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Abstract 

• ln contra.t ta the ganeral .trateqy employed for the .ynthesla of 

di •• ccharide., i.e., the. llnkinq toqether of IlOno.accbaride deriva-

tiv •• , the approach described here entails appropriate modifications bf 

a . readUy available disaccharide. Thus, ultolle bas been converted 

into the tollowinq disaccharides: 
, 

4-~(2-.. ino-2-deoxY-a-D-qlucopyra-

nOllyl)-~-idopyranose uronic acid, 4~-(2-amino,2-deoxY-a~qlucopyrano-- -
.ylr-..2.-qlucopyranose, and 4-~(a-~-qlucopyranosyl)-L-idopyranose. 

These disacchar;:ides are atructurally related to biose sequences tO\U1d 
t 

in heParin and other qlycosaminoqlYcans. Used as .tartinq uterials 

vere two products of the kinetic acetonation of ultose, i.e., 2,3:S,6~ 
• 

di-~is~propylidene-4-2-(4,6-o-iSoproPYlide~e-a~~- qlucopyranosyl) (1) 

and -(a-g-qlucopyranosyl)-aldehYdo-D-qlucose diaethyl acetal (~), which 

vere used in two sequences ot transtormati9fs followinq similar synthe

tic strategies. These transtormations included the inversion of C-5 in 
~ 

the reducinq unit ta qive the ~ido confiquration, the 'introduction of 

a 2' -amino-2' -deoxy lunction into the non-reducinq end qroup, as well 

as oxidation at 08-6, and cyclization of the acyclic dimethyl Acetal to 

qive the desired pyranuronic acid. 
~ ." 

A critical lactor in the formation 

ot the latter, vas the findinq that the 5-,Q-levulinoyl substituent ia 

le.s prone ta acyl aiqration ta O-~ than the IDOrè conventional acetyl 

•• ter. The conforaations 'of .0000e interaediates and producta are dis-

cussed. 
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ResUlfté 
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En contraste avec la stratéqie qenerale employé. pour' la synthèse 

de disaccharides, qui est d'assembler de~ dérivés monos4ccharidiques, 

~a voie de synthèse décrite ici consiste à modifier de faç~n appropriée 
, à 

un disaccharide naturellement abondant. 

Le maltose a ainsi été converti en les disaccharides suivants, 
'. , 
l'acide (amino-2-désoxy-2-a~-qlucopyrannosYl)-~-4-L-idopyrannose qlu-

curonique, le (amind-2-désoxY-2-a~-qlücOpyrannosyl)-~-4-g-qlucoPyran-

n088, et le. a-B,-qlucopyrannosyl-,2.-4-!!.-idopyrannose. Ces disaccharide 

sont de structure apparentée à celle des' s,équences bi-osea présentes 

dans l'héparine ainsi q~e dans d'autres sucres aminés. 

Deux composés obtenus par acétona~n cinétique du maltose ont 

été utilisés COmme composés de départ. Ce sont, la dimethyl (isopropy-

lidene-4,6-a~-qlucopyrannosyl)-O-4-bis-isopropylidene-2,3,5,6 -aldehy-

dO-B,-qlucoside (1), et le- dimethyl a-B,-qlucopyrannoayl-~-4-bi8-isopro-
- - 1 

pylidene-2, 3,5, 6-aldehydo-!?-qlucoside (~.l.' Chacun des 2 compo~é. a 

subi une série de transformations selon des stratéqies de synthèse 

silllilaires. Ces transformation crsit~nt en, l'inversion du ,C-5 de 

l'unité réductrice, conduisant à la configuration !:ido, l'introduct1on 

du groupe fonct~onnel (amino-2'-désoxy-2') dans l'unité non réduc~rice, 

ainsi que l' oxydatioft du OH-6, et la cyclis~tion du dimethyl acetal 

acyclique, menant à ,l'acide pyranuronique désiré. 

On facteur décisif dans la formation de ce dernier fut la dé cou-

verte que le substituant lewlinyle-o-5 soit lIOin. porté à .ubir une 

aiqration acyle sur le 0-6, que le qroupe ester acetyle classique. 
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~. 1 Liat ol Terms and Abbreviationa 

Acl acetyl 

AcOH: ace tic acid 

Ac20a acetic anhydx:ide 

80: benzyl 

t-BdMS: ~-butyldimethylsilyl 

" 
t-BdPS: !!!!-butyldiphenylsilyl 

DCC: dicyclohexylcarbodiimide 

DEA: diethanolamine 

DEAD: diethyl azodicarboxylate 

OMAP: 2,2'-dimethylaminopyridine 

OHSO: diaethyl sulfoxide 

O.S.: degree of substitution 

LAa: lithium aluminium hydride 

LV: levulinoyl· 
" ' 

MElh 2-methoxyethoxymethyl 

MM'l': 4-methoxytrityl (~anisyldiphenylmethyl) 

J4OM: Ile thoxymethyl 

PCC: 
Il 

pyridinium Fblorochromate 

POC: pyridinium dichromate 

pyr: pyridine 

S1: ~BdMS or t-BdPS 
, 

Trityl: ~iphenyt.ethyl 

o 
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1. 1 General Remarks 

A notable qrowth in reeerlt years in investiqations of complex 

carbohydrates, qlycoconjuqates (1-7) and polysaccharides (8,9), due to 

,., 
the realization of their role in cell - cell recoqnition, iDUllunoc:hemis-

try, transport, and other physioloqical proeessès, has led ta an in-

erease in the synthesis ot oliqo~ac:charides related ta these macromole

cules (10). ,Such model cOlllpounds are important for structure determi-

na tiCtl""-by spectroscopie and other physical methods, and are of value in 

examinations of acthi ty-structure r.elationships. :tt also is probable 

that, with ~ances in methodoloqy, syn,thetic materials of this elass 

will come ta be uaed as bioloqical aqents in their own riqht. 

Beeause of the diversity of structures found in Nature, and the 

JDany factors affectinq the reactivity and behaviour of Any particular 

auqar derivative (11)," the synthesis of each complex oliqosaccharide 

Iftodel compound IIIlS t be approached indi vidually • The present work is an 

~ttempt to add ta the repertoire of aynthetic strateqies based on the 

• modifica tion of known, plentiful, disaccharides. The stra teqies des

cribed here address some ot 'the synthetic challenqes encountered in the 

formation of specifie oliqosa~charides related ta such glycosaminoqly-

cans as heparin. 

The conventional synthesis ot an oliqoaaccharide from monosaecha-

rides requires that the eotaponents ta be linked lIlust be prepared appro-, 

priately by ~elective blockinq and deblockinq procedures. The qlycosyl 

cOllpo!!ent 1lU8t he activated at the anomeric center, with all other 
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o 

si tes blocked. The -alcohoP donor must he a sugar with only 0 speci-

fic hydroxyl group (or groups) exposed. Fin.11y, 
~ , 

the linkage step 

should proceed stereospeeifica11y in high yield, in order te Avold 

separation and purification problems (10). Recent advances in glyco-

aide methodology (10,12-16) , plus the large selection of blocking 

groups aval1able (11,17-19) have made the synthesis of tetra- and hexa-

saccharides, if not common, no longer exceptional. 

The situation 19 generally less satisfaetory when the constituen,t 

sugars contain such features as an amino-deoxy group, or carboxylic 

acid funetion, for example, or must in some way be derived from avai-

lable starting monosaccharides. In general, these functionali des or 

modifications must be introduced at appropriate stages, often extending 

the preparation of the monomerie components into lenqthy syntheses, 

before a glycosidic' bond is formed. The new functional groups may, 

themselves, alter the outcome of the glycosidic coupling step. 

'!hese problems are eneountered in the synthesis of oligosaccha-

rides related te the class of polysaccharides known as glycosaminoqly-

cans (20-22)~ Aft~r a brief description of these MOlecules, a eloser 
) 

look at specific_ synthetic problems will follow. 

I.2 Reparin and other glycosaminoglycans 

The glucosaminoqlycans, or mucopolysaccharides, are isolated trom 

animal tissue, where ,the y occur as proteoqlyean maeromolecules. They 

are alternating copolymers of an aldohexosamine and an aldohexose that, 
y "1,,- ~ 

usually, is in the fora ,ot an alduronie acid (20). Notably, sulfate 

1 
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9rou~ are present .t specifie aites in IIOst _abers of this cl.ss. A 

suaury of r~ knewn qlycosuinoqlycall8 is listed in Table I-1 (20). 

Heparin, an important _ber of thi. dla .. of polysaccharides, 

has received a qreat deal of interest because of its use as a clinical 

an ticoaqulant. It ta involved in bindinq ~ basic sites of such pro-

teins as antithrOlllbin, an important inhibitor of proteases in the coa-

qulation cascade (20,23,24). 

Aa de8cribed in Table 1-1 and shown in Figure 1-1, the main re-

pea tinq uni t of heparin is 2-o-sullo-ex-L-idopyranuronic acid (1 + 4 )-2-

deoxy-2-sulfamino-6-0-sulfo-a-O-qlucopyranose, which constitutes ap-

o 

proximately 80' of beef lunq heparin (20). However, it is recoqnized 

that chain lenqths vary, as does the deqree of heteroqaneity. 1 Minor 

residues r (Figure 1-2), D-glucuronic acid, 2-acetamido-2-deoxY-.Q.-ql~ 
t. 

cose, 2-deoxy-2-sulfamino-3,6-di-O-sulfo-a-O-qlucopyranose, and non-

sulfated L-iduronic acid, are present; as irregularities in reqions of 

the repeating disaccharide (20). The relatively amaH proportion of 

these residues does not necessarily correspond to their relative impor-

tal'lce, as ncent evidence for an active antithroabin binding site has 

shown (25,26). The heterogeneity in structure and vide variation in 
o 

clinical acthi ty of various heparins (20,23) has led to a search for 

the necessary eleaenta and minimum chain lenqth needed for effective 

anticoaqulant activity. Synthetic studies, however, have been rare 

until very recently (s .. Section 1.5, p.14). 

~ exaaination of the repeatin9 di~accharide unit reveals sOile 

-
specifie proble.s .. aociated vith the synthea1a of di- and oliqosaccl)a-

ft tS 
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Table 1-1: SOIae Glyco .... inoqlyc.n. 

Nue 

Keratan Sulfate 

Byaluronic acid 

'Chondroitip-4-sulfate 

Chondroitin-6-sulfate 

Derm.tan sulfate 

Beparan .u~'fate 

Beparin 
" 

Gal - .!!-g.l.ctos. 

GlcA - D-glucuronic acid 
:-' 

GleN - 2-amino-2-deoxy-D-glucose 
;= 

GalN - 2-amino-2-deoxy-~-galactose 

IdoA - L-iduronie .cid 

Jp • acetyl 

S - sulfate 

, ' 

--

Main Repeatinq Disaccharide, 

S-Gal-(1+4)-B-GlcNAc-(1.3)-

S-G1CA-('.'3 )-S-GleN~-( 1.4)-

S-GICA-(1.3)-B-GalNAc-4S-(1.4)-

-GalNAc-6S-

œ-IdoA-(1.3)-B-GalNAc-4S-(1+4'-

or -GlCNS,6S-

a-IdoA-2S~(1+4)-a-GlcNS-6S-(1+4)-

:c .. Qi . 

