(H)- groups)i and

3) actdfc sugars (¡rlth carbo:ryl groups). Each sugar ls also naued accord-

Lng to the ryqber'of :carbon aÈcms ft carrie-sr. For example, a three "carboirll

sugar f.s a trlose. A schematLc classtff.catfon of, sfmple sugars can be

repre.sented as follcnrs:-

Table 2: ClassLflcatLon.of sfinple sugars

neutral ketoses--r

acfdi'b ketoses

basl.c ketoses I .

keto-trloses

keto-Èetroses
I

..:. I

keto septoses

(3 carbons)

(4 carbons)

(7 earbons)

neutral aldoses

acf.df.c aldoses

basfc aldoees

atrdo-trf.oses

aldo-tetroses
't

t
I
I

aldo-septoses

(3 carbons)

(4 carbons)

(7 carbons)

Lqeeer-lee-et{-s-È-eËso-9LesþEÐt-ql-egqoi-esc-þerld-e-s.

Ieomerlsm and stereochenistry of sugars bave been studied

cneËurj,'. Because of the polyhydroxy nature of monosaccharlde

hence chfraL carbon atoms, måny stereo-l^somers are possiblg.

sf.nce the 19th

¡noLecuLes, and

Take

: -jì';a:"::r:ì--.^L'¡::î1¡:
' : i'i:,.: ;..¡lÌi.:¡:

.. i: . sr..irr:..r!ji. .:.i.;..
; '::i '1' 

-'

i"-'i'tsrl1'.
' ... ''.'.. '.-.''::?:'.'..''-.-'::! 1''
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for exarnple, an aldo-penÈose T,íhl-ch eonËains

The hfghest number of chlral carbon atofile =

B sÈereüísomers.

CHO

l*
}J COH

l*
HC OH

l*
HCOH

I

CHO

l*
HC OH

l*
HCOH

I

HCOH

I

I

I

HCC H

I

c HZOHcH2oi"i

D-ribose L-ribose

Ffgure: 2 Dfagram showf-ng hhe number of ehlral carbons on ân aldo-

pentosÊ tf D- and L- conffguraEions are dtstfngufshad'

5 carbon atoms fn the molecule.
,

3. Thus, there can be 2' or

CHO

I,"
HCOH

l*
HC OH

c t-lzoH

Ffgure:1.1 Dlagrarn of an aldo-pentose,sho'¿lng 3 chfral centres.
.,

Ntnnber of posslbJ-e stereo-f so¡r:ers = 23 = B,

If nre fLx one conflguratÍon of the penuleflùåÈe carbom atoil, anú name

ft as a D-suger, lts mirror f.mage can then be assfgned as the L-suger;

and che nwr¡ber of remaining chiral carbons on each noJ-ecirle ts 2" Tnus,

the nsrnber of s¿ereo*isoners for efÈher D- or L- serles reduces, to 22¡ Ê.g,

L:,:,

i:iì



of

To provLde a

stereoisomers

Table:

srffinar-)¡,

from each

3 Nrnber

Nr¡ober of carbon

atons

StereoÍsomers of
nonosaccharfdes

Stereo-fsouers for
D- or L- setles

3

4

5

6

7

2l=2
22-4
23-8
24-16

25-32

20= I

2L-2
22-4
23=8

24 *,'.16

For thenrodynotî1c reasons, ¡n¿rny sugare readÍly foru cyclLi

They nay forrn 5 or 6 ¡ne:nbered-rfngsr by cyclLzatlon iovolvlng a

:ì:

group and the earbonyl group on the molecule, e.¡¡.

nó HóH

f.somerg.

hydro:cyl

--s
.g'"'¿

ro
HloH

HCOH
I

t-lc oH

I

¡î-D-rübo-pyranose
f -ø-ttaæ
furanose

Ho Ho
cq-D-r{bo-
furanosecHZOH i;::::r

O-rlUore

Èhe follo¡+fng table g,ives the highest number

kfnd of s¡ugar.

of stereolsomers for uonosaccharLdes.

Scheme¡ I Cycllåatton of IÞrlbose Ín solvents, e.g. HrO



The for¡natlon of Èhe cyclle aceÈaL or keÈaL, leads to new chfral eetiÈree

(anomeric carbons)" .As a.,:r.esuLËe ,and f.nc,ludf.ng the'poselhftrluy .of.5 or 6

membered-rfngs, 4 more sEereo-ieomers are formed, each of which f.s Ln equf.-

lLbrlum wf.th eaeh other and Ëhe acycllc isomer. the equÍllbrium depends alEo

on a lot of excernal factors sueþ as teurperatüre; eolveat systen, pH, fonf.c

strength' and oxfdfzf.ng strength of the system, Thus', one would vfev¡,.;a mÐno*

saccharf.de f-n soLuÈfon as a dynanle and flesli¡le ¡ooLeeuLe capeble of ÈFans-

forrolng from one conffguraÈion to another wlth reLêÈive ease at, anrbÍent

ËerÁperature.

External acetals

of reaetion productsn.

are also possfble, wfth the forrnacion of a numürer

.i ...-

CHO

l

H COH H

HåoH {l
MõHö,H

HCOþI
l

c HzoH

Scheme:

()--

HO HO

e,g, Ð-rÍbose E¡lch

HO HO

tl rl_ij;'Ì,:. :.,:

i::rit:,taìil!.1"

FonnatLon of exÈernal eceÈals,

rnethanoUIICL.

e



âselv-gleal-eEe@
Carbohydrates, no matter how cornplex Ln strucÈure, eventtrally yleld

monosaccharldes as hyfrolysLe products. The analyÈical chernl'stry of earto-
t, 

tt 
tt'^ 

a'

hydrates 1s eseenttally : l) the LdenÈrftátron of "gub-uuLtarr (nonosaccha- r';::ri::

rides); 2) the specfal aequence delernfnatl.on of the bulldLng:-o-lock segueíce;

3)thebratc}ríngcheracterl'sÈf'csofthems1ecu1e;4)thespecl.a1structura1
. 

j 
..

aapecÈs of each nouoeacchatfde (confLguratlon) as lrell ae 5) the bLologtcelly :"',..'

actl.ve sitee. t'l*fonoeaccharldetf analyses aloue are coDstantly perforned

because of the ublqufÈous'nature of the augarso

Monosaccharldes, to a cher¡tst, represent hlghly polar moleculee¡

multl-functtonal, themo-lab1le as well ae veÈìf non-volatile. They are sub-

fect to bLologfcal-degradatlon durfn¡¡ aoalysfs. In addltlon to handl,Lng
;r'

problens, the etruetural and confÍguretfoaal. dl.fferenees bet¡¡eeq noleculeg ,

l

are extrenely s!.ight. A llypothetfcally fdeal nethod for sugar analysis should I

have the follstrfng characterlstLcs:- :

l) suffl.cl.ently hLgh resolutfon to separate sugar molecules

(fncludlng acycllc as lrell as cyclf.e anoners of 5 or 6 ¡nenbered-rlng sugar

Lsoners) frou each other,
. ...:...l- i:

' 2, the power to quantlfy each lndtwldual component of the sugar

ml.xture, . 
t..

g)I absotr¡te determinatlon of the unfque eonfLguratLon'and etrr¡ctural

f.nfomatlon of each component, and

4), a short analysls tftne, as weLl as ease of operatÍor¡.

Table 4 gLves a revfer¡ and coryarfson on the capabflLty of a varlety

of tnstrumental technfques.



Table 4 AnalytLcal capabf.lfties of a vanfety of Lnstrunental Èechniques.

Techrriques

TLC

PC

Lon-exchange
óhrornatography
HPLC

Solvent
extractfon
Crystallfaatfon

Dístl.llation

Coulonetric
tltration
Ion selectfve
electrode
Enzyme assay

Time

s

Separatlon

s

s

yes

yes

yes

yes

yes

yes

yes

I

I
I

s

L

ResoluÈion

1

poor

P

tle

g/exc.

p

p

frl f.

I

I
/

1

s

Sensf tf.vlty

I

t/8.

f.

r,ls

8/exc'

f

Plf

p lf'
f

t/s

tle
(csnt td)

s

SpeciffclÈy
(Sel-ectivltv)

flg

tls
tle
g/exc.

r/E

plf

Plf,

plf

€XC o

€XC.

ldentlficatlon

r'rli:, .: l
':r1r:. r I

:. lir,i :

P

p

p

(t
a¡

p

P

P

Plr

tls
g/exc.

:itl

f;
!¡
þl
ij
ll
l-l

¡
ll

t
l1

|l

il
ü
l{
4

Í
i
il
t
rl

B
lì

ii
ilt

f
lì

I

i
tl
lr
It

:ì

ll

Ctr¡antf.tation

' ;,:; !

P/f

p/ r.

P

g/exc.

p

P

pl f,

p

g

g

ir

ì;

iì

ii

$

f
F

I.r
I

,--L'

ii
ii:,i

ïri
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Tabie'4' (conerd)

Techniques

UV absorptlon
spectrophotometry
Fluorc¡¡neEry;,; &

¡rhosphurroneËry
IR & Ra¡nan
speclroscopy
t,lg

Nt"fi{

X'rey dlffractlon

ImmunoehenrfcaL
neËhods
G4:

Tlne SeparaÈion

è

S

s

Þ

Þ

L

L

o

i
/

/

t
I

/

/

yes

Resol-ution

¡\bbrevf aÈlons:

I

/

Í

/

I
Ì

/

SenslEívfty

E

o

É

exc.

t/e

g

g/exc.

g/exc.

i - long; s = short; p = pûor; f = fair; exc. = excel,lent; and I = rrot applicable.

UV = ulËra vfoleË, IR = lnfra-red , M.S. E någs specËronet1y, NMR =nucleer mêgneÈic

resonance, 6C:î Egqr çheome!98r,aÞ.þ1'TLC.-= Èhin láyer. chronarogrephy r pC o paper

ehron:atography end HPLC = hlgh perforuenace lfquid c-hronatography.

Spg,cf.ff.ç9-'fl!: ,

fselôctlvitv)
fls
t./ e

r/s

g

g/exc.

f

€XC ¡

8/exc.exc.

Ideneifieatfon

at

ot)

tla

g/exc.

Ê/exc.

g/exe.

g/exc.

.ir':

ri

ü
ti
l,i

H

fi
f,i

Fi

li
[t

tÌ

H
iii

ir
il{

fi
l::

ti
li

ir

l:ì
iil

il
H

i|ì

lll

i¡

ir¡

Ir

iii
iì

I

H

Ir
iil

il

ii
::i¡i
;,.ii'

áä

quantiÊatÍon

g/exe.

g/'ex¿.

f

o
b

F lt

P

8/exê,

gf exc;



With the above analytl.cal capabllitLes of each method Ln mfnd,

one f.s able to eeLect the coribinatlon oî. 2 o¡ 3 technlques lrhÍch ¡¡lves

good separatl.on, resolutlon, specf.ffclty, sensftlvf.ty, quant,lfLcatlon
j :' ,' .
i and ldenÈl.ff.catlon wfthin a reasonable analysls time perf.od. The com:- ;,'., .-

'bl.natlon of gas chronatography and mass speetrometry fn pârtÍcular offers

a hfghly couplernentary 6yste¡¡ whÍch nearly fulf1lls the crLterla mentloned

i .:-. r. r,. 
"Uove 

for goeid analysis of su[¡ar mlxture.
!, 

f.,r [l",'q a'arysJ 
i'..,,'-.,r.1'' at a . '

G-es--e!+s-e-eqelug!çÊ,L-sEeEls-EEx,
. 

i 
i:;,::t:::i i

,i I'Gas Phase AnalytLcal che¡nfstr¡/r', a term coined by E.C. Horzring (3), i'''¡'¡."':,''

;.

I 1s a ponerful analytlcal technlque f,or separatl.on, quantitation and ldentl.-

ff.catfon of cmponents fn a sauple nLxÈure. Most fnportânt analytf.cal pro-

ì sessea of the above-mentloned technfque occur 1n the Elaseous¡ phaee, hence i

r the naü¡e. In brLef, the "gas-phase analysl.s" consfste of I) sanple. pre-

I paratlon (concentratlonr enrfchlng, exÈractf.ng etc); 2) dertvatlzaÈfon 
i

f (biocklng of therually Labtle polar groups on each component; 3) separatLon l

' ln gae phase (gas chronatography); 4) quantitaÈlon by gas chromatographfc 
I

detectora and 5) ldentlflcatfon (gas chronatographfc retenËLon tlmes, mass ',

..,,., ,.,
':

: lnvolve the propertfes of sanples in gas phase. over recent. years, Ìre ',',,,',,.'-'

have wftnessed a relatl.veLy productive perl.od for gas phase analyees due to

advancee ln derf.vatfzatfon and GG/MS tnstrumentatlon (hfgt teüperature GC

i coluons, temperature progro¡plng, hfghly selectfve absorbents, hfgh presaure [:.:;'
l:::::r..!::,,.r.

techniques, autonatfon and hlgh speed data processlng), I¡tth the preaent day

technolo¡¡y Ín micro-processLng and control devlcesr gâe phase analysls

occupfes an lnportant posf.tf.on 1n noderrr analyÈf.ca1 cheuistr:y"



!¿:x!4+'¡¡zvdÈarirérrÊ
r:{1:ria¡rÈ:,:

c-Leqlsel.-{srlse.gåae.glqtr

Sample derívaËizaËLen ig 'f.requenliy aî. e.csential precess f.n gas

chrouäto€¡raphy because seiparaÈlon depends on parËitlon of gaseous sample

molecules betr¡een Èhe carrl-er phase (gas) and the f-iqufd soLvenc on ehe , , ,,,,,

column, Large or htghly po!.ar moLecuLes are ofÈen non-volafflel tfany

of these compounds e:rert a measurable voLatflåfy only at tewrperacures at,

, 
whLch they deeompos€. If sanpLe deconrposfÈlon occure lnsfde a GC sysÈem ti,:,,;,;,::,:,;,,

eppgn. 
, 

1:: ::t:

::'-r:it"__' _ I 
'

EnhaneenenÈ of volatfllty and preveutlon of asymmsÈ.rf.c ehrou,tto= i,:' ".

graphLc peake ca'¡n be achLeved by a derfvatJ-zaËion proees's tt¡ae blocks the
,

inter-uÐLecuLar bondlng of mulecules through polar gËoups" A coinprehensfve 
l

revie¡r ort chemf'ca3. derf¡¡atlzatlon r¡as recenÈLy gf-ven by J. Drozd . (t+)

å$:v-r-eçåeq
'.;

i

T-¡--r1*'isl1y!.aêlen (5"6¡\ f.s a popul*r derivatizaÈåon'¡eeÈhod fcr 1!¿¿.-¡tg!. lyVj ¡Ð t1 PrrI¡Er:#5'.:€:¡VÈ1L.róctL¿{J!,

po3.ar group p:tsieegion. The reactfon, orfglnaLLy lrrvestlgaÈed by C.C. ',

SweeLey proceeds as::

3ROII + (CH3)r-St-N(ÌI)*e1*(cHr)3--Þ 3 Ro-Sl-(cH3)3 * *r'

overÈheyeargFothertrfrrethy1sfl.y].ailonreågengs,so1venteysËerns'

and dif ferent dêril'atf,aactEn condftl.ons ¡¡'ave been devísed Èo achÍeve df f-: :,:.,,.::...-

ferent, goals ln preteeËing dffferent lablle groups.., The huge volu¡ae of

lLterature on trLmeÈhyl"sflylatfon bears wlEness Èo the trenendous success of

trfinethy1sl1ytaÈlononagreaÈvarf.etyofcompoundsforGCpurposes.

lo



Hoçqever, the quantÍtatlve and fast ÈrLmethyJ-sf,1yLae{on reacËl"on

has some disadvanËâges. the TMsl-samples;are oubject Èo hydrolysle, vrh*ch

causes handlfng and manJ.pulative problems (e:g" 1n TLC sample lsolat{cn) "

For GC el-uËf.ons, TMSi.-derivatives may have emaLl vo!-atlllty dlfferences

snd co-chromâ.tograph as a sÍngle peak. For stereo-lsomerfc TMSi-derfva*

tives, a hlgh resolution (as much ae 50,000:100,000 theoreti.eal platee)

tray be required for good separatlon, Maes speeeral fragmentatfon pateerns

for isomeËs a.re often very efmfler and may gf.ve very 1Íeele stereÐcheîtfcs,l

€Ðd . aËructuraÁ - lnf elmatlon.

