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INTRODUCTION

Manf polysaccharides are important in commerce, and sihce
the monosaccharide units of these polymers are linked by glycosidic
bonds, it is iméortant to understand tﬁe*reaction mechanism by
which theée linkages are cleaved during acid hydrolyvsis. BAn
‘accurate description of the reactive intermediate through which
.this.reaction procedes is QSSential.to the prediction of reactivity
‘and to the achievement of optimal processing conditions for various
carbohydrate raw matériéls.'.

A large amount of data has been gathered as to the molecu-
larity of acid-catalyzed pyrancoside hydrolysis and the reactiva_
iﬁte:mediate involved. The evidence is'not conclusive, but
indicates a rapid, pre-eguilibrium protonation follewed by a
unimolecular substitution at the €-1 carbonium ion of the conjugate
acid of the pyranoside. Since pyranosides are unsymmetric acetals,
two different.mechaniéms, differing in the site of initial protona-
tion are consistent with the_proposed mechanism.

It is for the purpose of adding to the knowledge of this
mechanism, in particular, knowledge concerning the structure of
the intermediate in the rate deterﬁining step of the reaction,

that this study was undertakern.



LITERATURE REVIEW

?he.subject of pyranoside hydrolysis has received much
attention in the literature and has beén reviewed by several
authors (1-5)., Much of this attention has been cencentrated
upon the determination of.the order and type of reaction that
is occurring during the acid catalyzed hydrolysis of pyranosides
and the larger class of acetals, of which the pyranosides are a
special category. |

Bronsted and Grové {(6) showed that acetals undergo rapid,
hydfogeﬁ ion catalyzed hydrolfsis in aqueous acid, but are stable
in alkaline solution. These reactions are on the order of 10}l
times more rapid than the hydrolysis of simpler dialkyl ethers
under the same conditions. Ingold (7) presumed this increase in
reactivity to be due to the formation of the conjugate acid of
the acetal, with subsegquent nucleophilié, unimolecular substitu-
tion {Sni).to form the alcohol. Skrabal and Eger (8) invéstigated
the hydréiyéis'of a series of alkyl~acetals and showed that reac-
tivity could be explained by inductive effects in the protonated
acid form of an acetal. O'Gorman and Lucas (9) reached a similar
conclusion by notiﬁg that the acetal of an optically active alcchol,
when hydrolyzed, gives tﬁe Optically.active.alcohol, indicating
that the reaction procedes by way of the caibonium ion of the
‘aldehyde carbon.

Hammett and Paui (10} explained the linear relationship between

the acidity function, H, in strong acids, and the logarithm of the

O

rate of hydrolysis for various compounds, including sucrose, by



the rapid formation of an ionized species. The hydrolytic break-
down of this ion is then mﬁch slbwer than its formation and
allows an eguilibrium to be reached between the ion and the
non-icnized substrate. McIntyre and Lbng'(ll} determined the
dependence of the logarithm of the hj&rolysis rate for methal
upon the Hammebt acidity function, Hp, and explained the linear
relation as further evidence for a rapid pre- equlllbrlum pro—'
tonatzon and a unlmolecuiar mechanism.

Orr and Butler (12) first measured a rate constant incréase.
of a fabtor of three for the hydrolysis of methal in D,0 as com-
pared to H,O. Bﬁnton and Shiner (13) calculated ratios for kpoo/
kHzO ffom 1.7 to 2.5. Kilpatrick (14} observed a hydrolysis rate
inérease in D20 of 2.7 times the rate in H,0 for methal and
ethylene acetal.i These authors argue that this effect indicates
the existence of a protbnation sfep and a ﬁrotonated intérmediate
!En the reaction mechanism. The observed rate increase is due %o
the greatgr prcpbrticn of the deuterated species in D0 than the
~ protonated species in.HQO.

The molecularity of the hydrolysis of acetals has also been
indicated by the magnitude of the entropy of activation, ash . Long
and co-workers (15) noted that the entropy of activation for the
hydreolysis of many acetals, which had previously been shown to
undergo an A-1 reaction, exhibited positive or only slightly
negative values of AS%. Compounds such as primary alkyl halides,
which are known to'undergo hydrolysis by an A2 reaction, show

large negative values of AS . Schlager and Long (16) proposed



that the water moleculé bcound by the activated complex in the Sﬁﬁ
tfansition state gives added structure to the overall system, and
Overend and co-workers (l7) argue that the positive'entrOPy of
activation for an A-~l type hydrolysis ié due to & less ordered .
intermediate in the breakdown of the éonjugaté acid.

All the criteria for an A-1 reaction establiéhed for_general
acetals have also been applied to the pyranosides. That pyranosides
of optically active alcohols retain optical activity of the alcohol
upon acid-hydrolysis is readily observable in the acid hydralysis'
of oligosaccharides. The various other evidences for an A-1
mechanism have been applied by many other invéstigators. Several
authors (17, 18, 19} have noted that the logarithm of the hydrolysis
raté constant for various nyran051des ie linear with respect to the
éammett acidity function, but not with rESpect to pH. This criteria
for unlmclccuiaxlty has, however, been criticized by hﬂsklkalllo et -
él; {20} as belng unreliable in certa:n cases, and by Bunnett (21)
Qho nate@_ghat the_slope of the logarithm of kpyq versus H, departed
from unity for different acids. )

Activation entropies have also been determined for many
pyranosides by Timell (18) and by Overend and co-workers {l?).._As
praviously stated, the ﬁé? of a :eaction proceeding by an A-1
mechanism has been shown to be positive in many cases. . Overend's
work showed a mean value of 413.7 e.u. for the 22 different

pyranosides studied.



Wﬁalley (22) argued that the volume of activation, V*,'will
be more positive in the case of an A-1 reaction than in thé case
of an Sp2 reaction. Many later experiments by the same iﬁvesti—
gator on reactions whose ﬁechaﬁisms had been studied by other
means indicated that these initial arguments were correct. Withgy
and Waliey (23) later measured V' for methyl orD—glucopyraﬁdside_
to be +5.1 cm3mole;1, indicating an S,1 mechanism for the break-
down of the conjugate acid. |

The ratio of hydrolysis rates in Hy0 anﬁ'DZO'has also beeni
measured for pyranosides. A ratio of kp30/kH20 of 1.8 was observed
by Overend et al. (17) for methyl e-D-glucopyranoside, and a kD»0/
ngO of 2.5 was measured by Armour et al. (24} for methyl 2ede¢xy_
aergluCOPyranoside. |

18

Bunton and co-workers (13) have also shown by O tracer

: s_tudies- that in methyl o and (3 and in phenyl o and R-D-
fglucopyranosides, the breakdowh of the conjugate acid inter-
mediateiproceeds by the cleavage of the c~1'td aglycone oxygen
bond, rather than the oxjgen to aglycone carbon bond.

The same authors in a later study nbted, however, that the
acid-catalyzed hydrolysis of t-butyl giucosides proceeds by the
cleavage of the alkyl-oxygen bond (24). |

- As stated beforé, the subject of pyranoside hydrolysis has
been extensively reyiewed, and this short discussion'has not
attempted to completely cover the literature, but only to present
.the more difinitive evidence for the A-1 mechanism. While these

studies strongly suggest an A-1 mechanism, there are weaknesses



in the.arquments based upon thermodynamic values'of the activated
stéte, because as measured, they include the_proPerties of the
protdnation step as well as £he rate limiting breakdown.

Since pyranosides are:unéymmetriégl acetals however, there
.éré two possible mech&hisms which fit the.requirements of the-341
mechanism, but which differ in thersite of the position of.the

initial protonation and bond cleavage.
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One of the two oxygen atoms bonded to the C-1 carbon of the
pyranoside must be protonated to satisfy the requifements of the
A-1 mechanism, but none of the evidenée for that mechanism can
distinguish between initial protonation of the aglycone oxygen
{mechanism A) or the ring oxygen (mechanism B) Bunton has stated
that some experimental difficulty is present in trying to distin-
guish between the two mecﬁanisms, however, evidence exists for

-both mechanisms.



The sterochemical configuration at C-1 of the products of
pyranoside hydrolygis might give an indication as to'the structure
- of the reactive intermediate. This techhi@ue is not applicable
to the hydrolysis of pyranosides, however, since the rate of
anomerization of the aldose produced is much greater than the
rate of hydrolysis. Banks and co-workers (25) however, inter-
preted the fact that the methanolysis of phenyl aand B -D-
glucopyranosides gives the slowly anomerizing methyl
~glucopyranosides of predominantly the opposite configuration,
as evidence for a cyclic carbonium ion intermediate.

The relative'hydrolysis rates of.various thio glycosides have
als§ béen taken as evidence of a cyclic carbonium ion in the
hydrolysis of glycosides in general. Bumford et al. (26) ex-
plained the slow raté of hydrolysis of phenyl 1—thioﬂagDQ
glucbpyranoside relative to that of phenyl'er—glucopyranoside;
by the fact that the protonated thiophencl is a much poorer
- lsaving group than the protonated phendi.' This explanation indi-
catesi?rétonation at the aglycone position and, therefore, impliés
a cyclic_carhqnium ion intermediate in the.hyﬂrolysis.._ _

Whistler and Van Es (27) also found that methyl l-thio- -
Dﬂxylopyranoside hydrolyzed at approximately one-half the rate
of methyl arD~xylopyrandside. Furthermoré, the same authors found
that the methyl a-and [3-5-thio-D~xylopyranosides Qere hydrolyzed
respectively 10 and 14 times faster than their 5-oxygen analogs.

Both these observations were explained in terms of the cyclic



carbonium ion intermediate, in that sulfur in the ring gosition"
shduld allow greater charge delocalization than oxygen in the
same position, due to a greater inductive effect. The more
stable inﬁermediate should exist in higher concentration, and
_the reaction rate should increése. In later work, Whistler and
- Rowell (28) found that the hydrolysis rate of methyl 1-thio-o~
D-5~-thio-xylopyranoside is only slightly less than that of
methyl arD«xylo—Swthio;pyranoside, implying that the inductive -
effect of the ring sulfur still predominates in the contfol of
the hydrolysis rate. |

Banks et al. (25) have supplied the most convincing, and
the only direct evidence for the cyclic carbonium ioh interme&iate,
by measuring an oxygen isotope effect for the breakage of the |
aglycone~oxygen bond during the partial hydrolysis of methyl
@-D-glucopyranoside. A ratio of kig,/kigg ©f 1.03 was measured
by noting a 3% decrease in the natural abundance of 185 in the
methano} pradgced during a 7% hyarolysis of methyl o-D-
glucopyranoside as compared to that produced during a 100%
hydrolysis. The observed kinetic isotope effect should he
noted only if the reaétion involves the breakage of the C-1
aglycone oxygen bohd during the rate limiting step of the
reaction. The observed effect is, however, only one-half the
magnitude of the predicted effect of 1.064.

There is no positive evidgnce for the existence of the acyclic
carbonium in the hydrolyéis of glycosides; however, results by ét

least two authors make its existence a possibility. Lemieux {295

= 10 -



noted that while the NMR spectra of N-(tetra-O-acetyl--D-
glucopy;anosyl)—4—methyl-pyridinium bromide indicated that

‘the compcund existed in the ndrmal C 1 conformation, the anomar
of the same compound was shown to exist in the energetlca] 1y
unfavorable 1 C conformation. If this compound is an accurate
model of a pyranoside protonated in the aglycone positiaﬁ, ik
impliés'that protonation of the agiycone.oxygen in the case éf
.arglycosides might produce a much less stable oxonium ion than
protonation of the ring oxygen. 1In this manner, the acyclic
hydrolyéis mechanism might preddminate. |

In later studies, Clayton et al. (30) isclated small bhut
significant amounts of methyl l-thio- gand /3~D~ribofurarxosisieé-_
and methyl l-thio-{3-D-ribopyranoside from the partial hydrolyéis
of pure methyl lnthib-urD~ribopyranoside. The existence of these
anomeric forms indicates the presence of an open-ring structure
at some point in the reaction mechanism,

While none of these studies pos;tlvely 1dent1fy the structure
of the two possible reactive 1ntermed1ates, the cycllc mechanism
has gained wide acceptance, principally on the basis of the isotopse
effect'measured by Banks. The fact that this effect was measured
cn only cone anomer of one pyranoside and was of unexpectedly low
magnitude leaves questions about the uﬁiversality of the qjclic
mechanism. Furthermore, the findings of other authors, such as
Lemieux, are not explainable in terms 0f the cyclié mechanism.

Greater confidence could be placed in the validity of the cyclic



intermediate if the isotope effect associated with the breakage

of the C-1, aglycone oxygen bond were checked for other. pyranosgides,
Also, the acycliic mechanism could be.either'proved or disproved

by checking the possible oxygen isotope effect for the breakage

of the C?l, ring oxygen bond during pyranoside hydrolysis.

