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1. Az értekezés elozményei és célkitiizései

A szénhidratok nélkiilézhetetlenek az emberi szervezet szamara, hiszen elégetésiikkel
elsdsorban energiat nyeriink, raktarozott forméjuk gyorsan mozgdsithato tartalékka alakul, de
emellett részt vesznek szervezetiink felépitésében is. A ndvényekben, fotoszintézisben is
fontos szerepiik van. Vazanyagként is hasznosulnak (celluloz, kitin). Polinukleotidok (DNS és
RNS) alkotoelemeiként a genetikai informécié hordozo6i. Az utdbbi néhany évtizedben valt
ismertté, hogy a szénhidratok kiilonb6z6 konjugadtumai az ugynevezett glikopeptidek,
glikolipidek és glikoproteinek az €16 sejtek feliiletén gondoskodnak a sejtadhéziorol (tapadas),
részt vesznek a sejtosztodas gatlasaban, szerepiik van a virusok, baktériumok és hormonok
valamint toxinok sejten valé megkdtddésében, és irdnyitjadk az immunvélaszt. Szerepiik van az
ivarsejtek egymasra taldlasdban is. A poliszacharidokat mar évtizedek oOta hasznaljak
kiilonb6z6 ipari alkalmazasokban, gyogyszerek eldallitasaban (Fondaparinux, Idraparinux), 0j
eljarasok, fejlesztések teszik oOket széles korti kutatds targyavad. A szénhidratok altal
kozvetitett, biomolekulak koézotti kommunikacio, glikoprotein kutatds €s fejlesztés, illetve
oligo- és poliszacharidok immunitasbeli szerepének kutatdsa mind-mind igen gyorsan fejlodd
aga a glikobiologidnak.

A glikokonjugatumok fontos szerepet tOlteneck be a daganatos betegségek
kialakuldséban is, hiszen rékos sejtek esetében a szénhidrat rész szerkezete kiilonbozik a
normalis sejtek felszini szénhidrat szerkezetétdl. Ezeket Osszefoglaldoan tumorhoz kotott
antigéneknek neveziink (tumor-associated antigens). Ezen komplexek izoldldsa természetes
forrasokbol igen nehéz a mikroheterogenitasnak koszonhetden, ezért nagy mennyiségben
torténd szintézisiikre igen komoly erdfeszitések torténtek €s torténnek.

Az MTA-DE Szénhidratkémiai kutatdcsoportban régota folyd kutatdsok zajlanak
glikokonjugatumok szénhidrat részeinek szintézisére. Ezekbe a kutatdsokba bekapcsolodva
szulfonsav tartalmu szialil Le® analog vegyliletek elballitisaba kezdtem, illetve mellette
tanulmanyoztam egy 11j acetal véddcsoport kémiai tulajdonsdgait is. Az értekezés témajat ezen

két teriilet eredményei adjak.

2. Alkalmazott vizsgalati médszerek
A szintetikus munka sordn a modern preparativ szerves kémia makro-, félmikro- és
mikromodszereit alkalmaztam. A reakciok kovetésére, az anyagok tisztasaganak ellendrzésére,

a termékaranyok meghatdrozasara vékonyréteg kromatografias modszert hasznédltam. A



nyerstermékek  tisztitdsdra, az  izomerek  szétvéalasztdsdra  kristdlyositdst  és
oszlopkromatografiat alkalmaztam. Az eldallitott vegyiiletek jellemzésére, azonositadsara és
szerkezetének igazoldsara elemanalizist, olvadaspont- ¢és fajlagos forgatoképesség
meghatérozast, egy- ¢s kétdimenzios NMR spektroszkopiat (‘H-'"H-COSY, 'H-">C-HSQC) és
MALDI-TOF tomegspektrometriai modszert hasznaltunk.

3. Az értekezés uj tudomanyos eredményei

A dolgozatban héarom, szulfonsav tartalmu, szialil Lewis A analdég oligoszacharid
szintézisérol, illetve a 9-antracenilmetilén-acetal véddcsoportként vald alkalmazédsarol

szamolunk be.