ÞIlde varfeEfes of sf-l-yLatÍng reagenÈe have been developed Èo corn-

pLement tt!e. tËfrìåBehylsf1,ylaËion feagents,. Broad!"y speákfng, thç,. sflyl-aÈ-

ing agents can be dfv*ded into 3 types:-

1) atkyL d'irnethyLsflyl types' (RMerSf:), where R o hydrogen (7,8),

ethyl (9), propyl (9), aL1y1. (15,16), chloromeÈhyl (17-20),

bro-*emathyf , (lA rZL,22), f.odonreËhyl. (1.8,23), Èrlfluoropropyl

(24), heptafluoropenÈyL (24>, pentaflur:rcphenyl (24) t
I

2) ,t..rfalkVl-sllyl itrn* 
(R3S1-) where R = eÈhylr {-propyl, n-butyl

and ryhexyJ-;

3) sÈerfcaliy erowded trlalkylstlyS- (scTASf-) (26-2S): nanely"

tglt*butyldf.methyl sllyl (TBDI{Si) (10-15) (29-33), qlglq-Èetrå-

ne ËhyLene- !¿q-n rory 1si1y3- (TMIP S i ), gJ_gLQ.- t e Èrâ$e Èhylene- Èe'rt-

butyldlnethylstlyl (TlfrBSf) and diphery3.-ç.e-EË:butylsi1y1 (3a) .

i. r',:
i...', "

i:ii.i:.
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The halogen-conËaintng alkylsflyl groups are knoç¡n to enhance Ëh€

deÈectfon i-fmft of derivaEi-zed,safipX.es ff eleeÈron-capÈBre GC detecÊrrs are

trsed. It(CH3)2Sf derlvatfves have shorter r@teîËfon tfunes than those of

the TMSi-ethers; lrhereas !f longer reÈenÈlon tfmes are Recessary, other

Ërfa}kylsf.Lylaetng reagÈr¡ts ean be employed.f.n plaee of T¡'ÍS1CL" Trfalkyl-

silyl' groups are also more se1eetl.ve toçrards blockfng of poLar groups of
--:.....

',. dlfferent sËerf.c envlroments. Phenyl group contafnf.ng sflyL eËhèrs ãre . .-:.;::,.,--:-.--i'.,-,
: tr :j: ì r:r.:,

i valuable fn IIiI specÈrophotometrLc analysf.s of polyglycol dertvaÊf,ves. as rsell
': as nt¡cl,eotlde eSretheses (34).

In a search for stable slLyt eÊhers of prosËaglandlns fn synÈhêsis,

E.J. Corey eg. el (29) reaeted the sflylatlng re€igezrË terË-butyldtnreehyl-^

silyl chl-orfdeo and lmLclazoLe in NrN-df.inethyl f,orr+amlde wlth the trydror*y.3.

groups of proeËagl-andlns" ,The derfv¿ti.zation r+ae founC to proceed, under

very uLLd condi,eicns". Sel.ectfvfÈy towarcls -OFi groups r,ras enhaneed as eoiÊ*

, pared with îÏlSf-grÐupÉ. Stable TBDMSi-prostagl^aniiåns whieh were resfsÊant

to hydrogeno!.yais, 'aiid oxldatlon, reductLon, ecfd and base hydrolysfs,

nere forrred. ALso, they were cryeeallfne compounds &¡Íth sharp rnel"ef.ng

:

,. notnËs. The efl-yl [4toups can also be cleaved se.Lectively Ln teÈrahydro-

:, furan ç¡*th teÈre-n-butyl amronlur¡ fluorLde or ln acfdlc nedf.ai

Fur.thefmore, Ogllv1e (30), uof.ng seleeÈfve derlvaÈfaation, r¡as abLe

to bloek cerÈaín groups on rLbose and 2-deoxyrf.bose mofeÈfes of nuclao-

sldes for nucleotfde synthesis"

b) Stlylatl.on with SCTASi reågents:

L2
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.{s more hfghly selecËlve blocklng agente were requlred, efLyl-

groups wtÈh dffferenc eÈerfcally croøded envlro¡aents around the sÍlleou

aÈom tüere prepared, They generaLly fall lnto the follo*,¡fng struetural

category:

where R = lqo:propyl, tert-buÈyl

X = meEhylr þo¡propyl
(2X) = gelo-tetremethylene

Therep1acenÊnt'ofmethy1gËoupbyabu1kfera1ky1.group(e.g'L-

buÈyl or i-propyL) on a sL}fcon aÊorn draseleally reduces the hydrolysfs ten-

dency c¡f the sil-icon-olrygen ether boncl, anðyeÈ retafns 
"*orrgh 

voLaÈf.1lty

of ehe derlvatfve for GC anelysÍ-s, ,

:

Qufl.l-tarn e-E Ê1_ (36), ernployfng SCTASi-derLvaÈIzaÈfon on nucleosÍ-des i

andsËerofdsha.vefoundeheproÈecceclnro]-eeu1esexhtb1egood.'¡¡asphase
I

enalys!.s" eherasÈerisËåes : -

1) The derÍvatlzaÈlon f.s fast, sluple, wf.th quantfËaE{ve yield'and 
:,,,1',,.,.

reacEfoÊ goes to conrpLetfon under mfld condLtíons. ."
i. ;,: -:.
:' ::':: _'2) SCTASi-prodr¡ets are usually stabl.e, and are amenabtre Èo d{recÈi .;:-:.:

chrc'meEograPhlc analYsls'

3) ,.'Gas,,chr,ûrû¿¡rographfe and ¡nass spectral propertfes of derfvatized

stereolgonc!trs were irnproved conpared to TllSí-derlvatlves Ln the i-,,.,,,¡:.ÌìLl-ii

ease of sterofds and nucleosl.des'

': ":

Xl
I

R_.Si-_
Ixj
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The foll-owing figure shows the most corunonly used SCTASÍ groups:-

Structure Protectfng group Abbrevfatl,on

II si ____rr

Y

-si----t
Y

>_ si __---

t,
Y

/a/
\rs¡---

o=,

o
/

te_r t-b uÈyldfne thy lst lyI

ne thy 1- d 1- l"_o:propy ls t ly 1

t r1- f_s_ojp ropyl s i Iyl

gfc_lo:tetramethylene-

tert-butylsÍlyL

c¿g!o-- t e trame Èhy 1 en e-

l=_fpropylsflyl

dl-phenyl-tert-butylsllyl

rrJusr-

t'fDIPSl-

lrPSt-

TMIPSf-

1!tr8s1-

DPTBSI-

Ffgure: 3



9aq.¿L*e-e-esel¿ËLecl-gLeelqgEr.-sf .-earLel¿{rege-g

Gas chromatography of carbohydrates was flrst perforned fn the forn

of nethylated monosacchartdea by A.G. Mclnnes and colleagues fn 1958 (37).

- SÍnce ttren, nery che¡nlcal derfvatlzaÈ1on netbods have been trLed on carbo-

hydrate samples Ln GC aeparatloff¡. The reaL breakthrough came abouÈ fn

1963 ¡¡hen C.C. Sreeley and co-¡rorkers (38) gas-ehromatographed trlnethyl- i

aflyl derivatl.ves of sugars. The stlilated sugare !¡hf.ch lrere fomed fn

quentf.tatlve ylelds possesaed good 'chronatographic behavtor and had good

Beparatlon propertLes on df.fferent GC coh¡mns. Subsequently, trûûêthyl-

sllylatlon becane the mosË popular ttprotectint'' procedure for saceharfdee, 
i

: complex molecules. '

c-es-¿Lese-esel¿slå-ls-ge:b-Éï,{:ele-s-L:gg,tr¡Ëe-={glgrrlggtlgt

Structure analysLs of 'carbohydrates Lncludes Ldentl.flcatlon of monomers

as r¡ell as Eequencf.ng and rbranchl.ng" of sub-unl.ts. A complete study of

a conplex carbohydrate structure fs very lnvolved and conplleated; and Lt

demands the nost from analytlcal cìe¡nf.stsi " It nay require Bany extra tech-

niques such as NI,íR. IR, X-ray crystallography, eÈc. Howecer, GC/MS has

beco¡ne the most popular technique for carbohydrate chenÍsts fn tems of

versatLlf.ty and reproduelå1llty. One of the many general schenes for car-

. bohydrate structure analysie ls given as follo¡ls:-

t5
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F'ron all the posslble {nformatíon gathered from varlous seeps'

the structure and sequence of tlre üononers of the orÍgÍnal moLeculq

can be def.e¡mlned. (Scherne 3)

I{hereas complex carbohyrlraËes u6ua11y go through the ,outLi.rre<l
i

echeren :il-rnpJ-e urolecuLes 1n a sugar mlxture can be directS.y derfvatized

and chronarographed.' The usual r,o!.atfle derfvatfves of monosaccharfdes

åre: 1) rrlmethylsllyl derlvatlves; 2) acetates; 3) mettryl eÊhers; 4)

butaneboronates; 5) ttffl"uorcacetätes; 6) benzcäles; ?) berisyi eehers;

S) Ëo1-uene-p-sulfonatee and 9) propyl"ldene acetaie. lab.ie 5 showe the

"protected" deE{vatfves as ÌdelI âs the ccrurcn ciesivatÍzing teagenËs

for sugars.

. Some derfvatf.ves of neutraL ketoses and, al-doses present 2 maJor

eer*plLcatlans uçron GC analysís. ['Íretly, the ç¿e]-!--knov¡n nultfpla-peek

fotmatfon fn the chr<inatogra¡e for derlvatfves from one sugar. .Secondlyt

each Beak, e\ren çrhen ç'e1L-¡cesolved, 1s very nnuch sXmdlar to the other

dl¿stereoüle s sËrueturally that labsol-ute lde$tlflcatf.on (e.g. n&ss spec-

tronetry) 1s dlfffcuLt. SíJ-y&atfon and !ûettrylatlon are kaown to cause

such proplems. (39)

One way to reüove the troubJ.esoue enonerÍc carbon centre ls to

cûnvert the carbonyJ. group fnto an oxl.me (38), a nlËrile (39) ' a lae-

tone (41) or an aldftoL by reduetfon.
l'ìi-:,::.
i:,::...i'
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Table 5 DerLvatl-ves fron different protecting groupe.

.,rl

,:,,I1.::'':r -:.

Reagents Derl,vatfves ProÈected groupg

trftnethylsl.þ1--
Lnidazole
(ÎMS1-In)

àcêúl,c'asirb5¡drtde

N-(trlfluoroacetyl)-
fnf.dazole

n-ost(Me)¡
trLneÈhylsilyl ether

n-f;-o-s1(ue),

triruethylsllyl ester

n-{-s1(ue).
H

N-trlmethylsflyl æ1ne

Rr-N_-S1(Ue)3

N- trtmethylsllyl a¡¡fne

R-N-Si.(Me) 
^3r{u.), r

N, N-dL-trtnethylsllyl anlne

R-o-8-cH3

acetaÈe

R-Nrr-ç-cH"
OJ

acetamLde

*r_¡¡rr;$_CH1
0

aceta¡nfde

R-O-ç-CF1
o

trifluoroacetaÈe

RNH-C-CF^
ö5

trifluoroacetauide

-oR

-E*n

-NE2

. N-Rtt

-NH2

-oH

-NH¿

-NRt'-H

-oH

-NH2

i .':: t r'r 'ì
i:t:rr': :: l
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Table 5 (contrd)

Rea¡¡ents Derlvatlves Protected groupg

methaûeboronlc acld

nethyl lodtde/olfF

benzoyl chlorfde

o-r¡eÈhyl hydroryF
oxime,

acetone/Bf

ú*

cyclf.c alkyl boronate
t, /

R-O-He
nethyl ether

ol
,t

R-o-c-c-B----6*6
.:., benzoate

R-C-H
ii-0u.,

Rr_ç_R"
N-OHe

O-nethyl oxiDê

1,2 cls aror anal

1,3 cf.s dlol ì

i

-oH

-oH

-co

jJo

dlol
: .i r:! :..
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Reagent grade N,N-dfnechyl- formamfde (DMF) tùas refluxed over

calclurn hydrlde, follor¡ed by distillatlon. The I'centre eutrt of the

distllLace was s.tored over Linde molecular sl-eves in a glass conÈaLner.

"sllylatfor¡ grâder' ÐuF was also obtained from.Pierce CheanLcal, Conçany,

(Rockforcl, Ill"). Reagent grade pyrldine (fvn¡ s¡as di.stilled fron p-

toluenesulfonyl chlorLde, redfstflled fron calclum hydqlde, followed

by storage ovetr Llnde molecular. sieves. Teerahydrofuran (fiff¡ r¡as firsÈ

eluted Ëhrough an aetlvated alumina columc and then refluxed wlËh por,r.-

dered lLthltnn alumf.nunn hydrlde, Lü.1"H4" This distl-llaee lras sËored

and protected from light. Both PYR and TFI!' r,,ere also purchásed fn the

forrn of "silylation grad,e".,rro* Pl.eree ChetnícaL Co.

D-2-d.eoxyrfbose, D-ribose, D-xy1ose, Ð-ga3.actose, D-¡¡lucose, D-

:e purchesed frorn SIGMA

Chenlcal Company (St. Loufs" Hissouri). They were all "SIGTIA Grade".

Á,LL sugars were used çlÈhout further purlflce*ÈÍon, and r,¡ere stored at

4"C fnside a vacuum. deasf.caËor wlth phosphorus pentorlde as drying agenÈ.

Benzyl alcohoL (Certlfled. Grade) r+as obtalned from Ffsher ScLentffie

Company (Fafr Lawn, New Jersey). It was re-disglLleri aÈ 2050C before

use ín the synthesis of p-D-benzyl-ribofuranosLde. ïmid.azoLe Þras pu:-

chased frcm EasËnan. Kodak Company (Rochestet:, Ner,r York)" N-alkanes

(n-CrO-n-cOO) were purchaoed fron Applfed. Scf.ence Labs (Staee. College,

PennsylvanLa). Ðeeafluorotriphenylphosphfne v¡as obtalned frorn PCR Inc.

(Gatns',,f11e, Florida) " Pyrene, triphênylene and Ërfphenylbenzene were

ktndiy provlCed by Èf.4. Quit-liam.

i:iìr:; ì ¡i:



The reagents, N-trfuneÈhylstlyL funfdazoLe (tusiln), Trl-siL z (L"Ztq.