This study is then the beginning of an inﬁestigation of these

two points, ia particular the existence of the C~1 - ring

oxygen, isoicpe effecrt.
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RESULTS AND DISCUSSION

O Enrichment at C-5 of Xylose

It was initially felt that the most difect-route to
enrichment of the 5-oxygen of D-xylose would be nucleophilic
replacement-of a Bftolysulfénate'group.using enriched acetate
or benzoate anion, enriched to at least 50 atom % 130 at both
carboxyl oxygens.

1,2—0-150pr09ylidene—5-0427E01ysu1fonYl—arD—xY1ofuranose
was prepared as planned, however.initial studies showed that.
both sodium and potassium acatéta were much too insoluble in
dipolar aprotic solvents to be practical.. Tétraﬁgfbutylammonium
bénzoate has, however, been shown to give effective replacement

at primary p-toulysulfonyl esters (40;. Tetra-n-butyl ammonium

acetate has also been reported; however, the method {41} invoived

the formation of the acetate salt of tetra-n-butylammonium hydroxide

in water. - Such an approach was not feasible for cur needs sincé':
the exchange ré£es of thélacétate oxygens with water is quite
high. As an alternative approach, the formaticn of the acetaté
salt from tetra-n-butylammonium chloride in.dry ethanol with
potassium acetate was attEmpﬁed. While the reaction proceeded

in good yield (83%) as measured by the Weighﬁ of the potassium.

chloride produced, the tetra-n-butylammonium acetate hydrated,

‘either from water remaining in the ethanol or from atmospheric

moisture during filtration and wofkup. Tetra-n-butylammonium
acetate is known to form a hydrate with 15 moles of water per

mole of salt (41).

- 13 -~



It was feared that isotopic dilution would occur if the
hydrated tetra-n-butylammonium acetate were used in the replace-
ment reaction. In addition, no réaction could be detected in
mixtures of l,2—0-isopfapylidene-S“O-EftolySulfonyl—arD—
xylofuranose with slight excesses of the hydrated tetra-n-
butylammonium acetate in N-methylpyrrolidone at either 60° or
150°, as evidencediby thin layer chromatography (TLC).

As sodium benzoate is knéwn to replace the p-tolysulfonyl
group at primary alcohols (40), its use as a carrier of 18¢g was
'explored. Literature methods cite 200—400% molar excesses under
forcing conditions to achieve even 60% yields, At current commer-
cial prices for benzoic acid labeled at 70.étom% 185 in both
oiygen atoms ($765/gm, Miles Laboratoriés, Research Div.,
Kankakee, I1l1l.) and assuming a 60% yield in the replacement and
35% through the subsequent sequence of reactions, the cost to
flabel 200 mg each of methyl a-D-xylopyranoside and methyl 3-D-
_xylopyraﬁoside can be calculatsd to be approximately $2,000..

To overcome this high cost of labeling, it was felt that
the oxygen replacement might be carried out with the relatively
cheaper 189 hydroxide ioh if a better leaving group were presént
at the C-5 position of l,2—O—isoproPy1idene;arD~xylofuranose.
Accordingly, 1,2wo-iSOpropylidene~5~déoxy%S-iodo—arD~xylofuranose
was prepared. Upon refluxing the latter compound in basic condi-
tions with a slight excess of water, TLC showed large amounts of
a product with greater mobility than the starting material,

vhereas only traces of a compound corresponding in mobility to



1,2-0~isopropylidene- -D-xylofurznose (the desired product)
were detected. It was assumed that the .compenent of higher
mobiiiﬁy was 1,2—0—isopropyli&ene—3,5—anhyaro-a—D—xylofufanose
(Figure 1.). The 3,5 anhydro compound is formed under similar,
but anhydrous conditions (42).

ICEg HZC
0 C

CH - 0

CH o
CH33 | | CHy

Figure 1, 1,2-0O-isopropylidene-3,5-anhydro-a-D-xylofuranose

To block the formation of tﬁe 3,5-oxete ring; 1,2-0-
isopropylidenenB—O-benzylhs-deoxy-Swiodo;aﬂbﬂxylofuranose was
prepared. Several attempts to effect replacement of the iodo
group uSiﬁ§ water and &ariaus.bases ih.polar spivents showed
no appreciable reactic¢n. Possibly the closé proximity of the 3
and 5 positions on the furanose structure and the free rotation
of the benzyl group causes steric interference during the
attempted Sp2 displacement. The 5-iodo group in either the 3-
hydroxyl br the 3-O-benzyl derivitive was however, easily removéd
by silver nitrate in the presence of water and a tertiary amine.
TLC showed good conversion of the starting material to a componenf
of intermediate mobility between the starting 5-iodo derivitive and

the desired 1,2-0O-isopropylidene-a-D-xylofuranose. The syrupy

- 15 -



- product from the.workup of the reaction mixtﬁre decolorized diiute;-
bromine water. A literature search revealed that the suspected
dehydrohalogenation product, l,Z-Onisopropylidene-4,S—dideoxyjan
D-threcpent-4-enofuranose (Figure 2.) had been formed under :

similar but arhydrous conditions with mercuric salt catalysis (43).

ICH
e . 0
L . Ol
OH agN0o, 727 \UH
o, | 0
0 o
oE 3 "
3 CH3 -

Figure 2. 1,2-isopropylidene-4,5- dldPOKy ¢-D~threopent-
4-enofuranose

In view of the difficulty involved with side reactions in
éttempts at nucleophilic displacement reactions at the 5 position
of xylose, an experimentally.différent, and in retrospect, a
simpler technigue involving iGOleO exchange at a suitably
positioned aldehyde group on 1,2-0O-isopropylidene-a-D-xylofuranose
was employed. The starting material exists as a dimer, big={l,2~
Oeisopropylidene-urn-§gigfpentadialdofuranose)w3,5'—5,5' eyalac
aceﬁal (II); and has been studied rather extensively by Isbell
44) b?cause of its use as an intermediate in the preparation of

D—glucose~6~l4c.

Data is available (45) showing that the exchange
rates for 160/180 at the l-aldehydo position of aldoses is

reasonably rapid, and that the exchange proceeds, with base

o T -



cétalysis, to near 100% completion. Results by other investi-
.gaéors {46) also indicatelthat primary and secondary hydroxyl
oxygen atoms show no exchange under basic or acid conditions
over the same time span required for equilibrium to be estab-
lished at the aldehyde oxygen.

The dimer (II) exists both as a syrupf product and as one
of two crystalline solids. Our initialraxchangéustudies were
carried out on the syrupy product since crystalliiéfion could
not be affected. Thin layer chrcmatography of the syrupy_(II)
showed four separate components, none of which corresponded by
TLC mobility to the starting material, 1,2-0O-isopropylidene-o-
D~glucofuranose (I). Isbell (44) reported the compound to exist
as a dimer in solution and in one of two crystalline forms, one
hydrated and the other anhydroﬁs. Also, Isbell stated the -
dialdose (II) tightly.absorbs the formaldehyde produced during
its formation by periodate oxidation of (I). The four components
in syrupy (II) were assumed to be the dimer (II), the free
aldehyde form, a hydrated form and a formaldehydrate. In our
laboratory, formaldehyde could not be separated from the dialdose
by absorbtion chromatography on silica gel, or by prolonged
warming of the syrup under vacuum.

Isbell’'s method requires removal of the formaldehyde by
freeze drying the reaction mixture from the periodate oxidation
before extracticn of the S—aldehydo compound. In his method,

the last traces of formaldehyde must be removed by crystallization



frdm water after proionge& stanéing in the cold. During ouf

attempts at dehydration of the syrupy product, it.was noted

that formaldehyde could be removed by refluxing a solution of

the éyrupy'pfodﬁct in benzene. The odor of formaldehyde was

" detected above the reflux condenser, and a white solid,

presumable para-formaldehyde, formed at the lower end of the

condenser. After refluxing for 10 hours, the benzene could

be removed and the syrﬁpy dimer (II) was easily purified by :;

crystallization frém water. The crystals obtained weré |

dehydrated and recrystéllized in anhydrous form from benzene.
Oxygen exchange at the potential 5-aldehyde group was

first carried out using ammonia as the base catalyst and water

containing 20.6 atom$ +80. Reduction of the 5-aldehyde group

was done by addition of the exchange reaction mixture to lithium

aluminium hydride without preliminary removal of the excess water

present in the exchange reaction mixture.

18
CH, 0

CH
CH,3
The syruny 1,2-0-isopropylidene-o-D-xylofuranose-5-4%0 (III} from
the exchange reaction was trimethylsilylated, purified by prepara-

tive gas-liquid chromatography and its mass spectrum examined.

- A line graph of the spectrum is shown in Figure 3., page 21.

A



‘The method 65 calculation of the theerétibal incorporation
of 180 at the 5—position_pf 1,2-0-isopropylidene-a-D~xylofuranose
will be 'given here in detail for the first exchange experiment.

Oxygen-18 enriched water contained 20.6 atoms 180

(Bio-Rad Laboratories analysis). The molecular

-weight of the enriched water is:

0.206 x 20.0 mol™L + 0.794 x 18.0 g mol~! = 18.41 g mol-l.

Assuming the only exehangeabie oxygen on- (II) is the

S~aldehyde, and ignoring naturally occurring 18y,

( 0.2%) the equilibrium content at the S5-position of
(IT) will be the moles of 180 present in the exchange

- system divided by the total moles of exchangeable

oxygen. The molecular weight of (II) is 377.40 g/

mol, and there are two ethangeahle oxygens per mole.

If 0.3281 g of enriched water and 1.376 g of (II)

are present in the exchange; the equilibrium percent

of 180 at 0-5 of (II) is:

(0.206) (0.3281 g/18.41 g mol™1) .

_ X 100 = 14.62%
(0.3281 g/18.41 g mol=l) + 2(1.376.9)/377.40 g mol-1

At equilibrium, the 5-oxygen of (II) shoﬁld_contain

14.62 atoms 180,

- To determine the efficiency of exchange, the ratios of the
peaks at m/e 319 to 321 and 103 to 105 in the mass spectrﬁm of
1,2-0O~isopropylidene~3,5-bis-0O~(trimethylsily)~a-D~-xylofuranose

were determined. The ratios were obtained by measuring the peak



heights with a steel rule, graduated in 1/64". The fragﬁents
at m/e 319 and 321 were assigned to the structure shown in
Figure 3. (&) page 21. This corresponds to the molecular ion
with loss of a‘CHy radical, a commcn fission in isopropylidene
derivitives of aldoses (47). A'measuremenﬁ at the'ﬁolecular
ion region of the spectrum would be more satisfactory, but
isopropylidene derivatives commonly do not exhibit molecular
ions. The peaks at m/e 103 and 105 were assigned the structure
shown in Figure 3. (b) page 21, and each contains only the
oxygen originally at the 5 position in the intact molecule.
Fragmentation at the exocyclic carbon has been shown to be a
prominent disintegration in the mass spectra of other
furanosides (48).

In using the mass spectrum to determine oxygen-18 enrichrent,
the relative intensity of the ion at two mass units higher than
the base ion peak is the sum of the 180 enrichment plus contribu-
tions from the natural abundance of other isotopes in the species
corresponding to the base peak. Determination of the added 18¢
in the D-xyilose derivitives requires allowance for these

natural abundance contributions.
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Allowance for the natural abundance peak may be accomplished

either hy actually determining the ratio of the mass +2 peak ®

to the base peak of the ion cluster in the spectrum of the

uniabeled compound or by calculation of the relative intensity

of the molecular ion +2 (m +2) peak using the natural abundances

of higher mass isoto?es of atoms contained in the ion. 1In this

.work, calculation of the m +2 intensity due to naturally occurring

isotopes was done to eliminate thé'aéééd error ‘caused by subtrac-

tion of the measured value in determination of the 180,169 ratio.
Because of the'importance of this calculation in interpreting

l80 content at

changes in the 180/150 ratio and changes in the
the 5—§OSition, it is given in detail below for the m/e 319 peak.
When more than one atom is present in an ion, the probability
of any one of these atoms being a higher mass isotope is found by
using a binomial expansion of (49):
{a + p)®
Where:
a = the percentage natural abundance of the lighﬁ'isotcpe
b = the percentage natural abundance of the heavy isotope
m = the nﬁmber of atoms of an element present in the ion.
The relative magnitude of the terms in the expansion corres-
ponded to the relative abundance of ion species containing zero
through m atoms of an isotope of higher nags. Contributions to
the inténsity of the peak two mass units higher than tﬁe basé peak

for the ion cluster will be made by ions containing one atom of



an isotope of two mass units higher than the most abuhdant
- isotope. This contribution will be represented by the second
term of the'expansion. Contributions to'the"maSS +2 peakl
intensity will also be made by ions containing two aﬁoms of
an isatﬂpe one mass unit higher than the most abundan§ isotope
for anrelement. This contribﬁtion may bé calculated by the
sum of the third terms of ‘the binomial expansions for'thé
isoﬁﬁpes one mass higher than the most abundant isotope for
each atom in an ion. Iﬁ addition, the m +2 peak will contain
species with two mass +1 isotopes from different elements.
This.contribution is calculated by cross multiplying the second
. terms of two binomial expansions where each.expansion repregents
the probability of zero through m mass +1 isotopes of an atom
occurring at the same time in an ion. . |