1 

r 
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NHSO;-

Figure 1-1. The major repeating disaccharide of heparin. 

1 

Q -oac 

o 
NHSO;-

HOCHz -oac 

o 
NHAc 

P1CJUl'e I-2. Miner resldues found in heparin. 

, 

, , 
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rides related to heparin. The ... in teaturea of the _ repeatinq unit 

(Figure 1-1) are as tollows: 

a) a 2-amino-2-deoxy-~-qlucopyranosyl r •• idue vith a 1,2-5!!, 

", a-anomeric linkaqe, 

b) a 4~-linked lridopyranuronic acid, - -
c) sultate groups at several specific si te •• 

Clearly, the 98neul atrateqy for preparinq auitable CIOIIponent .,nosac---' 

charides 'must consider <a) the torsation of a ditti~ult glycoaidic 

couplinq, (b) a rare augar configuration, and (c) a co.plex protectlnq 

qroup pattern. The tirat two problellUl will he dilcuased ln turne • 

1.3 Pormation ot 1,2-ci.-2-aainO-2-deoxy-a-~lucopyrano.id •• 

o Tbe synthesis ot glY~08ide. containing .. ino .uqara (21-29) ha. 

o 

heen of 'Long standing intere.t, sinee they are ~e.ent in glycoprotein. 

(7) and antibiotics (30), for exa.ple, .. well as 91yc08oin091ycan •• 

Tbe 2-amino-2-deoxy-a-g-glucoe1de found in' hepar:in is particular ly 

dltficult to obtain (10,12). This ls because a non-participatinq group 

at C-2 1& neces.ary to avold torution ot the tran.-8-linkaqe. The 

saae ~rqUlllents apply to the 2-aaino-2-deoxY-8-aanno (l\nkaqe tound ln 

SOll8 capsular polysaccharides (2). To achie". thh type of linkage, 

elther the readily avallabl~ BUgar, 2-aaino-2-deoxy-a-D-qlucoae, can he = 
u.ed, or the aine cp::oup introduced into ,4a suitable .tarting .. terial, 

o 

betore or after glycosidic bond foraation. ~t Ii.ply, a fully pro-

tected 2-aaino-2-deoxy-u-D-glucosyl halide can he Wied a. the qlucoayl = 
donor, providing that the blockinq group 1& non-psrticlpa"tory. roI' 

Cf :::s,.,,,. ~ 

1 
.1 

-, ' 

" 
.' 



.- '.1 
.' -. " 

( 

o 

~~ " 
t..,']>". 

,1 

'... .... 

- 8 -

.. 

exaaple" diphenylpbosph1no, 2, 4-<fini trophenyl, or p-llethoxybenzyl1dene 

.. ino qroups are lui table' and can fora the a-l1nkaqe in. varyinq yie1ds 

in the presence of .. reury .. lts (10). The °U1l1 disadvantaqe with this 

aethod la the often poor; yieleS. due to the bulltiness of the pro~eetinq 
o 

qroup. 

In a .eeond, recently developed app~oach, an azido g'roup is in-

troduced into a leleetively protected luqar (10, and reterences eited 

therein) • ThJ.a il a non-participa tory neiqhbourinq C]1;'OUp tha t can be 

eonverted into the aino lunetion by reduetion at a later stage in the 

synthetic route. The 2-azido-2-deoxy-g-q1ueopyranosYl' haUde can be 

Q 

usee! ei ther in a direc t displacement reaction, if the' B-ha 1ide ia ava!-

1able, or with .!!!. ~ anomerization usinq a halfde salt, followed by 

s1lver salt catalyais. '!'he cho,iee of Jl8thod depends on the reaetivity 

of the hydroxyl and the halide components. As a rule, azido suqars 

riead • sliqhtly .ore active catalyst than the normal suqars under the 

.a.e concSitiona (10). This .. thod la better in terma of yield obta!ned 

in the q1ycolidation step, but requirel Iynthesi's of the. appropriate 
./ 

a.140 coapound. "l'hie .. y proeeed el ther by an adde displacellen t of a 

aanno-2, 3-epoxide (31, 32), or addi tion of a ni troazide (33) or haloge-

noazide (34) bo a lui table qlyeal. 

Another non-partieipating ,??UP that can be converted to an uine " 

. i. an iaine. Addition of nitro.yl chloride to ace'tylated glyca~s bas .. 

!Men "'0,," by Leaieux ~ !!. ( 35) to provide alleyl· 2-:-oxillino-a-g-hexo-
. -' 

pyranOiide. • lteduction of the 2-oxi.. ta the 2-ulnodeoxy co.poun~ can 

be vèry efficient in .OIMI caees (36,37). ,.1 

" 
• . -" 

, " 

1 
1 

I-
I 

! 
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A dif~erent approach ia to ~orm the glycoaidic bond with a norlMl 

sugar, then introduce the amine function la ter, ei ther through an illine 
~ , 

(39,40) or by Ilzide displacement of a sultonate group (38), in reac-

tions ana1ogous to those juat descr1bed above. This method c!rcumvents 

• 
difficulties in the linkage step by usinq, presumab1y. hiqher-yielding 

o 

conven tional iilethodology. Hovaver, introducing the azido <]roups, or' 

oxidizing 08-2 to the ketone, requires select! vel. protected monosac-

,charides. Purther discussion of this latter approach will be found in 

Chapter III. 

'. 

I.4 'l'he syntheda of" !-idopyranose derivativas 
Q "'!'" 

Another IIIljor synthetic problem ia the formation of 4-0-linked 

a-L-iduronic acid derivatives. Idose and its derivatives have occupied .= " , 
a unique place in carbohydrate chemistry, prilllarily because of an inhe-

rantly unstable configuration, which leada to interesting conforlllatio-... 

nal bahaviour (41-43). The if!o cpnfiguration is rare and there are ~e'" 

natural sourcea. It ia found only 119 the ~-idurol)ic acid (see Table 

1-1, p.3) ln 

and derma tan 

suc~ polysaccharides 

aUl~, te (45, 46 ), and , 
and &nga1 qlycuronana (49,50). 

\ 
as heparin (44),. heparan sulfate (~7) 

1 

also in capsular polysacch4.~~ (48) 

The interest in obtaining 4-0-linked 
~ -, 

~- ldopyranose derivatives auitable for incorporation into ollqosaccha= 
rides Vas central to the present work. A _in prablem in dolng eo 

eynthetically lies in the solution co.post tion of idose. 

Aldosea mst 48 a aixture of' tautoaeric for.. (51), Vith the 
o 

rPyranose rinq beinq, in general, the .::>et etable (41, p.160). Idoe., 
1 

" 
1 • . ' 

1. 
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l1ke altrose and talolSe, con tains subst&ntial amounts"bf furanose forms 

(Table 1-2 and Figure I-3). In addition, the equilibriu.m between the 

two chair forms in .Ldopyranoses, favours the formation of the stable "_ 

, , 6-anhydropyranose under acidic candi tions (ref. 41, p. 221; and ref.' 

43). These features of !;idose have made thTllynthesis either lengthy 

or low yielding. 

Synthetic tôward .!:.-idose, the C-S epimer of .Q.-glucose 

include two widely ed approaches and other adnor ones. The classic 

r approach by Meyer Reichstein (54) uses the displacement of a sulfo-

nated 0-5 by form the 5,6-epolÇide of a 1, 2-isopropylidene-.Q.-

Opening of the epoxide rinq under basic 

provides the corresponding .!;idofuranose. This method was-

variations (55-60), one being the re-

placement of sulfonate leaving group~ with phosphonium $alts, using 

triphenylpl1osphine/DEAD _thodology (61). 6-Deoxy de~ivat1'Ves can be 

formed by lithium alUIDinum hydride reducti.;;n of the 5,6-epoxide (62). 

Startinq from ,,2-~isopropylidene-~-qlucofuranurono-6,3-1actone, a 

dm11ar inversion can he effected on the lactoi (63) or the diol (64), 

obtained by r~duction of appropria te derivatives. A direct displace- 0 

lient at 0-5 of the 1, 2-.Q.-isopropylidene-~-glucof~ranurono-6, 3-1actone 

,"al achieved by weidmann .!!!l. (65) usinq a 5-0-triflate derivative, 

',-.nc:t inverting with sodium trifluoroacetate. The same methodology was 
, , 

appl1ed by Sinay et al. (66) to obtain a methyl L-idofuranuronate from " --"'" = 
Mthyl 3-o-benzyl-1, 2-O-isopr~pylldene-D-qlucofuranuronate. Note that -- - ~ = 
the C-5, inversion also can be ach.ieved through e~imerization of D-

" , 

, f 



-0 '" Figure 1-3. 
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Tautomeric equilibrium of !:-idose i~ solution. 
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0 Tabla 1-2: Percent COmposition of ~Id08e in D20 
~ :,. 

~ 

'l' .. p. Pyranose Furanose Aldehyde, Ref. 
Hydrate 

a S a S 
'\ 

31· 38.5 .. 36 11.5 14 0.2 51 

~'" 37· 38.5 33.5 12.5 15.5 52 

30· 35.9 33.4 13.5 16.5 0.6 53 

.. 

--

.. 

, . .,.... 

-
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qlucofuranuronic aci<;l derivative!? (67), althouqh this method 15 not 

synthetically useful. 

A second type of synthe tic route ta L-iduronic acid derivatives, 
= 

proceeds throuqh the addition of a carboxyl synthon to ,,2-~-isopropy-

lidene-.Q.-xylo-dialdopentofuranose or related compounds, qenerally ob-

tained by periodate éleavaqe of 1, 2-~-isopropylidene-D-qlucofuranose 

(68). The carbon fraqments ta be added can be cyanide (69), or ethynyl 

Grignard reaqents (70), ta qive the uronic acids, or methyl Griqnard 

reaqents to qive the 6-deoxy derivative (71). 

Other less important methods of obtaining L-idofuranose deriva--
tives include reduction of L-idonolactone (72) or oxidation/reduction 

of 1,6-anhydro-.Q.-glucofuranose (73). 

These methods, although widely used, all suffer from the compli-

catincj- furanose - pyranose equilibrium discussed earlier. That 15, 

hydrolysis or acetolysis must follow the inversion of the .Q.-qlucofura-

nose derivat~.ve, producing a mixture of furanoses,. pyranoses and in 

some cases, 1,6-anhydropyranose. These products can be separated chro
• 

matographically, but the resultinq yields are relatively unsatisfactory 

(e. q., 60,66). 