3.1. Szulfonsav bevezetése monoszacharid szinten

Sejfelszini adhézids glikoproteinek, azaz a szelektinek, kulcsfontossagl szerepet
toltenek be a szervezetben kialakuld gyulladasi folyamatokban, rakos sejtek metasztazisaban.
Ligandumaik a szialil Le® és Le*. Yuen és munkatarsai altal izolalt, szulfatalt Le* és Le*
antigének hatdsosabb inhibitoroknak bizonyultak. Szintetikus inhibitorok kifejlesztésével
lehetdség nyilik kiilonboz6 koéros gyulladasi folyamatoknak a gatlasara, illetve a tumor sejtek

attevodésének a megakadalyozasara.

Az eldallitani kivant célmolekulakban a szialsav rész C-szulfonsav Na-soval van
helyettesitve, illetve az L-fuko6z egységet pedig a savas koriilményeknek jobban ellenallobb D-

arabindzra kivantuk cserélni.

Az oligoszacharidok szintézisében a f6 kihivast a C-szulfonsav funkcid bevezetése
jelentette, amelyet tioacetil véddcsoporton keresztiil alakitottam ki. A tioacetil csoport

bevezetését két f6 uton probaltam megvaldsitani, mono- illetve triszacharid szinten.

A megfeleld szulfonsav tartalmi monoszacharid donor eldallitdsanal figyelembe vettem,
hogy a sziikséges védbcsoportokat tartalmazza a 14 -es vegyiilet, benzoil csoportot a 2-es és
benzilidén csoportot a 4,6-0s pozicidban, amelyek alapvetden fontosak a kétszeres inverzio jo
hozamu kivitelezéséhez. A szulfonsav kialakitdsa utan a 17-es vegyliletbol tobbféle donort
allitottam eld. Ezekkel a donorokkal és promoterekkel kiilonb6z6 reakciokoriilmények mellett

probaltam elvégezni a 9-es akceptor glikozilezését. Egy eredményre vezetett, de a keletkezett

* . 7 I r r I 4
A vegyiiletek szamozasa azonos az értekezésben alkalmazott szdmozéssal.
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30-as diszacharidban (1. abra) az interglikozidos kotés o konfiguracioju lett, a C-2 helyzeti

benzoil résztvevd csoport ellenére.
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1. abra
3.2. Szulfonsav bevezetése triszacharid szinten

A triszacharid szinten a C-szulfonsav funkciot a megfeleld6 véddcsoportokkal
rendelkez6 alaptriszacharidok eldallitisa utan probaltam bevezetni. A megfeleld 9-es
akceptort galaktozileztem Helferich koriilmények kozott. Ebbdl diszacharid akceptort nyertem,

¢és a C-4-es pozicidt fukozileztem illetve arabinozileztem in situ anomerizacids modszerrel (2.

abra).
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A monoszacharid donor eléallitdsanal ismertetett modon bevezettem a benzilidén acetal
¢s a benzoil csoportokat a galakt6z egységen. A guloszarmazékok eldallitasa (47, 48) fukoz és
arabindz tartalmt triszacharidokbol jo hozamokat produkaltak. Az arabindz tartalmu
guloszarmazékbol képzett triflat eldallitasa soran nehézségekbe litkoztem, valdsziniileg az OH
csoport igen alacsony reaktivitasa, illetve az NHAc csoport miatt, amely igen lecsokkentette a

49-es tioacetil szarmazék eldallitdsanak Osszhozamat (3. &bra). Ezért ezt az utat sem

folytattam.
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3.3. SAc bevezetése triszacharid szinten, masik akceptorral

Az NHACc helyett ftalimido csoportot tartalmazé akceptor (50) alkalmazasatol reméltem
a célvegyiiletek sikeres eldallitasat. Eldallitottam a megfeleldé 53-as ¢és S4-es

alaptriszacharidokat (4. abra).
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Kialakitottam a megfeleld véddcsoportokat a kétszeres inverziohoz (5. ébra).
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A tioetil csoport mellett a tioacetil csoportot nem lehet szelektiven oxidalni, ezért volt
sziikség a metil-glikozidda torténd atalakitdsdra, a triszacharidok esetében. A
guloszarmazékok szintézisénél nem volt probléma, joé hozamokat produkaltak. A
guloszarmazékokbol képzett triflat szarmazékokat csak mikrohullama (MW) aktivalassal
sikeriilt nagyon j6 hozammal eldallitani. Ezutan a tioacetil csoport bevitele is eredményes volt.
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A 69-es és 70-es triszacharidokrdl eltavolitottam a véddécsoportokat, oxidaltam. A reakciok
sorrendjén valtoztatva sikeriilt novelnem az Osszhozamot. Benzilidén-acetdl eltavolitas és

debenzilezés utdn izoldltam a kivant két céltriszacharidot (2-es és 3-as vegyiilet, 6. abra).
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34. Szulfonsav tartalmu pentaszacharid eléallitasa