The exponents and coefficients for the éecond and third terms.
of a binomial expansion are given by the general foxmulas:

second ﬁerm = (m)a(m=-1ly
third term = m(z;;l)' (m=2) 1,2

The elemental formula for thé (M-15) peak in the spectrunm
of l,2-O~isopr09ylidene—3,5zgi§fo—(trimethyléilyl}—arD—xylofuranose
is C14H27O5Si2, and the natural abundance percentages of thé
" elements with the most abundant isotope of each taken as 100

are as follows:



2951 = 5.07%

3.31%
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1.08%
2y = 0.016%

The individual contributions to the intensity of the peak
at 2 mass units higher 1.8 (M-13) by the occurrence of two
isotopes of the same element, each one mass unit higher than.
the most abundant isotqpe of that element is calculated by i)
determining the third term of the binomial expansion for that
particular element, and ii) converting the value calculated to
a percentage of the peag containing only the most abundant isotope
by dividing the value found for the third term in part i) by the
+first term of the expansion and then multi?lying the quétient by

160 -

For two 29si

Part ii) 25.7 _ e
(IﬁﬁT‘z x 100 0..257
The value found in part ii) of the calculation gives the
magnitude of the contribution of an ion species containing two
isotopes of one mass unit higher than the most abundant iéotOpe
for the atom to the (M-13) peak as a percentage of the magnitude

of the (M-15) peak.
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For two “H

Part i)  27(27-1) (27-2)

2 T

(100) (0.016)2 = 8.99 x 1048

;g 49 -
Part ii) 8.99 x %g < 100 = 8.99 % 10 4%
(100}

13
For two ~-C

Part 3) L4l pogy Y g.0012 = 979 & 2025

Part ii) 9.79 x 1025
({

The valve found in part ii) of the calculation gives the
magnitude oﬁ the contribution of an ion species containing two
isotopes of one mass unit higher than the most abundant isotopes
to the (M-13) peak as a percentage of the magnitude of the {M-15)
peak. I

The contributions to the (M-13]) peak by two 20's or two 1l0's
were regarded as insignificant in view of the contribution by two
C's, and were disregarded in further calculations

and in the summation of the total natural abundance of the {(M-13)

|
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Contributions to the (M-13) peak by a combination of one
295i and one 13c cccurring simultaneously in the ion may be
calculated by the product of the second terms of their reSPQQtivé

binomial expansions as follows:

Fof one 2951

Part i)  2(100) 2~1) (5.07) = 1014
Part di] 1014 3 x 100 = 10.14%
(100)

For one lBC

part i)  14(100) (141} 13 08) = 1.512 x 1027

id 27
Part l.;.} 1.512 Xl]do % 100 = 15.12%
(100)

The probability then of one L3¢ occurring given the occurrence

of one 42si is:

15.12% x 10.14% = 1.53%

The similar contributions to the (M-13) peak from the other
possible contributions of mass +1 lsotopes were calculated and

the values are as follows:

2y + 29g3 = 0.044%
2y + 13c = 0.065%
79 + 29si = 0.020%
179 + 13¢ = 0.0320%



The contribution t¢ (M-~13) due to the occurrence of one
isotope.of two mass units highef than the most abundant isotope
for an element is calculated by the second term of its binomial
expansion. These contributions, with the base peak'bf the ion

cluster normalized to 100 are;

For one 180
‘part i) 5(100) 31} (0.20) = 1 x 108
» ¥ 8 .
Part ii) 1 X lg x 100 = 1.0%
(100)
For one 30Si

part i) 2(100) ¢2~1) (3.31) = 6.62 x 102

Part ii) 6.62 X 102 b 100 = 6.62%
(100) 2

Summing these.contributions gives the total height of the-

rm/e 321 peak as a percent of the height of the m/e peak as 10.54%,
- Since we are labeling only one oxygen positién in the

molécule, it.is of interest to note here that to determine the
rétio of 180,160 in a fragment containing the 180'1abel, only
the intensities of the base peak in the ion cluste; and the n/e
+2 peak in the cluster need be considered.

Similar calculations show the contribution of the m/e 103
peak to the m/e 105 peak as 3.53% of the m/e 103 intensity.

To within experimental error, the measured intensities of
the peaks at m/e 321 and 105 in the spectrum of 1,2-0-isopropylidene-
3,5—Qi§f0-(trimethflsilyl)ﬂd;Dvxylofuranose agree with the calcuf

lated natural abundances as shown in Table 1. page 28. The



Table 1. Ratiog of Peak Intensities at m+/= 321/319 and Peak Intensities at m+/e 105/103
in the Mass Spectrum of 1,2-O-isopropylidene-3,5-bis-0-(trimethylsilyl)-o-D-
xylofuranose (unlabeled) :

Spectrum ; ‘Peak Height in 1/64" _ | Peak Height Ratio
mt/e 321 wmt/e 319 mt/e 105 nt/e 103 321/319 _105/103

A 2.9 73 3.0 78 '  0.0959 0.0385

B 3.5 32 2.5 ' 72 6,1094 ‘0.0342
mean  0.1026 0.0358

siandard deviation.. 0.0096" 0.0023

- 38 =



.experimental error is, however, nearly 10%. Much of this error

is due to the difficulty in measuring the heights of the small
peaks at m/e 321 and 105. The noise, both at the top of the
peaks and at the baseline must be neglected, which leads to
difficulty in reproducing the measurements. The error involved
in reading the intensity of peaks froﬁ the spectrum, however
can be considerably reduced by analyzing 30 to 50 scans of the
ion region of interest. These results do not rule out the
possibility of introducing a systematic error by the use of the
calculated contribution to the (M=12) /e peak to correct for
the natural abundance of other isotcpes in the 185 1aheled
compounds. It was felt, hqwever, that a calculated correction
would be preferable to an experimentally measured correctiaﬁ
determined from the 5péctrum on an ﬁnlabeled compound, since
the létter approach would again introduce the error involved in
measuring intensities from a spectral chart.

In estimating 180 content of labeled compouﬁds then, the
m +2 peaks were corrected for the contribution by heavier
isotopes ucing the theoretically calculated corrections.

The results in Table II show that within the experimental
error; all the 126 enrichment is at the 0-5 position of 1,2-0-
iaoprOpylidenéﬂz,Smgigfo—(trimethylsilyl)ﬂi—Dwﬁqufuranose.

The ratio of 180/160 in our first sample of 185 1abeled (IT)
wes determined to bé 0.1274 using the égaks_at riy/a 321 and 319

whercas it was 0.1437 using the peaks at 102 and 105. Calculating



the percent 180 at 0-5 from the ratio of 180/160 equal-po
0.1274 gives 11.30% 180 at 0-5 as compared to the maximum
value of 14.62%. The exchange efficiency was 77.4%.

In further studies of the exchange reaction, difficulties
were encountered due to the formation of.apparent base degrada-
tion produc£s¢ TLC showed three distinct components of slower
mobility then 1,2-O-isopropylidene- -D-xylofuranose following
exchange and reduction. It was first felt that these bywproducts
might be formed during the reduction by thé action of alkali on
the carbohydrate; the alkali base would arise from the excess
water remaining from the exchange reaction with lithium aluminum
hydride. Removal of the water prior to reduction‘resulted in

" no great improvement, however a slightly weaker base,
trimethylamine, was substituted as catalyst. Due to some insolu-
bilitf problems during the reduction step, the solvent used in

"both the exchange and the reduction was changed from diethyl
ether te the more polar tetrahydrofuran. Refluxing crystalline
(IT) in THF with trimethylamine for up to 8 hours have no side-
reactions as evidenced by TLC. At 10 hours reaction time, small

~amounts of the slower moving components became noticeable and by
16 hours of reaction time, the third component appeared and
considerable degradation had taken place.

The efficiency of the newly devised exchange system was
tested in a reaction designed to produce (II) with 50 atoms 180

at 0-5. The average molecular weight of the 95 atom? water used



Table II. Ratios of Peak Intensities at ms/e 321/319 and Peak Intensities at m+/e 105/103
in the Mass Spectrum of 1,2,-0-Isopropylidene-3,5-bis-O~(trimethylsilyl)-a-D-
xylofuranose-5~180, (20 atom% 180 water used in eXchange)

Spectrum Peak Height in 1/64" Peak Heicht Ratios
mt/e 321 mt/e 105
mt/e 321 mt/e 319 mt/e 105 mt/e 103 correctedd 180/160b corrected® 180/160d
A 20 84 17 96 13205 0.1334 TA.8F 0.1418
B 26 115 17 94 13.66 0.1214 13.68 0,1456
mean 0.1274 mean 0.1437
standard 0.0085 standard ©0.0027
deviation deviation

. Corrected value = (m™/e 321) - (0.1054) (m*/e 319)
Ratio = Corrected value/ (mt/e 319)
Corrected value = (mt/¢ 105) - (0.0353) (mt/e 103)
Ratio = Corrected value/ (mt/e 103)

LQop

s A1 =



in the experiment was 13.9'q mol'l, and the amount of (II)
required to give an increase in 130 at 0-5 of 50% when exchanged
with 0.05 g of enriched water was calculated as follows: ;

0.95(0.05 ¢/19.9 g mol-l) - 0.5(0.05 g/19.9 g mol-1)
0.5 '

Moles (II)
= 0.00225 mol

- The exchange, reduction and mass spectral analysis on 1,2-0-
isopropylidene-2,5~bis~0- (trimethylsilyl)~o-D-xylofuranose were
repeated at the higher level of enrichment. The contribution of
the natural abundance of higher mass isotopes was corrected using
theoretical values of 0.1054 for m+/e 321 and 0.0353 for m+/e
105, Results are given in Table III.

the 180/160 ratic calculated from the mass spectral data in
Table III indicates an increase in 180 at the 0-5 position of
1,2-0~isopropylidene~o~-D~-xylofuranose of 31.2% (&2.4% efficiency).
Calculations using the m/e 321/319 and m/e 105/103 ratios agree
within“expegimenﬁal error. =

In an attempt to increase incorporation of 1845 in (11),
solvents were repurified to preclude isotopic dilution with
normal water. The tetrahydrofuran used in the exchange was
passed through an Alumina column to remove possible peroxide
contamination. Alsco, the reaction vessel was flushed with dry,
gaseous trimethylamine before addition of the other reactants.

These precautions gave nc increase in exchange efficiency.



Table III. Relative Abundance of 180/ C &1, ZwO—Iscnropylldene~3 5-big- 0-{tr1methylsilyl)-ar
' b~xylofuranose {Trlmethyldmlne aatﬁlyzed exchange)

Spectrum : Peak Height in 1/64" _ Peak Height Ratios
' ' mF/e 321 T m¥/e 105 -
mt/e 321 mt/e 319 mt/e 105 m*t/e 103 correctedd 18p/16pb correctedc' 130/150d T
A L2 22 12 25 5.70 0.4409 11,12 0.4448
B 12 2 21 11 - 23 9.80 - 0.4667 10.19 0.4430
C 10 18 10 20 8.12 0.4511 9.29 0.4645
mean 0.4529 mean 00,4507
standard 0.0130 standard 0.0119

deviation . deviaticn

. . Corrected value = (m*t/e 321) - (0.1054) (mt/e 319)
Ratio = Corrected value/ (m*/e 319)
Corrected value = (m*/e 105) -~ (0.0353) (mt/e 103)
Ratio = Corrected value/ (m*/e 103)

a0 T



Since the starting material.{II) is known to éxist ih a
hydrated state, the possibility of water contamination due to
a hydrated reacﬁant_was chacked. Isbell (44) observed a
- melting point of 182° for (II) which was dehydrated and '
crystallized from benzene. The same compound, crystallized
from water undergoes a transition at 145°, and then melts at
182°., These properties were also noted in this investigation.
As further evidence that our starting material (II) was in
the anhydrous form, a sample of (II} was dissolved in
dimethylsulfoxide-dg and the NMR spectrum was checked for the
appearance of a water spike. The spectra showed ho water
spike at &83.3 ppm from tetramethylsilane (50). -

. From these studies it was concluded that an oxygen
exchangeable contaminant in the quantity required to give the
observed low exchangé.efficiehcy was not present. 2 likely
explanation for the low exchange efficiency is the stability
of the 3,5‘45;5‘ acetai ring pxeéént in the dimerized compound.
Bis~(1l,2~0-isopropylidene-a~D-xylo-pentadialdofuranose)-3,5'-5,5"
cyclic acetal has been shown to give no phenyl-hydrazone upon
refluxing in ethanol (44). This stabiliziﬁg might result in a
slow exchange rate, requiring longer reaction.times to achieve
eﬁuilihrium, This hypothesis was not tested in view of the
difficulty encountered with side reactions during the base
catalyzed exchange, Another possible expianatian which might
merit investigatioh.is dilution by water absorbed on the

glass of the exchange vessel.