TMSIIn fn PYR), bÍs-trf.rnethylstlyLtrf^f]-uoroactamfrle (vfÈh 1% trftnethyl-

sllylchlortde) (BSTFA), acetylimf.dazc¡le (AcIm), trlfl-uoroacetylimtdazale 
:,

(ÎFA,Im), and trlfl-uoroacetLc anhydrfde (TFAA) were purehased frora Pleree ,,,',

ChemLcal Comp.any (Rockford, ILL.). Reagent grade acetf.c anhydrf.de (AcAnh)

r'ras dlsti.Lted from phËhaI1c anhydrfde,, and stored fn the darlc before use,

le-r-g-Butyl-diurethyl-chLorosflane (TBDllStcL) n.p , LZL-It|' c *"u pre* .',1i,

pared accordfng to the naÈhod of Sornmer and Tayl-or :(42); ÍÈ vras also ,'
i,- ', '

purchased from l,fillow Brooks Labs (Waukesha, Wisconsfn) " gy_clo-Tetra- i:1'::

uethyl-ene-1so-propylchlorosllane (TMIFS1CI) b.p. L65-L75" C. , and. Ê/_e_Lo_:

ÈetranethyleRe-tert-buÈy1:chlorosllane (Tt'fTBSiCl), b.p. 182-184"C, were

prepared by reacting ls-o--propyLllthiurn ane! fqr-t-buÈyllithiu¡n (Alpha 
l

Productsr VenÈróq Corp.; Danversr lfass.), respectively, under N, wtCh 
,

,freshly diettl]-ed, c¿c-lq-tetraïieÈhylenedf.ehl.orcsf.lane (PCR fnc., Gafnes- 
I

vf1-1-e, Florida), b.p. 138-139oC, dl""ol-ved fn penÈane contalnLng I0Z

THF, foLlowed by fractlo:¡al distlll-aËion. The TMIPSiCI and Tl'lTBStCl i

so prepared,, vrere glfË frorn M*4. OuiLLfem, \ 
l

synthesis or É-J:-u-eg?y-L:flqo-iq:eqo-e..æg '"i

þ -O-benzylrÍþofuranoside !{as prepared accordfng to the nethod of ,,',,
t'

R. Barker (4:¡. ?he preparaElon was performed as follor^¡s:-

5 gm of D-rlbose was dissoLved 1n 150 nrl.. of beneyl al-cohol con-

Èaf.nlng Li| of. HCl. The solutlon v¡as Left overntghr (ì6 hrs.)and proËecced fiom, ii
i'.':t ':

Lfght. The reacÈfon mixture t¡as neutrallzed vÍth sodlum bfcarbonate;
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sodlum chlorf.de so preclpl.tated nas fllËered. The resldual benzyl \
alcohol was df.etLlLed off under,vacuurn. To the resultf.ng product,

ethyl acetate was added. The solutÍon was fLltered and þ-t-benzyl ribo*t-
': furanoside lras concentraced Ln a rotary evaporator. Àfter two reclys-

talllzatÍons fror! ethyl aceÈate, the crystalll.ne f -VA.llryL ribofurano-

sf.de nas used ln GC.derlvatf.zatf.on aud anatrysLs. Yield - 477 and rû.p.

',i - 94-95oC.

L*pqtegloJ,-el-eseU.Èlgel-Èer!'¿eE!'¿e-s-

All derivatfzatf.ons nere carrf.ed out f.n dry "Reactl.-vla1s'r (rypl-

cally 0.3 ml. acre¡ù-top, teflon-tr1ned-septun capped borosflfcate glass

I vlats) putehased fro¡¡ Pf.erce Cheuf.cal Co. If reactfon ÈemperaÈures other

i than a¡¡blent lrere required, the vl.als couLd snugly ff.È into holes fo an

i : elecÈrlcally heated aluntnü¡¡ block. Derlvàtlzatlons Ìrere carrl.ed out
Ì

f wÍth the follorring sllylatlng reagents:-

, A - lM SCTASfCI and 2M luldazole 1n DlfF

i U = , !t scTAslcl and 2M tnldazole fn PYR

l, C- 3; Tr1-S tL- Z:,(l'.2 U' TlfSi j,I¡¡ 1o PYR)

: D .* I.2 M TBDUSI.IU IN PYR

tels-lUleglo:,

Two ¡aethods of persf.iylatlon were used:- -,'i

..:

f) 20 mÍcronoLes of sr¡bstrate was wel.ghed Lnto a vial; excess sllylatf.ng

rrrrf {n ¡11 et t .: ::: 
:'1::. reagents lrere put fn all at the eaue tf,me¡ and r,,c,.;:,

2) 20 micro¡noles of substrate was flrsÈ df.seolved ln a suitable solvent;

sflylatfng reagents r.tere added fn after 24 hours. '
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the reagent/eubstrate ratLo was kept at 10 to l. VLals r¡ere shaken\
rnanually for 5 Elnutes after they were nlxed to ensure a homogeneous re-

actl.on mÍxture.

lcr-glat-lllzlesls
Substrates (20 mLcromles) were treated w1Èh sf,lylation reàgent/

aubatrate ratfos of l: l, 2zl, 3:1, 4:1 etc. accordf.n¡¡ to the nuuber of

I'jhlocked" hydro:<yl groups deeÍred for the sftylated gubstrate.

{$e{-{erlsellsÊËtor.

ParËlally derÍvatLzed compounds rüere furËher derlvatlzed usf.ng rnore

powerful reagents. Uauallyr lrf-S1l Z, IFAIn and AcIn were used as "secondrt

protecting reagents, because thelr actfon has been proven to be "fast".
Excess reegenta ùere used to ensure t'complete" blocklng of altr polar

groups before aualysLs, :::

I l:"i .

- -1.1]r'f*;
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ftio dlfferent instrtnenÈs were used ln the study, The first one lras a

trenlett-Packard 57114 fsothenoal gas chron4tograph equipped ¡d.th a dual

flane Lonizatfon detector (tr.ID)i class fnaerts were eryloyed to llne the

off-colmn lnJector, block aud also the detector, which rùere kept at ZSf C

and 300"C respectlvely. G!.aes colur*ns A and B. (ln x 2m ID) were packed
., ,1. _

.wf.tlr 102 OV-I, a¡rd,rlOZ...öV*t7l 'respective$;i'¡m'80ll0O:'nesU cae Ctrrárn Q.'-....''''''.'.'''-'
Cofuur c was ¡¡!.ass (3.75a x 2.4m ID) packed wlth 1OZ oV-l o'n 801100 meeh

i Gas Chron Q. Nltrogen carrfer gag flovr rateg neËe n¿f.ntal.ned at 30 mUnLn,

the oven lras operated Lsothermally at temperatures which gave convenienË

retenttoû tlües. Coh¡mns were rouËfnely de-actLvated by lnJecÈf.on of.

Stlyl-8 (Plerce Chenlcal Co,). Also prfor to pecklng the-columns, Èhe

glase tubLng wae treated wtth 5Z dlnethyldLchlorosiLane/toluene, washed

wlth methanol, and dried. There war' a splftter arrangenent before the

detector. 2O74 of an åffl,rent peak ¡¡as channelled to tbe EID çrhlle the
.'.'..-'.'''

ottt.o 802 was allo¡ed to emerge thtough a collector¡ port. Detalled construc-

tLon of the detector/collector/splltter arrangement has been decrlbed by

,Qu1llla¡n (44); EffluenÈ fron a ctrromatographic column eould be condensed

onto the Lnner walls of a glass capLllary tube (UL6" OD x 0.01" fD) fn-

serted lnto the co!.lector porÈ.

The second Ínstrunent lras a Varlan 1700 gas chronatograph equlpped

wlth a FID and lnterfaced to a Flnnf.gan 1015 RF-quadrupoLe mass apectro*

meter. The g|qs_s-L1ned loJector port and (FID + separaÈor) were

kept aÈ 225o c and 25dC, respectively. Coh¡m¡ D (10%r:ov-1, dimenslon"l

and materfals ldentlcal Ëo coluür A) ¡¡as operated ¡rf.th He carrler gas flow .*

l :.jt::i:'i i

i'.,:'..i:i i.

l, .. .:,,.'.,
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aË 40 nl/rn1n. The Varlan model could be temperåÈure-prograrhed, and al-so

allowed cC/FIÐr/l'{S operation

The I'eolvenc r¡ash" technique ¡{as eupLoyed for sarnple fntroducEf.on

lnco the GC. A t'plug" of solvent s¡as ftrst drawn fnto the barrel of a 10

741 
Hanilton glass eyrlnge, follos¡ed by a smaLl volume of air, and then the

sæpLe mLxture. The samp.Le wâs flushed r+ith solvent onto the column thraugh

' "n lnJecËör porÈ aep.tun, ¡.',.,'',:;-¡
I j:.j ì1

The KovaÈsr Lsotherüal retention fndex (I) sysÈem was ernployed to

record GC retentfon values. A specf.al Hevtett-Packard 91004 caleuLaLar :: 
"::

prograu! enabLerl the conversfon of GC retentLÕn tlmes fnto Kovarst fndf.eesn

agafust the reteneLon times of a homcLogous serfss of n*aLkanes co-lnJocted. 
:

wlth the earnple. Separatfon facÈors (retentien ÈÍme râr'tÐs) of Lscneråc. 
i

derlvaEfves r¡ere alsc calculaÈed for closely eluÊed peaks, 
l

EachGCpee.kwascheck.edforposelb}e.fsomerfeconverslonanddecornpi:l.-

I sf.tfor¡ on the coLur¿n by re-ehronaÈograptring the eltrted peak and observlng

any changes Ln retenÈlon ,Èlmes. :

gueqÇtte.ql,¿c-9g,
.' 

t.' 
,t'

a ,. .

Peak arees of a gas chrornatogram were uteasured by the. nett¡od of .,:':'':";ri:¡

"Height x WtdËh aÈ lial-f-hefght". Normal chrematographf.c peaks ofcen appro-

xf¡nate a Èriangle, and the area can be cal.culated by the ÊrLangle foiruula.
.t1...t . ; .tì:,.:

I A*H*tor7r, whereAoatreaof thepe.ako H=helghtof the neakandllrr, l:,t,,.i-i.,' Ll¿'

= wldih of peak aÈ half-hef.ghÈ" The nethod f,nvolves; 1) drarafng of rhe

baseLfne; 2) determfng the hefght; and, 3) meastrrfng the hefght and the ç¡ldth

a.t half helghe. For overlapplng peaks, the oirËl-fnes of each peak were

exË.rapolated for the measuremÉnl of peak are&a, .,.:., ;



2) Conversl.on of GC stgnals to co¡ûposltlons of samples:

The nethod of !'area nornallzatl-onrr was used to calculate the coupo-

sf.tlon of fsonerlc or anomerf.c derlvative mlxtures, because all coûpoûents

had the sane reaponse to the FrD. The percentage of x (a couponent tn a

sanple) fs celcuLated by,

l00Ax 100Ax
I of X'o ta:

fro,
where A_ æ erea of peak X,x
X, Y and Z ate three coüpoûents Ln the mlxture,

and A' s area of a component peak ÍJ

It ehould be noted that all coryonents should be totally free fron
.l.

I çoLuur adsor¡ptl.on¡as well'as decouposÍtlon.

nal standard[ meÈhod was used,

Several solutlons containlng the sane amount of a standard and

vatTLng amounts of the cæponent of interest lrere prepared- After chrona-

tographfng and obtainfng peak areas, a callbratl.on curve was obtalned by

plottfng Al!.k veraua amount of componenÈ lnjected.

Ax +A +Ay2



A = peak area of. a cooponent,

A-, o peak area of lnterual standard,

X, Y, .dnd Z are sanples under sÈudy.

.;;.:
The ratloe of slopes on the plot glve relatlve molar response behreen

co¡nponentg!'fA!gln.un1tgofconcentraÈfonfn¡oo1es/1f.tre....'

Indf.vidual coraponents óf a rl*t,rre can be qùantltated fron at " ".iiUrr-
-'.jtlon graph-

.." ì.ri..;:....- , ....
._ i.':.,.4-::r.-:.. -. ..:.

ì : ':.
i ,r':i.
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Mass ,s3e_ggEo_ge_Ë,ÐL

All ¡oass spectral data were obtalned from a FfnnLgan 1015 RF-quadru-

pole mass spectroneter. GC eJuates !¡ere collected ln glass capllLary tubes

and lntroduced ÍnÈo the nass spectromeËer wfth a soll.d probe inlet. Alte¡¡.

natively, cc/MS was performed on samples through the varian GC/Ftnnlgan HS

system. The fonLzatf-on cha¡iber was kept at 200"C and fonl.zatfon energty

was 70 eV. The lnstrument ltas tuned to rtunlt resolutfont' (44) whf.ch wae

very close to the arragnement proposed by Elchelbergêr (45).

Due to the transrnissfon characÈerlsÈÍcs of the quadrupole masls aDÊ-

lyser (46>, correctLon for mass dfscrLnfnatf.on was made by nultlplyfng

the f'ntensfty of each ion by lts mass before the spectrum lras normalLzed,.

For each mass spectrr¡m, the follo¡slng proced,ure was employed:-

The hefght of each Lon r¡l.th nlz),50 r¡as measured manually, and

the values kelz-punched Lnto lBM-compuÈer cards. A computer program, after
Lfn (47) r autonatically performed mass-dlscrf.srLnatf.on compensatf.on and

mass peak nonulizaÈLon. The resultlng plot (relatLve abundance versus

each mlz value) ¡¡as also produced by the IBM computer.
i.' :_:':

i:,!
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T-è-^J..^ Þ¡ ^-!¡r LÀ vuuL Llvt¡

The separaÈion and analysf.s of sugars ln bloLogical sanplee cal!. for

nany dlfferent chronatographic technfques- EstablLshed methods f.nclude:

paper chromatography (48); thin layer ehromatograph¡r (49); ion-exchange

chronatography (50); end recently, htgh perfonlance ltquld ehrornacography

(EPtC) whlch rnEkes use of different separaÈf'on,princlples: adso4tlon:

sfze exclusfon and partltf.on (norual aod reverse phase) phenomena (5L',52,

53). IIBLC has the advantages of htgh resolutfon and reproduclbLe results; Iji::
and fs steadiLy repLaci,ng some of the above-mentioned low-resolutlon Èech-

nlques. A conplementary and yet powerful nethod for sugar analysls 1s

þaschrona.tographybywhtrehonecanquant1fya1argenr¡mberofconponenÈs

in a sample during one operation or "Ëuntt.

The appltcatfon of gas chronatography to sugar analysf.s fs not ¡rlËh-
.:

-' ''i
out probl€irso A maJor one ts that many monosaccharides give rLse to ¡¡ultl- 

L

p!-e peaks, These anomeric and lso¡nerLc sugar peaks tend to overlap each

other and sometfnes ÍdentLffcatfon of lnd{vldual peaks can be laborl.ous,

Other fnvestigators have trfed to reduce thfe dfff,lculty by detiüarÍzåE¿on .,-,,,,

of the anomerlc earbon atom., Conversfon of sugars tnto atructures such

as aldf.tols,(54)' rnethyl oxfnes (55), lactones (41) and aldono-nLtrtles (40)

rtas atteryted so as to atnpltfy derf.vatfzaË1on and gas ehromatographl.c

operatl.ons.

29



30

:{¿æç*æiÊi{ç{";:-¡i1+J:i

In recent years, nesr Ëypes of derivatlve, SCTASÍ ethersu have been

founç{ Ëo be applfcab'l-e Èo sÈerolds and nucleosLdes fn both qual-ftatlve as

we].l- as quanËftative GC analysee (3e¡. It Eras also shor¡n that SCTASÍ-

ethers do have cerËain advantages over the moietrlrê*senslsfve Tl4Sl-eËhers.