To overcome this problem, several syntheses towards pyranose 

derivatives have been pursued. Sorkin anà Reichstein (74) developed a 

method of obtaining ~-idopyranosides from 4,6-o-benzylidene-~-galacto-

pyranosides. To obtain .!!-idose, this method could be repeated with the 

L-qalactose !somer, which cao be synthesized by reduction of the more 

readily available ~9alacton?-y-lactone (75). Perlin ~ ~l. (76) uaed 

"
\ 
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L-aorbose ta synthesize an ~iditol derivative protected at 0-4, thU8 
'-

preventing formation of the turano8e, followed by oxidation ta the 

aldehyde, and then cyclization. Ferrier and Tyler (77) observed the . 

format;:ion ot o-.!!-idopyranoside from the hydride displacement of C-S 

bro~o-deri va ti ves of penta-2.-benzoyl-g-qlucopyranose, obtained through 

photobromination. An application ta .!;glucose of Paulsen's (78) ace-
1 

toxoniUm ion rearrangement used for the synthesis of D-idose from 0-= :a 

glucose, gave 1,2,3, 4,,6-penta-,2-acetyl-L-idopyranose (79). Hydrobora

tion of a double bond between C-5 and C-6 in hexopyranose derivatives 

(80,81', ~d also a cellobiose derivative (82), gave mixtures of L-ido =-
and ~-q l uco' isomers, separable by chroma tography. ~-Idopyranuronic 

acid derivatives also can be synthesized by c-s inversion of diethyl 

chth1oa~etal derivatives of .Q-glucuronolactone. Selective protection 

at r O-4 allows cyclization ta the pyranose (83). 

Although many syntheses of .!:.-idose derivatives exist, "btain1riq 

an k-idopyranuronic acid selectively protected on 0-4 appropria te for 

glycosidic coupling i8 still difficult. This problem, in addition ta 

those d1scusse~ for the 2-amino-2-deoxy-:-0-g-qlucopyranosides, has hin

dered synthetic investigations !nto heparin and related glycosam!no-

qlycans. 

1.5 Synthetic york on heparin 

Synthetic work on IIOno- or oligosaccharides related to heparin 

has, until recently, been reetricted ta the ganeral investigation of 

qluco ... ine. and ~1duronic acid derivatives, as has been discussed. 

.. 

.. 



o 

o 

- 1S -

" 
A1thouqh chemical D'Odification ot heparin J\a8 been quite extensive 

(20), tne synthesis ot .odel mono-, 01iqo- or polysaccharides has.been 

limi ted. In the polysaccharide area, attempts have been made to modi fy 

~~ polymers containing neutral, uronic acid or ami}l0suqar components 

(20,84). The synthes!s of small molecules deaiqned as heparinoids W4S 

undertaken originally by Xiss and Wyss (8S-90). They. developed synthe-

ses of g-q1ucosamine (87) and .!!-idose' derivatives (86,89), as wall 4S 

-
disaccharides containinq D-qlucosamine. and D-qlucuronic acid (85,88). = (= 

More recently, Sinay.!!~. {66,81,91-93) carried out a series, of 

,syntheses of oliqosaccharides, that culminated in' the pentasaccharide 

(Figure 1-4) (92) believed to represent a minimum bindinq sequence of 

heparin (25,26). They. started' vi th E,-qlucose and 2-azido-4-deoxy-..!l-- -
glucose derivatives, converting them into appropri&t~ly' protected uro-

nie acid and amine containing unite, that then ware coupled together 

and sultated. Other model mono- (81), di-, and trisaccharides (81) 

vere made in the process of this work. A second synthesis of the same 

pentasaccharide (Figure 1-4) has been achieved by Van Boeckel .!! .!l. 

(60), aqain uslnq such monosaccharides as penta~-acetyl-~-qluco8e and 

1;6- ~Ydro-g-qlucose ta torm intermediate disaccharides, which, atter 

tur~er modifications, were linked toqether into a pentasaccharide. 

Mori and Tejima (94) synthesized 4-~-(2-acetamido-2-deoxy-a-glu-

copyranosy1)-E-qlucopyranose trom 1,6-anhydromaltose, in order to com-

( pare iu structure to disaccharides -!solated fro. heparit\ hydrolysates. 

Aleo, Shing and Perlin (95)" WIed 1, 6-anhydro-ceUobiose to introduce &' 
• 

2-azido lunction .via the 2,3-aanno epoxide. A g1yca1 derlvâUve of 

'. 

, 
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, 
Figure 1-4. The pentasaccharide segment of heparin that binds to 

.. 

_. 

\ 

antithrombin-Ill (refs. 25, 26) . 
• 

, ',t 
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cellobiose alea provided the 2-azido co.pound by addoni tra tion. Ku&u, 
hara ~.!!.. (96-98) expanded the synthe tic etudies based on 1, 6-anhy-

dro-cellobiose and prepared disaccharides containinq ~lucuronic acid, 

.!!-iduronic acid and ~-glucosallline, that vere llnked subsequently to - -
torm the same pentaeaccharide as reported by Sinay ..!!!.!.. (92) (Figure 

1 1-4). 

I.6 ~8e of disaccharides in oliqosaccharide synthesis 

The 8ynth~tiC etudies just œntioned lead into the final tapie of 

this introduction, which is the use of disaccharides for sta'rting Jll4te-

rials. The latter two examples show how colDplex oUgosaccharides eàn 

he obtained from collUllon disaccharides, and compete vith the more con-

venUona1 synthetie approach adopted in the tirst two examples. 

The use of disaccharides to torm complex oUgosaccharides bas 

received relatively Htt1e attention in the development of synthetic 

carbohydrate methodoloqy (99-101,12"pp. 111-115). Èmploying a disac-

chari de as a glycosy1 douor is not fundamentally ditferent from using a 

monosaccharide.') Although the formation of the biosyl halide may be 

cOllplicated by the acid-lability ot its glycosidic bond (14), a number 

ot oligosaccharides have been tormed trom glycosyl halides of the COID-

mon disaccharides (eee 12, and referenceé cited therein). In addition, 

available disaccharides (e.g., sucrose, maltose, cellobiose, lactose, 

gentiobiose, .. libiose, and chitobiose) have been modifie~ and deriva-

tized Vith many of the same reagents used for aonosaceharide trart8for-

aation. These reactions include esteritication and etherification vi th 

--
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ca..on blocJdng groups, the foraation of glycals, anhydro sugara, ane! 

4eoxy' llUCJar., epi_rization, DxidaJ;ion and reduction, as _11 as chan

" 
g •• iq the length of th. carbon chain of the constituents (99-101). 

Por exaaple, the qlycals have been useful for introducinq 2-amino-2-

deoxy functions, in a manner analogous ta that for IIIOnosaccharides 

(95,102). In .UDUllary, IIOst of the work on disaccharides has been de-

siqned either ta make a derivative or ta incorpora te the disaccharide 

directly i~ta~i- or hiqher ollqosaccharides. 

~ininq these two 9Q&ls into a single strategy poses prob1ems 
, 

si.l1ar' ta and perhap. _qnified in coaparison ta those found in IIIOno-

saccharide chelllistry. That 18, ta expose a s1nq1e posltion requlres 

'.e1ective protection or deprotection amonq five secondary and two pri-

ury hydroxyl qroups, as vell as the anomeric center. When, in addi-

tion, the suqar needs such JDOd1fications as ep1merization, selective 

oxidation, or the introduction of an amino qroup for exalllple, the COIll-

plexi ty of preparinq the required disaccharide uni t increases. This 

situation is aqgravated by the 10ss of converqent strateqy. It, is 

cl.ar that on1y in s~cific cases can the modification of a disaccha-

ride COIIpete for efficiency vi th a coupl1nq of IlOre flexible monosac-

ch.rides. What are the situations in which the disaccharide strateqy 

ia advantaqeou.? 

'nte Min advantage of usinq a disaccharide ls in havinq a q1yco-

.1d1c bond of d •• 1I:ed position and confiquration a1ready present. In 

th. ca.. of a-D-q1uca.aaine. (or Q-ga1actosamines) f th18 can be a s19-::., = 
nific.nt ~vanta9., .. ha. heen discus.sed (Section 1.3, also ref. 10). 

• 
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, A secon~ property ot disaccharides reaides in their contOrJIation8, and 

1) 

such intraaolecular interaction8 as hydrogen bonding (11,103), vbich 

can, in specifie cases, provide ditterence8 in hydroxYl qroup reacti-

vity. Not on1y can this situation permit a ée1e~tive protection needed 

tor subsequent qlycosidic coupling, but also may permit specifie acc,ss 

.Ji? 
to hydroxyl qroups in a manner that is ditticult to achieve vith a 

correspondinq monosaccharide derivative. For axample, 80me well known 
,ç-

8e1ectivity is found batween the primary hydroxyl groups of maltose 

/ 
(103) vi th 1 re8pect ta such bulky reagents as tri tyl chlorlde. The 

3-hydroxyl qroup a180 i8 le88 reactive, presumably due to the intramo-
~ 

leculaF hydrogen bondinq ta 0-2' (103). Differences in hydroxyl 'qroup 

reacti vi ty have not baen fully explored in disaccharides ( 11 ) , and 
, , 

should extend their synthetic usefulness. 

Simply, then, in a situation Where two individual monosaccharides 

must he extensivelY moditied, and then coupled in a low yielding 8tep, 

a plentiful disaccharide may provide an alternative route, by allowinc) 

for the same modifications vith perhaps less difficulty~ and of course, 

avoidinq the qlYC08idic couplinq 8tep." Further advantaqes exiat in 
"--

tarqet compounds in which a disaccharide colllprises the repeating unit, 

or Where se<Jlll~mts of different structures can be de ri ved trom the Mme 
'\ 

disaccharide intermediate. This situation is found in oligosaccharidea 

rèlated ta heparin and a&8ociated qlycosaminoglycins (Fiqures 1-1, 1-2, 

p. 6). 

As hAs heen shown, 4,6-;2-banzyl1dene-1,6-anhydro derivatives of 

cellobiôse and altose are prOllis!nq substratss for the production ot 

,/'') 

" 

--

\ 

ft 
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-bu1ld1ng black.- relateeS to beparin (94,95,98). They .. et sOlDe ot the 

criteria discu.sed, provid1ng 8u1table bu1lt-1n glycos1d1c linkages 

and, in sOlle case., usetul r~iosélectivity, because the 2,3-hydroxyl 

groupa ot the 1,6-anhydro unit are diaxial. Thua, Shing and Perl1n 

(95) tound selecti ve toayla tion a t 08-2 (60\) in 4, 6-.Q-isopropyl1dene 

ceUobiosan. lCuzuhara et al. (96-98) later achieved the same react10n 

uaing a ~e!ivative selectively benzylated at 0-2' and -3'. This benzy

lation vas possible because Ç)t prior, regioselective, 0-s1lylation of " 

0-2 and 0-3 vith 1,3-dichloro-1,1,3,3-tetra-isopropyldisiloxane. Inte-

restingly, the &aile reagent is selective for the diequatorial 0-2' and 

-O-!i' ot the correaponding _Itosan (104). A 1,6-anhydro maltose deri-

vative a180 ahowed aelectivity tor tosylation at 08-2' under phase 

tran.fer conditions (105). 
,> 

As wiU be shown herë (aee also 105a), other potentially use fuI 

disaccharide derivatives are the products of kinetic acetonation by 1 

.. ans of 2,2-dillethoxypropane in polar solvents (e.9?" dioxane). Lac-

to.e (106) laminarabiose, callobiose, gentiobiose (107) and maltose 

" (108) have been treated under varying conditions ta give a number of 

products. AU ot these collpounds have reduced numbers ot exposed hy-

droxyl groupa, and the 
~ 

reducing uni t is a tuUy protected dimethyl -

" acatal. The _jor products trOll _ltoae are shown in Figure 1-5. Both 

COIlpound. 1. and l are produced in different ratios, depe,nding on the 

• 
AIIOunt of catalyst, although 1. is the _jor product. An examination of 

, 
th •• e .ol.cul ••• uggeeted that they l!WI8re appropriate atarting ~riva-

Uvee for disaccharides related to hepa.rin (F1g9%'e 1-1, p.6). 