Separation of Methyl mrDﬂxylopyranoside#S~lBO (IV) and Methyl

f3~-D-xylopyranos ide-5-180 (v)

‘Methanolysis of the l,2#O~isopropylidéneﬂm—D—xylofufanose
produced after r.e.duc!_:ion of bis-{(1l,2-0-isopropylidene-o-D-
gc_y_;'_L_g_-pentodia:ldofuranose)—3,5'-—5,5' cyclic acetal gives an
equilibrium mixture .conta.ining 65% (IV) and 29.8% (.V).
Separation. of the two main components in this mixture (the
anomeric pyranosides_) has been previously accomplished by
fractional crystallizaticn of the free glycosides (37) and by
fractional crystallization of their triacetate derivitives (37).
Both of these techniques gave the anomer in low yield and
were difficult to use on the small amounts of 150-labeled
gl’ycdsides prepared in our laboratory. |

Attempts to eliminate the (§ anomer from the mixture by
enzymolysis with .ﬁ—qlucosiﬁase from élm:md emulsin failed
despite the fact that g-xylc')sidase_a activity has been reported;
in the""-cr-uﬁe almond emulsin (51).

The anomeric forms of several pyranosides have also been
resdlv_ed by chromatography on stongly basic, anion exhange
resins in the hydroxide form (-52); However, separation of the
methyl o and ,B—D—k}flop}?ranosides proved to be incomplete on
the scale required for ?reparative work.

Another approach to obtain pure methyl o~-D-xylopyranoside
is through anomerization. The equilibrium mixture of methyl
2,3,4-tri-O-acetyl-o and [-D-xylopyranosides pr.odur;"ed upon

heating the peracetates with Lewis acid catalysis, has been



shown to contain predominantly the ow-anomer. In this work
‘catalysis by titanium tetrachloride or boron trifluoride was
evaluated by gas-liquid chromatography of reaction mixtures
at various reaction times. Reaction by both catalysts
raached equilihrium after approximately 2% hours. The
titanium tetrachloride catalyzed reaction formed an
equilibriumfmixture'havihq.an a¢2 pyranoside ratio of
85/15, whereas the boron trifluoride catalysis §ave a ratio
of 95/5. Fractional crystallization of the 2,3,4-tri-0-
acetyl-ot-D~xylopyrancside followed by removal of the acetyl
groups and crystallization gave pure ﬁethyl o-D-xylopyranoside
(xv).

Overall yields of (IV) produced thrduqh anomerization
were quite low. Also, a separate sgguence of reactions would

180 enriched ﬁ%anomer. For

have to be devised to producé the
:thesé reascens, the preparation of the anomeric D~xylopvranosides
by tggfﬁeﬁhbd‘of Ferriex (38) was emplioyved in the final 184
énrichment scheme adopted in this-work. The method {as
described) involves formation of the cyclic 2,4 phenyl

boronate esters of methylo and [~-D-xylopyranoside, followed

by fractional crystallization of the easily crystallized

methyl ¢¢-D-xylopyranoside 2,4-O-phenyl koronate. The 2,4

phenyl boronate ester of the Z}anomer, which renains in the

mother liquors following crystallizaﬁion of the ester of

the g anomer, shows much higher solubility in non-polar



- solvents, possibly due to partial masking of the 3~hydroxyl
group by its l-methoxyl group.' De-esterification followed

by removal of the phenyl.bo:iciacid relased, and subsequent
cr’ystaliization gave pﬁre o. and ¢ ‘anomers, (IV) and (V), in
good yield. |

The final scheme for the preparation'of methyl a—ﬁ-
xylopyranoside-5-180 and methyl13;Dﬂxylopyranoside-5"180 is
shown in Figure 4., page 38. Because exchangé of the 5-aldehydo
oxygen of (II) with Hzlao is not stoicheometric, to achieve
labeling of (II) at 0-5 in the 50% range, higher molar excesses
of H2180 (calculated to give 65 atom$ labeling) were used.
Beginning with 0.5 g of 95 atom$ 184 wdtar, the sequence of
reactiahs shown in Figure 4., page 38, -gave {(IV) and (V)
in overall yield from (II) of 19.7% and 48.8% respectively.

The percent label in each of the.xylopyrénosides wés
determined by complete hydrolysis followed by trimethylsilyla-
tion of the hydrolysis products and preparative glc to give
_ 1,2,3,éwgetrakis—o—(trimethylsilyl)ﬁB—D-xylopyranOSidh-S-l80.
The mass'spectrum of ﬁhe pertrimethylsilylétedlﬂLD~xylopyranose
was taken and the peaks at m+/e_438 and m+/e 440 (molecular
ions) in the spectrum were used to ca;culate the 180 content.

- Theoretical calculation of the contribution to the mt+/e 440
peak due to naturally occurring isotopés by the same methoﬁ
used for the case of the peak mt+/e 319 in the spectrum of

l,2v0-isqpropylideﬁew3,5~bis-0—(trimethylsilyl)ﬂx—D—xylofuranose,

L b



bt

CH,OH

LiAlHy
> OH
0
o\\
m e
CH -

_phaor)2  Kow >\,OCH3
N HO

_ OH
Fractional B-¢ B~4 - IV &Y _
crystallization A m 1 m
De~-esterification
Crystallization’ OH ; OCH.’S OHi - ) '
. % o %7\005_{3 igure 4:
Reaction Scheme for the 5-180
- OH OH Enrichment of Methyl =D-
OH OH xylopyranoside-5-—1 0 and Methyl
Y 1Y -D-xylopyranoside-5-180 .



showed the contribution of heavier iéotopes_to the
intensity of the line at m+/e 440 was 21.43% of the
inteﬁsity of the line at m+/e 438. Tﬁe 130/160 ratios

in the 180-1labeled xylésides as determined by mass
spectrometry are shbwn in Tables IV and VI'pages 47 and
49. The percent 184 at the 0-5 position was calculated
from the average of the 180/160 ratios found for the com-
plete hydrolysis product of both methyl @~D-xylopyranoside-
5-18¢ (180/160 = 1.19) and methyl L%D-xylopyranoside-s—lso
(180/160 = 1.19) the relative 180 content at 0-5 is 54.5%.
The observed abundance of 54.53% 18p re?resents an exchange
efficiency of 83.8%. The oxygen-18 recovefed in the labeled
XQlosides was 7.3% of the total 180 added to tha exchange
reaction. The cost to label 244 mg of (IV) and 277 mg of

(V) was $210.

Separation of 1,3,3,4-Tetrakis-0O- (trimethylsilyl)-3-D-

xylopyrahose from a 95/5 Mixture of Methvl 2,3,4-Tris-0O-

(trimethylsilyl) gor f3-D-xylopyranoside

Separation of the xylose produced in the partial
“hydrolysis of xylosides was accomplished by preparative
gas-liguid chromatography of the pertrimethylsilyvlated
mixture from the partial hydrolysis. From -data compiled
by Sweely et al. (39), one would prediqt that non-polar

columns such as SE-30 or S5E-52 will give the best separatiocn

- 39 -~



cf the gggLy{trimetﬁyléilyl)nDexylosides from the o andf}
pertriﬁéthylsilylated ¥yloses derivitives. 1In this study,
complete rgsmlution-cf the three main components of a
trimath?iéilylated hydrolysate-was achieved on an analytical
scale; the first component eluted, depending on the

starting glycocide was either methyl 2,3,4-§£i§fo—
(trimethylsiiyl}-o: or (-D-xylopyranoside, while the

othar two peaks were pure 1,2,3;4~EEE£§§i§70*(trimethyisilyl)—:
a-D-xylopyranose and 1,2,3,4-tetrakis-O~(trimethylsilyl)-(-D
-xylopyranose. On a scale practicai for preparative work

- on an 8' x 1/4" cclumn, however, the first éppearinq peak
containing methyl 2,3,4~-tris-O- (trimethylsilyl)-« or (-D-
xylopyranoside overlapped with the second peak, 1,2,3,4-
tetrakis-0~ (trimethylsilyl)-o-D-xylopyrancse, but the

slowest moviﬁg componant, 1,2,3,4-tetrakis~O-(trimethylsilyl)-~
ﬁ}{hxylopyranose, WaS cleanly sepaiated. Injecting 7-10 ul
of theﬁneagly'sclvgnt free mixture of trimetﬁylsilyl
derivitives allowed collection of a sufficient amount of

the pertrimethylsilylated- -D-xylose for mass spactral

analysis after 5-6 collzctions.

Isotope Effects in the Hydrolysis of Methyl gand (3-D-

Xylopyranosides

A calculation of the maximum kinetic isotope effect
expected in Lhe cleavage of the C-1 to 0-5 bonds during

the hydrolysis of a methyl D~xylopyranoside is necessary



in the evaluation of any ohserved effect. A small
séccndary effect might be expected in the cleavage of
the C~1 to O-1 bond. Secondary effects are, however,
much smaller in magnitude than primary effects (54), and
shouid be distinguishable from a primary effect.

Exact calculation of the theoretical magnitude of
the isotope effect expected during glycoside hydrolysis
is very difficult, especially when little is known about
the exact nature of the transition state of the reaction.:
Fortunately, such detailed calculations are‘pot'required
in this investigation. A rough calculation can be made

using Bigeleisen’s approximate treatment for heavy isotopes

{55).
ky = ] L4y -1 - 1 (uy - uy)
E—g ﬁ‘;—— ) 'Lll 2 . 'e ul-—l :

Where:

ki = the hydrolysis rate constant for thé lighter isotope
k, = the hydrolysis rate constant for the heavier isotope
P? = the frequency of breakdown of the activated species

containing the lighter isotope

‘§;= the frequency of breakdown of the activated species
containing the heavier isotope

uy = hy/kT

uy = hvz/k'}‘

.



Where ¥; and ¥; are the assymetric stretching frequencies
(lighter and heavier isctopes respectively) of an activated
molecule's bond which undergoss cleavage during the breakdown

of the activated complex;

h = Plank's constant
k = Boltzman's constant
T = the reaction temperature (absolute)

The function(i“ = 3 e 1 is defined as -G{u}

and has bheen tabulated by Bigeleisen and Goeppert-Mayer
{5€)}. The stretching frequency in the 185 substituted
molecule { ,) was calculated from the classical fornula

describing the fregquency of a harmonic cceilator:

A
\ :

/

[
—

=

L Where:
K = the force constant for the bend

$# = the reduced mass of the bonded atoms

& 5 y ; ; : G 13
In calculating the vibrational frsguency of the c-189

bond, the force constant, K, is assumed to rewmain the same

The ratic of the frequency of brezkdown of the activated

complex is estimatéed by Bigeleisen's modificaticn ¢f the

vﬁ = {1/ ¢ + 1/t ]y "



Where:
M' and M" care the masses of the separating
fragments, and the subscripts 1 and 2 denote

the light and heavy-isot0pes as before.

The calculatiop of the isotope effect for the breaking
of the C-1 to 0-5 bond in the hydrolysis of glycosides
involves one further complication in using.eQuation 3 above.
If the C-1 to 0-5 bond is broken, two separate fragments
are not released, but remain a part 9f the same molecule
during the transition state. Bigeleisen (57) has sﬂown
that, at least for vibrational contributions, atoms more
than one bond removed from the breaking bond have little
effect on the magnitude of the isotope effect. Cutting
fo atoms more than one bond removed from C-1 and 0-5 and
assuming breakage of the C-1 and 0-5 bond gives the two
fragments {labgled A and B) in Figufe 5. with masses of

29 and 41 respectively.