In order to exÈend che anaLyËleaL usefulness of SCTASf-ethers to other

types of blologfcal-Iy finportant nolecules, the present, fnvest,fgaËf.on was

undertaken- The nrain objeccfve of thLs sÈudy, hm+evetr, was to expLore the

cC/ÈfS propertfes of fulIy and patqi.aI"ly. SCTASllyt aeed su€îârË and related

compounds so thaE cqnditfone for quantitatfve analysfs couLd he der,'eloped.

&eleqtåo-g

Retentlon intlfces Ln ctrfs study are reporÈecL aecordlng ter the

Kôvatsf systeu (57). Briefly, Il , r¡hfch denoËes KoveÈst re.tenefon fndex

aË a oC and on Ll.quid, sÈatlona:y phase, b" cêF be defizied ac,

1oÍr t' , (") - log t'" (N)^,r: -:- iÛÛ(i{) = É------
D

log trr(N+.Z)- lo8 t', 
.n"¡

i

;

rvhere ìtr = n':srl¡er of carbcÐ; ðts(-ai'Ès ef ,en ev¿:r-nurfier-carbon n*alkane staudard, 
i

i

8t"(s;*ad.j'u. ¡ed retrzqEf¡:n tl.¡re for sainpJ..êrs..i :.. 
. 

.,,, 
;

ø3 ' : : :

" 'r(N) = sfiust,¿rl l:ef:entiori'8lne fnr n-al.itatie, N;

ttrqtt+2¡ = arlju.sLed retention tLn.e f.ot an n-allçane wl-tl¡ 
'l-l-2

carbo¡t aEons;

and 1-og t'r(il)4 1-og tt*(*)( rog t'r(ir+2).
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Sfnce log tr'o< I or N; ff can be obtaf.ned fro¡o a lLnear plot of
i-

1og trr(N) vs. N by lntetpolatfon. usually, the value "f { for a somple

1s more accurately deternlned fron euch a calibratlon gtaph than froa the

above equatlon. the Kovatgt reÈentlon Índex (fertL.r;1) was found to be

relatively reproducfble and free fiø operattnfco¡rdltl.on dLffereircea atr)ng

laboraÈorles. Also; physical (58) ar¡d structural' properÈles (59) of separated

e4p1ecoupoirenÈseou1dbe.corre1atedwl.threspecttothelrKovatglin-

dlces. the analogous programqed-tetrperstt¡re nethylene untt (!tU) lnûfces

(I+ f00Ìltt) have been used previous-ly for varfous compounds lncludtag TMSi-

derivatlves of sugats (60) o

c_c__sy_gËeg

i
All GC ana!.yses Írere carrfed out on col¡nrrs packed ¡¡tth 102 OV-!,

ì

(a non-polar nethyl slllcode Liquid phase), coated onto Gaa Chro¡¡ Q sup-

port. AË OV-17 lfquid phase coh¡mn was used fnltlally 1n dhe study; buÈ

was found to be unable to gfve reasonable ísonerfc separaÈi.on for lBDMSl-

sugar anomers due to Lo¡r nr¡nber of theoretLcal plates (around 750 to 11000),

oV-17 naa not pursued furÈher ln thie study.¡tltt¡tr¡ Àt¡¡L¡rEÁ rtl Ll¡¿Ð ÞLssJ. 
: I .,:., 

_ 
-.

, OV-l Ls able to wÍthstand hfgh tenperatures (up to 300"-Ç)11¡one

SCTASl-eugafs, whl.ch may contail tp to 5 slly1 groups per molecule1 were

eluted around I - 3000. Other Uquld phase columns guch as EGS (etþlene-

glycolsuccinate) and phenyl sl.lcones, though useful for TMSi.-derlvatives,

are not etable enough at high tenPerature for SCTASf-sugar analysls.

It must be noted that 102 lfqutd phase colurnns are only "se¡ni-

analytlcal" to euLt thls proJect where both GC analysls as well as peak

collectlon for mass spectronetry ltere requfred. The typlcaL numbers of i
¡

. att

..-::'?
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of theoretical plates for columns used in this stutfy wene estÍmated to be

about 1,000 Eo 2,000, dependlng on Lndívidual eamples.

åo-LgetL-"J-sËee

Both NrN-dlrnethyl formaml-de (DMf) and pyridine (PYR) are exce!.IenÊ

solvenËs as r.yell as reactfon media for silyl-atlon of polyhydrcxy co¡noounds" ,

l{hile pyrldf.ne was not recommended for !.or+-Èemperature GC (belo¡¿ 200 C), '

because of fts "talling" ebaracterLsËLc, nonetheLess fË has great sol-r¡bfll-
'j

zl.ngpowerforcarbohydraÈesaswe].lasforthederlvaffzedproducÈ*-IË'

f.s aLso a,hydrogen chtr-orf.de receptor ln organochlcrosílane ræacif*n*.In Èhls

sËudy, due co the buLkinass of SCTASI- groups and the polyhydrolry nature of

sugars, GC.r'¡as necessarfly earrLe.d out at rnueh h{gher Lempn"ragures, aE

whfch the pyridlne "Èaill' no longer obecul:ed sarnpl-e peaks (61) '
NrN-dfuethyLforr¿sarlde suffered one dlsadvanÈage: a bfptra.*Í.c reacÈion

oLxture was formed when si!.ylatfon was conEamlnated eve¡r r*ith only a tråce

of mofsture. The upper J-ayer was found Ëo consisi tí mêinfy di-gqçq-

butylterrameshyi-dís!.1-cïane Ln whLch stlylaÈed conpounds are htghLy soluble,

.Analogous produats ruere formed r¿ben ELIis (62) perforørqd trlnethyLaflyla-

tl.on {rf.th DMF as solvent¡ The structure of df-gqçg-buryleetramethyldiet}o-:,-:i:

xane Ls shown as foll"ows:-

' I lr

- | Si-o-sirrl



oto 50 C for 24 hrs.
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The Ldentfty of dl-¡ert-butyJ-tetrarnethyldisÍloxane was esÈablfshed

¡¡hen a tempeEäture-programeci GC ruil e/as performed on the upper reaetion-

layer (flgure 4a), and the GC peak subsequently analyeed by mass spectro-

metry (ffgure 4b).

It was shor¿a by G.C. Sweeley (28) Èhat when crystalline monosaccha*

rides nere trlmethylsllylated, the raÈe of reacts:ton l¡as fast conr¡rared

wtth Euta*roüeÊto$; hence essentlalty one derlvaÈtzed product lras forred

for each auger. On the other hand, when r¡onosaccharl.des were firet dis-

solved and refluxed and alloned to equf.llbrate ln pyrfdÍne, peaks cor.res-

pondlng to the Lsonerfci proportfons lrere obtained 1n the gas ehronatogra$*

Ttre derlvatizatÍons of monosaccharldes lrere thus carrfed out ln 2 ways:-

l) Crystalllne sugars lrere reacËed nfth sf.lylating reagents

dLrectly;or
;i

2) Grystalline st¡gars r¡ere df.ssolved and heated

before second,., derÅvatlzatlonii
i

Reaction producte were anatysed at varf.ous tlne f.ntervals lmtll

there vr¿¡s no change Ln the chrornatographlc peak-proflles. ¡ In the ffrst:'r

nethod, Ít nas found that SCTASÍ-ethers lrere noÊ formed "lnsËantaneoualy'n
'

and considerable anomerfc peaks were always-observed. the mutarotatlon

rafe was obvlously coupetÍttve wl.trh the sllyLatf.on rate. VarLable pro-
:-:::::t':1''" -'--'t'1 ;'i

protlons,.of anomerl.c sugar peaks were observed over a 24-hour-perlod of I

i

the sllylatlon reaction. on the other h.rrdr: sugara equl.Llbrat.ã "i SO"c

ln pyrtdlne for 24 hrs. always showed a reproducible pattern of anomerlc

,{¡ ^f ô{1.rIa}{¡peaks after 20 nLn. of sLlylatfon reactl.on.
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Ff.gure 4a

Gas chronaÈogram of the upper layer of a elly!.ated sugar reactfon mfxËure

when DMF was used as a solvent. peak fdentftleri: e = qgfg:butyldfunethyl-

sllyt chlorLde; Þ = dr-lgÊÈ-burylrerra¡nerhyl-dlsl.roxane; and c - ËgtË-

butyldluethyls tlyll.nfdazole .

Temperature Programilng starÈed fron 40o C at 10"C/mfn. increase in teup-

34
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s_Lr_ÉsgeÈ_eees:.ec_eLet!{es_

In the case of trfnethylsllylatlon of sugars, ft was found that

reaction was almôst fnsÈanÈaneous and cornpleted ¡¡lthln 5 mLnutes upon mannual
:

shaklog. Both nethods of dertvatlzationrnameLyrl and 2, gave ldentlcal

ÎÞlSl-sugar chromatogram proffles because TlfSi-reagents are extreuely 
- :'r: t,'.1

.

fast Ín actlon.

No eeparatLons of Tl,fSf-eullar an@ers Btere obsenred, except ln the

case of fructoee, which fotted Èvro peaks.. I values of TlfSl-sugars havel

not been reporited 1n the lf.terature. Table 6 ehows the I values r¡eaeutedr

ln Èhl.s ¡.¡orlß. Partial TllSl-sugars nere not observed ¡rhen LnsuffLclent

TMSÍ-reagents were used to sllylate sugars. It is belLeved that heat-

lnduced reacËfon occurred on the coh¡mri wl.th the formation of a s¡nall

peak due Èo the per-sl.lylated sugar, and the resË of the,sugar mo!.ecules

decouposed or abosrbed onto. the. eolus¡¡. Imedlate fnJectfon of SilyL-8r

however, dld not elute any "ghost" peaks.

Þth11e parÈ{al T!{Sf-sugars lrere not chronatographed at all, partiaL

TBDMSi-sugarfr lrere found to be volatll.e enough to afford some separation

on GC. Examples are ehown f.n flgures 5-8, niËh results srrmrarized Ln

Table 7. The nurnber of sllyl groups on each sf!.yLated specl,es lras corr-

fLrmed by nass spectroneËry as r¡el1 as by eornparLng GC retention tf.mes.

Usually they have lower I values than correspondlng fuLly sllylated cour

pounds. Mu1ilple peaks ¡vere observed for parËLally sllylated sugars and

thelr presence rnlght be useful Ín "finger-prlntf.ng" or conffimlng :r partl.-

cular sugar Ln a sample mixtr¡re. Though the number of silyL groups on a

molecule could be obtalned fron mass specÈral data¡ the exact positfons

difflcult to a$slgn. The number of possl.bLe cyclf.c struc-oE.subsËituents ltere
I
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tureo for a "slmple" partl.ally sf!.ylated molecule, such as bls-O-lBDMSt-D-

2-deoryrlbose, can arnount to 6, as fn flg. 8. Thus, no attempts have been

made to assl.gn posiÈions of subsÈltuent groups on the parÈLally substltuted

Su$€lE9.r

It fs fnteresting to noÈe that the replacement of TMSt-group by TBDMS!

moelÈles on sugar hydroxyl groups greatly fncreased the I values of derlva-

ÈLzed sugars; better separaÈfon of anoners lras also o'bserved.. (Îable 8)

Sinl.lar results have been reported for SCTASi-steroids and SCTASf-nucleosf.des

(44) . The f.ncrease tn bulkiness on the protectf.ng group modiffes Èhe
-a

derivatives to such an extent that lrnproved separatLon over TlfSi-analoguee

on a lor¡ resolutlon column results. Table 9 gLves a comparison of GC'

data for sllylated augars from varf.ousreferences.
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Conpound Nurnber

ï
aaa

II
aaaa

IIlaaaa

IV
aaaaa

V
aaaaa

VI
aaaaa

VIIaaaaa

Table 6. cC retentlon data of per-O-TMsf-sugars

trf s-0-TMS 1-D-2-deoxyrfbos e

ce trakls-O-Ð{Sf;D-rlb ose

te trakf s -O-llgS f -D-xy 1o s e

p entakis -O-T1{S 1-D- glucos e

p en takis -O-11-f S f -D- ga J. a c t os e

p en t akf s - 0- TMS f -D_-ú€,rln@s e

p en takis-O-nf S f -D- f ruc tose

Compound Name
a

" R"f"" to nomencLature scheme for structures and nunberlngi
b Kovatsr retentfon fndfces, and O( = separatf.on factor (alvrays) l).

cc nrra (b)
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46
Mir¡utes r

Flgure: 5 Gas chro¡latogran;of sllylated D-rlbose : a and.b- = mono*O-

TBDUST-IÞrLbose; c- and { = bls-O-1BD}lsL-D-rlbose; 9¡ f-;-E¡. and h--'¡¡tÊi;;
.;

O-lBDMSt-D-rLbose. All essl.gnrnents s¡ere confLrned by rnass spectrometry.

Conditfons: Colu¡ut A (ov-l, tOï[, ln x 2um ID)' ILO"C,

Nr-flor - 30 mUmin'

a b
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Ffgure: g Gaa chro@atogram of fBÐMS1-D-2-deoryrfbose.

å, Þ-and ç, = bls-O-TBDMst-D-2-deo:vrlbosesi { and e E trLs-o-TBD}lst{Þ

2-deoxyrlboee.

Condltlons: Coluan A (oV-I , !O7.¡ lmx 2m. ID) 2l0oC.

N. flow = 30 ml./mLn.
¿
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Ff.gure: 7 Gae chromatogran of sllylated D-rfbose: Ê¡

D-rfbose derfvatf.ves.

Condftlonss .Colunn A (0v-1, 107.i ln x 2nm

Þ.rg and d are all tetrakls-O-TBDMSf-

rD) , 280"c n N, flor o 30 nUrnfn.
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llgure: I G.as chronatogran of ÎBDMSt-D-galactose.

g and þ ,n pentakl.s-0-D-galactose. CondLtfons: (Colunn A,

24oo c¡ Ni flow rate B: 3o uUnin.
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Compound Number

r 
çuu)

rr (¡u¡)

rrr 
çtuu)

rv(¡u¡)

rv(tt ¡¡)

a

Table 7 GC retention data for partLaL-0-TBDMSi-sugars

bl s-O-TBDMS 1-D-2-deoxy rib ose

t rf s-o-TBDI'fs í-D- rib o s e

trf s-o-TBDMS i-D-xy1os e

trf s-o-TBDMS f-O- glucose

te trakf.s- O-TBDMS i-D- g1-uco s e

te trakf s-O-TBDMS i-D- galac Ëos e

tris-O-TBDMS f-D-mannos e

t e trakf s -O-TBDI'Í S f -D-mannos e

te trakis-0-TBDMS i-D-f ruc tose

a
Cornpound llarne

u{tooo¡

vï (ru¡)

vr (ruu¡)

urrt (ruru)

Srefer to Nomenclature Scherne,

GC Datab

1210 r24O-ov-I *0v-1

1802
r850

2240
227L

2246
2270

2602

Separation factor

'b r = Kovätst retentfon inices

1 .09

r .08

1.07

2647
2674

2712

2611

2688
2742

27Lt

1.07

o(= separaËLon factor
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Bf.s-O- l' 5-TBDMsl-¡(-l-2-deo>qyrl'b os e

i-+

Å,-o
I

OH

Bis-O- 1, s-fnUUSt-/rD-2- deo:cyribose

Ffgure: 9 PossÍble eÈructures of bis-O-TBDMSl-2-deoxyrlbose (conttd)
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Bls-O- I r 3-TBDMst-x-D-2-deoxyilb o" "

Fl,gure 9 (conttd) Posslble structures of bfs-0-TBDMsf-2-deoxyrlbose
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Coapound Numbera

ru¡u

rr¡uuu

Table I GC retentfon data for per-0-TBDMSL-sugars

rrruuub

r%uuuu

vu¡uuu

vr¡uuu¡

vr\r¡uu

Èrf 9-0 -TBDMS f-D-2- deoxyrlb os e

te trakf g-O-TBDÌ.ÍS f -D-rlb os e

Cornpound Namea

tetrakf e-O-TBDlfS f-D- xylos e

pentakf s-O-TBDMS t-D- g lucose

pentakis -O-TBDMS f-D- galac tos e

p entakf s-O-TBDMS f-D-nanno e e

p entakis-O-TBDMSI-D- f ruc tose

êrefer to nomenclature schene for nusrberfng and structures; .bKovater retentlon fndLces.

b -210tov-l

2092
2L52

2454
25L2
2544
2624

b 1240-ov-1

;1.,' ; li

2460
2s00

Separatfon fnctor..'