... 
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(A) 
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.~e~ 
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" 

(A) (8) 

l 

Products of kinetic acetonation of O-maltose vith 2,2'-
\ . 
" 

d!methoxypropane (ref. 108). A - qlycosy~ group; B -

aoetal unit. 
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'ir.t, conaiderinq COIlpound l, the presence of frae 08-2' and -3' 
• 

auqCJe.u that introduction of ~ gine i8 ,po8sible at C-2', through 

vell 'known oxidation, imine formation and reduction sequences (see' 

discussion, Chapter III). A 'Buceessful attainniant of this modification 

wouid provide the 2-amino-2-deoxy-a-E-aldoside residue directIy. 
c 

The hydroxyl group at C-;3' then can be bloeked, leavinif ollly' the 

relatively 8&sy' selective protection of priJDary 08-6' and secondary 

bH-4', for 8ubsequent qlycosidie coupling at the latter position. The 

.econd interestinq aspect te this acl.eule 18 the acyelic d~methyl 
o 

ac'etal unit. Seiective, aequential hydrolyses of the S,6-,2-isopro'pyli

dene groups', exposing 08-5 and -6, would allotlt for inversion aeleetive- 1 
,1 l' 

ly at C-S te provide the, L-ido eonflquration. The al.4ehydo-L-idose ,,=- ,,\ = 
"-