A

%
| " A
Figure 5. Fragments Defined for the Calculation of the
Pogsible Oxygen Isotope BEffect in the Breakage
of the C~1 to 0-5 Bond During the Hydrolysis

of Glycosides.
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Using these masses for the computation of v{ and a

value'of 2.751 x 1013 sec“l,lassighed'to the asymmetric
stretch of the C~O~C_bonds in the pyranose ring (58}, the
calculation of the isotope effect for the'breakage of the

C-1 to 0-5 bond in glycosides is as follows:

Since
vo= 1 (k)% (H1)7F = 2,751 x 1013 sec™?
2 , _ |
and
my = 16 x 12 and = 18 x 12
= 1z P i
then
1 (k)% o= ‘E(pl)% = 7.204 x 1013 gec™?
2 )
and \
Yy L (K)% ()% = 2.685 x 1013 sec-l

From equation 3, the ratio of the breakdown fregquencies is:

.
”% = 1/41 + 1/29 % _ 5 4393
: 1/41 + 1/31
b _ =l - T e -1 .

uy; = hyy, = 6.626 x 10 erg sec (2.751 x 10 sed ) . 3.541
kT T 1.38 x 10719 exrg molecule deg—i (373°%) R

u, = hy, = 6.626 x 10727 erg sec (2.685 x 1013 sec”l) _ 5 ..
kT 1.38 x 10-16 erg molecule deg”l (373°)

(ul - U.2) = (.0850

G{u) from the wvalues tabulated by Bigeleisen is 0.24746.

w Bh



Substituting these values into equation 1:
k; = 1.0393 [_1+ '0.24746(0.0850)] = 1.061
EE _ :
-To measure a C-1 to 0-5 oxygenlisotope effect, samples
of methyl 'ol.—D-xyldpyranbsic__ie-5-180' and methyl (3-D-
xylopyranoside-5—180 were hydrolyzed to 100% completion
and to approximately 5% éampletion as stated. The mass
spectrum of 1,2,3,4-tetrakis-O-(trimethylsilyl)-(3-D-
xylépyranose isolated from each hydrolysate was scanned
in the molecular iqn'region repeatedly (12-29 scans}).
The peak intensities of m+/e 440 and m+/e 438 were measured
from the base to the estimated top of.the peak. The measured
intensities at mt/e 440_weré correctéd.féf contributions by

18

species other than the 5--"C in the ion. The results are

tabulated in Tables IV through VII page 47 and 50. The

ratios cof 18

0/160 found in the xylose samples isolated from
the four different hydrolysis experiﬁents are summarized

in Table VIII., pége 51. The coefficient of error for each
individually determined ratio of 180/150 is also given in
Table VIII.

The data does show a slight positive isotope effect of

~ the o-xyloside (kj = 1.01), but no firm conclusion regarding
k2
the possible kinetic isotope effect can be reached due to

the large error of the mass spectral measurements of 184

content. The large error is due, in the most part, to the
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low relative intensity of the molecular ion exhibited by
the trimethylsilyl derivitives of xylosé. To achieve
.meaSUrable values in the m+/e display, lafge samples must
~ be used and electronic'magnificatioﬁ must be quite high.
This situation leads not only.to variability in the peak
ratios, but to "noise" which maggs accurate measurement
difficult.. |

‘_More accurate measurement of the 180/160 ré#io in
the trimethylsilyl derivitives may be possible through the
use of chemicad ionization_masslspectrometry to obtain a
more intense molecular ion.

The use of neutron or_?roton activation analysis as a
péssible alternative to mass spectrometry was explored in
the literature. Whereas technigues have been.described for
the measurement of 185 in solids by activation to 1% (59,
" these require relatively large samples sizes and are limited
in accuracy  to the % 2% range. A technique has been des~
cribed (60} for the determination of the 180 content by
'activétion with an'accuracy of * 0.2%, however conversion
of the solid to water was required.

The most promising method to achieve the required
accuracy is conversion of the carbbhydrate_to carbon
dioxide followed by mass Spectrél measurement of the l80/l50

-ratio with an isotope ratio mass spectrometer. Existing
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Oxygen-18 to Oxygen-16 Ratio in the Mass Spectrum

Table 1IV. ;
of 1,2,3,4~tetrakis~0-(trimethylsilyl)-{3-D-
xylopyranose from the 100% Hydrolysis of Methyl
(3-D-xylopyranocside-5-180,
Peak Heights in 1/64"

Spectrum m+/e 438 m+/e 440 m+/e 446 (corrected)?@ 180/160b
1 43.0 58.5 49.3 1.15
2 38.5 53.5 £5.2 1.7
3 39.0 55.0 46.6 .19
4 41.0 57.5 48.7 1,19
5 395 57.0 48.5 1.23
6 41.0 56.0 47.2 1.15
7 36.5 51.0 43.2 - 1.18
8 43.0 595 50.3 1,17
) 42.0 L% L 48.5 w33
10 42,0 58.0 49.0 1.17
11 40.0 57.0 48 .4 1,21
12 45.5 66.0 56.2 1.24
13 40.0 56.5 - 47.9 1.20
14 43.0 63.0 53.8 1.25
15 40.5 58.0 4%2.3 1.22
16 455 64,5 54.7 1420
17 44,0 62.5 53.1 1.21
18 43.0 60.0 50.8 ©1.18
19 42.5 €0.5 51.4 1.21
20 41.0 57 ¢ 48.7° 1.19
21 30.5 43.5 37.0 1.2%
22 41.0 . 57.0 48.2 1.18
23 £8.0 68.0 57.7 1.20
24 46.0 64.0 54.1 1.18
25 44,5 63.5 54.0 i
26 44.5 62.5 - 53,0 1.19
27 33.5 48.5 41.3 1.23
28 35.0 48.0 49.5 1.16
29 36.0 50.0 42.3 1.18

b.

£y

Corrected Value = (m+/e 440) - (0.2143) (m+/e 438)
corrected value/ (m+/e 438)

Ratio
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Table v.

Oxygen—lé to Oxygen~18 Ratio in the Mass Spectrum

of 1,2,3,4-tetrakic-0- (trmethylsl:lvl)—,c-n-
10pyranosa from the_ 5% Hydrolysis of Methyl
L}ﬁ—xylopyraHOSLde -5-18¢,
Peak Heights in 1/64"

Spectrum mt+/e 438 /e 440 mt/e 440 (corrected)® 18O,x’lsob
i 385 54.5 - 46.2 1.20
% 37.¢ £3.8 45.6 1,23
3 37.0 5345 45.6 1,23
4. 39.0 36.0 47.6 1.22
5 38.5 56.0 47.8 1.24
6 288 54.5 46.0 1.16
7 41.9 585 1 49.4 1.20
8 42.0 57.5 48.5 T35
9 40.0 5045 50.9 1.27
i0 38.5 55.5 47.2 1.23
11 41.5 57.0 48.1 1.16
12 42.5 60.5 51.4 1.21
13 - 40,5 G610 5203 £:29
14 33. 5345 45.2 1.17
15 38.0 54,0 45.9 . . 1a21
16 42.5 59.0 49.9 3. LT
17 41.0 . S50 48.2 1.18
18 42.0 60.5 o O 123
19 36.0 48.0 40.3 1.312
20 35,0 525 45,3 » 1. 29
21 ¥ 3 49.5 41,6 1.11
22 37.0 52.0 44.1 1.9
23 36.0 51.5 43.8 1.22
24 3245 44,0 37.0 1428
25 36.0 515 43.8 1.22
26 35.5 52.5 44.9 1.28
27 37.5 51.0 42.1 1,12
28 39.¢C 54.5 45.1 1.18
29 39.0 55.0 46.6 3519
a. Corrected Value = (m+/e 440} - (0.2143) (m+/438)

h. Ratio

= corrected value/ (m+/e 438}
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Table VI. Oxygen-18 to Oxygen-16 Ratio in the Mass Spectrum
' of 1,2,3,4-tetrakis-O-(trimethylsilyl)-3-D-
xylopyranose from the_l00% Hydrolysis of Methyl
arD-xylopyranosnde-S-lao

Peak Heights in 1/64"

Spectrtim n+/e 438 mt/e 440 mt/e 440 (corrected)@ l8{)/161:}b

1 34 48 | 40.7 1.20
2 38 54 - 45,9 1.21
3 37 51 43.1 1.16
4 36 51 43.3 1.20
5 37 51 23.1 1.1¢
6 37 52 ' 44.1 - 1.19
7 38 55 | 46.9 1.23
8 38 54 ' 45,9 1.21
9 39 56 7.3 1.22
10 40 57 48.4 1.2
.31 42 59 50.0 1.19
L 12 42 60 ~ 51.0 1.21
13 %) 59 50.0 1.19
14 44 61 51.6 1.17
15 44 61 51.6 1.17
16 40 - 87 48.4 1.21
% 40 57 i3.2 1.21
18 41 57 48,2 1.18
19 36 52 44.3 ©1.23
20 24 34 28.6 1.19
51 55 32 58.6 1,14
22 46 64 54.1 1.18
23 44 63 53.6 1.22

a. Corrected Value = (m+/e 440) - (0.2143) (m+/e 438)
b. Ratic = corrected value/ (nm+/e 438)
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Table VII. Oxygen-18 to Oxygen-16 Ratio in the Mass Spectrum
of 1,2,3,4-tetrakis~0O~(trimethylsilyl)-£-D-
xylopyranose from the_5% Hydrolyals of Methyl
o-D-xylopyranoside- -5-180,

Peak Heights in 1/64"

Spectrum m+/e 440 m+/e 438 m+/e 440 (corrected)? 180/160b

40.0 56.0 . 47.4 1.19

1
2 37.5 - 50.5 42.5 1.13
3 44.5 62.0 52.5 1.18
4 45.0 64.0 54.4 1.21
5 i3.5 62.5 ) 53,32 1.22
6 40.5 54,5 45.8 1.13
7 36.5 49.0 o 41.2 | 1.13
8 40.5  .57.5 | 48.8 1.20
9 35.5 52.0 3.5 ~TI.10
10 38.5 54,2 45.9 1.19
13 39.0 56.0 47.6 1,22

12 39.5 57:5 . 49.0 1.24

a. Corrected Value = {m+/e 440) - (0.2143) {m+/e 438}
b. Ratic = corrected value/ {mt/e 438}
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Table VIII. Mean 180/’16_0 Ratios, Standard Deviations, and

' Coefficients ¢f Error in ¥ylose Produced by the
100% and 5% Hydrolysis of Methyl m-’»D-—xxlopyrano-side—
5-180 and Methyl ﬁ-—-D—xylopyranoside-S— 80.

_ _ 16 Standard Coefficient
Glycoside 180/ 0 Deviation 0f Error
Methyl ﬁ-D;-xylopyranos ide- 3.15 0.026 2.18%
5-180, " 100% Hydrolysis
Methyl (§-D-xylopyranoside- 1.20 0.038 3.15%
5-180, " 5% Hydrolysis : |
Methyl o-D-xylopyranoside-  1.19 0.031 2.60%
5-180, 100% Hydrolysis _ .

Methyl ¢a-~-D-xylopyrancside- Lnd B 0.045 3.81l%

5-180. 5% Hydrolysis
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instruments are capable of error of less than 0.1% even

£ 18

at the natural abundance o 0, as demonstrated by Bank's

measurement of a 3% change in the natural abundance of
185,

Several methods are available for the conversion of
oxygen containing organic compounds to carbon dioxide.
These catalyvtic conversions are of two types, either
direct conversion to carbon dioxide, or conversion to
carbon monoxide, followed by conversion to carbon dioxide
.with unenriched oxygen. The indirect conversion of
organic compéunds to éérbon dioxide is carried out by
pyrolysis to carbon monoxide over carbon or carbon—platinum,
followed by converéion to carbon dioxide by passage through
hot iodine pentoxide (61). This method has the.advantage

12,1858, [ ust be

that no peak due to the presence of
accounted foxr in the calculation of the 180/l§0 ratio.
The method has a serious disadvantage in that the carbon
catalyst traps oxygen and may therefore contaminate another
sample by either dilution or enrichment of the actual 224
content. This is known as the memory effect and is difficult
to overcome.

The airect conversion to carbbn dioxide is done by

18

heating the 0 compound with a heavy metal catalyst in a

vacuum tube at high temperature (62, 63). These methods



seem to be simpler and suifer.from_no memory effect. The
disadvantage is that the 12¢018p18g peak must be accounted
for and the magnitude of this peak in the mass spectrum
wili be.dependant.upon the 185 1evel of the sample.
Complietion of_the study of the-possible oxygen isotope
effects during xyloside hydrolysis will require the estab-
lishment of a precise method for the evaluation of the 180/150
ratio in small amounts of xylose. A study of other possible
techniques for the separation of small amounts of xylose
from the unreacted xylopyranoside after partial hydrolysis
may be necessary, although removal of the ﬁrimethylsilyl
groups from carbohydrates has been demonstrated (64} and
may allow use of the existing separation technique. Also
the dilution of the existing labeled-xylosides with
isotopically normal xflosides to increase the sample size
available for hydrolysis may be possible. Conversion of
the xylose to carbon dioxide wopld rasult in a 1 to 5 dilu-

5 18 18

tion of the O- O;Ihowever even l0% abundances of

0 in
the carbon dioxide may be more than’sﬁfficient for the |
determination of an isotope effect. |

It is hoped that continued investigation along these

lines can bring a conclu51on to the study bequn here by the

preparation of the 0-5 labeled xylopyranoswdes
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MATERIALS AND METHODS

General:

Solutions were evéporated at 40° under water aspirétor
.vacuum in a rotafy evaporator. Thin-layer plates were
coated with silica gel G (E. Merck Ag., Darmstadt,_Germany):
developing sclvents are guoted in parenthesis. Components
were visualized by spraying with £ifty percent éulfuric
acid, followed by oven heating at 130°. Gas-liquid
chromatography of_triméthylsilyl derivatives was done on
a Hewlett-Packard Model 5750 gas chromatograph equipped
with a 1/8" x 9' column packed with 3% SE-52 on Anachrom
_Sb (90-100 mesh). Column temperature was 155° and the
carrier gas (nitrogen) flow rate was 25 ml/min. Gas liguid
chromatography.of theItriacetateldérivativeé was also done
:_on the Hewlett-Péckard Model 5750, equipped with a 1/8" x
9' stainless steel column packed with 3% ENCSS-M on
Gaschrom Q (160-120 mesh) . Preparative scale gas-liquid
chromatography of trimethylsilyl derivatives was done on
an Aerograph Mcdel A-80-P (Wilkens Instrument) eqﬁipped
with a 1/4" x 8' stainless steel cclumn, packed with 3%
SE-52 on Anachrom SD (90-100 meshi. The column was oparated
at 185° and the cafrier gas (helium) flow rate was 25 ml/min.
Melting points were determined with a Fisher-Johns melting

point apparatus. Spectrotometric readings were taken on a



Beckman Model DU spectrophotometér. Mass spectra were
run on a M.S. 9 double focusing, high resolution, mass
spectrometer (Model M.S. 902, Associated Electrical

Industries, Ltd., Urmstrom, Manchester, England).