I .09

L.22
1.11
1.28

1. 15

1.44

1.13

1. 10

1.34

2807
2925

2868
2895

2900
2936

2888
2940
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Sugars

D'2-deoxyrLbose

D-rfbose

D-rylose

D-glucose

D-galactose

D-uannose

D-fructose

Colunn 11.q. phase

Table 9 Conparf.soen,between studLes of sflylaÈed sugars

1!fSf derivatfves
(63 )

4

2

2

3

2

4

TlfSl derfvatfves
(¡e )

Nunber of resolved GC peaks

Nunber of theo-
retÍcal plates
per col.umn

AbbrevfatLon: 1lq.

sE-30
0v-101

capLllaty_ col',.
*;:'70r000 r1.-

,:ï. ;.i..'a

l;. ¡

TMSf dertvatives
thls study

3

2

I

sE-52

packed col.
no. of platee
not stated

- Lfqufd¡

rl..,.:;
::::
j;,:tì, rì

I

1

1

I

I

t

2

u*

fr
tï

H

I
rl
,f¡

H

il
ti
ÈÌ

ii

I
ii

fr

t
I'i

irJ

ii
lr

- l¡ noÈ done

TBDMST der::LvatÍves

this sttrdy

2

4

2

2

2

2

2

0v- 1

packed
1,000 to

ov-l

packed col.
I '000-2'000

col.
2,000
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L¿t:BlÞetelcggeee

AuoÈher way of avof.dlng the problen¡ of anomerlc and conff[¡ura-

: tf.onal Íso¡nerlsm tn GC analysis of nonosaccharides f.s to convert aldoeee

j into aldonlc acf.ds whfch cycllåe preferentlally f.nto 1.,4- aad/or [,3-
lactoaes. Further derÍvattzatÍon of resu!.ting lactones gfves a sfugle

peak 1n the gas chrouatogram for each su¡¡ar. The ¡¡eneral schene. runs arÌ

., follolrs:

specffÍc
nild PteferentLal
oxl.dation cycllzatlon derfvatizatLon

aldoses-----Ðaldonlc acfde----E---)lactones;d---->derLvatl.zed lactones
Itlnro Hcl + careful

concentratlon

Sche¡¡e: 4 ref(60)

Together wf.th neutral saccharldes, aldo:tic acf.ds and salÈs of aldonl'c

acids can also be sft¡ultaneously examÍned:-

trfnethylsl,lylarion
aldonlc aclds -¡q--------->1tfSf.-lactonea

trinethylsilylatlonga1taofa1donfcacids------------;rusi-esters

reductlon l$fstlylatLon
hexuronl.c acfds

i. tr;";ì;:'ì.,: :i. :,,

l

Scheme 5 ref( 41 )

I r:1::!ì:.-;:,;i:
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1r4-r-lbonoli4cÈrne was BêleeÈed as a proËotype of sugar lactones 1n

Ëhis study for Èhe foLlawíng reasons: 1) ft fs rel-atlvely simple tn sÈruc-

ture (3 hydroxyl groupe); 2) iÈ 1s readily availabl-e ln a hlghï.y purtfied

forn; and 3) i8 assuroes a cycLlc structure f¡r mosÈ solvent systêms" GC

retenlLori dats for lr4-rfbonolacfone derf.vatfvês are gfven ln Tabi-e 10,

Excess SCTASå reagente on 1r4*rfbonoLaetone geve. rne per-sli-yLated

product (as deteeted by GC and ¡nass specÈrometfy). ReacÊlon tfn+s for:

reagents { and- B- were almosË Ldenticat. For TED}fsi.C1limidazole/solve'nÈ,

a quantftative yf.eld of persil.ylaced, produet was f,ormed f.rr less thar¿ 30

ml.nutes aÈ 50oC. No spurf.oue peak due to the sÈrâipjrt chafn rlbonlc acf.d

derfvaelve could be detected" As fn the case of sugars, partf.al SCTAST-

lr4-rLbonolaeËones r.¡ere also chrorntographed (flgs W-r.z, "

Mixed derÍvatÍzaBlon usfng TF¡IIm. and AcrO was not suecesgful beeause

1r4-rfbonolactone was.lablLe f.n the acfdfe by produce,s.



Coropound Nrnbera

rx(b)

rx(ru)

r\uu

r*(¿)

tx(¿¿)

rxaa¿

rx(".r)

IXccc

IX
eee

rx{*"u¡

rxçatu)

Table l0(CC retentfon data of sllylated 1r4-rfbonolactone)

nono-0-lBDt{S 1- l, 4-rfb onolactone

Conpound Nanea

blg-0-TBDMS f- 1, 4-rlb onolactone

Èrf S-o-TBDUS L- 1, 4-rlbonolactone

uono-O-TìfIBS f- 1 r 4-rlb onolac tone

b ls-O-llftBs 1- 1, 4-rl.bonolac tone

- 180rov-l

ttls-o-TlftBs t- 1, 4-rLbonolactone

trf s-o-1+{s 1- 1, 4-rfb onolac tone

trf s-o-ltMIPs t- 1, 4-rlb onolac tone

trls-O-TlfltS f- l, 4-rlbonolac tone

b te-o-T![S t-¡sn6=Q-TBDMS f-
I,4-rfbonolacÈone

¡ 
BOno-0-TMSl:b is-0-TBDUS t-

I 1,4-rfbonolactone

1696
t722
1805

2003
2053
2078

_210rov-1

a.: refer to nomenclature ecJreme for nr¡qberfng and structure"l b, I - KovatsriretenÈfon fndf.cee.

_240 -280rov-l tov-l

2026
2103

2321

'!¡ii,1;';¡;

Se¡raration
factor
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t:
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t;
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I
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ii
ii
iì
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"'lilÚ 
'ilil
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,:1f:
..È

1700

1,11
1 ,,35

1" 21
1"07

2518
2564
2608

L902

ztio

3170

1.26

I .65
1. 15

3045

3560
l
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1' 4.'','
h#inuúes

Flgrre 10 Gas chromato¡¡rarr of s11yLáted lr4 rLbonol-actones-

â, b_ and g = mono-O-TRDHSf.-1,4 rlbonolactones. {" e-¡and Ê = t¡1s-O-TBD}lSl--1r4-.

rÍbcnolactones' & = trls-O-TBDllsl-lt r4rlbonolacËone-

Conditlons: Column A (OV-l , lD|,i, lm x 2nnn fn) ZtOoC, ;2 flow = 30 ¡01/nin.
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id

62 12.
Minutes' ' i.:: I r,

jr.:..I1::ì

' Fl.gure: 1-1 Gas chromatogram of, parÈLally sllylated lr4-rlbonolactones-

å, L o ¡::ono-O-HrBSt-1,4 rlbonolacÈones; Ê'g.and ! = bls-O-TlfTBSt-L14 rfbo-

nolactoneg.
o

Condf.tions: colunn A (ov-l , IOZ¡, tî,* ,*, ID) 210 cr Ntflow 30 ml/¡nln"

i
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f=

420
Mãu'rgÀÈes

. Ë{- :t
- L¿i. LL

Gas ch-ro¡natcgrarn of O-TtlTBSl-lr4-rlbonolacEonee. Peak fdentlties: È, q and.

bis-O-fÞflfBS1-1,4-ribonol-acLones; E: trf.s-O-llt'ITBsl-1,4-rf.bonolacÈone'

Co¡dltfsns: Coluan A (0V'1, lm x Zmm ID) 2B0oC, N, ft-øn, = 30 ml/rnft. i.

t:.::.:
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FLgure: l3

2 6*i*utesß ro r 2 trf*

Gas chrometogran of ml.xerl TMS1/TBDMSÍ derfvatives of 1,A-rfbonolactone. Pes,k fdentifl-
câËion: a = trls-O-TI'ISL-1r4-rfbcuolacÈone; b"'= bls-0-TlfSl-nono-O-TBDÞfSf-1r4-rfboiro-

J.ectone(s);c=¡ïiono-O-TMSl-b1s-O-TBÐMSi-1,4-rlbonol.actone(s);andd=tris-0-TBDMSi-
1,4-rfbonolaetone. ConditLons: Column A (ov-l, LO?"; lmxZnn ID),

N^ ftrar¡ = 3t ml-/mfn. Temp. program: 150 tc 30toç, 10 degi-àes/¡nfä-.
z

lJl
â.
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S CTAS t-ø -D-b en zyl"rib o f uranosf.des
---- -- 1---- - --+ - -

Further eÈudles on Ëhe SCTASI-reaBents

theslaed earnple of f-l-benzy!.rlbofuranosÍde.
complex molecule are often methanolyeed and Èhe resultfng methyl gl.yco-

sides''separated to glve sEruceural ÍnfortuatLon. this approaeh has been

very popular ln glyeol-fpld and glycoprotel-n sÈudfee, becâuqe farty acids

are sfmultaneousl¡¡ obtafned as thefr methyl esters arÍd a¡nlnsdeoieyhexoslde

bonds are more readfly meÈhanslysed than hyttrolysed. Also, neurïæd,nf,e

acid ls mûre stable as lts methyl estef"

f-l-benWLrfbofuranoside possess{¡s a W abseirbfng benuene rLng an.3

a simpl"e deff.nf.Èe sÈrr¡cture (three hyclroxyS.s anð. a¡î-furanoLd conforuaflion)..

The UV aboorbfng propertfes are aLso co:apaÈibLe rELgh TLC '¡isuallaaËLon

and HPLC deteetlon and quaneltatlon. Wfth the charaeteristic O-benzyl"

grouP on the ano:maric earbon atoîû, mass spectral fnterpretaEion should

be greatiy ËaeÍliÈated,

GC data ior cierLvetLzed f-n*benzy.lribofuranosÍdes are gfven in

Table 11, the chroroåÈograars belng shor.rn ln figs , L4-2A"

$ere cafrLed out oD â ejn-r

In carbohydrate analysis,

!'l: ,:i rì:: r:.

iìrl:i;.i

¡; -:l; i'"::

1;., .i,.,:
l.



Conpound Nu¡nbera

vrrr (b)

vrrr (uu)

vrrl (d)

uttt 
{uu¡

vrrlbbb

VTIIcce

VIII...
ddd

VITI
a¿u¡

VIIIqqq

Table 11 . GC retentfpn data for derf.vatfves of p:D-benzyl rfbofuranosf.de

Coupound Nameâ

no¡ro+0;TBD![S f -/*O-t enryI -rfb o f uranos f de

b ùgçO-TBDl,lS !-l-O-b enzyl-rfb of uranos f de

uono-o-llff f S f-y'-b enzyl -rfb o furanos f de

b ts-O-$ffBS l-l-D-b enzyl- rfb ofuranos f.de

trJ.S-O-TBDMS f-f -D-b earyl-rfb of uranos f de

trf s-O-Ttf IPS f-É -D-b enzyl-rfb ofuranosf de

r rf s-o-1¡!fTBs f-P -D-b enryl-rfb o f urano s I de

-r rf ã-o-nf S f-/-O-A enzyl - rib o f urano s f de

trf s-O-Acf -n-b enzyl +fb o furanoi lde

-zto _240 _280tov-l tov-r tov-l

224t
2273
2337

252L
2569
26A4

2510
2546
2629

Separatfon faxtor

2824

s454

3578

2140

2272

1.09
1.20

1.15
1. 10

L,l2
l.2g

L.263058
3r59



Conpound Nrrmbera

uttt (""0)
vrrr("¡u)

vrrr (qqu)

uttt (ooo)

vrrr(pp¡)

b te-O-TllS l.-nono-O-f gnMS f-Éî-IÞben zy 1-rib ofuranoe Lde
I

mono-G-TlfSl-b 1s-O-TBDMS 1-li-D benryl-rlbof uranoeLde
I

b f s-O-Ac-nono-O-TBDMS f -P-D-b en zyl-rib o f urano s lde

mono-O-Ac-b f s-O-TBDltSif -D-b enzyl-rlb of uranoEÍde

lab1e 11 (contrd) êC retenËf.on data for derl.vaÈf.vee of,f -D.¡benzyl rlbofuanoslde

Compound Namea

uttt (noo)

VIII
Ppp

bis-O-ifFA-nono-0-lBDMS f# -¡-Uenryl-rfbof uranoeldeI;

nono-O-TFA-b ie-O-TBDMS f-¡O-U en zyl-rlb o f ur¿no g f de

Èr f o-O-ÎFA-ø -D-b én z¡1l-rLb o f uranos lde
I-

a: refer to nonenclature echene for nnrnbering and structures¡ b: I - Kovatst retentfon lndLces.

,l8ob rzlob r24ob'ov-l -ov-l '0v- 1

2371

26oO

2395
2432
2482

259t
2650
2697

t97t
2043
2090

2392
24Ll
2464

1668

Separatf.on factor

1.1
1.16

1. 16
1.14

l.2g
1. 19

1.07
1.21

lJt

\r\
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Figure: L4 Gas chromatoEîrsru of O-silylated f-D-benzylribofuranosides.

*r b- and Ë = mono-û-TBDi"rsf-/-Ð-benzyl-ríbofuranosides

{, e-n and f- = bfs*O-TBDMsi-P-Ð-benzylrlbofuranosfdes

E" = trfs-O-TBÐMs1/*D-benzy1-ribofuranosLde

Condltlons: Column A (OV-l , L0%, ln x 2mn ID) , 240"C, ll, f3-ow -- 30 nUinin.
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Minutes

Ff.gure 15 Gas chronatogram o f mono-o-mrnsf-/-o-b enzylrlb o f uranosides .
\

3, Þ and c are all mono-sflylafed specfes.

CondLtLons: Coh¡¡¡n À (oV-I, lm x 2m ID) 240oc; N, flow = 30 ¡nl/¡nin.

..:
:'

'6

l: a':li.
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X

Minutes
Figure 16 Gas chròmaÈogram of O-Tl'îTBs17t-D-rlbofuranosLdes. Peak fdenËfties:

d and e_ =.bLs-o-T¡'ffBsf-ft-D-benzylribofuranosldes ; 8, = trfs-o-nffBsi/-D-

b en zylrLbo f uranos f.de'

Condttlons: Coltmn A

only 2 peaks were observed

(ov-l, Ím ,x 2mr ID) 280oc,

for dl-substl"tuted specf.es-

N^ flow = 30 rnl/¡r1u.
¿

2o

l.-
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Ffgure 1l Gas ChromaÈogram of 1ilIPsf3+-D¡benzflrf.bofuranoside. Due to lmpurttlee Ln Tt'fIPSfCl preparatfon,

one of whleh was IMIISIC1 ( gzè-tojteÈrarnethj,trenelhexyl-chlorostlane)rthe 4 last eluted pealcs ín t¡e order of

elutfon ner€3 ', 81 ,' tris-O-Tl\flPsf-/t-D-benzyl-rfbofuranoEfde; x o.bts-0-TMIPSf-Doro-n'fHSt-p-D-benzyl-rfbofurano- g

sÍde; y o mono-O-ffiæSi-bfs-0-nffiSf-f-D-rfbofuranosfde and gZ ' trfs-o-U-ffsf-F-D:benzylrfbofuranoslde.