A tioetil csoporton keresztiil elvileg barmilyen aglikont be lehet vinni, amelynek ki kell
birnia a tioacetil csoport bevitelét, illetve a védScsoportok eltavolitasat. gy tovabbi
oligoszacharidok eldallitasa, illetve fehérjéhez hidmolekuldn (spacer) keresztiil torténd
kapcsoldsa is lehetséges. A 61-es donor alkalmas nagyobb tagszdmu oligoszacharidok
eldallitasara, ezért a 74-es akceptorral (3+2)-es blokkszintézissel, NIS-TMSOTTf promoter
jelenlétében, eldallitottam a 75-0s pentaszacharidot. Pentaszacharid szinten is elvégeztem a
mar korabban leirt kisérleteket a tioacetil csoport bevitelére, és j6 hozamokkal izolaltam a 78-
as tioacetil szdrmazékot. A véddcsoportok eltavolitasa, az NHAc kialakitasa, és az oxidacid
utan izolaltam a 79-es pentaszacharidot. Katalitikus hidrogénezéssel nagy nyomads alatt
eltavolitottam a benzilidén-acetalokat és a benzil csoportokat. Tisztitds utdn nyertem a 4-es

szulfonsav tartalmt sLe” mimetikumot (7. abra).
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3.5. Antracenilmetilén acetal gyiiri kialakitasa, reakcioi

Az  antraldehid-dimetilacetdl  véddcsoport jol  alkalmazhaté a  preparativ
szénhidratkémidban. Savkatalizalt atacetalozési reakcidoban lehet szintetizalni j6 hozamokkal.
A dioxdn acetalgyliri esetében szelektiven nyithatdé mind a két irdnyban a megfeleld
reagensekkel. Az exo-dioxolan acetalgylrii esetében akkor lesz szelektiv a gylirlinyitéas, ha a
gylrli szomszédsadgaban nincs szabad hidroxil, igy a sztérikusan kevésbé gatolt oxigénen
torténik a reagens tdmadasa, endo esetben a két iranyitd hatas 6sszegzddik (a szabad OH feldl
tamad, és sztérikusan is errdl az oldalrél tamad), igy csak a 3X szabalynak megfeleld
szarmazek keletkezik. Savas koriilmények kozott hatékonyan eltavolithato az acetal és az éter
szarmazgk is, de hidrogénezéssel nem lehet, a kzEépsé aroméas gytirti veszi fel a hidrogént, és
nem az acetdlos kotés hasad, ellentétben mas acetdlokkal. Az igy kialakult 9°,10’-dihidro

szarmazék meglehetdsen stabil, mind Lewis- €s protonsavakkal szemben is (8. 4bra).

xl

N

8. abra
4. Osszefoglalas
Munkam soran tehat sikerrel eldallitottam két triszacharidot (2-es és 3-as vegyiilet, 18.
abra) és egy pentaszacharidot (4-es vegyiilet, 19. abra), amelyek sLe® mimetikumoknak
tekinthetdk (la vegyiilet, 17. ébra), és ezekben a molekuldkban a szialsav rész C-szulfonsav
Na-soval van helyettesitve, illetve az L-fukoz egységet pedig D-arabindzra cseréltem.
Osszefoglalva egy mondatban elmondhatom, hogy megbizhatd, reprodukalhatod eljarast
dolgoztam ki a tioacetil csoport kétszeres inverzioval torténd bevitelére, illetve a
véddcsoportok jo hozamu eltavolitdsdra, megteremtve a lehetdséget tovabbi szialil Lewis A

mimetikumok eléallitasara, amelyek kivalo inhibitorai lehetnek a szelektineknek.
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1. Introduction and objectives