Solvents:

Solvants, unless otherwisé noted, were prepared as
follows: |

Tetrahydrofuran waé refluxed over calcium hydride for
36 ﬁours,_ﬁiatilled off and stored cver calcium hydride.
Tetrahydrofuran was passed through'a column {2cm x 26 cm)
of Alumina €Brockman.hctiVity'One) immediétely before use.:

Benzene was refluxed over sodium for 36 hours, |
fractionally distilled, and stored over 4A molecular
sieves.
| Trimethylamine was stored over calcium hydride in
the cold. The iiquid was allowed to come to room tenmpera-
ture in a sealed flask and used as a gas.

Methanol was refluxed over magnesium tufnings, fraction-
ally distilled and stored over 42 molecular.sieves.

Absolute ethanol (99%) was stored over 42 molecular
sieves and used directly. |

Petroleum ether was fracﬁionally distilled, the 38° -
45° fraction was coilected and used.

Dichloromethane was washed twice with sulfuric acid,

followed by three water washes. The slight yvellow color



was removed by two washes each.with 5% sodium thiosulfate
and 5% sodium hydroxide. .The salts were removed with

three more water washes and the solvent was pre-dried

over calcium chloride, distilled from phosphorous pentoxide
and stored over 4A molecular sieves.

Acetone was refluxed oVeﬁﬂpotassium permanganate for
6 hours, distilled off and dried over anhydrous sodium
sulfate.

Pyridine was fractionally distilled from potassium
hydroxide pellets and stored over potassium hydroxide
pellets,.

N-methyl pyrrolidone and trimethylamine were used as
'réceived from Eastman Organic Chemicals, Rochester, H. Y.

Acetonitrile, diethyl ether and chloroform were used
as received from Mallinckrodt Chemical Works, St. Louis, Mo.

N-N-dimethylformamide was used as received from J. T.

Baker Chemical Company, Phillipsburg, Pa.

Repiacenent Reactions at C-5 of Various Derivatives of

1,2~0~Isopropylidene-g-D-xylofuranose

Initial label attempts weré made by replacement reactions
at C-5 of i} l,E—O—isopropy1idene-5~Ofg-tolylsufonyl-arD—
xylofuranosse ii) 1,2-0O-isopropylidene-5~deoxy-5-icdo-oi-D~-
xylofuranose and 1iii) 1,2-0-isopropylidene-3-C-henzyl-5~

deoxy-58-iodo~g~-D-xylofuranose.

s B



1,2-0-Isopropylidene-5-0-p-tolylsulfonyl- ;D-
xylofuranose was prepared by the methbd of Lavene and
Baymond (31). Tetra-n-butylammonium acetate for use in
the replacement reaction waS-pragared by mixing tetra-n-
butylammonium bromide, (5.0 g, 0.0155 mol, Eastman Organic
Chemicals, Rochester, N. Y.) in 25 ml of ethanol with
potassinm acetate}'(l.SB g, 0.0155 mol) in 50 ml of
ethanol. The resultant precipitate was filtered off
and the solvent was evaporated. The remaining colorless
solid was dried under vacuum, over phosphorous pentoxide.

The replacement reactién was attempted by holding 1i,2-0-
isopropylidene~5-0-p-tolylsulfonyl-o-D-xylofuranose, (0.36
g, 0.001 mol) and tetra-n-butylammonium acetate, (0.298

g, 0.6012 m01§ in 5 ml of N-methyl pyrrciidone at 60° for

4 hOursg.'Thinmlayer chromatogiaphy (TLCJ (90:100, ether::
pet. ether) cf the_reaction.mixture showed only the starting
material and a small amount of tailing from the origin.

The reaction #as attempted under i&entical conditions
at 15¢°. 'TLé {90:100 ether:pet. ether) showed a fast running
component cerrespon&iﬁg to the starting material, a very
iight intensity lower running component, and extensive
tailing from the origiﬁ»"

In ovder to provide a better %eaviné group aﬁ the C=5
position, 132~0wiSdprmpylidene—S»deoxyfS—iodOﬂm~D~xylofuranose
was made by refluxing l,2—0—isoprcpgiidene-s?O—Eftolysulfonyl~

o~D~xylofuranose (2.0 g, 0.0056 mol) with a sodium iodide



I2.5 g, 0.0167 mol) in 50 ml of acetone for 36 hours.
The sodium tosylate produced was filtered off, and the
aceténe was evaporatéd. 'The residue was dissolved in
chlcroforﬁ and washed twice with water (15 ml). The
chloroform layer was dried over anhydrous sodium sulfate,
filtered and evaporated. The residue was dissolved in
diethyl ether with warming, a small amocunt of petroleum
ether was added and crystallization began.uéon étanding
in the cold. Yield, 1.02 g, 0.0032 mol, M’eléing point
136°-138°, literature value 138° (32).

Replécement of the 5~iodo grour by hydroxide ion_
was attempted by refluxing 1,2-O-isopropylidene-5-deoxy-
Séiodo-arD"xylofuranOSe, (20 mg, 0.063 mol) with sodium
_hydroxide, (10 mg, €.003 mol). and water, 10 ul, in 3 ml
of acetonitrile f0r12 hours. TLC (70;3G.e£her:pet..ather}.
fshowed two components, one corresponding to the starting
materiai aﬁon;e of greater mobility. Similar resulis were
.observed when the reaction was attempted using triethylamine
(1 ml) in place of sodium hydroxide. |

In further attempts at replacement at.tﬁe C-5 position,
3—0—benzy+~l,2—iscproPylidenews-deoxy—5—iodo~a;D—
xylofuranose was prepared. 1,2-0O-Isopropylidene-5-0-p-
tolylsulfonyl—arD—xyiofurangsé (5.0 g, 0.013¢ mol),
l-bromotoluene {6.4? g, 0.0378 mol, Eastman Organic

Chemicals, Rochester, N.Y.} and silver oxide, prepafed
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by the method of Yale (33} (5.0 g, 0.040 mol) were
stirredxin 20 ml of N,N;dimethylformamide (DMF)‘for 5
'hours_at 60°. TLC (70:3ﬁ_ethar:pet. ether) showed the
production of a faster'running component'and a very

small amount of a component of corresponding mobility

to the starting material. Silver oxide was filtered off
and the excess l-bromotoluene and DMF were removed by
vacuum distillation at ?0°.'_The heavy reddish brown oil
wﬁich resulted gave a white precipitate upon addition of
chloroform. The precipitate was filtered and the chloroform
solution (50 ml) was washed twice with water (50 ml), |
twice with O.Iﬁ sodium cyanide (50 ml), and the four times
#ith-water {total volume 250 ml). The solution was dried
over anhydrous sodium sulfate, filtered and the chlcroform
was evaporated.

The 0ily 1,2-0-isopropylidene-3-~0O-benzyl-5-0-p~-
td1ylsulfqﬁyl%arD;xylofuranose, described above, was dissclved
in 25 ml of acetone and refluxed with sodium iodide, (5.0 g,
0.0335 mol) for 43 hours. The sodium tosylate produced was
filtered off, the acetone was evaporated and the residue
was redissolved in chleoroform. .The remaining insoluble
sodium iodide was filtered and the chloroform solution was
washed with water (50 ml), twice with 0.2N sodium thiosulfate,
and finally with five.portions of water, (totallvolume 250

ml}j. The chloroform solution was dried over anhydrous sodium
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sulfate, evaporated to a thin syrﬁp and chromatographed
on a 400 gm of silica gel in a 7.5 cm x 69 cm column
60-200 mesh, Davison Chemical Company, Baltimore, Md.)
Eluant fracticns containing the 1,2-O-isopropylidene-
3—0~benzy1—5ndeoxy—5-ibdo—arb~xylofuranbse were pooled,
evaporated to a thick syrup and redissolved in petroleum
‘ether with warming. Large crystals formed upon standing.
Melting point 67°, literature 67° (32), yield 1.50 g
(0.0061 mol).

Replacement of the 5-iodo group in the 3-0-benzvl
derivative was attempted by fefluxing 1,2-0-isopropylidene~
3-0-benzyl-5-deoxy~5-iodo-g-D-xylofuranose (10 mg, C.C02
ﬁmol) in acetonitrile (1 ml) containing water (5 1, 0.0277
mmol) and triethylamine (0.5 ml)._.TLC (506:50 ether:pet;
ether} showed only one component of identical mobility
to the starting material after two hours of refluxing,

Removal of the 5-iodo group in either the 3-hydroxyl
or the 3—Ombenzyl—l,2—0~isopropyl€dene~Swdeaxy—S-iado-a~
D-xylofuranose was however, possible by silver niﬁrate
catalysis. Refluxing'1,Z*O-iaopropylidene—Swdedxy~5~
icdo~o-D-xylofuranose (1.0 g, 0.0059 mol) with silver
nitrate (1.0 g, 0.0059 mol) in a mixture of water (.05
g, 0.00282 mol), acetonitrile (2 ml) and'pyridine (2 ml)
for 45 minutes gave a product of much slower mobility in

TLC (70:30 ether:pet. ether) than the starting material.
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The yellow precipitate produced was filtered off, and the
solveﬁts were evaporated. The residue was redissclved in
chloroform (10 ml) and réfiltered. The chloroform solution
was washed with 20 ml portions of water until the agueous
layer was no longer cloudy. The solution wés washed with
three portions of 0.2N sodium thiosulfate (10 ml), fellowed
by three washes with 0.1N sodium cyanide (10 ml). The
chlorOform_layer was washed four additional fimes with water
(total.yolume 10¢ ml), then dried over aﬁhydrous sodium
sulfate. TLC (ethylacetate) showéd the mobility of the
product {asSuﬁed to be l,2—0—isop;opylidene~4,S—dideOXYﬂ1~
Dwgggggpent—é~enofuranose) to be'intermediate to that cf the
startin§ material and that of 1,2-0O-isopropylidene-o-D-

xylofuranose.

Oxygen Exchange at the 5-Aldehyde of Bis-(1,2-0-

isopropyliggnerdrﬁmxyloepentadialdofuranose—3.S'HS,S'

Ll

cyclic acetai (IT)

| Eig—{ll2—0—isop;opylidene-qvmwzzlgfpentadia1dofurauose)—
3,5'-5,5' c¢yclic acétal {I1) was prepared by the pericdate
oxidation of l,2~0-iéopr0py1idene-drb-glucofuranose (1)
which was -prepared by the method of Mehltretter et al. (34).
Compound (1) (22.5g, 0.101 mol) was reacted with sodium
periocdate (22.0 g,'0.103 mol) in 150 ml of 5% sodium

hydrogen carbonate. The solution was stirred for 2 hours,
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then extracted five times with chlorofbrm (total volume
1500 ml)., The combined chloroform extracts were dried
over anhydrous sodium sulfate, filtered and concentrated
to a thick Syrup hnder'vacuum. The slight yellow color
was removed by decolorization with Neutral Norit (5 g

J. T. Baker Chemical Co.) in methanol. The methanol was
removed and the prodﬁct was dehydrated by'thrée-successive
dissolutions and evaporations from benzene.

Alternately the cyclic acetal (II) was made by the
method of Isbell and co-workers (35) with the following
mo&ifiéations. A part'of.the formaldehyde, which remains
tightly bound in the syrupy (II), was removed by refluxing
a 10% solution of syrupy (II) in benzene for 10 hdurs.