,,condftlons: colrnn t,(ov-l,roz, r¡n,x 2um rD), 2z0oc, Nrflow - 30 nl/¡rfn..'.:
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Figlre: !g
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Gas chromatogram of mlxed Tl[s1/lBDMSi derivatlves ot f-D-benryL-- ',
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rfbo.furanbsl.de- e= trls-O-TMs1-/-D-benzylrlbofuranosfde; b-= bÍs-O-TMSf,-mono-..: t - :'

ÈTBDusff-D-bènzylribofuranoslde; g = mono-O-lMSt-bfs-0-TBDMSt-f-Ð-benzyL^

N2 ftc'Ð

{ = trt s-o-TBÐMsf?î-D-benzylrLbofuranoside.

A, ov-l 102) 2l0oc, i

= 30 ml./¡nln.

t'.::
i ..:,1 '

t:

ribofuranosl.de; and

CondLÈions: (Colurnn

r- 4,.: :: :;j.ì



Fl.gure: 19 Gas chromaËogram of t-FA/TBDI'IS{ nLxed derivatfvee of f-vAenzylrlbofuranosfdes.
PeakfdentltfessÊ-tris-0-TFA-p-O-Aeazylrlbofuranosfde;b-rgand{-bfs-O-TFA-nono-O-TBDMSl-

f-VVenzylrfbofuranoefdes; gr Ê and 8. - nono-0-TFA-bfs-O-TBDlfs.l-É-D-benzylrLbofurarroefdes.

Condftfons: Golunn A (1OZ OV-l, hn x 2m ID) zìOoc, N, - flow - 30 nl/ufn.
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Minutes

Figure: 20 Gae chronatogram of ¡rfxed derivatfves of p-vbenzylrfbofuranoside,

Ê = trl.s-O -acetVl-f-D-benzylrlbofuranoslde; b-, c- and d = bis-O-aeetyl-nono-

'I
I

-l
L

4

O-TBDMst-ø-IÞbenay!.rlbofuranosides; e_, ! and g. = mono-O-acetyl-bls-O-TBDM$I-r

þ -O-A enzVlrfb of urano s f des .

lOZ, lm x 2rm ID) 24O"Cr N, flor = 30 ¡nUnÍn.Condltl.ons: Colunn A (oV-l,



QgesgEeglve i.c-

Ttre appllcation of SCTASI.-suf¡ars Ln quantltatLve GC was aleo in-
vestigated- Although quantf.tatfon by GC has been well documented (64)

one should uake sure that errors due to handll,ng, decouposlttron and cheni-

cal. transfornatlon of derl.vatf.zed "eæpIes are mf.ni¡¡Lzed.

Some derfvetl.zed eanplea are knorm to deconpose on coh¡u¡rs. Thls

''nayhappenwher'|actfvegf.tes''arepreseatlnfrrJect1onports,co1trmrrs

and detectors. Catalytl.c deeoryosLtfon at hot metal surfaces hae aLeq

Led to serLous errors Ln sample analyets. 
, 
In other'cases derivatlzation

by-products could hyclrolyse derlvatfzed sanplel ".g. acf.d catalysed

ellnfnat{on of TFA fron pertrlfluoroaeetates (65). '

ChenÍca1 transfomation of samples Ínctrude both lnËra-molecular and

: internolecular reactÍons. "As a résult of 2+>3 sllyl group mfgratlon,

extra GC peaks ltere observed when e1Èher 2t-O or 3t-O unprotected partlal

SCTASl-nucleoeLdes were chromatographed (44) .

The thlrd kfnd of quantitatlon error 1s due to poor sanple handling

aad poor fnJecËl.on techniques. It woutd be erroneot¡s ff we iassume tt¡at

the sigaal fron the GC detector represenÈs fu1ly the amount'eg sanple intro-.:
duced LnÈo the f.netrunerlË. Dead volunes are connon problenas Ln fnJectlon

needlee as we!.} as inJectf.on port connectf.ons.

One way of preventfng sarnple handlfng errors f.s to ','splke', samples

vlfth t'fnternal standardsr'. The chenlcal nature of 1nÈernal standards to

be used ls st1ll open to controversy. so¡ne Ìrorkerie prefer standards that
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are structuraLl"y very simllar to samptres bef.ng analysed. Others advocage

the use of chemÍcaLl-y lnerÈ unLversal GC lnte-rnal standards e.g. pyrene,

ÈrfphenyLene, etc" In Èhls sÈudy the latter Èype of etandard r¡aa ernployed 
:,.,..; :,...,,

Generally, fnternal standards should. possess: good GC behavlor (symnaÈrical. :::': :)::

peaks; ËotaL eLutf.on, eÈe.); l-nerÈness; freedo¡u fro¡r overlapping sanpl-e

peake and Lf-nearity of deËeceor re$ponse. AromaËlc poi.ycyclJ.c cornpounds are
j 

-,'',r,r,.,r,,,
:'-.:-l;: f',-'ì.1

corunonly used Ín routine analyses as Ínternal standards.

Typieally, a plot of ratlo of santple peak response' to respriÌse of lnter* 
,,,, , , ,.;l

nal standard vs. åftount lnjected can provf.de much fnforrnaeion about sampLe 
ì':'' ::

decornposlÈfqn and posslble chemf-cal transforrnatfon, as wel-l as l-fnearf-ty of 
i
.'

response. Fig. 21 shotors the response of Èrfs-O-TBDMsi-B-D-ben-zylribofu):ano-r'
sl.de r¡f.th respeeÈ io the amounÈ lnJecced onEo Ëhe column. The straighf iJ.n* :

pl-ot is an lndLcetlon of good linear response of the SCTASÍ derfvattves. Also,

the graph exËrapolates througJr the orfgln of the pJ.ot, lmplylng no de*orn- ì i

Iposl.tLon of derfvatized sarnpLe on the cslumn. 1. ,

FLgure 22 shows Èire responses of other SCTASl-derLvaËfves.
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Ffgure: 21 FfD responr¡e curves for sÍlylated f -Þbenzylrl.bofurano.sldes

and l'4-rÍbonolacËones: (A) tris-o-TBD¡{si-É-D-benzylrfbofuranosLde; .(B) rris-.. I
o-rBDlfsi-I,4*r'fbonolactone; (c) trf.s-o-Tt{srf,-u-te nzyLrlbofuranosfde; (D) rrts:.I
o-TMst-I,4-rl'bonoLacÈoné' ÂlL areas Ìrere calculated agaLnst Lnternál standards-
Both TllSl- and TBDMSI'- derfvatlves show good llnear responses -.-.she Èatf.o

betpeen sl'opes of 2 curves ¡¡f.ves the relatLve ¡nolar response (nlfR) be-

tÍ¡een 2 d,etlvatilves.
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Flgure; 22 FID response curves of sllylated hexose, pentose aud D-2-

deo>grribose¡. (A) pentakis-O-:ttsDl{Si-D-galacËose; (n) tetrak{s O-TBDMSi-D-

rlbose; (C) trts-O-TBDMst-D-2-deo>ryribose; (n) tetrakts-O-TMSi-O-D-rlbose;
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tÍe qereqaËåes 
-er- -eeael:.

rt 1s suggested, from lndLrect evf.denee, thaË irutaroeation of a

crystal].fne sugår lnvoS-ves tv¡o eonsecutive eïeots" First, €+n igo-
merizaËion takes place anrl then equllfbriurn ls evenËually estabLf.shed.

The isornerizatLon process fnvol-ves noË only converslon into consÈilutlonal

isomers". i.e. furanoses, pyranoses aód septa,noses (knorrn as lacto-L rf-ng

lsomerization)i buE also anomerization (q.->Ê forrq fnterconverslon), (66,

67). The equLllbrfun process t¡hieh depends on relatLve free energrçes of

components fn a particular solvent system, determlnes the relatÍve pro-
'l

porËLons of the fscmer,*izaËlon prorh;ÇEs,(fig,. 23).

IÈ was sho,¿n by C.C" Swéel-ey ÈhaÈ ansmerfc forms of an equfLfbratecl

sugâr couLd be quanËftatfveþ deter¡nLned by trlmethylsílylation of a mutå,-

rotated sugar, follor+ed by subsequenÈ GC analysie (38). The relatlve

areas of the eomponent reprecented the relatlve proporefons of indlvi.-

duaL anorners.. UnförEunåËely, fn the present ofudy, the identlÈy of an Ín-

dlvidual anomer coulql not be assigned. However, ratios of peatcs for eeah.

sugar examined arê preâented 1n Tabl-e 12 and compare,d ç¡tËh oÈher daÈa frÕnr

varf.oug sources

I-!:_l



a(-septanose

¡l -furanose

D( -iuranosa

p -sePtanose

Ff.gure: 23. Equil-ibrlurn proeesses

\
aldehydo ,forn

fj -wranose i ;-l or * -j o( -pyranose

keto-form of

sugar

fn mutarotaticn of sugars



D-2-deo:<y-
ribose

D-rfbose

no. of peaks

thie study

D-:<ylose

Table 12. Conparfson of muÈarotatf.on studfes (in pyrfdfae).

13.4:86.6

45.725.8:40.6:7.9

D*glucose

Råtfo of peak

D-mannose

D-fructose

:1¡!i

y 2d,-n,. :.þ-t.:d-p. ,f-o.
Other studles

'.},*
.''.'::.:

: ::r;:i:

ratLog

2t!
30:-:-z22i48

11.3: : .- ¿45.9s 42.8

13.7: 23.4:31.7: 31.2

: 5.1 : 62.L : 33.8 : 49.0

24.3t 3 - 229.9: 45,8

3::43:57

3.2 t

i

:

(cont t d)

referenée

(68a)

(68. )
D

(¡e )
(6ea)

(6eu)

(38 )

(70 ¡

(38 )



Abbreviaeions: o(-f. -d-furanose; f-f,, =!9-furanosetd-p. -q-pyrênose;/-e.=;fi:pyranose; [=þsugar.

Conditions: (68*)--room temp.¡ (68b)--70oC; ,r,alues .obtained by NI'ÍR.

(38) ---noÈ speciffed;:values obtained by GC.

(69")--room tenp'; (69b)--25oc; values obtaíned by GC

(7o)--:roon te$p.; values obtained by GC.

In this study, Eemp. * 50"C.

Table 12 (conttd)
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ì.i: It fs evident fronr the data ln Table 12 that conditl.ons are üopor-

tant Ln the deterninatfon of the equlllbrl.rm composftion, e.g. fn galac-

tose deternioation. Thus, temperaÈure seemed to change the dlstrtbutlon

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

Dutarotetlon was also seneitive to the puriÈy of the eolvent syste¡¡' :.

3nd/or !ryurtÈles, especLally tracee of nolsture ot cations (Zf¡.'i '

ir - r.l.
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uåqs_-S-tE_qI&qugtEY_

$,gfed_sc_Ë1_et

Hass spectrometric analysl.s of a substance involves conver$1on

of atoEf.c or nolecular specl.es fnto f,ons; and subeequent separation of

these iong on the basls of their mass-to-charge ratfo (nÍz\ by nagaetlc

or electrostatf.c means. Mass apectronetry was fÍrgt applled to carbo-

hydrates fn 1958 by P.A. Flqan and co-workers (12r. rn that fnvestl-
+gatlon, appearance potentfals of crllrrou- f,one werè measured fron un-

derlvatf,zed monosaccharldes. Later works, hovrever, rsere dlrected towarrls

Protectedr . carbohydrates whLch, due Èo thelr enbbnced volatJ.lltles,
I

ltere lutre anenable to the Dass spectral fnstrumentation. DerLvat1zãtlo6

¡nethods are easentLally slnflar to those .fôr GC. ExcelLent technLques

for protectf.on of hydro:ryl- and/or carbonyl groups on carbohydrátee facludet

alkylatlon (73); acetylatlon (74); fsopropylfdarÍon (75); boronarion (76);

and trl¡nethylsllylatl.ou (77).

le lnass speetra of these

derlvatlves. Very often molecu!.ar: wel.ghts can be deduced easily from

characteristlc peåks, e.¡¡. u+ and masses of fragments derived from ft.
In htgh resolutl.on m¿rss spectronetry Èhe elenental conposfÈion of each -' ...:...
ionic peak ean be de.terml.ned. ráia"àe istibstltutfon of protectf,ng groups

i

profoundly lnfluences frag¡nentatLon patÈerns, diagnosËl.c and characterfstlc

features associated with certain types of derlvatl.ves couLd be exanined

as dl.stlnct clasges. Predictlon of frag¡nentatLon paÈtmays can also be
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made on nen samples. Modes of f rap¡nenÈaÈLon are also closely related to

the stereochenisÈry as well as to the llnkages between monosaecharlde sub-

units of carbohydrate molecules. Hass spectrometry has become an lndf.spen-

slble tool fn carbohydraÈe researeh.

Nener methods of lonlzation, such as field lonfzatlon (FI), fleld
desorptf.on (FD) and cher¡ical lont zaÈl.on (cI) , though glvl.ng prornlnenÈ M+

and/or reLated peake, provfde llttle fragnentatlon for tf to.r" and thus

less structurâl Lnfor¡netf.on. rn this study, electron fnpact (Er) lont-
zatLon was employed throughout.

E-Lgggtgl=Lqgagg-Tes-g-s¿e-gsEgpgry

Electron f.mpact lonl.zatf.on makes use of an electron bean of "uni-

formt'kfnetlc energy to bonbard a sanple to generate fontc speclee for
/

nass separaÈf.on and recordfng. Typlcallyr âr! energy of 70 eV Ís employed.

Thfs nethod usualLy results 1n large anounts of energy Èraasferred to the

molecule, causÍng extensfve lonfzatfon, fraggentation and rearrangenen¿

dependfng on the thennodynanfcs and stabiLltLes as well as chemfcal nature

of daughter fons tor¡ards further deeouposltlon. Operatlon ¡¡Lth 16¡r, elec-

tron energy nlnfuf,zes fragmentatlon but drastlcally reduees fon yleld,

A scherne of possfble fates of an Íonl.zed molecule fs shor¡n 1n flgure z 24.

' rntensitles 6f ¡oass-analysed lon beams can be plotted out fn a
bar-graph lÍne dfagran, ¡rlth mlz as Èhe abscf.ssa and relatfve abundance

of fons as the ordlnate, The highêst peak (base peak) fs arbLtrarily set

to be 1002, OÈher peaks fn the Bass apectrun are expreesed as relatlve

fntensitfes of the base peak. The resultf.ng spectrum fs characterfstl.c

of the orfgl.nal specfmen.
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A_B_C-D
neutral
mûlecuïe

EI+þ_a_
l-onf zatl.on

-t- ,
C-o]- or M+'

(molecular f.on)

rearrangænrue+Èfragmenta

tA
.L-B-q'+ D-

even-electron neutral
lon radLcal-

B-D
neutral fragrnenf,
molecule

c:r

Figure: 24. Forrnatfon of dffferent

ì:: ii;r:::tf .:aJ r;i.

tA - tin'+
odd electron
lon

ions from the mo1eculer lon.
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the ¡nass specÈruû of a coupound also depends on the type of instr¡.eent uged.