Carbohydrates are essential for living organisms, such as energy sources, structural and
food storage materials, playing important role in conformation of human organisms and in the
photosynthesis of plants. Sugars are also used as structural materials like cellulose and kitin.
Part of nucleosides they are known as carriers of genetical information. In the last decades
carbohydrates have become known as part of glycoconjugates, namely glycopeptids,
glycolipids and glycoproteins, playing important role in the adhesion of cells, cell-cell
recognition, inhibition of cell division and interactions of viruses, bacterias, hormons and
toxins to different cells. They control the immun response and gamogenesis. Carbohydrate
mediated communication between biomolecules, research and development of glycoproteins
and research of role of immunity of oligo- and polisaccharides are all in a fast developing area
of glycobiology.

Glycoconjugates play important role of formation of malignous diseases and are mainly
found in cancer cells and so-called tumor-associated antigens. Isolation of these complexes
from natural sources is very difficult thank to the microheterogenicity, therefore chemists
made and make serious efforts for the synthesis of these molecules in kg scale.

Long-standing research on the synthesis of sugars found in natural glycoconjugates is
the main goal in the Research Group for Carbohydrates of The Hungarian Academy of
Sciences. In 2004 I joined in these research and my task was to synthesize sulfonic acid-
containing sialyl Lewis A analogues and to investigate the newly discovered 9-
anthracenylmethylene acetal as protecting groups. The attained results are discussed in this

dissertation.

2. Applied methods

The macro-, semimicro- and micro methods of modern preparative organic chemistry
were applied in the synthetic work. The purity of the substances, the ratios of the products
were controlled and the reactions were monitored by thin layer-chromatography. The
purification of the crude products and the separation of the isomers were carried out by
crystallization or by column chromatography. Elemental analysis, melting point- and optical
rotation determination, one- and two dimensional 'H and >C NMR spectroscopic methods
(‘H-'H COSY, "“C-'"H HSQC) and mass spectrometry (MALDI-TOF) were applied for the

characterization and the elucidation of the prepared compounds.
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3. New scientific results of the dissertation

In the first part of the dissertation the chemical synthesis of tree sulfonic acid-containing
oligosaccharide mimetics of sialyl Lewis A were presented. The second part deals with the
synthesis, regioselective hydrogenolysis and partial hydrogenation of dioxane and dioxolane

type (9’-anthracenyl)methylene acetals of sugars.

3.1. Introduction of sulfonic acid function at monosaccharide level

Selectins, members of the adhesive molecules, are expressed on the cell surface playing
a key role in the pathogenesis of inflammations and in the metastasis. Sialyl Le" and sialyl Le*
are natural ligands of selectins. Their analogues, such as sulfated derivatives, turned out to be
even more potent inhibitors to give the opportunity to prevent various pathological processes
and the metastasis of cancer cells.

In the synthesized mimetics the natural sialic acid residue is replaced by a C-sulfonic
acid moiety attached to position C-3’ of the lactosamine unit of the mimetics. This group has
a stronger ionic character and we expect higher stability against sulfatases and esterases. The
L-fucosyl unit was also replaced by a D-arabinosyl moiety because such a structure is more
stable towards enzymatic degradation than the highly acid sensitive o-L-fucosyl
interglycosidic linkage.

To be successful in the complex oligosaccharide synthesis we have to be careful of
choosing the suitable protective groups and glycosyl activation methods which have to fit
each other. The key synthetic step in the synthesis of oligosaccharide was the formation of the
C-sulfonic acid group which was planned via thioacetyl group. The synthesis of the target
molecules might be accomplished by two synthetic paths; it is possible to introduce the
thioacetyl group either at the monosaccharide or at the oligosaccharide level.