The last traces of formaldhyde were removed by crystalliza-
tion from water. The (II) was further dried by allowing

a 10% solution of_the hydrated. crystals (Melting point
175°-178°) in ethanol to stand over 4A molecular sieves -
for 36 hours. The sieves were then filtered off and the

- ethanol rémoved under pump vacuum. The residue was again
dissolved in benzene and the benzéne was evaporated under
pump vacuum. Upon dissolution again in benzene and concen-
tration to approximately 50% of the original volume,
crystallization began. Concentration was stdpped, and the
solution was allowed to crystallize for 4 hours at room

_temperature. The crystals were filtered off and dried over



phosphorous pentoxide ﬁnder?ﬁacuum, Melting Point 180°,
literature 182°-184° (35).

‘Oxygen-ls/oxygen—lsIexchange_at the potential C-5
aldehyde was done in an ;nitial-experimént by-reflu#inq
a syru?y sample of bis-(1,2-0-isopropylidene-a-D~xylo-
pentadialdofuranose)3,5'-5,5" cyclic acetai (II), (2.569 g,
0.0136.mol) with water enriched to 20 atom % 180_(Bio-Rad
Laboratories, Richmond, Califormnia) (O.BDSIg, 0.0155 mol)
in diethyl ether (65 ml). bry ammonia was bubbled through
the solution for 30 minutes and the_Solution was refluxed
for 10 hours undei protection from atmospheric moisture
by use of a drying tube. The ether was removed unaer
vacuum and the syrup dehydrated by three successive
dissolutions and evaporations from dry benzene. TLC (90:100
Dichloromethane:methanol) showed two components corresponding
in mobility to a reference standard of fhe starting material,
and threQ{éight intensity, slowef'rdhning components.

In 1atéf exchange.reactions using 95 atom % ;80 enrichead
water (Bio-Rad Labora;ories), the crystalline dimer (II), |
(2.19 &y 8.@116 mol), was refluxed with 180 ehriched water
(0.500 g, 0.0251 mol) in tetrahydrofuran (60 ml), which had
previously been saturated with trimethylamine. The solution
was refluxed under protection from atmospheric moisture for
9 hours. The tetrahydrofﬁran was evaporated under vacuum,

the residue was dissolved in dry benzene (20 ml), and the



benzene was evaporated ﬁnder.pump vacuum. The residue
was further dehydrated by andthér dissolution and evap-
oration from heﬁzene {Ze.mlk. TLC in the same solvent
system, showed only the two.components correaponding.in

mobility to the starting material (11).

Reduction of the Potential 5-Aldehydo Group of (II) and

Methanolysis of l,2—O~Isoprdpylidene*o&baxylofuranose

5-018 (111)

gigffl,2—0-iscpropylideneﬂu-ﬁ-§zigfpentadialdéfuranose}—
3,5'-5,5'-c18 (1) (2.19 g, 0.0116 mol) from the exchange
‘reaction was dissolved in tetrahydfofuran-(20'ml) and added
dropwise to lithium aluminum hYdride (0.41 g, 0.0116 mol)
in tetrahydrofuran (15 ml). The solutian.was stirred aﬁd.
réfluxed.for an additional 20 minutes after all the reactants
had been added. Water, (2 ml), was.added dropwisg and the
mixture w&é_sﬁirred under reflux unfii the precipitate was
completél%';hite. The precipitate ﬁas filtered and washed
with additional tatrahydrofuran. The solvent was evaporated
and the resultént syrup.was dried by four successive
dissoliutions and evaporations from etﬁanoi._ TLC (90:100
dichloromethane:methanol) showed one component of identical
mobility with known 1,2-O-isopropylidene-gi-D-xylofuranose

(II1). Tield 1.942 g (0.0102 mol), B88.2%.
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The lébeled_1,2-0~isopr0pylideﬁe~drn¥xylofuranése
(rxr) from the reduction”was'repeatédly dissolved in and
evaporated from mathanol; to remove the last traces of
_ethanol, before solvolysis in methanol to produce the
equilibrium mixture of methyl-o-D-xylopyranoside 5-018

18 (V). The

(IV) aild_ methyl [J-D-xylopyranoside 5-0
pfbduct (ITY) from the final evaporation was dissolved
'in methanol (20 mlﬁ, and the solution was added to
methancl (20 ml) whiéh contained acetylchloride (0.2 ml).
The solution was refluxed for 8 hours under protection
from atmospheric moisture, then concéntrated to a thin
syrup, redissolved in methanol, and_again concentrated.
Dowex AG-1x8 (7OH form) was added with water (15 ml) and
fhe slurry was stirred for 30 minutes. The resin was
filtered off and washed with water. The aqueous filtrate
containing_(IV)_and_(V)'was eva@oratéd taxdryness and
further gehgdfatéd by four succeésive dissolutions and
evaporatioﬂé-from ethanol. -TLC.(85:15 ethylacetate:
methanol) showed one component of identical mobility with

a known equilibrium mixture of (IV) and (V). Yield, 1.5456

g, (06.0094 mol) 92.1%.

Separation of Methyl arD-xylopyranbside-SalBO and ‘Methyl

[-D-xvlopyranoside-5-18¢

Separation of the anomeric methyl D-xylosides was
attempted by four methods; i) Enzymolysis of the anomer,

ii) resolution on strongly basic ion exchange resin, -iii)



anomerization of the mixture to predqminantly the cpfanomer
énd iv) fractional crystallization of the anomeric 2,4-0-
phenylboronate esters.

Removal of the methyl.{Fn—xylopyranoside from the
equilibrium mixture of the o and ﬁ anomers by enzymolysis
to.xylose was attempted as a means of cbtaining the.pure

g.anomer. The eqﬁilibrium mixture of methyl o-D-
xylopyranoside and methyl,0*D~xylopyranoside-obtained frem
the methanolysis of xylose (2.0 gm, 0.0128 mol} was
dissolved in 0.1M acetate buffer pH 5.1.  Ten mg of almond
emulsin {ﬂutritionél Biochemicals, Cléveland, Qhio) was
added and the solution was kept at 37° for 24 hours. No
réducing sugar could be detected using dinitro salicic acid
reagent (DNS) (36).
| Resolution of the anomers was attompted by column
’chromatography on strongly hasic anion exChange resin,
Three hundfed:ml.of AG 1x8 anion exchange resin {(Bio-Rad
Laboratories, Richmond, California) in the chloride form
was treated by slurring in 1IN sodium_hydrcxide {250 ml),
tﬁen filtered. The resin was washed with deionized water
(6 liters}, packed in a column (2.5 cm x 70 cm) &and washed
with additional deionized water until the pH of the
effluent reached 8.2 (6 liters). Methyl o-D-xylopyranoside
and'methyl,ﬁhwaylopyranoside were applied to the column
in water (5 ml). The column was eluted with water at a
.flow rate of 0.5 ml/minf The ¢ anomer eluted first but

was extensively overlapped with the [ anomer.
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Anomerization of the 2,3,4-tri-O-acetate derivatives
made frgm the equilibrium mixture of methyl o-D-
xylopyranoside and methyi,ﬁ%D—xylcpyranoside was used as
a method of obtaining methyl arD—xlepyfanoside. The
equilibrium mixture of methyl o and Q—D-x_ylopyranosides
(1.18 g, 0.0084 mol) was dissolved in a mixture of
pyridine (5 ml) and acetic anhydride (5 mi), and the
mixture was éllowed-to stand at roomwﬁeﬁperature for 10
hours. Wa?er (15 ml) was added and the solution was
‘stirred for 30 minutes, then extracted five times with
chlorofofm (total volume 30 hl). The combined chloroform
extracts were washed twice with water {10 ml), three times
with 1N sulfuric acid (15 ml), three times with aqdeous 7%
sodium hydrogen carbonate (15 ml), and twice again with
water (10 ml). The chloroform laver was evaporated to a
thick syrup and further dried by feur successive dissolution’
and evapgrggions from benzene. TLC (di-isopropyl ether,
developed twice) shows two components, the component of
higher mobility correSponded.to a standard of methyi 2,3,4-
tri~-QO-acetyl-0-D~xylopyranoside and the.siower running
component correspohdﬁd to the Qanomer. Yield 1.97 g
(0.0068 mol) 80.8%. _

Titanium.tetrachloride catalyzed anomerizatidn was
done by dissolving the mixed triacetaté derivatives of the

methyl o and ﬁPD~xylopyr&nosides (2.0 g, 0.007 mol) in



dichloromethane (15 ml). Titanium tetrachloride (1.71 g,
0,009 le) was added, and the solution was refluxed for
1 hour. The solution was added to cold water (20 hl},
the dichloromethane layer was separated, washed with
water (20 ml), 7% sodium hydrbgen carbonate (20 ml),
washed three additional times with water (total volume
30 mi} and dried over anhydrous sodium sulfate. Gas-
liquid chromatography of a chleroform solution of the
resulting.syrup showed two peaks, cosresponding to the
aand (3 anomers in an approximate ratic of 85/15.
Anomerization catalyzed by boron triflouride was
carried out by the following procedure. The anomeric’
mixture of the xyloside triacetates (1.23 g, 0.0043 mol)
was dissolvad in dichloromethane (13 ml) snd the
sélution was added to a flask which had.ﬁéen fiushed with
’nitrog%g“ Boron triflouride:etherate (2 ml,.previously
’distiiied from calcium hydride ﬁnder-vacdum)_was added and
the solution was refluked for 2 hours. .The darkened
sclution was ccoled, washed twice with cold water (16 =ml},
thrg%itimes-with agqueous 7% sodium hydrogen carbonates
£33 ﬁi}'and_twice with water (10 ml). The dichloromethane
was reméved under vacuum and the resultaﬁt'syrup was de-
colorized in methanol (20 ml) with Neutral Norit {1 gm).

Several drops of water were added to the clear soluticn and



large crystals formed_upan_sténding in the cold. Methyl
2,3,é-txi-O-acetylﬂavb-xylopyraﬁoéide,waé isolated and
had a melting point of 82°, literature 86° (37). Yield
260 mg (0.897 mmol) 20.9%,

The methyl 2,3,4—tri-O—acetylﬁwa-xylépyranoside
produced by anomerizaﬁion and isolated by.fractional
crystallization of the equilibrium mixture (0.26 g,

0.009 mmol) was deacetylated in methanol (7 ml} with

1N sodium methoxide in methancol (0.5 ml). ﬁfter standing
for 1 hour the solution was passed through a coiumn

(1 em x 10 cm) of Ambeflite MB-3 (HY, OH™ form) ion
exchange resin. The methanol was remcved.under vacuum

égd the syrup was redissolved in LN sodium hydroxide,
stirred at 100° for 1 hour, cooled and again passed through
‘an Amberlite MB-3 column (g%, Oﬁ‘ 2 cm x 10 cm). The water
was removed under vacuum and- the syrup dried by repeated
dissolutiéﬁ;and evaporation from-ethanol. The product
(methyl ot-D-xylopyranoside) crystallized from ethanol. upon
standing in the c¢old. Melting point, 88° ﬁitérature 92°
(37). Yield 140 mg (0.086 mmol) 94%.

The best method of isolating pure methyl o-D-
xylopyranqSide—S-lao (IV) from the anomeric mixture of (IV)
and (V), and at the same time obtaining 180 labeled (V)
in pure form involved the use of Ferrier's methed for the

complete resolution of the four methyl D-xylosides (38).
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The steps in this method include i) preparation of the
2,4-phenyl boronate esters of the mixed xylosides (IV
and V), ii) fractiohal crystallization of methyl @-D~
xylopyranoside—5~180, 2,4 phenyl bcronate, iii) de-
‘esterification of the separatéd boronate derivatives,
and iv) crystallizatian of the free xylopyranosides (IV)
and (V).

Prior to formation df the 2,4 phenyl boronate esters .
of (IV) and (V), part of the methyl (-D-xylopyranoside-5-
180, (V) was removed by fractional crystallization. The
equilibrium mixture of (IV) and (V) (1.546 g 9.40 mmol),
was dissolved in ethénol {10 ml) with warming and ethyl
acetate (5 ml) was added. Crystalline (V) deposited upon
standing in the cold. The crystals of methyl [-D-
xyloPyranoside—S-lso were isolated, washed with cold
ethanoi, and';ecrystallized from ethanol. Yield, 164 mg
(1.00 mmol)s$ Meiting Point 153°-~156°, literature 156° (237).

The mother liguors from both crystallizations were
combined and the solvent was evaporated. The residue,
{1.381 g 8.42 mmol) was redissolved in ethanol, glass beads
were added to the solution, and the ethanol was evaporated.
Phenyl-boric acid {(Aldrich Chemical Company Inc., Milwaukee,
Wisconsin, 1.245 g, 0.011 mol) was added and the mixture was
stirred under reflux in benzene with continual removal of
the water produced. After 4 hours, no additional water pro-

‘duction could be detected, and no inscluble material remained.
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Refluxing was stopped, the glass beads and stirrer removed,
and the‘solution conéentxated to approximately 15 ml.
Crystalline methyl 2,4—b-phenylboronly—orD—xyldpyraﬁoside—
5-180 formed upon cooling. The crystals (688 mg) were
"filtered off, and further concentration of'the mother
liguor, with addition of a small amount of petroleum
- ethér, gave additional crystalline (VI) (302 mg) upon
standing in the cold,. Recrystallization of the combined
(V1) TEoh bEnzens gave B G 1340 miol); FIe1d 59.0%
Melting Point 172°-175°, literature 175°-176° (38).