Decafluorotrf.pheaylphosp-htne has been recomrended as a standartt for tunf.ng a

mass spectroætert especfally the quadrupole types (4S¡. In order to obtaln

sl'¡01'1ar ness spectra for the sane cornpotmd on quadrupole as well as magnetlc

uaas spectroneters, "speclal" tuning procedureg were used (44136). FLg. 25'
. -. -...- .J. 

.

shoÌts a nass spectrüm of the etandard,, decafluorotrfpheayLp-trosphtne, recorded

otr our Fl'nnf,gan quadrupole nar¡s s.pectrometer after correctlon for nase df.E-

crLnfnatfoa.

ålegEre-lepegg-ÞeÞeÉ"-r-et-grtelqlquul-eËLe-:s--eÊ_sÊEbjru{EÊg,es_

An understandLng of trfalþls1lylated ethers of carbohydrates best

starts with the chenl.stry of sfll.con. Sllf.coa belongs to Group IV of the

Periodic Tab1e. Usual.Ly s1llcon attafns a co-ordfnatfon number of 4, wfth
åt2-:1:'

orbLtal hybrfdfaatf.on of sp'. (p-¿d)n bondl.ng may aoloetLmes be operatfonal

fn Sl'-N and St-O bonding systens. Stllcon has an electronegatfvfty of
1.8 and a cor¡alent radlus of 1.17 A (78179). Thus, sl.licon can acconmodate

more substltuent groups aror¡nd lt hhan can carbon; and sflf.con has more

afff'nlty for posftLve charge. ALso, S1-o and SL-o bond,:dússocf,ation ener¡¡l.es

are I27t!0 and 85t10 kcal/rnol, respectlvely (S0). The exceptLonal strength

of the Sf-o bond ls a rnaJor determf,ni.rlg factor Ln the fragrnentatfon of trf-
alkylsll¡rl ethers of organlc corpounds. In general, ff.ssLon of Sf-G bondsì*,i'

nuch favoured over that of S1-0 bonds.

rt 1s generalLy belLeved that for sityl ethers electron fupacÈ causes.

the formatlon of a molecular lon with posltÍve charge on the oxygen atom as

shown 1n scheme 6, although a þosltively charged.tcentre renote from the sflyl
ether sLte Ls posslbl-e. 

I "'

l:.-.li
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Ffgure: 25. Mass epectrun of decafluorophenylphosphfne

!,r1th correctlon for rnass dlscrf.mtnation.
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R' ':: lr¡e

Seherne 6. Possible ff.ssf.ons of a trimeÈhysilyl ether.

R and Rt denote alkyr gróups remote from the stlyl group.
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Frag¡nentatfon can be brought abouÈ by d-cleavages aÈ e, b_r_ c and d.

D'.¡e= to the relatf-se stabil.lÈ1es of c-c, c-E and sf.-o bonds, fåsslon at å
ls the peeferred route. (u-cn")f fn trirnethylstl"yl ethers Ls the nost often

observed product fron the M* ion. (u-cnr)t is :¡sta¡ively s¡âble.; because
.''

exþutrÉloii;of CIt, easea the sterfc cror¡ding at Èhe Si atom. In TBDI{fii ethers,

expulslon of the bulky Ëe-r-Ë-buryf Lrorrp is the norü.

In cycl'l,c aystemgr .êrg. TlfSl-gLucopJ¡raaos¡er- less -of- ellanols ,l,s always 
i,.,.;,,,.,,,,i

obsetîved because of the ease of absÈrâctf.on of a hydrogen frorn an adJacent

carbon (flg. 26). There ls also an abgence of metastabl.e peaks at the hfgh

end of the trass spectÈa of TlfSL-sultars. Cleavage of C-C bonds lrfthln the

furanose or pyranose rfngs occurs to a smaller extent and thfs glves re+

arrangenenÈ-f.ons at the mLddle and lower range of the nass specÈrum (77).
'¡- rr)+ abundance ratio€ ar-e 

-1Lso 
dependent on operatf,ng temperaturêalt'/(¡l-cl

t...J

of the fonfzatf.on source and fnlet. probe ¡rhÍle SCTAST-eth*r", "r" found to 
i,i

.L
be more predictable. (Þf-R)' is an abundanË Lon in the mass spectrum (R = 

i

t-Bu or !-Pr),' GeneraLly, fragtnentation paËterns of SCTA.SL-ethers are 
l

siupler, and wtth less rearraugements. ' SCTASI É¡roups have also unLque
: -'-- ; 

' :' : -

properties of rdlrectLngt fragmentations for sone derLvatives (36). i..,'--..,,,
' '''- -- *__ _ 

: 
'tDifferent SCTASI gtoups produce characterfstic shlf ts .: r: u,::,:,,,':,:

.::::.::::'::..
::

fn mass spectra, Replacement of a TBDMSI by a 11{IBSI noiety would

cause a shLfÈ of +26 u, whereas replaclng a TBDMSI by a TMtrPSi only pro-

,.r dùces a change 9f +12 u. By usfng dlfferent kLnds of SCTAS1 rea¿¡ents, cot* 1:::;.;,-:.:.

':;i 1..ì,.1,,'.'.,it:j

respondfng mass peaks can be labelled for dLfferently sllylated ¡¡olecul-es.
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i:::: : . :

l' :t':.':

Ffgure: 26,

Loss of trlmethylsflanoi from.'.{-15*.'* = T,l"îSl and Rf = rfst-cH
Ĵ

l,fol-ecule shor.¡n here is pentakis-O-1}Isi-G(-Ð-glucose.

I:. ::l.l :: ;
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ìluch r¡ork has been dsne on the TtfSl-sugars (77,8Lr82). Hlgb resolutl.on

mass sPectrometty and deuterlur¡ labelltng of Tl'lSf.-¡oonosaccharl.des have

heLped to elucidate fragrnenÈatf.ons and geneses of many fonlc specfes.

The mass spectral behavf.or of scrASt-augars, however, have aot been

descrÍbed 1n the lfterature. Ttre fol!.owtng ls an atteupÈ to Ínterpret

sone hLgh-U.ghtg of-the mass sp-ectra of :'so¡,e ScTAùf-uonosadcharidee. The

dfscussion Ls df.vLded Lnto 4 parts:

a) pyranose systems trhlch Lnc!.ude TBDMsl-D-gLucoses; -mannoeee. and

-fructoses;

b) the D-Z-deoxyrlbose system whfch consfsts of scrASt-D-2-deoxyrf.-

boses;

c) rfbofuranose systexns whlch fnclude SCTAsi-6-D-benzylrlboftrrano-
T

sfdes, -D-rfboses and -D-:<yloses; and,

d) SCTAsT-rfbonolacÈone furanoid systems.

l1:
i:¡i.
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(a)Yeqg_s_pe_gEf e_ef__13ÐEå!:beto_prf elo_s_e_sJgËg9,s-

1) Pentakls-O-fBDMSl-D-glucoaes !

Analogòus;to gUSf-hexoses, GC of lBDMsl-D-¡¡lucoses gave more th¿¡n

one peak. Masa spectrar analysrs är the 2 elured peaks (flgs. zl,2g) re
veals sl¡rLlar or analo¡¡ous fragpentatfon paÈtefi¡s to those for TllSl-glu-

:.
coaes reported by DeJongh gE eL (77r.

Scheoe 7 sho¡re Èhe loss of !gr-!-butyl radlcal frou the ¡nolecular
+.r

Lon , H' , to forn tbe (M-57)- Íon at mlz 693. Non-specf,fl"c or (spectftc ?)

losses of tert-buËyldlnethy!.si1anol molecules glve (M*Jl-l3z)+, úz s6ï,
and (M-57-132-132)+, mlz 429.

-,. --..-.f

The (ll')-gr.nu ion (n/z 693) eau ue poäijuietà¿ ¡f gfve "t io" i''1!-"-"' - I

nf z 561 thi_ough loss of g-rutyrarmtþlsilanoL. Furrher loes of Mersto

Ls belfeved to produce mlz 4Bl. on,-the.Jther hand, êtri¡nlnatton of
cll2co f'tommlz.693 could produce nlz 519 r¡hleh can fn turn gLves ml2,:t¡\5

wLÈh the loss of MerSlO. Thl.s fe outlined fn schene 8':

t-,:-.:

1::,:
Ì; r.',:

0ther'lonlc epecf.es of aedfin abundances, e.g- mlz Z3lr.

and. mlz 375 can arfse from the M* ion through some even ntass

as shown ln echeme 9.

mlz 245

lnter¡nediatee L:

.::

-|:

.... ,.;,, i-;;iì.r
--.-'r':.,: il'-i: ':...,: ...1 r' :

...-:...l:::r,' ..',:../::
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TBOMSs GLUCSSE PK I
SPEClBUM BECORDEO ON IOIS OURDRUPOLE MRSS
ÊND NORI'lRLIZED TO CONSTRNTSENSITIVITY
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TBDMSS GLUCOSE PK?
SPEC TßUþl REC0BDED: 9N 1O I5 OURORUPOLE 1'1ÊSS SPECTRgl',lETER
RND NORMÊLIZED TO CgNSTRNTSENSITIVITY
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JoH' (nlz 75A) >M-52

'

(nlz 693| * t-Bu

i .-',.:.;ì:,

!. ,:i_l-tr: r"

nlz 429 + r-BulferSf.OH

Scheme 7 Forniatlon of m/z 693, mlz 56L.and mlz 429
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mlz

mlz

Schene:8,'Geneses of mlz 487, rÀlz 5L9 a¡ð, mlz 445 ftom mlz 693.

519

I

l-ìlersto:
ù

44s
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One Íonfc epecÍes çrhlch fs charaeÈerisËf.c of TBDl4Sf-pyranose ls the

m/z 288 peak'(nÍz 2t4 in TlfSÍ-pyranoses). Its facile fornar:ion lnvolves

cyclf.c rntgraÈ1on of êl-ectsôrrs aToìrnd the pyrentee rLng,s " Three possÍbl"e

rouees of fomatlon are shorm ln echerne 10. Furanofd sysÊems could no6

undergo sLnflar electron shlfes ond for them mlz 2BB tends to be very

snalI.

Hor¿ever, furanofd syeËems can undergo anotheË Ëype of fragcreatsbion

to gfve nlz 3OL (nlz 217 fn TlfSf-turanoses) vvhfch ls' much r'!Ìetse lntençe. Ehan

that fron¡ Èhe pyranoses (sche¡ne 11).

JudgÍng frorn the râth@r high rn/z 301 peak f.n f'he masß. spectrum of

Pentakis*O*TBDl.lsf-p¡1-ucose (GC peak 2), there coutrd have beerÌ eantå,mf.naÈfon

by furanoae(s) 1n the GC peak (flga" 27,28)

ooï*t
Þrìt\ \., l1'¿

rrt//z 432.ryZ 750

l-.oR.tÌ
U3ol .,

FormaÈfon of

(R = TBDMSi;

m/z

m/z

*o)-åo,
HI

H

30I fro¡n penrak*s-O-TBDMsl-D-g,Lucose.

750 corresponds to H*'l-on)

HC:0

Sctrerna:11
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tl) Pentakts-O-TBDMSl-D-mannose :

The mass spectra of TBDMSi-D-mannoses are very sLmf.lar to those of

TBDMST-D-glucoses. The df.fferences betr¡een them amount to varLatlons

of fntensltles of naJor fonlc peaks (uass epeetra ffgs. 29130).

11i) Pentakfs-O-TBDMSl-D-fructoses :

Mass spectra (flgs. 31132) were obtafned fron the 2 resolved GC

peaks nf VIIOOOOO. PromLnent mlz 3OL peaks 1n both masa apectra iudf.cate

that both are furanold systems. The or or B anoners, howevetr, could not

be dfstfngulshed sf.nce the spectra are almost fdentlca!.. The characÈer-

lstic peak fs (M-145) or (M-IBDMSÍOCE2)+. (scherne 12)

a
H2OR

-> + .cHzoR
HzOR

R

M*:

Urso

!;l

i,,:

Scheme: 12

C H.OR

hfu*, bc
-/'¡.

R

OR

(M.- ¡45)*., yz6o5

OR

(M-r45)i

FormatÍon of (M-145)* lon fro¡¡

D-fructose. (n-145)+ 1s an Lon

2-ketofuranoses. (R - TBDMST).

YTaos

M* of pentakfs-O-TBDMst-

characterLsÈfc of IBDMSi-

4,4

&ç

OR



TBDMSS MRNNgSE PKl
FINNIGRN-1015 RF-OURDRUPgLE MRSS SPECTBUM
CgRRECTED FgR ¡,iRSS DISCRIMINRTION
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Ffgure: 29, Mass apecÈrun of pentakfs-O-TBDlfsl-D-mannoee,(VI¡'U¡¡' MI'¡ 750' tåf:t ' 2900)

301

recorded on Flnnfgan l0l5 naea

300 350 q00 q5u 500 55c)
u;l s---"----

429 
445487 lïg

20. 57

18. 51
tI

16. U5 
=t-1U, q0 fi
H

!2 .3V zcf
10, 29 

*
J

8.23 g
Ð

6,17 F
lJ_

4,11 Ð
N

. M-57-132

561

600 650 700 750 :

M-57
693

spectroneter

l:

i'

.:
'¡{
ii

2. 06

I

aü 70 eV.



TBDMSS MRNNgSE PK?
FINNIGRNTl0l5 RF-0URDnUPgLE MRSS SPEC'tRUl\4
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TBDMSS FRUCTSSE PK 1 '

FTNNIGRN-1015 RF-OUROBUPOLE lt4RSs SPECTRUM
CgRRECTED FgB l',lRSS DISCRIMINRTION
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TBDMSS FRUCTOSE PK 2
FINNIGRN-1015 NN-OUNORUPOLE l,4RSS SPECTBUM
CgRRECTED FgR MRSS DISCRIMINRTION
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(b) llags spectra of SCTASl?-2-deoxvrLboses

i,.t Per SCTAS{-Ð-2-.3eoxyri.boses :

The foll-owfng thr'ee gecEÍc¡ng deal sfth Èhe furanose cyseems in general-"

The mass spectra of the TMSi-furanoses (77) t ancl Tl.tSi-deoxyribofuranosides

as l¡ell, as TlfSL-ribonuel"eosldes (83) have been fnvestigaÈed before. Sub-

aequant work by Quilllara (44) of this labors,trry on (F-SCTASi-2'-deoxyribo-.

nucleos!-des and o-sc1'As1-ribonucleosides helped to eLucÍdate many of, Ëhg

fragmentation patÈerns.of Che above-mentioned mol.ecul-es, lle ernp.lcyed tech=

nlques' such as rr'igh regoluËfon mass specËromeÈ'ry', meesuËement of deconnposÍ¡

tion of raetastable ionsn deulerium labeLling and mixed derfvatJ-zaLion, to

fnterprete geneses of varLous f ragmerrï.s "

SCTASi-D-2-- deo4yrfbr:,ses bear nany sfunllaríties t,owards SCTASí-Z r-

deoxyrlbortusleosfdes- Figureo 33 depicts êomnon strucÈ.ural features beÈweeç

the 2 classes of eorupound.s"

i:,'u YO

:..:..:::: .::l

trls-O-SCTÀSf-/-
D-2-deoxy-rLbo-
furanose

az
trts-ti-scrÀSi-f-
D-2-deoxyrlbo- i
furanose

bls-O-SCTÂSI-
n-2ldeoryribo-
nucleosfde

Ffgure: 33- Comparfson beEween SCTASl-deoxyrlbonucLeosÍcles and SCTASÍ-

D-2-deoxyribosesn y, Z and u are scri\si grou.ps aÈ the

oxygèns of cy c, and c, respectr-vely. B denoÈes the base

rrnLt fn Ëhe nucleosfde"

oz
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f'n mass specÈral fragmentat.ion schemes, SCÎASl-2-deo:ryrlboses can be interb
preÈed as 1f they were the SCTASi-deoxyribonucleosid,es, except perhaps !frtth

mÍnor nodificatlons.