d~.thyl ace,~i .0 for.ed, 'is already linked at C>-4, and 80 can only 
, 

91ve the pYn'O,O.e rinq after hydrolyais of the proteetinq groups and 

~~~equen~ eYcU:~ati6n • . ' .,.1 , 

In addition~:te theae fundamental teatures, the two prill"ry hy-

\ ...' 1 

4roxylS are difter.ntiated by O":isopropylidene groups of d1ff.rinq' 

, _ .c1~'iabil~tY (~ee' ~~er discussion, Chapter Il), allowi,nq for ox1da-
• l 'l \ 

" ,. 
'tion on1y et O"-~, te glVe the uroni'c adid. RegiQselective access te 

" , .. '. 
other ,h~ro~yl qtoups 'fot, ,e. q. , '.electi ve suUa tion can readl1y be 

envt.ageé!. ' '-

". 
Starting 'then, fro. ultos4? derlvat1ves 1 and ~, various tran's7 
--' , 

fo~t1on~ .~ pr~tect1nq ,group strateqies wera ~n~idered'...t i~ ord~ ~' 

.~rrl". at di.acchari~, .~build1nCJ ~l~~ •• relat:e4 ~,'~epeaUn9 unit. 'ln , 
he,parin. 

, . 
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II.1 IntrodUction 

'!'hie Olapter :~i'ine. the eynthetic posdbili tleq of ~lnq cer

tain _lto.e derivaUves as ,-.tartinq co.pounds, as well as routes se-

leeted for converting' the .. into target compounds. The strategies adop-

ted reflect various constraints imposed by their reactivities and 

structures, and vere revised and JDOdified as the research proceeded. 

The .tarting compounds, 1. and~, vere modified usinq conventional 

carbohydrate methodoloqy' and reagents. '!'he target compounds they gave • 

are lnteraediates or -bulldinq blacks- that could embrace a nUlllb6r of 

poslible structUres. ", 

) 

'.lVo general Itrat:eqies vere 8Uqqes~d by specifie features of t;he 

two ,Itarting collpoUnds (Sch... II-l). In strateqy l, startinq from a 

derivat1ve' of 1.' th. reducinq unit 1s te provide the ~idose or 1:-
1durortic acid in the firet stage, follbwed by introduction of the 2'-

aaino-2'-deoxy WIl'oup iIN.to the non-reduelnq end. Strateqy Il us'1ng 

COilpound 1. la es.entially the cOnverse of, x. That 1., the 2 1 -amlno-2 1
-

deoxy qrqup ls introduced f~r .. t, f~lloved 'by modification of the reduc-

1n9 end. "l'hese two Itrateqies were subdivided into two other qeneral 

approaches: acyclic and cycU.~. The se terma descr1be 'the forll of the 

reduclnq .nd during iu oxidation to the uranie acid, elther before or 

after cyclization to 'the pyrano., forDa. 

'1'wo type. of tarqet tx.pounds vere consider~d, re~lect1nq two 

.Ulles of the project. Disaccharides re •• 1lb11't\q the _ln r~peatlng 

unite of hlparin (Fiq. 1-1, p.6) and lu bio8ynthetic precursor, H

..... qetylh.paro.an (Fig. X-2, p.6)" served aB tIOrkinq ,.oesels ~or the deve-

• 

?: 
.~~'iw.Î~ ___________ ~ _________ ---'--_____ "-- - '~~~- -- '-~ ~~--
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lOPlDent of synthetic _thoda ..... , The 81mple startinq matêrfaï' W4S t!t, be 

converted into a collplex disaccharide eontaininq as many of the fea-

tures found in the repea tinq uni ts as possible. The second type of 
, 

tareJet considered in the planning staqes, liaS a more ganeral type of 

l..'uildinq block for the synthesis of ol1gosaccharides. These simpler 

" 
disaccharides were ta be desiqned for subsequent condensation into 

tetra- and hexasaccharides. The oUqomers cou Id . then be modified fur-

ther with the methodoloqy developed for the more complex disaccharides. 

An ove ra 11 goal, of course, vas to effect the synthesis of a building 

block that was functional1zed appropriately so as to he sui table for 

later elaboration inta ol1qosaccharides. 

The two forms of tarqet compounds were further subdivided into 

1 

disaccharides that bad either the L-.!!!2, or ,2-qluco configuration at the 

reducinq end. 

The four qeneralized tarqets are shown in Schemes II-2 and II-3. 

They .re chosen as a compronse between the lIIilin disaccharide segments 

actually found in heparin and N-acetylherarosan, and the products ac

cessible by reasonable routes from the ultosC!t derivatives, .1. and, 1. 

(il~'coside 1. containe the features found in the main repeating 

unit of heparin, in a non-ionic, protected form, su1table for purifica-

tion and further manipulation. There are four· main aspects that must 
<1 

he ~ddre8lled withln lts qeneral synthe.tic strateqies. Carbon-S bas 

b.en inverted from the ~luco to the L-~ con~iquration, and an amino 

group ba, been introduced at position C-2'. In addition, 0-6 and 0-6' 

ha". bHn differentiated ta allow for oxidation and sulfat!on, r8spec
>..,:JI 
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ti velY. Pinally, OH-2 has ei thèr been selecti vely 8ulfated or blocJted 

in 80me fashion. In tfte early planning of thls work, methodoloqy for 

8ulfation usinq chlorophenylsulfate (109,110) wa~ considered as a œeans 

of selectively sulfating appropriate intermedia~es. Removal of aH 

protectinq groups would then provide a trisulfated disaccharide useful 

as a model in structural studies. 

Th~ second complex disaccharide, ..! (Scheme 11-2) was a model for 

ei ther N-acetylheparosan (R - R' - Ac) or a minor disaccharide sequence 

in heparin CR - R' • S03Ph). The synthetic demands of this compound 

vere fewer, Binee the reducinq unit required only oxidation at C-6. 

In qeneral, the formation of the basic qlucoeamine - uronic acid 

dimer was the most important objective. The use of disaccharides of 
, 

this class as models for heparin and related glycosaminoqlycans re-

qui,res the availabili ty of various analO<J8, differing in degree and 

,position of sulfation. Therefore, flexibili ty in lDOdifyinq the inter-

lIlediates vas also an important consideration. 

The simpler, unoxidized, disaccharides 2. and ! (Scheme II - 3) , .-which differ only in the configuration at C-S, contain features e.S8n-

tial for qlycosidic bond formation at the 1- and 4'-positions. The 

1-.2,-acetyl derivative allows for the formation of a glycosyl halide 

(111) • An alkyl qroup at 0-3' is advisable for increasinq reacti vi ty 

at the open, OH-4' position (13). Althouqh IlOt necessarily the bast 
/'\ 

/ 
aaino-protecting gToup (17), the N-acetyl functiofUllity wall chosen at 

this staqe for convenience in synthesia and characterization, in the 

knowledge that it can he removed by various selective or non-selective 
,6 

lIethods (17). 
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In co.pound 1, 08-2 is IlOt .electively b10cked at this stage. 

Prel1.inary evidence showed that it My he difficult to achieve selec

t! ve protection there. However, 11 ttle is known abotft the reacti vi ties 

of the <!illerent hydroxyls in idose systems,. and a1so in di- or 01igo-

.accharides containing them n 1 ). It wou Id be necessary, therefore, to 

investigate this question of sui table intermediates with, e.g., the 

pheny1chlorosulfate reagent mentioned earlier, or perhaps more commen 

protecting groups. 

With these four general targets in mind, the qeneral strategies 

vere examlned more c10se1y. The t:wo most important modifications are 

the inversion at ~-S from the D-gluco to the L-~ configuration, and 

the introduction at C-2' of the amino funetion. Each of the two start-

ing C9mpounds is best sui ted for one of these steps. The diacetal, l, 

requires a single selective hydrolysis neceasary for the 1ntroauction 

of an appropria te (e-g., su1fony1) leavinq group. In using compound l 

(Flg. 1-5, p.21), the 4' ,6'-~isopropyl1dene IlUSt be removed first, 

owing to ia greater acid lability (112), and 08-4' and -6' then repro-

tected before the second hydro1ysis step, of the S,6-aceta1. 

COll,E'Ound l, v.1th on1y OH-2' and -3' exposed, appeared amenab1e to 

an efficient introduction of the 2'-amino groups. That is, selective 

oxid.tion, or protection of 0-3' and then oxid.ation, wou Id lead ta the 

2' -ketone, the amino group ils then accessible by reduction of an appro-

pr1ate 2'-1.1ne (see Chapter II). 

It appeared then, that .trategy 1 il appropriate for the synthe-

.1. of the I.-ido disaccharides, whereas stra tegy II is DOre lui table (,-, =-

4. 
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for the D-qluco disaccharides. wi thin each of these qeneral atrate-
1 

. q1es, the important ateps were evaluated and specifie routes proposed. 

First, introduction of the 2'-amino qroup in the second stage of 

strateqy 1 (Scheme II-l, p.2S) entails blocking of the 4'_ and 6'-OH's 

wi th a benzylidene or isopropylidene group under acidic condi tions 
, 

(1Q,114). It i8 possible that the 2, 3-~isopropylidene and dimethyl 

Acetal can be cleaved or rearranged under these condi dons (115) • 

Reduction of the 2'-imine to the amine might also reduce the uronic 

acid or este .. , if strong reagents vere required. These pos8~bilities 

suqqested that a cyclie 1 scheme could be a reasonable worldng route 
, 

towards compounds 3 and 5. ' HQwever, consideratio~ of the hydrolysis of 
1 

idose suqqests addi tional constraints, and ,in turn some variations in 

strategy, because idose readily fonns the 1, 6.-an!lydropyranose under 
J 

certain acidic conditions (43). Therefore, t'IO products might he ex

pected in an acid-câtilyzed cyclization of int;ermE!dhte 1. (Scheme II-
\ 

4). Nevertheless, the 1,6- anhydro pyranose <!) can' be converted back 

" into the pyranose (9) bf acetolysis (116,117), or used as an intermedi-- "-, 
"-

ate in alternative schemes. As 'the 1,6-anhydro linkagé blacks OH-&, -,it -.----
allows for modification of the non-reducinq en:-èt. Opening of this in-

ternal ether at a sui table time can then 8XpOSf' OH-6 for oxidation,. or 

other blockinq stra tegies. The possibili ty of ~5Àining 8 also sugges-. - --
ted such variations in strateqy as protecting OH-6 befo~ cyclization. 

Strateqy II a1so is applicable to the synthesis of compounds 3 .... 
and 5. As .entioned previously, exposure of OH-5 fro. inter_diate 10 

(SchemaII~5)requirestwo .. paratehydrolysisatepatag1ve..!.!..Co.-
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Schema II-4 . General stra tegy 1: expected intermedia tes and 
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o 
pound il can then be .oditied as outlin.d for the second phal. of stra-

tegy II .. 

Since compound. 4 and 6 do not require the select!;". exposure of - -
OH-S, and acidic ,solution. of glucopyranose are not colDplicated by a 

1,6-anhydro torm, the cyclic version of atrateqy II seellled applicable. 
o 

Atter cyclization ol intel"llledtate ..!.Q. (Scheme II-S), compound 11 il 

accesslble by a.cetalation of the 4' - and 6' -OH group. Then, 08-6 can 

he blocJted or oxidized selectively, perhaps idea11y, by catalytic M-

thods. 

With the basic strategi' •• now outlined, expertlDental lnvestlga-

tions wi th compounds .!. and l vere undertaJten. The~ discussion is di vi-

aed into three chapters (II, III, IV): 

o (a) 'lhe present chapter (II) continues with early investi9ations 

of the cycUc version of strategy 1 and tta variations. The conforma-

tion of thf" dlmethyl Acetal disaccharide la discuesed. 

(b) 'lhe more successful strategy II is then describea in Chapter 

III. The introduction of the 2'-aaino-2'-deoxy functionality 18 shown 

vith an application to a target compound of type 2" containing the 

L-~ configuration. 

P'ollowing that, a .ore extensive examination of the reduction of 

the 2'-oume ils describec!. 1.1so evaluated ta the foraation of interae-

diates in a synthesis of 1 using Il type II strategy. 

(c) 'lbe fourth Chapter aeals wi th routes towards uronic acida. 

The presentation begins by taJting up the .econd ltage of cyelie .trate-

o 
trI II, vi th a discussion on cycl1zation of the di .. th'l aceta1 and 

subsequent routes "toward oxidation ol 08-6. 
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'1n&1.1y, the ap,l)l1eation of an acYCl1c version of .trateqy II la 

\, \ de~eribed,' :Llluatratinq oxidation atrateqiea with llOdel co1llpounda .. 
, 
~ well as intermedia t.es from section III. ~ addition, it contain. a 

diseussion of the conform.a tion o~ the disaccharides obtained 0 

II.2 Introduction of L-ido confiquration aeeording to atrategx 1 

Startinq compound.~ (Piq 0 1 ... 5, p. 21) vas prepared accordinq to 

Ueno et al. (108), and vas oharacter1zed by lB-n.m.r. 8peetroecopy. --
Tbe ',2-benzy1 and .,2-aeetyl derivativss, .!! and .!l!., reapective1y (Sche .. e 

II-fH, were _de· by conventional methods. In the lB-n.mor. spectra of 

-
bath compounda, coaplex overlappinq of rinq protons vas partially a11e-

vi4..,..ted, and extensive assiqnments vere possible, by u81nq 2-D teeh-

niques. The -sp8ctruDI of .E.!. showed Uve downfield aiqnals in addition 

to the anomeric protons, correspondinq ta 8-2', -3', -4' and -6a,b'. 

C01lpound .!! aleo produced a separation of 81qnala in this reqion, in-

cludinq the two dnqleta correspondinq ta the dimethyl aeetal. An 

unuauak.4Ot,nf1eld shift vas observed for B-2 (4.65 ppat) coQlpared ta iu 

-normaP ranqe (- 4.1 ppm) found in co_pound .!1!. and other non-blnzyla-

,ted derivatives (Table II:'). This eftect IlUst arise froll pronaity to 

, e.~tain pbenyl rinqs, an4 hinted at sOlDe appropriate conforaation. A 

full discussion of the conforaation and orientation of the acyeUe 

.ol.~ 1- presented in Section II.6, p.53. 

In an 'early plan, it va. proposed to exchanqe the di.ethyl aceul 

of 2 Vith an alJcylthio group in order ta subi1!z. the &cyeUe fora ..... 
~ 
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, , 

.the dithioaceta1 (118)'. In addition ta ~e greater hydro1yt,iè stabili-
, , , 

- " ty ex~cted, the r,.activity of OH-2 in' some Cà8~S 1s Jmown to be de-

creased (11EJ) vhich' a1qht' allow for selectiVe protection strateqies. 

The' use of dlthioacetals also permits cycl1zation ta the' pyranose fotm 

, ' 

under neu tn 1 cond~ tions ( 118 ), avoiding 1, 6-anhydro rinq forma tion. 

Cyc liza tion can also lead ,to the formation of thioglycosides (n 8 ), aJ?d 

.0 provide for aild methods, of qlycosidation (14,). However, the reac ... 

tion of .!.! with ethanethiol in the presence of a catalytic a,mount of 

p-tolueneeulfonic acid gave on1y products showing the losa of ~isopro-

pyUdene qroups, and no presence of .. thyl thio ace taIs. 'l'bese ear ly 

experimenta 'Mre not elaborated, although Ut the light of rec~nt suc-

ces. fuI qlycoside methodoloqy using thioqlycosides ( '. ) 1 addi tional 

vork on this ide4 could be trui t~ul. 

\ The resistance of the acyclic dillethyl acetal ,towards the' ethane-

\ thiol exchange, suqgested pursuing t;he fir'st staqes of strateqy l, 

\ 
, ie, the selective hydrolysis of the S,6~isopropylidene group. 

that 

The hydrolysis of acetona tes has been studied extensi valy 

(11,112). The fin .. mbered 5,6-.2,-isopropylidene, or a ring in 11 

according ta Barker and Bourne' s notation (112), Is expected ta he less 

• table than the 2, 3-o-isopropylidene, in ,an a...ktareo ,~ ,l."ing • . - . In fac1t, by 

ualng 80~ aqueous acetic acid at a controlled temP$,rature (40 - SOOC), 

the S,6-,2-isopropylidene qroup vas relllaved frOID cOlDpounds ..!2 and 11!. 

vith 60 - 7S~ yielda. In the benzyiated systelD (11), the reaction vas 

fa.ter (2 h) as coapared te 1~ acetylated counterpart, 13a (8 h). In 
, -

both ca.e., the la-n ••• r. spectra of the products c~early showed the 

.. 
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108s of one ~isopropylidene cjroup and J:'8tantion of the cUllethyl ace-

tale The two diols, li and.!!!., vere acetylated to qive .!! and 11!. for 

Characterization. Accordinqly, their la-n.m.r. spectra contained addi-

tional dOWnfield signala correspondinq ta B-5, B-6a and B-6b (Table 

11-1 ) • Otht!\r notable c~qes in the spectre were observed for the 

coupllnq constants of proton~ on the acycl1c unit. For exampl., J
3
,4 

in .!! increased ta 5.7 Hz from 2.8 Hz in ..!.!, reflectinq changes in 

rotamar populations upon cleavaqa of the .2,-isopropyl1dene group (see 

Section II-6) .. , 

The hydro.:yl at C-S was then inverted QSinq methodoloqy davel.!;)pttd 

for the 8yn~esis of ':-idofuranosides trom qlucofuranoside darivat!"e. " 

(89). Use of p-tolu~neSUlfOnYl chlori~e vith..!.! gave only 'a mono-to~y~~ 

late compound, '\ccordinq ta n.m.r. eridance and so methanesulfonyl 

chloride was used. The di-mesylate ~ was th6!\ inv~rted te the diace-

tat~ ..!2 havinq the expected L-~ configura t1o~. 
'.) -

The latter configuration was substantiat.dd in two ways. First, 

althouqh the IB-n.m.r. epectrum of ..!1. .uperficially reseaables that of 

cUacetata.!2., significant 41fferences suqqested that the inVersion bad 

been succeS8 ful. The siqnals corresponding to H-S, -6a and -6b are 

aqain downfteld ri~ respect to those of li, but chemical .hitte and 

8plitting patterns are quite difterent than for 15. A distinctive 

future is the couplinq between B-3, -4 and -S. Por the O-gluco diace

tate, 15 (sea Table II-3, p.59), J
3
,4 is 5.7 Hz, wberaas the J 4,5 va

lue, althouqh not unequivocally dater.ined aust he • ... u· (- 1 - 3 

That la, by exaainlnq the patterns for a-s, -6a and -6b, the 

., 
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.u1tip1et parti.1ly buried under B-1', vas 'found to contain one larqe 

coup1inq to B-6a, and one sma1~ coupling to B-6b. Bence, the remaininq 

.ma1l couplinq must be J
4

,S. ~'" If these values are compared to ~ose 

extracted frOli the correspondinq siqnals for the ~~ diacetate (.!2), 

a .illilar analysis qiws a -larqe- couplinq (- 6.3 Hz) for J 4,5 and Il 

-.mal1- couplinq (1.1 Hz) for J.,3. 

Sillilar re"su1ts were obtained for the acetylated series, .!.!! :. 

-17.-. Hexaacetate 17a obtained after the same synthetic steps as for .!! 

to 11 showed ana1090us differences in its IH-n.m.r. spectrum ~!!n 

cOllpared to that of the O-<]luco isoll.r (1Sa). The same reversal of 

couplinq IMqni tudes vas found ('l'able II-3), and is shown in Piqure 

• 
II-1. 

In addition to the fact that the proton n.m.r. data were compati-

ble vith the proposed structures, the L-~ confiquration was confirmed 

chemicaUy. A vigorous acid hydrolysis of .!2 qave a mixture of pro-

ducte from which a compound correapondinq to 1, 6-anhydro-D-idoae WD.S 

bo1ated. Atter ,acety1ation and purification, a product indistinquish-

able in its optical rotation and lB-n.lI.r. spc!tctrull froll authentic 

2/3,.-tri~-acetyl-1,6~anhydro-8-L-idopyranose vas obta~ned (see expe

ri •• ntal, p.249). 

• '1;.-
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J4S = 1.6 hz , 

-J = 5 '9 hz H . , 

15a 

H5 

17a 

iilillililti 

p.p.m. 5.3' 

H4 A 

1,IIIIIiti 

3.8 ' 

Pigure 11-1. Proton couplinq between H-4 and H-S in L-ido (17a) and .- -
e-g1uco (lSa)-acyclic dimethyl Acetal compounds • 
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II.3 Investigations ot cycUc strateqy 1 1 

With the succesatul formation of the L-~ contiquration, it fta 

now possible ta inveatigate the variations ln cycllc stràteqy 1. 
li 
il 

The aimpleat approach ia outline~ in Schème II-7~ Acetolyais of 

intermediate .!l cleaves the ..Q.-isopropYlidene and Acetal qroups (116), 

and permit. cyclization ta the fully acetylated pyranose. 

Although acetolysis can cleave glycosidic linkages (116), it vas 

anticipated that appropriately mild conditions could be found. The use 

of 2: 1 rO.03 acetic anhydride - acetic acid - sulfuric acid led ta a 

a1xture of produc ta • lB ·n.m.r. s,Pectra of the crude products showed 

retention of the dimethyl Acetal when the reaction ftS carried out in 

the oold, and glycoaidlc bond cleavage when the reaction mixtures were 

• heated. 

Because of th~ unencouraging results, the two step route 

through the hydrolysis of.!l, for example, VAS re-examined. Ini tial 
• 

plans called for the prepara tion of the 1, 6-anhydro-S-L-idopyranose 

derivatlve,.!!.. Openlng of al, 6-anhydro ring is usually faster than 

the cleavage of a di1Saccharide (119,120), and use of tri fluoroacetic . 

anhydride for example (121) can lead ta free sugars sultable for glyco-

aidation vith triflate methodology (122). 

An.lrais of the reaction mixture froll the vigorous hydrolysis of 

17 described on page 40 provided a co.pound, recovered, in lov yield, 

believed te be .!2. (Scheme 11-7). 'l'he lB-n.lI.r. spectrum shoW'ed two 

dgnala c;:orreaponding ta acetyl _thyl and a ainglet in the anomeric 
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AC 20/ACOH/H2S0
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X • 

=A 
.. 

20 R'. Ac (6'-OAc) 

19 R· Ac 

Scheme II-7: Attempts at forming L-ido-pyranoses by acetolysis. --
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reqion. A downfield triplet vith couplings J 3 ,2 • J 3 ,4 • 8.5 Hz, cor

r .. ponded to 8-3, and vas collpatible vith the ItÇl conformation of the 

1, 6-anhydro-8 ~idopyranose disaccharide. This compound was trea ted 

. 
vith an acetolysis mixture (2: 1 :0.03 acetic anhydride - acetic acid -

8ulfuric acid) for 3 h at room temperature. The major fraction isola-

ted by chromatography (eluant, 1:2 ethyl Acetate - hexane) vas a mix-

ture of products, presumably a and a pyranoses of the qeneral structure 

~ (Scheme II-7). The IH-n.m.r. spectrum also showed, however, that 

one ,2-benzyl group had also been cleaved and replaced by an ~-acetyl 

1roup. 'l'he cleavaqe of primary.2,-benzyl qroups tmder acetolysis condi-

tions has been reported elsewhere (123,124). 

To avoid these complications, the hydrolyses experiments vere 

continued w1 th the acetylated compound na. Hydrolysis vith 90' aque-

ous tritluoroacetic acid vas attempted, alter rellloving the acetyl 

groups vith sodium methoxide (~, Scheme II-8). After 2 h, t.l.c. 

(20' methanol - chloroform) showed a aixture of products and heatinq 

dld not chanqe their ratio, as indicated by t.l.c. Instead, analysis 

, '''r- t ,.. 
of the aixture, aftel' acetYlation, showed extensive cleavaqe of the 

dhaccharlde. Compounds identified as penta~acetyl- E-glucose and 

pen ta -.5?;-ace tyl-~ idose vere recovered. . 
\ -

The use of ailder hydrolysi~ condi tions vas IDOre encouraginq. 

co.pound..!!, obtalned by deacetylation of 11. Vith sodium methoxide, vas 

heated under reflux in 80' aqueous acetic acld for 2 h (Scheme II-8). 

'l'tle .. jor product isolated, ... alter acetylation, corresponded ta 1,!, vith 

.lloolOo.l.l ________________________________ .. ----.-,. 
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Schema 11-8: Cyc1ization of L-idose dimethyl acetals in disaccharides, 
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no 1, 6-anhydrQ.:JPfranose c!etected. Evidently the fonation of, the in

ternal ether requires strong acidic conditions, and the possibilities 

of obtaining this compound without extensive glycosidie cleavage are 

limited. 

The IR-n.lI.r. apeetrum of disaccharide 22 (Fig. II-2), though a 

.ixture of a and B 1-acetates, vas partially assiqned. The two ano-

.erie signala both bad small coupling constants, consistent with an 

L-ldo confiquratiorr. The asslqnment of the a and S systema vas based =- ~ 

on cheaica1 shitt values trom _ analogous penta~-acetyl-!:.-idose com-

pounds (125), as wall as the presenée of long range coupling between 

8-1 and 8-3 (J • 1 Hz), whieh la pmlsib1e only with the "W· arrange-
1,3 

.. ent in the a anomer (126). From the downfield aignaU corresponding 

to the acetylated 0-2 and 0-3 positions, J
2
,3 and J

3
,4 coupling con, 

atants vere eatimated. The B anomer showed larger couplings (J
2

,3 • 

J~,4 • 5 Hz) than the a anomer (J2 ,3 - J 3 ,4 - 3.8 Hz). A discussion of 

" 
these values in relation to conformation and other idose compounds will 

be found in Otapter IV. 

II.4 Rydrolysia of 14 vith 08-6 blocJced 

'ftle relative .. se of cyclization of ~pound !! to pyranoae .E 

(Scheme 11-9), sugge.ted uaing a 6-08 protected derivative, as depicted 

1 in Sch ... II-9. 

The R group on 0-6 MOuld allov for selective oxidation at a tater 

atage, auch as alter glyco.ide formation or incorporation into an oli-

,. 
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Fiqure II-2. 1 H-n.m.r. apectrum of 1,2,3,6-tetra~acetyl-4~-(2,3,4,6-

. , tetra-Q.-benzyl-a-e-qlucopyranosyU -I:-idopyranose (22) • 
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Scheme 11-9: 'Cyc1ization and oxidation 'sequence with a maclel compound 
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l, 

" gosaccharide. Sui table prot.ctlnq grOUpa for thi. sequence are rev in 
, 

nuaber, howevar. , Most gtoups that are selective for prll1ary hydroxyle 

are sensi ti ve ta acidic hYdrol.ysls or prone ta mqra tion under these 
• 

candi tions • ThoUCJh some es tees œn he c!irected .e lecti va 1y te pdllary 

hydroxyls, the probleaa of IIliqration in thf.a 1, 2-diol system vas antic1-

pated. 

.. 
As ,2-benzyl qro~ps are stable ta the acidic conditions u.ed, 

attempts vere _de ta selectively benzylate uainq benzyl chloride and 

bariwa hydroxide, bariWl orlde llixtures as the base, ln !!.,!' -dimethy1-

formaaaide (127). Bowever, these resulted either in no reaction, or 

aixtures of products. Phase transfer (128) vi th alJtyl tin de ri va t1 vas 

(129) vas ROt investiqated. 

Selective 'substitution ôf 08-6 of .!!, by a tcsyl qroup vas then 

effected ~ has been 'pbaerved elaewhere (11). However, acid1c hydro1y-

1 .is of the 6-O-tasyl dedvative reaulted in llixtures of compounds, - \ -
preswaab,ly. due ta miqration and hydfo1y~is of ttle p-tosyl ester. 

-' The terr-butyldiPhenYlSilYl (TBDPS) protectinq qroup vas next 

considered as a candidate since ita stAbi1tty te 1li1d acid is vell 

) -
dbcumented (130). The formation of the 6-o-TBDPS derivatlve, 23 

(Scheme II-9), _ proeeeded readily. 'l'vo products vere 1aolated after 

ai1d hydro1yai. and acetylation. The _jor product, 1!, had the si1y1 

group intact, as the lR-n.lIl.r. SpectrUIi showed a aixture of a and 8 

aDOIIars vi th three pairs of downfield signals corr.spondiqq te 8 .. 1, -2 

and -3 (Table 11- 2). IIowever, the ainor product, ~, had los~ the 

si1y1 group and the spectrua ... coapatib1e vi th al, 2, 3,. 6-tetra-,2-

ac.tyl derivative. 

c 