Our first plan was to prepare a sulfonic acid ester-containing monosaccharide through
formation of a thioacetyl function by nucleophilic substitution, followed by oxidation and
subsequent conversion of the sulfonic acid salt into the appropriate methyl ester. The presence
of benzoyl and benzylidene acetal groups are essential for the introduction of thioacetyl group
by twofold inversion according to literary procedures. Inversion of configuration at C-3’ via
activation with triflate and subsequent displacement with TBANO, afforded the gulo-
configured derivative of 15" in good yield. Formation of the C-3 triflate derivative of 15 and

treatment with KSAc gave the desired thioacetylated galactosyl derivative 16 in 87% yield

*
Numbering of compounds refers to that used in the dissertation.
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over the two steps. Oxidation of SAc was succeeded by using Oxone to give the sulfonic acid
sodium salt 17 in a yield of 68%. Then 17 was transformed to donors and the donors were
coupled with acceptor 9. Only one glycosylation with donor 5 was successful, but the
interglycosidic linkage of the resulted disaccharide 30 was o configurated, despite of benzoyl

group at position C-2 (Scheme 1).

OAc pac
Ph "\ "0
0 n 0
MeO,S HO ONZN
BzO NHAc
Br
5 9
Hg(CN),, dry CH3NO,
dry toluene, 1 1/2 h
40%
only alpha anomer!!
OAc OAc
0
MeO3S
BzO
ph&o o
O 0 A
NHAc

30

Scheme 1.

3.2. Introduction of sulfonic acid function at trisaccharide level

After this failure we changed the synthetic strategy. At trisaccharide level the C-sulfonic
acid function was introduced after the synthesis of the appropriate protecting groups
containing trisaccharides. Acceptor 9 was galactosylated at position C-3 under Helferich
conditions to give disaccharide 33. Compound 34 was used as an acceptor, after ring opening
of the benzylidene acetal, in an in situ anomerisation reaction with donors 6 and 7 to afford

the trisaccharide derivatives 35 and 36 (Scheme 2).

12



Hg(CN),

OAc pAc dry CHNO, , OAc_OAc
dry toluene
Ph (0]
AcO HO O\/\ @) O\/\
° AcO
AcO NHAc 90% OAC NHACc
3 Br 9 33
OBn dry DCM
OBn o 85%
Bn
R OBn OBn
OAc OAC OBn R 6 7 ) OBn OAc OAc OBn
od o 5 ’ Br o HO 0 o
AcO © A TBABr AcO o A
OAc NHAc dry DMF OAc NHAc
34
35 R=H 90%

36 R=CH; 81%
Scheme 2.

The same synthetic sequence at monosaccharide level was used to introduce the
essential protecting groups (Figure 29). Formation of the two gulo-configured derivatives
resulted in good yields. Formation of the gulo-configured triflate derivative was not
succeeded, since the acetamido group might react with Tf,0 which caused side reactions and
poor yield in the formation of the thioacetyl derivative. Hence, this synthetic path was not

continued either (Scheme 3).

OBn
OIE&)r;3 N OBn
Ph RA—0~20Bn 1. Tf,0 / pyridine, dry DCM Ph R Sl 47 R=H 78%
-0 -70°C t0 -50°C, 2 h %o 48 R= CH. 64%
OBn 2. TBANO, / dry acetonitrile OBn 3 ¢
00 QO
0 0
HO OO O A O O A
OBz NHAG OH OBz NHAg
45 R=H
46 R= CH;

1. Tf,O / pyridine, dry DCM
-70°C to rt,
2. KSAc / dry DMF

OBn
OBn
Ph R\_-O_\0Bn
* o8 49 R=H
n 0
AcS o) OV\
OBz NHAc

Scheme 3.
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3.3. Introduction of sulfonic acid function at trisaccharide level using another
acceptor

To eliminate this problem phtalimido group was used to protect the amino group instead
of acetyl. According to our expectation the phthaloyl group ensured better solubility and
higher yields. The ethylthio aglycone was expected to make the synthesis of higher
oligosaccharides possible for further synthetic studies. First, the trisaccharides 53 and 54 were
synthesized in the presence of AgOTf promoter (Scheme 4).

AgOTf

QAC OAC d OAc_OA
ry DCM/ toluene c C
Ph% DMAP Ptho o
AcO " AO o SEt
NPhth % oA NPhth
8 51
77% | BFyOEty/ Et;SiH
0Bn dry DCM
OBn 6 R=H
OBn

OAC OAC OBn R OBn OAC OAc OBn
Br
O 0]
0 O&SB E— 0 HO&SB
AcO TBABr AcO
OAc NPhth NPhth

dry DMF OAc

53 R=H 52% 52
54 R= CH; 56%

Scheme 4.