The crystalline (VI) was de-esterified by dissolution
in acetone {5 ml) and slurrying with water (10 ml) and
Dowex AG-1 x 8 anion exchange résin'(‘OH.form) fof 1 hour.
Thé solution was then.passed through a column (1 cm x 10 cm) -
. Of Amberlite MB-3 mixed bed ion exchange resin (HT, ~oH
form), and washed with water (20 ml). The water was evap-
orated and the residue redisséived in ethanol. The solution
did not coﬁtain phenylboric acid as shown by no UV absorbance .
at 260 nm {ethanol blank}. The ethanol was evaporated and the
syrupy (IV) was further dried by three dissolutions and
evaporations from ethanol. Crystalline (IV) deposited upon
dissolution in ethanol (5 ml) and standing in the cold.
Recrystallization from ethanol (7 ml) géve 244 mg‘of methyl
o-D-xylopyranoside-5-180 (1.49 mmol) yield, 43.83, Melting

Point 88°-91°, literature 92° (36).
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The mother liquor obtained from the fractionalICrystalli~
zation qf aébéxlepyranoside-B-lgo (VI) was evaporated to a
thick syrup, redissolved in acetone (10 mi), water (10 ml)
added, and the solution éiurried with AG-1 x 8 anion exchange
resin (“OH form) at 55° for 1 hour. The solution was passed
through an MB-3 column (2 ¢m x 10 cm, *H, 'OH form), the
column was washed with water (30 ml) and the column effluént
was treated as described for (IV). Methyl 3-D-xylopyranoside-

- 5-18p (V) crystallized upon dissolution of the syrup in
ethanol (5 ml) and seeding with (V). 112 mg (0.68 mmol)
yield 37.8%, Melting Point 151°-152°. The combined yield of

(V) was then 61.97%.

Hydrolysis of Methyl arD-xylépyranoside and Methyl (§-D-

xylopyranoside
? The rate of hydrolysis of methyl mand [-D-xylopyranoside
in 101N, suifuric acid. ax 100° was measuréd by determining the
rate of apgéarance df xylose using dinitrosalicic acid reagent
{36). A standard curve was prepared as follows. Aliquots
(1 ml) of 1.0;N sulfuric acid solutions containing 0.3, 0.4,
0.6 and 0.8 mg/ml of xylose were added to 0.3N sodium
hydroxide (4 ml). Aliquots (2 ml) of the resulting solﬁtionsl
were added to DNS réagent (2 ml) and the color waé\developed
by heating iﬁ a boiling water bath for 10 minutes. Absocrbance

at 540 nm was read. Solutions were blanked against 1.01N

sulfuric acid (1 ml) which had been treated in the same way.
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, To measure the rate of hydrolysis, a 0.1M solution
(10 ml) of methyl cor ﬁ—D—xylonranoside was brought
~ t0 temperature in a boiling water bath and added to a
preheated solution (100°) of 2.02N sulfuric acid (10 wl).
One ml aliquots were taken at 30 seéond intervals in the
case of methyl arD-xy10pyranbside and at 15 second intervals
in the case of the [anomer. The aliquots were immediately
addéd te 0.3N scdium hydroxide (4 ml). The color was
developed using 2 ml of the resulting solﬁtion and DNS
reagent (2 ml). The reciprocal of the moles of xylopyranoside
remaining was plotted against time, and. the time required for .
the production of 0.5 mmole (5%) of xylose was poted for each
aﬁomeric xylopyranoside. ”

Five percent hydrolysis of the xylosides was accomplished
by adding a 0.1M agueous sélution of either xyloside (3.05 ml),
“at boiling water bath temperatute, to a sclution of 2.02N
sulfuric aeid (3.05 ml) also at boiling.water temperature.
The resulting solution was held at the water bath temperature
for 45 seconds in the_casé of methYlgg—D-xylopyranoside, and
TSS seconds in the case of methyl &-D-xylopyranoside. The
hydrolysate was thén poured into ice water (10 ml) and
neutralized #ith barium carbonate. The barium sulfate and
excess barium carbonate were filitered off and the filtrate

was evaporated to dryness.



To achieve 100% hydrolysis, a sample of xylopyrancside
(10 mg, 0.061 munol) was dissolved in 1.01N sulfuric acid

(1.22 ml), and the solution was held under reflux at boiling

. water bath temperature for 1 hour.

The solution was neutralized with barium carbonate,

filtered, and the filtrate evaporated to dryness.

Formation of Trimethylsilyl Derivatives

Formation of trimethylsilyl ether deriﬁatives of com=
pounds was done by the method of Sweely et al. (39) with
one modification. After the silylétion.reacticn was complete,
to the pyridine solution of the pertfiﬁeﬁﬁylSilylated'cém—-
p@uﬁds was added enough water to completely dissolve the white
pfecipitéte, The resulting mixture in whiéh the pertrimethyl-
silylated compounds form a separate layer was extracted twice

with petroleum ether, The petroleum ether solution was concen-

trated under a stream of nitrogen before injection into a gas-

chromatcgraéh.
Trimethylsilyl ether derivatives of compounds, prior to

injection into the mass spectrometer, were first purified by

preparative gas-liquid chromatography.

Separation of 1,2,3,4-tetrakis-0—(trimethylsilyl)ﬂG—D—

xylcocpyranoside from Methyl‘2,3,4—tris~oé(trimethyléilyl)-a

or 3-D-xvliopvranoside

The 95/5 mixture of xyloside/xylose pfo&uced-durinq

partial acid hydrolysis was trimethylsilylated and worked up
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as stated. Seven to 10 ul of.the resultant 0il were injected_
into a gas-chromatograph and the slowest moving peak,
corresponding to 1,2,3, 4;-tetrakis~0- (trimethylsilyl) -3-D- .
xYlopyranOée, was capturad in a U-tube immersed in a dry
ice-acetone slurry at the outlet of the thermal conductivity

detector.

Mags Spectrometry

Pertrimethylsilylated derivatives wefé introduce& inteo
the mass spectrometer by direct injedtion.” Sample inlet
temperatﬁre for 3,S-§i§70-(trimethylSilyii-i,2—0—i50propy1idene_
O~D~xylofuranose was 120° and the electron beam energy was
70 e.v. Sample inlet temperature for 1,2,3,4-tetrakis-0O-

{trimethylsilyl)-[3-D-xylopyrancse was 200° and the electron

beam energy was 17 e.v.
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SUMMARY

'To add to our understanding of the mechanism by which
pyranosides undergo acid-catalyzed hydroiYsis, attempts were
made to measure an isotope effect for the breakage of the
C-1 to 0-5 bond in pyranosides during acid catalyzed
hydrolysis. The demonstration of an isotope effect asso-
ciated with this bond during acid catalyzed hydrolysis woyld
give proof of the existence of an open-ring intermediate im
the hydrolysis mechanism. Conversely, the absence of aﬁ;
isotope effect associatea with the bend, would ﬁake more con-
vincing the evidence for the existence of a &yclic intermediate.

Measurement of a possible dxygen isotope effect assoéiateé'
with the C-1, 0-5 bond requires enrichment of the oxygen at
the 5 pbsition of a pyraﬁos%de to neai 508 18¢ for maximuﬁ'
accuracy. First attempts at formulation of an enrichment
scheme xnﬁqﬁﬁe& nucleophilic replacemént at C-5 of derivativés
of 1,2*O~is;propylidene—d—D4xylofuranose. Numerocus complica-
tions were énccuntered with this approach. The close proximity
of the 3-hydroxyl group to the C-5 position greatly complicates
attempts at S,2 replacement at the C-5 position.

The label ih:orporation scheme which finally proved
successful was 180/150 exchange at the potenﬁial 5-aldehyde
group . of gigftl,Z-Oﬂisoprapy1idene-q—D4§zi97pentadialdofuranose)—
3;5'-5,5' cyclic acetal. Oxygeﬂ exchange at the 5-aldehyde

with 95 atoms 189 enriched water and trimethylammine catalysis
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gave an exchahge efficiency of 83.8% and after reéuction of
the 5-aldehyde, l,2-O*isopropylidene—aerxylofuranose 5-18¢
labeled to 54.5% 10 at_the 0-5 position was isclated in good
‘yield. Mass spectral analysis of 1,2-O-isopropylidene-3,5,
bis-C- (trimethylsilyl)'—arD-»xylofur.anose was consistent with
label at the 5 positionf

Separation of the pyranosides frcm theé anomeric mixture
of methyl D-xylosides produced by methaholysi_s. of 1,2-0-
isdpropylidene-»cb-D-xylofuranose-—5-180 was attempted by
selective enzymolysis, column chromatography and anomerization
to ﬁheix—anomer. Only the.later technique gavé positive
results., While anomerization was possible as a route to the
.pure auxylcpyﬁanoside, the mostlsuccessful-separatién method
which gave the o and 3 xylopyranosides'in.43.8% and 62.0%
vields respectively, involved fractional'cry.s'tallizat:ion of
the cyclic 2,4-phenylboronate ester of methyl o-D-xylopyrancside-
5—;30. Thgﬁanomeridaily homogeneous 2,4-phenylboronate esters
ware de-es’tl:érified, and methyl o and [-D-xylopyranosides-5-
180, (v and (V) were crystallized in pure form.

In the final enrichment reaction scheme, the methyl & and

Lzﬁnuxylopyfanosides were obtained in overall yields of 19.8%

and 48.8%, enriched to 54.5 atom% 180 at 0-5.
| Measurément of.a'possible oxygen isotope effect associated
with the cleavage of the C-1 an& 0~-5 bond during the hydreclysis
of pyrancsides requires the following experiments; i) partial

hydrolysis} ii) separation of xylose from a 95/5 mixture of

w T e



xyloside/xylose, énd iii) determination of the 18g/16¢g raﬁio
in the xylose. Separation of part of the xylose from the
hydrolysis was accomplished by trimethylsilylation of the
partial hydrolysate followed by isolation of pure 1,2,3,4-
tetrakis~3-(trimethylsilyl%i}ihxylopyranosé Sy preparative
gas-liquid chromatography. | “
Measurement of the'laoflso ratio in D-xylose released
during hydrolysis was accomplished by examining the mass
spectrum of the pertrimethylsilylated D—xyloSQ—Sflgo (50
atom%) . .Specifically the ratio of the two molecular ions
containing either 160 or 180 at the 0-5 position was
measured. This technigue the 180 content with a precision
of, at best only 2.18%, whiéh was too large an error to permit
the use of this appreoach to measure a kinetic'isotope effect

in the cleavage of the methyl D-xylopyranosides.
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ABETRACT

To further study the mechanism of the acid-catalyzed
hydrolysis ¢f pyranosides, methyl GhD-xylopyranoside—5~130 and
methél‘ﬁLD—xylopyranosidé—5*180 werae prepared with 54.5% 180 at
the 0-5 position. These compsunds were needed to investigate
possible kinetic isotope effects at the 0-~5 position during acid
hydrolysis. The 184 enrichment was accomplished as follows:
18,169 exchange was carried out at the potentigl 5-aldehydo
group of bis-(l,2-0O-isopropylidene-c-D-xylo-pentadialdofuranose)-
3,5'-5,5"' eyeclic acetal, (II), with 95 atom% water and base
catalysis. The 5-aldehydo group was reduced to give 1,2-0-
isopropylidene—a-D—xylofuranose-5~l80, which was then solvolyzed
in methanol to a mixture of methyl amD—xylopyranoside-S-lSO and
methylIB“D-xylogyranosideF5—180. The pyranosides were separated
and purified by fractional crystallization of the corresponding
cyclic 2,4-0-phenylboronate esters. Using this scheme, 244 mg
and 277 mg of the 5-180 labeled methyl a—andWB-D—xylopyranosides
were prepared in 19.8% and.48.8% yield respectively from the cvclic
acetal (II).

In ordexr to measure the kinetic isotope effect at the 0-5
position, ssparation of D-xylose from a 95:5 mixture of xyloside:
xylose was mnecessary. The separation was accomplished by preparative
gas-liquid chromategraphy of the pertrimethylsilylated mixture from
the partial hvdrelysate.

Mass spectral measurement of the_lgaflﬁo ratio at the five
position Gf 1,2,3,4—E§trakis—0—(trimethylsilyl}1G—D—£ylopyranose

using the molecular ion region of the spectrum was not precise

4

e

enough (2,3%% - 3.81% error)} to observe the maximum kinetic oxygen-—

isotepe effect which might occur during bydrolysis.