~~~"------------~--------------------------~------------- -
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'l'a.ble II-2, lS-chea1cal Sh1fts (8) and la - la.. Coupl1nq 

, 
Constante (Hz) for Coapounda· 23 - 26a 

ï - -. 
. 

. S"':S Co.poUl\d S-1 8-2 ,,-3 8-4 C02Me 
(J, ,2) (.1'2,3) (J3 ,4) (J4,S) (J5,6) 

: 
23 4.33 4.75 4.38 3.99 4.17 - (5.9) (6.6) .. , . 

24a 6.30 5.01 5.57 - (3.7) (10.2) (10~1 ) l.. 

{(/ \ 

.ID 5.60 5.07 5.35 • 
(8.1) (9.1) (9.6) \ -

'" 
'. 

l!a\ 6.29 5.02 5 .. 64 4.07 .... 3.9 
(3.7) ( 10.3) (9.4) (9.5) 

1. 

.a!aa 6.32 5.09 ~.S6 4.19 4,,30· 3.6~' 
r· • (3.7) (10.3) (9.2) (9.6) 

.. 
, . , , 

'0' 
Go 

.. ? 
~ 

'1 " 

, 

" . . ' 

'. ' 

, .. ' 

... 
, '\ , 
\ 

;, .. ' 

\ 
~ , 
ll:iiihL.!-1 ~..:;.:' ":.......""""'-..:..-_""'--______ .!............:.-...-____ ~~__'____'-~_.LL 



, ' 

" 

o 

--- ...... i., 
" 

. .. 
, " 

, l' , , ,\ " ( <;1 i 

1,\ ' , 
, " 

S1 -

The next 8~P;' that of removinC)': the .11yl qt'Oup 'vith '~luorlde 

ion, dao produeed a Jd~ture of CcJpounds, w1th the desired pr~uet 

(~), lsolate~ J.r1 oilly 36" yield as the CI anomer. Other fri,etiona 

appeaxed to eontain rearrangement produets, from aeetyl migxatiQn 

(131 ) • The free OR .. 6 then wa.s oxidized by the conven tional Jones rea.

gent (132) ta give uronie acid~. A' lH-n.m.r. spectru,m, showinq the 

lIethyl ester Binqlet, 'and a doublet as81gned ta 8-5 oonflrllled the 

structure. 

',ln vie." of 'the partial, succeS8 'of this route, 'c;:onsideration of 
, : 

ester Ànd other ether bloekinq 9rOU~ for 08-6 miqht he worthwhlle. 
~ 

Other àspeets of st.rategy 1 could benefi t from a suceessful me-

thOc1 ,for blockinq OH-.6. For example, ln Scheme II-10, the selective 

o . 'prot~ction of OH-6 coula allow .invetsion of OH-S, followed by cyeUza

tion as deseribed &hove (route 'a), or preliml,nary' oxidation to the' 

, . 

. ' 

uronie acid (route b) (see belOw). 

" Ii.s· Atteapted' oxidation ot 08·6: An acyc;:lic version of strategy I, 
, . 