Then the appropriate protecting groups were introduced for the twofold inversion (61
and 62, Scheme 5). The hydroxyl groups at C-4 and C-6 of the galactose units of 55 and 56
were protected with benzylidene acetal, then dibutylstannylidene-mediated acylation with
chloroacetyl chloride was applied for selective protection of the position C-3* of 57 and 58 to
give 59 and 60 in 70% and 79% yields. Benzoylation of the hydroxyl group of 59 could be
achieved by using BzCl in pyridine and 1 equivalent of 4-dimethylaminopyridine (DMAP) to
afford 61 in 80% yield. In the case of the fucosylated derivative 60 under similar condition
only 44% yield of compound 62 was formed since the longer reaction times resulted also in

the dechloroacetyl derivative 63 (34%) (Scheme 5).
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OBn

Et

OBn
OBn PhCH(OMe),
1-2 drops of 30% NaOMe in MeOH ~ (OBn cat. CSA
dry THF/MeOH (1:1) R OBn dry acetonitrile
53 R=H OH OH OBn
54 R= CH, 0 4 0 0 o
HO o

OH NPhth NPhth
_ 1. Bu ZSnO
SSR=H 90%0 dry toluene 57 R=H 82%
56 R=CH; 88% 2. ClAcCl 58 R= CH; 78%
dry DMF/toluene
OBn OBn
OBn OBn
Ph R 0~ \0Bn BzCl, dry DCM h R 0-\0Bn
dry pyridine
0] (0]
oBn ~ DMAP OBn
O o (0] 0] 0]
R'O &SB CAO O&Sa
OBz NPhth OH NPhth
61 R=H, R'=CA 80% 59 R=H 70%
62 R=CHj;, R'=CA 44% 60 R=CH; 79%

63 R=CHj;, R'=H 34%
Scheme 5.

Before introduction and oxidation of the acetylthio moiety the ethylthio aglycon, which
is also oxidizable, had to be changed into a non-oxidizable group. Preparation of the two gulo-
configured derivatives run well. Synthesis of the gulo-configured triflate derivatives was only
managed under low power microwave (MW) activation (CEM Discover Microwave machine)
in high yields. There might be a strong hydrogen bonding between the OH-3" and the C-2’
benzoyl carbonyl oxygen which gave rise to the low reactivity of this OH group.

The introduction of thioacetyl group could also be carried out without any problem to
give the thioacetylated derivatives 69 and 70. Oxidation of the arabinose-containing thioacetyl
derivative 69 with Oxone gave 71 in 56% yield.

Then 71 was treated with ethylenediamine (EDA) in ethanol at reflux temperature to
remove the acyl protecting groups followed by N-acetylation with Ac;O in MeOH to develop
the acetamido group of 72 (64%). To achieve higher yields in the case of the fucose-
containing trisaccharide 70 the opposite sequence of the reactions was applied. First,
compound 70 was deacylated with EDA followed by selective acetylation of the amino group
with Ac,O in MeOH, then the liberated thiol was oxidized with Oxone to afford 73 in 62%
overall yield for the three steps.

The benzyl ethers and the benzylidene acetal of 72 were removed in two steps. Acid

hydrolysis and hydrogenolysis in the presence of Pd/C catalyst gave the target compound 2 in
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high yield. In the case of 73, removal of these protecting groups was achieved only by
hydrogenolysis to furnish compound 3 as the second new sulfonic acid trisaccharide mimetic

of the sLe tetrasaccharide 1a (Scheme 6).

OBn
E| OBn
Ph 0~ \OBn
(@)
OBn
0o 0]
NaO,;S 0 OMe
OBz NPhth
OH
OH
R OH
© OH
0] 0O o)
NaO;S o OMe
OH NHAc
Scheme 6.