It convenl.enË to label cerÈain fÈagnents of the scTAsi-2-deo:ryrlbose

molecule afnce thLs would sfnplffy nuch Ln the explanatfon of the fragoenta-

tl'ons' Referrfng to flgure 34, numbers I to 5 denote the carbon atous in
the molecule, (B - base noiety; s = sugar and J = fragmenË contaÍnlng crr c,
and B or OU)

Figure:34.

l{aJor fragrnents of SCTASi-2-deoxyrf.bose.

The mass specËra of Èrl.s-O-TBDI'fSt and -TlfIBSi ethers of 2-deo:<yrl.bose

are shown fn figs. 35 to 38. One of Èhe maJor precursors of SCTASI.-ethers

has been found to be the (M-R)* Íor,, ¡rhere the SCTÀsl group is represenËed

by RKrSt wfth R = t-Bu or f-Pr. It fs not Burprlslng thaË Dost of the frag-

ments of SCTASf-2-deo:<yrlbose come from (M-R)+ as shot¡n Ln schene 13:
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schene 13. Mass specÈral fragmentation of scrAsi-D-2-deoryriboses, by

analogy wtth 2t-deoxyrfbonucleosldes (77). ALl assignments

are ÊentaÈlve. Nt¡mbers adJacent to lons denoÈe massee of

fons for TBDIISí derivatlves (no brackeËs) and, for Il,fIBSf de-

rfvatfves (¡¡tth brackets) .
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She¡oe:13. (conÈ t d)

Hess specira!. fragmenÈaÈion of S CTAS f-2-deoxyrfboses .
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(il.) Mass spectral fragmentatlon of partf.al SGÎAsl-D-2-deoxyriboses

Ges ehromaiography of the reactlon nlxture gave two peaks corres-

ponding Èo bÍs-o-D-2-deoxyriboses. The mass spectra of ,(uu), (figs. 39,

-40) show sÍnilar breakdowt¡ paÈtems to LUU. One characterlstic l.on which

is noÈ found Ín the m¿rss spectra of LUU i" (M-R-H2O)* at mlz 2gl, as there

f.s a free hydroxyl group on the molecule. It Ls extrenely difficuLt to as-

eign correct posÍtfons to the sflyl groups 1n the molecule. The naxfmt¡r¡

nrnber of Lsonere fs sfx, whereas onLy tno GC peaks were obtaLned, It 1s

strongly suspected that the GC coh¡mr did not resolve "ft tt" fsomers present

though Ít fs probable thaÈ some were fomed fn minor amounts.

(ifr) lfass epectra of ¡nl.xed llfst/TBDMSI dertvatl.ves of D-2-deo4¡rfboses

For I.
of 6, Ëhe ¡nass spectrrm (ffg. 41) shons only (Ìf-g,Bult and a smattr peak for

{u-cnr)t fon, due-to,the faclle ellnfnatton of the bulþ.Ë-buryl radtcal fron

the.1BD}lSl-uof'ety;.1hat'thefe!'aaoneTMSt''groupandttgoTBDl.fs1groupsfn

the derivatlve is shown úy tfre presence of mlz 155 whtch corresponds to Èhe. :.-.., - ..1- i
(t't-g. nu-'tBDMsloH-1tlslou)-' ion .1 .,

:-..,.''.':.''..,--...-'_..lf,,: Conversely, in the mass spectrum of l("ab)(flg. 42) nlz 155 ts
.L.

. 
rePresented by (M-g'nu-21lls1OH).F ¡*rlch se3.fe:ç1af.ns i the formula of 

,iO: 
O.-

.....-......---.'.:'rÍvative. (A slngle GC peak r¿as observèd f.nsÈead of the maxfmum of 6j. nf*oì ,'
. ..---...t

the TBDMSÍ. group exerts stronger fragmentatl.on rdireetingt propertfes than

doee the TMSÍ group. the ion at mlz 103 in the mass spectrum of l("rb)

probably represents TllSlOCHr+.

i;ri;ë;i:i:r.ü
l.l: .iil r. :
:: .i, r' , _':

,:t:jrltl,ìì: r.:
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109

(c) Mass spectra of SCTASi-flD-ribofurqnosÍdes

i) I{trereas mass spectral fragmentatfon paËterns of sc?ASt-D-2-dè:-

oxyrfboses can be explained by anaLogy wfth the SCTAST-deoxyrLbonucleosides,

sl'lylated p'I-|a 
"n"ylrf.bof 

uranosÍdes and sl.Lylated lÞribofuranoses are

also analougues of sLlylated rlbonucleosides 1a Ms./ As fl.gure 43 shows

oII and Bz (betzyl) can also be regärded the sa¡ne as the nucleobase B for
,, 

1

Iî{¡gs apectral intetpretatl.on purposes. The mass spectra of el.lyl deriva*
- lì : -

tives of p-ÞbenzylribofuranosÍdes are shown f.n ffgure e 44-47 , wlth frag-
L'

nenËation pathways (deduced by analogy ¡¡Íth ríbonucleosÍdes) given in schene

t4.

Figure: 43a coiparfson of ç (sGTåsi-ribonucleoside) lrfth a (scrAst -f-o-
rLbofuranosfde and Q (scrAsi-D-ribofuranose) . y, z, rw .aod, u

'.) 
.. 

t

represenË SCTASI groups on the o:rygeû atoxns of Cy C3, G, and
'a

C, respecÈl.ve1y'. (B - base and Bz -- benzyl)- -". r í

a

Y

iþ¡
showfng maJor fraguenËs of SCTAS1 4 -yrtA"furanosl.des -

I

'¡a:!-i-';-- ,_'.':1r ".
--1'-r?T1:* a:*,".È

' .': ,,

Ffgure: 43b. Dfagrarn
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114

Scheme: 14. Mass speetral fregmeneatíon pattern of SCT,{Si-É-D-beneyl-

ri-bcÍ';r*losides- The fouË nußbe:re adjacene Èt. Lons are El"?sßÊg

of lons for TlfSL' TBD¡{SlrTÞfIPSi and TMIBSi derivatives reapec-:

tively.
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Scheæ: 14 (conttd) Lower rnass Long such as l01r 173, tgg.and lg5

whlch contaLn cvclo-tetrauethylene group * x2 decoryose

further to give emaller fragments.
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f i ) Parttal S CTÁ,S t - f -O-b enzylrÍb o f uranos ides

The mass specÈËa of mono-lBDllSt end mono-TMTBSi derívatl.ves (aLl Ehree

lsomers were sepârated by Gt 1n each ease*figs. 14115) are shoun fn ffgs. 4g-

53. The mass speeÈra of bis-TilDllSf der{vaLives (Chree GC peaks fig.l4) aard

bfs-rÞfrBSi derfvaÈlve¡s (t¡¡o GC peaks, ffg; 16) are ehol,¡n in ff.ge, 54*sg.

åLL nase specÈra show characterfsÈl.c (Þf-t'3¡.r=Hro)+ ions, as çr*lL as (Þf-t.Br¡-

BzoH)+ fons. 
"l\n 

ie the base peak fn alt epeeËtra, sbor,ring Èhe,vrell,-kneru,*-n

stêbfl*E)¡ of thls icn (usualty assfgned the tr.cpylltun sÈructure) " i

.. i.

Some varfatfons ln pealt heights Ln the r.ûass spècs.re of isçnerle derå*

vatives are alsci observed.
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I l_ I

ttf) Hixed Ac/TBÐMsi derivaÈives ot p-o-venzylrl.bofuranosldes

The mass apectra of urono-1BDMS1-bis-aceÈy1-É-IÞbenzylrfbofuranosLde

are shorm ln ffge. 59-61; of bls-TBDMSi-nono-acÈy1 derlvatÍves Ín ftge. 62-64.

In each case, all three isomers t¡ere separated by GC (flg. r0)._f_teure 65

shor¿s the mass spectru¡E of the trfs-acetyl derivatlve.

' The nass apectra analyees show characterfstl.c (M-57)+ for all deriva-

tfvee. Further studLes should provl.de deÈaLled mechenfsrns of f,ragnentatfon

of ml.xed derlvatl.ves.
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lv) Masa spectral" f,ragmentaÈion of SCfASi-D-ribose

Fous GC peaks ¡vere obeained for rr5uu¡ fndlcating the presence of
four ísoners (ffg- 7) " rt. ls belleved that t-*o of the sErucÈures should

correspond to the furanose, systen and the oËher tx,¡o to the pyranose sys-
t'em. The mass spectra are shorv-n fn figs 66-69. A d1st:LncËive feaÈ,ure

of ÎBDMSt-furanose Ls the peak aË a/z 3oI. A furanof.d, sysfiem shoul,l be

dfstfnqulshed froxÌr the pyranose form by the mlz 30L to m/z 2Bg raÈ.fc¡.
.'

The mass'specÈr$m of teÈrakis:o-TtflrBsi-D-ribose (slngle GC peak) 1s

shoÞm fn ffg. 701

- Here, inteÌ:pretèef.on fs analogous Ëo thaË for scTâ,s1-rÍbonucleo-

sides (aclreme 15) "

v) Mass specÈra of SCTASL-D-xyloses

Gas chromanogrâþhy geve tïro peaks cotrresponding to Èecràkis*O-

TBDMSi-D-:rytr-ose, theoç anð P ånomers. The mase specÈra are shoçn fn figo"
Tl anð' 7?. Generally, the apectra paraller Èhose of the rfbosee, r.rfËh

varJ.äÈlons ln heLghts of peaks 
"

l.
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of scrAst-l.4

t47 it

(d)

1) Fully eilylated 114-rlbonolacÈones.

the mass spectral lnterpretatfon of Tl{S1-aldonolactones ¡r:rs per-

fo¡:raed by Petersson and co-workers (s4). They shoned that dlastersouera

could be differentf.ated frou each other by examlnfng the dl.fferencee in
f.ntensftfes for varlous fraguentatfon producÈs. In thLs'study, sc[ast-l14
rlbonolactones rsere eelected for lnvestLgatfon because of thelr slryle struc-
tures (three substf.ÈuenÈ groups). The nass apectra of trfs-Ty5i, TBDllS1,

l}fiPsl' IîffBsl lr4-ribonolactonea are. shon¡ Ln figs . lg-16. Molecqlar

welghts can easlly be obtalned from (M-R)+ fons. Charaeteristlc Íons ln-
clude loss of Co from (M-R)+, Í.e. the (U-n-Zg)+ ion; and also the
(M-R-scrasioH)+ 1ons.. other lonfc specfes are co¡Enon fragnents æost f,re-
quently encountered ln the.nass spectra of scrASi-ethers.
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152

ff) Partial C-SûÎASi-ir4-rÍbonoiacionesr

The mass specËrå of the mono-TBDilsÍ, rnono-Ttfl,Bsi, bis-TBDMSí, and

bts-T!flrBSf. ethere of 1r4-rf.bonoLactones a.re shor¡n fn ffgs. 77-g7. Three

lsomers could occur l-n each eåse, and wiÈh Ëhe exceptf-on of Ëhe mono-

TþfrBst derivatlves (whleh gave tr¡o GC peaks, ftg. ll), Êhree GC Fealcs

r¿ere obtalned (ffe{r 10-12). a.s f.n rhe mass specr,ra of oeher paritally
sllylated poLyhydrox,y conrpounds, J.oss of ¡raÊer fram sc¡me of the fragrreriÐn'

fs eorenon" The Lon at nlz L59 represenË" fo** of *uC*" froxr (M-57-2S)+

wh1Le mlz 117 and nlz L43 are both unÍque to pârtial SCTAS.i*1r4-ribonolac-

tones.
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DerlvatlzåÈÍon of DÞ-nosacchåride molecules wlth scTASl rea¡¡ents

drastfcally fncreases the Gc retentlon tf.¡nes of tbe compounds co'pared
wlth Tlfsf analogues. Tt¡e separatfons of aûoners ae well as atereofsoners
are much enhanced. Evf'dently, the sterlcaLly crowded sflyl groups lntro-
duged lnto the uolecules nodLfy greatly the fnteractÍoas betneen the de-
rivaÈlvee and, the lfqufd phase of the coluur used ( in thfs ease ov-l ).
scrAsf-eÈhera of monosaccharÍdee are not only stable to htgh GC coltmr
temPeratures; they are also very resfstaat to hydrolysis, thus enablf.ng ease
fn handlfng. For polyþdro:<yl molecules, rhe TBDMSf._notety ( the leest :

bulky anong the three sflyl groups eÈuded ) seens to be qulte coupatfble
lrlth Gc anarysfs. I{Ìren the nunber of free hydroxyl groupa on the nolecule
exceede 6r the molecutrar welght of the derfvatlve nay becoue exceedfngly

high for nass spectral purposes. However, parÈfarly silylated monoseccharides

could aleo be ehromatographed r¡f.thout loss of peak eymetry and eluted at
much lower reËentf'on tfmes- Mfxed derfvatfves, posaessfng characeerfstl.c
properÈl'ee of proteatl.ng gror¡ps, can also be prepared and are verT nuch

anenable to gas phase analyses.

orher sclAsl-ethers ( nanely, llfrpst and TrfrBSf. derfvatlves ) suffer
from long GC retentfon tfues as well as. less proninent peaks at hlgh-mass

regfons fn thefr nass speetra. sonetfnee, derl.vatf,ves tend to have hlgh
nolecular wefghts ¡shfch exceed the normal range of a r¡edlum prfced nass

spectrometer. on the other hand, they provlde effectlve labellfng of
slllcon groups and are complenentary to TBDHSi-derfvatlves ln nass spectral
fnterpretatfons

ì.'.r..,i r:
r:l+:i:"¡Í
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SCTASi-nolef.tes by yfeldlng a eËable siLiconlun ion, have both frag-
¡nentaÈlon tdlrectf.ngt as r¡ell as characÈeristl.c stly1 rearrarigement pro-
perÈLes- They afford moderately intense peaks at the hfgh end of the mase

i spectrun whÍch aid 1n obtainÍng molecular weights and other infornatf.on

pertaf.nfng to sflylated compounds.

Prelf'mlnary results on SCTASi-monosaccharfde gas phase analysls pro*

' Pertles also lndlcate that mueh knowledge f.s sÊiLl lacking fn the abeoluÈe

mass sPeetral identf.ffcation of anoners and epime,rs;.as well as stereo-

lsomers of many sllyLated monosaccharfdes, Further sÈudies could be di-
rected Èo deuÈerfr¡¡ Labellfng of'the derlvatlzed molecules. High fesolutfoni
mass spectronetry and the study of metastable þeaks should provlde much

Lnfornation concerning indlsputable fnterpretatLon of fragnrentatlon path-

ways of SCTASÍ-sugars. l

It ls hoped that once detaf.led fragrnenËaËLon paËterns have been worked

out mass fragmentography could supply qualltatf.ve lnformaÈlon at pico-gram

levels, and may provLde sufffcf.ent speciftcLty for a partlcular sËrucËure

to enable a posLtLve fdentlficatf.on.

Future sÈudfes thaÈ nfght be of vaLue to perform would be the favesÈÍ-
:: gatf.on of SCTAST-netþl glycosf.des and SCTASl-glyeosaml.nes. The former

1s used. the latter conpounds are of sLgnffl.cance because of the rdfde

,.) presence of gLycosamines ln bfologfcal systems.

ir::
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