Another variation vith!n gener~1 strateqr 1 enQUa eatalytle 

oxidatlon of elther derivatives 14, 17 (Scheme 11-6) or 22 (vith 6-0H) , .-, -- -
fSchelie II-S). Unfortunately, attempts ta do 80 usinq Pd-C/02 (1331 

vere net suceesstul, and only startlnq material' "48 reeovered 'trom the 
, 

reaction llixtures. A possible factor her~ US the ,conto,raation of euch 

cSe~ivatives as.!l, which ls conaidered ln Bection II.G. -Althouqh the •• 

e~rillenta vere not continued, recent work by Sinay .!!!l. (66) des'" 

.Ji "4, 

'olt . 
" 

. . 

\ . 

,. 
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---'erlblng' the inversion of glueofuranuronic acid derivatives, .uqqest 

that a aeeond look at catalytie oxidation a1ght bf! profitable. A route 

aueh &8\ shown in Scheme II-1 O(b), vould reduee -the number of ateps neè

ded te arrive at the L-lduronie aeid funetionali ty on the aeyeUe -
.oiety. 

In conclusion, the early experiments on compounds .!.! and .!1!., 
, 

using the type i strategy vere only partially sueeeaaful. Concurrent 

investigations into strategy II (see Chapter III) vere more prom1s1ng 

at the outset.. In retroapect, however, there ramain some interestlng 

posaibi11ties for strategy l, some of vhieh are noted above. 

II.6 Conformation of the acyelie dimethyl aeetal unit 

The orientation and conformation of the acyelic aglycon in these 

derivatlve$, bas been alluded to in the discussion of chemical shitta 

of certain derivatives (see Table 11-1, p.37), and the pattern of coup-

11ng constants seen in the 'isomeric S,6-diacetates. As will be seen 

here, and considered further in Olapter III, this question may have a 

bearing on the relative, reactivities of OH-2 1 and -3 1 G Conaequently, 

further speculation is offered about probable structural detalla, based 

on a lIore careful analysis of the se data and an examination of modela. 

Figure 11-3 shows a BchePlatic representation of two feaBible 

orlen;ta tions of the acyelie lIOiety. The non-reduclnq residue lies 

above the plane of the paper. Bither orientation could pro vide .tarie 
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hindranc~ to substitution at OH-2' although, in space-tilling .oeSel.,' 1 .. 
projects a greater bulk into its vlcinity. 

The downfield shift of H-2 when R - benzyl, and the dlfferences 

in field sensed by the protons of the two methyl groups of the dimethyl 

acetal (Table 11-1, p. 37, and Fig •• II-4), mus t come from the proximi by 

of these nuclei to an aromatic ring. lt is possible to move either the 

2'-o-benzyl or the 6'~-benzyl in structures 1 and II, respectively, 

into plausible positions for such an effect. However, mode 18 of II 

show H-2 projecting either downward away fram the ring or buried very 

close to the ring. -In &ddi tion, the 6' -2.-benzyl ia freely rotating as 

shawn by a singlet for the methylene protons. In l, likely rotalllera 

(Ree later) for the C-3 -- C-4 bond place H-2 in sui table po~itions for 

deshielding by ~ aroma tic ring on OH-2', and the benzyl1c protons at 

that position show an AB quartet, indicative of reatricted motion. In 

addition, rotamer popuLations - of the C-4,C-5 and C-3,C-4 bonds are 

invariant vith changes o~ R from benzyl to acetyl, or vith replacement 

of OH-2' vith a 2'-acetamido tunction. This invariance favours struc-

tUre 1. Confirmation of these arguments vas provided by the IH-n.m.r. 

spectral data tgt 2,3:5,6-di-2.-isopropylidene-4-~-(2,3-di-2.-benzyl-

4,6-0-i80propylidene-a -D-glucopyranosyl)-aldehydo-D-glucose dimethyl 

acetal (~.>' a compound obtained from benzyla tion of l- The same 

downfield shift of 8-2 vas observed, as in compound.!!. 'nlis deshield-

lng can on1y COJll8 from the benzyl group on 0-2', and is thus possible 

in structure l, but not structure II (Pig. 11-5). 

• 
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1 
4.0 

H-2 

4.2 

13b 

p.p.m. 

p.p.m. 

l 
Fi9UA II-4. H-n.m.r. spectra of compounds !1!. and ~ showinq down-

field shift of H-2 in 13b. 
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1 • 

Me 

/ Figure 1I-5. Proposed preferred conformation of the acyclic moiety 

showing the proximity of H-2 and the dimethyl acetals, \ 

to the 2'-2:-benzyl group. 

\ 
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The coupl1ng between 8-3, -4 and -5 shows consistent patterns for 

the D-qluco and L-~ isomera, regardles8 of the structure of the non

reducing unit (Table II-3). These values, in terme of Karplus-type 

relationahips (134,135) and establ1shed conformational concepts (41), 

.uggeat preferred rotamer populations that differ signiflcantly from 

the conformations of related acyclic aldopentose and aldohexose deriva-

tlves (136,137). Proton coupling cons tante, measured by Horton and 

Wander (136) for a series of such de ri va tf vas, sugges t tha t the uaual 

planar zig-zag conformations allow for minimal gauche interactions 

Along the carbon backbone. Another study, by Szarek and co"-.>rkers 

(137) using HC chemical .bifta, conflrmed the preponderance of such 

conformera. The Newaan projections of bonds C",,3 - C-4 and C-4 - C-5 

ln the IIIOnos.ccharide derivatives (136,137) ar~shown in Figures II-6 

and 11-7 with the predlcted range of coupling constants for 8-3, -4 and 

-s (rotaJDers l, III, V, VII). Shown as vell, are the predicted major 

rotaaaers of the acyclic unit ln the synthesized IUltose derivatives 

(~.g., .!!, ..!1.! etc.) as derived froll the Masured coupling constants 

(rota •• rs II, IV, VI, VIII). 

One vould ~t necessarilY expect, ~ priori, that a substituent on 

0-4 of an acyclic derivative, even a larqe glucopyranosyl rinq, would 

chanf:fe 1 ta conformation. Interes tingly, however, the values found for 

the maltose derivatives are generally the converse of those found for 

the acyclic COIIpounds. That ia, a large couplinq between 8-4 and H-5 

in one {rotaaer l, for exaaple) , ia ... 11 in the other (rotalller Il), 

and vice versa. 
r 
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Table II-3: lB - lB Couplinq Constants (Hz) for D-qluco and 

~-~ Acycl1c DimethY\ Acetal Intermediatee 

Compound 

~-qluco 

15 

15& 

37. 

S2 

L-ido --
17 

17& 

36 -
, 54 

\ 

5.7 

6.8 

7.2 

6.6 

1.1 

1.7 

2.5 

2.2 

8.8 

1.6 8.3 

-1.6 8.0 

1.5 

-6.3 
" 

5.9 7.2-

5.2 7.8 

5.4 7.3 

BJl 

2.2 

2.6 

3.0 

2.4 

2.6 

2.7 

2.7 
":'1 ,. 

. .; 

'. 

/. 



l'. 
" , 

." .. 

- 60 -

Atter constructing lIOdels, it is possible ta rationaUze these 

values and propose some ~ssible conformationa! changes ~t are compa
'\. 

tible vith the data. Accordingly, it is U8W1led that the acycUc unit 

18 oriented wi th the non-reduc1ng unit accord1ng ta Fig. II-S). This 

brings C-S and C-6 close ta the ring, near 0-5' and C-6'. The 2,3-.2,-

isopropyl1dene is nqt expected ta cause a major change in conformation 

.1nce the threo arrangement of 0-2 and 0-3 is the sue as tound in the 

open acyclic chain. 

Projection 1 (Fig. II-6t shows the preferred rotamer about the 

. C-4 -- c-s bond of D-qluco derivatives according ta the etudies cited 

(136.l311~ J 4 ,s should ba large, and 1s found ta he 6.2 Hz, 1ndicating 

contributions froll ,other rotamers as vell. - When .aI-4 15 substituted by 

the a-glucopyranosyl ring as shown, interactions are possible between 

the ring (0-5' - 0-6' bond, as weIl' as the 6' ... hydroxymethyl) and the 

6-hydroxy1lethyl grdup, s1tuated "abo~" the plane of the &CycUc chain. 

The value of J 4, 5 of the o-gl uco .. 1 tose deri va ti vas 1s small (1.6 Hz), 

and can arise froe rotaeers euch as II. The 6-hydroxymethy~ group bas 
rotated away froll the ring, bringing 8-5 into a gauche arrangement vith 

8-4, and presWlably redueing Wlfavourable interactions vith the ring. 

The cJ:lange in values tor the C-3 - C-4 rotamers i8 less 84s11y 

rationalized. Bowever, e~aination of aodels shows that the rotation 

about C-4 - C-5 desçribed above can bring the 6-hydroxymethyl close ta 

B-3. Projection III shows the rota.er derived for the conforaaUon of 

the acyclic .anosaccharide de ri va ti ve. It parait. a SJIlall coupl1ng 



o 

.; 

o 
) , 

,'-

1 

o 

.' , 

- 61 -

I J - 6 - 10 Hz 4,5 

J 
J 

III J 3 ,4. l - 5 Hz, 

~: expected ma jor rotamers 

based on acyclié monosaccharides 
. 

(ret's. 136, 137) 

----

II J • 1 - S Hz 4,5 

IV J 3,4 • 6 - 10 Hz 

Right: proposed major rotamers 

based on measured IH _ IH 

couplinq (Table 11-3) 

Pi~e 11-6. c~mparison of 8l;Cp8Jed aU proposed ... jor ro"';"' .. , for 

the acyc1ic moiety ith ~qluco confiquration. 

1 
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value, and u the .asured value ls 5 Hz, a contribution troll othelr 

rotuen i. ÙtelY as welle 

~otation of 8-3 away fro. 8-4 produces even greater 1nterà~tions 

between C-2 and C-6 than found for 8-3 and C-6 in rotaael', III as ind1:-

-
cated by .odels •. It is JaOre liltely that 8-3 moV8S closer to' 8-4, as 

.hown f~r IV, 9iving ri!'e ta the larqe 01.
3
,4 - 6 - 7 Hz found for the 

l ,liIaltos .. -derivatives. In addition, IV allows 8-2 to be situatèd within 

ahieldinq influences ,'of the 2' -o-benzyl, group" as d1~cu8Sed earUer 

: ('iCJ- II-5)_ 

Lookinq at Fiqure 11-7, the same at'qumenta are appUed to the 

L-ido conf1quration. The predicted C-4 =--- .1>. 
c-s rotamei is sl\.own as V, 

again vith the 6-hydroxyaethyl . -above- the acyclic plane, interaeting 

ri th the pyr~no.e ring llnked to 0-4. The acyclic monosaccharide deri-

ia predicted. , In the IMltose derivatives, ho,wever, the corresponé:linq' 

value - 18. 6 -' 7 Itl:, wtU.ch indicates substantial populations of retailler 

" 
VI~ ,in which C-6 MS been replace4 by the less bulky 0-5. 

Siailarly, the interactions between 5!-6 ~d C-2 arisinq froll the 

collblnation of rota_ers vi and ~l lliqht /~ atd:8viated by rotatinq the' 

C-3 --- C-4 bond, te qift rot:aaer VIII. 

~~Rotaa.r VII, predicted froa !=he .,ne.~ccharide acyol1c d.riva-" 

Uve. (136,137), haa a la1'qe (6.5· HZ). couplinq' for the trans-relatee! 