3.4. Synthesis of sulfonic acid-containing pentasaccharide

Many aglycons might be introduced via coupling reactions with thioethyl group, but
they have to stay intact under the above mentioned conditions. In this way there is an
opportunity to prepare higher oligosaccharides. Accordingly, acceptor 74 was coupled with
donor 61 in the presence of NIS-TMSOTT promoter system to achieve pentasaccharide 75 in a
(3+2) block synthesis. Pentasaccharide 78 was prepared in a similar manner as described
earlier to introduce the thioacetyl group. After removal of acyl and phthalimido groups
followed by formation of NHAc and oxidation, the pentasaccharide 79 was obtained.
Benzylidene acetals and benzyl groups were removed with catalytic hydrogenation under high
H, atmosphere. After purification the C-sulfonic acid containing pentasaccharide 4 was

isolated (Scheme 7).
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Z

tiourea
pyridine

OBn

'U
o
o
>

-
>

T
o
0
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76 84%
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OBz
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'gulo’ derivative 77 75%

3. Tf,O/pyridine, dry DCM
MW

4. KSAc /dry DMF

OBn
OBn

Ph

o
OBn OB
ANCGP S
@) O O
OMe 78 68%

OBz NPhth 0BzBzO
OBz

1. EDA, dry EtOH, reflux T
2. Ac,0, MeOH

3. NaOMe / MeOH

4. Oxone, cc. AcOH

O

AcS

Y]
=
O
0\57
(@)
o3}
=

M KOAc, 1t 79 14% (4 steps)
o_\0H 5. Pd(C), Hy, 96% EtOH
HO _OH oH HO _OH
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Scheme 7.
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3.5. Investigation of anthracenylmethylene acetal rings

The second part of my thesis is dioxane- and dioxolane-type (9’-anthracenyl)methylene
acetal of sugars which could be prepared with high yield by means of acetal exchange
reaction. Reductive hydrogenolysis of the (9’-anthracenyl)methylene acetal ring showed the
similar pattern of regioselectivity as observed in the case of benzylidene acetals. Reaction of
methyl 4,6-0-(9’-anthracenyl)methylene-2,3-di-O-methyl-a-D-glucopyranoside (82) with
LiAlH4-AICl; (3:1) or with Na(CN)BH;-HCI provided regioselectively the 4- or 6-O-(9’-
anthracenyl)methyl ether, respectively.

Hydrogenolytic reaction of the exo and endo isomers of dioxolane-type acetals was
directed by the configuration of the acetalic carbon as well as the intramolecular participation
of the adjacent free hydroxyl. Due to the joint effects the endo isomer of the methyl 2,3-O-
(9’-anthracenyl)methylene-a-L-rhamnopyranoside  (96endo) afforded the axial (9’-
anthracenyl)methyl ether exclusively, whereas the exo isomer 96exo resulted in a 1:1 mixture
of the axial and equatorial ethers upon ring opening reaction. The ring cleavage of dioxolane-
type acetal 100exo, a fully protected derivative of 96exo afforded the expected equatorial (9’-
anthracenyl)methyl ether exclusively, in the lack of directing effect of an adjacent free
hydroxyl.

The (9’-anthracenyl)methyl group could be removed selectively with BF53"OEt; in the
presence of acetyl or benzoyl groups. To remove the (9’-anthracenyl)methylene acetal
catalytic hydrogenation proved to be inefficient, and resulted in the stable (9°,10’-dihydro-9°-
anthracenyl)methylene derivatives (85 and 102exe) without affecting the acetalic center

(Scheme 8).

NaCNBH;

) Pd/C —HCl e o-
Meo M O Meo — LiAl e:lther 84
e
OMe AICL; (3:1)
Me 4-0O-ether
83
OMe
O
LiAIH, Row LiAlH,
2-O-ether 99 A1C13 3:1) o O AlCL 3 3-O-ether 101
from from
endo isomer 96ex0 O exo isomer 100exo
R=H H R=Bn

Q endo, exo

Scheme 8.
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4. Summary

In the course of my work I synthesized two trisaccharides 2 and 3 (Scheme 6) and one
pentasaccharide 4 (Scheme 7), which are mimetics of sLe" where sialic acid residue was
replaced by C-sulfonic acid Na salt. I elaborated reproducible methods to introduce the
thioacetyl group with twofold inversion and removal of protecting groups with high yields to
give the possibility of the synthesis of further sialyl Lewis A mimetics.

The 9-anthracenylmethylene acetal can be advantageous as diol protecting group in
synthetic carbohydrate chemistry. It has strong UV absorbance and increrased crystallinity
which facilitate purification and reaction monitoring, but because of sense of acidic conditions

and light it needs more attention (Scheme 8).
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