8-3,8-4 anqle. In the .. lto.e derivative the value 1s only'-'.6 Hz, 

indicatinq that rotaaer nII contributea. The other rotaaer in wb!ch 

8-3 U altuated betV.en 0-4 ~ 8-4 ".s rejecte<! because it brin9s 0-2 

., 

) 
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V J 4 ,5 .. l - S H; 

" 

VII 
/ 

J 3 ,4 .. 6 - 10 Hz 

~: expected major. rotamers 

based on aCY,clic monosaccharides 

, , 

" 

o D 

, VI :J4 ,5 - 6 - 10 Hz 

• 
VIII J 3,4 - 1 - 5 Hz 

Riqht: proposed major rotamers 

based on lM" SUT.\'d 1H _ 1H 

coup~inq data 

'~igure II-7. Expeet4'd a~ pl:'oposed major rotamers for the acyal~ ... 

",moiety vith é-idD è:on.tiqur.t~iOI'l. --

j 
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. 
and the 2,3-o-isopropylidene .ethyl qroup. into close cont*t w1th c-ô~ 

~ . - \. 

" ~nd 41so doea DOt allow fo'r auffiç:ient expoaure of H-~ ta the 2' -o-ben-

zyl group ta aFcount for the chemica! ahift obaerved, 
-(. " 

as diacuss'êa 

prevlously. 
-(. 

'OvenU, then, the data for both the 2,-glUCo and L-~ iso~ers 
, , 

favour orientation of the cyclie unit represented by structures 1,' 
l " , 

Figure 11-3 Cp.54) and Fiqure II-5 (p. 57) • The confor.mation of this 

unit i8 best rep~esented by rotamers Il an., IV (qluco), and VI and', 

VIII (~), Piqures 11-6 and 11-7. " 

() 

p ... . . -' 
\ 

, ' 
' .. 

" 

: .. 

,J , 

[' 
r -
iH.<.' ____ ~~..IIIl...I.....L _____ ~ ...... 



, . ~-',~- -,.-.....---.-,-.:~''T< ~........,-:. -.:--~-"'t".:'-"""""""'''''~%iiir.. *!l':'!!II,,ftij 
-;.. < ti' 

o '. 

o 
IHVESTlGATIŒ OF GENBRAL S'l'RATBGY II 

, 

.. 

",' 

.j 
.. 

o 

• 



c 

, ' 
i 
'1" 

t;. ;. I, t" 

..... --..- -.- ~! .! ~-

\ 

-66-. --

III.' Introduction 

'1'h1s chapter d!sc!l8.ses the ~evelopment of qen~ral strateqy II, 

Which colllprises the introduction into c:oapound ~ of an aminodeoxy group 
\ 

at <::-2' of the a-D-qlucolyl residue, and of an L-~ confiquration ioto 

the dilllethyl acetal unit. 

A brie! outline of aminosuqar aynthesis "BS presented in the 

Introduction, and a Mans for introduèinq an aminodeoxy group at C-2' 
• 

1/ of ~ by vay of an imine was proposed. The methodoloqy deve~oped for 

introducinq aminodeoxy functions into carbohydrates by this method is 

vell known. In oxidation studies on polysaccharides, the ketonea 

foraed were stabilized as their oxillle derivatives (138). The reduction 
: , 

of oxilles into two epilleric amines is also well known (139). Catalytic 

reduction of oximes and hydrazones on six-mellbered rings usually qives 

the axial ami no group (140). However, in subs ti tuted rinqs, the re-

.ultinq amine usually ls.E:.!. ta ~arby groups (140,141). 

Lellieux and coworkers (36,37) investiqated the preparative use of 

2-oximino-2-deoxy suqars to provide 2-amino-2-deoxy-a~-qlycosides. 

They reasoned that the normal tendency towards formation of tan axial; 

or D-aanno, amine would be offset by the stericall, hinderinq a-aqly

con. 'l'he success of this .. thod prollpted its application to maltose 

du! va ti ft 2. 

,t 

".' .. _~----

.. 
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1:1:1.2 Selective protection of OH-2', and introduction of the 2' -amino-

deoxy group 

The tirst requirement was an oxidation of 2 at OH-2' ta form the 

2 '-ketone. This step was possible from two - approaches: selective 

oxidation, or selective protecting - deprotecting strategies that ex-

pose 08-2'. 
\ 
\ 

Selective oxidation at OH-2, in addition ta oxidation at primary 

OH-6, had been observed for some polysacchariç1es ( 1 38) • For example, 

6~-tri tyl amylose was oxidized wi th methyl 8ulfoxide and acetic anhy-

dride ta give an oxidized product that was reduced, after formation of 

the oxime derivative, to an amine containing polysaccharide with a O.S. 

- of 0.8, according ta its nitrogen content. Hydrolyses gave exclusively 

~-glucose and 2-amino-2-deoxy glucose. Unfortuna tely, this selecti vi ty 

vas not reproducible when methyl 4,6-o-benzyl1dene-a-0-glucopyranoside -- = 
vas used and, instead, a mixture of amine products was isolated (138). 

Better resul ta were obtained wi th bromine oxida tion of unprotec-

ted methyl glycosides. Methyl a-~-glucopyranoside yielded mainly the 

2-keto and 4-keto derivatives (142). 80wever, overall yields were not 

prom.iaing and so this reagent was not considered for the present study. 

A few preliminary experimenta with pyridinium chlorochromate (143) with 

compound ~ did not show promise either, givlng only complex mixtures of 

producta. 

The selective oxidation method, therefore, waa not pursued. 

However, a recent paper by Anderson .!! al. (40) reporta results that 

could be relevant to the Jl&ltoae ayatea. That ia, when treated with 

J 
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broaine water at pH 7, 4,6-~ethylidene-a-o-qlucopyranosides underwent 

selective oxidation at the 2-poaition, providinq products in overall 

yields of 40 - 50'. 

The alternative to selective oxidation was selective protection, 

either at OH-2 or -3, followed by the appropriate deblockinq and/or 

oxidation step. Differences in relative reactivi ty between OH-2 and -3 

have been extensively studied in compounds such as 4,6-~-benzylidene-a-

~-qlucopyranosides. Often, mixtures are obtained havinq major and 

lainor monosubsti tuted components as well as disubsti tuted compounds. 

1:\ qeneral, acid chlorides tend to faveur OH-2, whereas carboxylic 

anhydrides qive 0-3 esters as the major products under standard condi-

tions (11). For example, esterification vith benzoyl chloride and 

triethylamine in methylene chloride or tetrahydrofuran qave mainly 

2-benzoates vith an a-qluco derivative (144). 

In studies on maltose (103) , some select! vi ty also bas been ob-
l!...-

aerved wi th the secondary hydroxyls. For example, one can prepare 

aethyl 2,6,2',3',4'.6'-hexa~-benzoyl-B-maltoside in - 70' yield vith 

benzoyl chloride in pyridine. The lack of reactivity of OH-3 is attri-

buted te steric hindrance by the non-reducinq unit that ia held close 

to OH-3 by OH-3 -- OH-2' intramolecular hydr09,en bondinq. In 4',6'-0-

benzylidene derivatives, the order of react!vity towards esterification 

i. OH-6,OH-2 ~ OH-2',OH-3' > OH-3. In 1,6-anhydro-4',6'-~-benzylidene 

derivativea, reacUon vith benzoyl chloride qives the 2' .. ~benzoate as 

•• jor product, ~th t;he 2' ,3'-dibenzoate as one of the minor pro-

ducta. In a recent paper, Mor! .!!.!!.. (145) have established phase 
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for 'selective 

4·,6·~-benzylidene-a-maltoBe. 

2' -~tosylation of 1 , 6-anhydro-

It vas not possible, then, to predict selectivity with certainty 

for ei ther hydroxyl in maltose deri va ti ve 1'1, al though OH-2' was expec-
, , -

ted to be slightly more reactive towards esterification. Some explora-

tory experiments with benzoyl chloride in pyridine gave mixtures in 

-J 
which the 3'-Q-benzoate was the major product, according to IH-n.m.r. 

spectra. Ma tching this resul t wi th the speculation tha t the conforl1la-

tion of the acycl1c aglycon places it close to OH-2' (see previous 

discussion II.6, p.53), suggested that a steric factor might be impor-

tant, and led to experiments using benzyl and silyl ethers. 

Selective benzylation using a variety of methods (127,146) vas 

1 
tried, but in all cases, mixtures were obtained. The use of bulkier 

substituted benzyl hal1des was considered, but not pursued, because 

that very seme steric repulsion might prove to be a problem in qlycosi-

dations at OH-4'. Some common silyl protecting groups were considered 

as temporary blocking groups, and proved to be very effective. Reac-

o 

tions of l. ri th tert-butyldiphenyl- (130) or ~-buty1 dimethylsilyl 

chloride under standard conditions (147) provided the 3'-~sllyl ethers 

27 and' 27a in yields qreater than 70' (Scheme 1II-1). - -- The posi tion of ') 
.r- " 

the sily1 ether vas confirmed by acetylation of ~, which then sh01lled 

the expected downfi~1d signal corresponding to 8-2' (~). As will be 

seen, subsequent reactions also confil1a the position ot the free hy-

droxyl group at C-2'. 'l'his select! vi ty vas an Wlexpected advantaqe 

qained iq using a disaccharide instead ot a .onosaccharide as a 8tart-
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, 

LAH 

OH HNR 

27 R ... TBdPS 28, ~ X - 0 30 R - Ac 

( 
27a R - TBdMS ~, 29a X - NOH 31 Manno isomer 

27b R - TBdMS R ... Ac 

2'-OAc 

'. 
Scheme 111-1. Introduction of a 2'-amino~2'-deoxy g+oup through reduction , 

of a 2'-oxime intermediate • 
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ing material. The same reaction vith ~thyl 4,6-.2,-benzylidene-a-D-qlu

copyranoside, for example, provides a mixture of ~-butyl dimethylsi-

lyl derivatives in a 3:2 ratio of 0-2:0-3 (148). 

These promising results vere moderated by the realization that 

the silyl groups are not stable ta vigorous acidic hydrolys!s, and 

their bulk would surely lower reactivity at OH-4'. Although a more 

durable protecting group for thts position should be advantageous, the 

synthetic' sequence outlined in Scheme III-1 WllS pursued further vith 

the silyl ethers. Beth groups were used, vith aimilar results. In 

~neral, the ~-butyl di~'lenylsilyl group was more stable during the 

oxidation step, but was poorer yielding in the blocking atage, and 

required higher tempe ratures or longer reaction times. 

The oxidation of OH-2' to the ketone, which is straightforward in 

principle, WllS not 80 on a preparative scale. Although the number of 

sui table oxidation reagents are many (149,150), a few criteria had ta 
\ 

he met. 80th the, ~isopropylidene and the ~silyl group are sensitive 
, 

to acidic conditions, and the latter group a190 is sensitive ta basic 

conditions, and a possibility of migration~from ,,(H-3' ta OH-2' (151). 

" 'J 
In addition, the large scale prepa~ation of \hese materials early 1n 

the synthetic sequence required experimental techniques of practical 

utility. The chromium VI-heterocyclic base oxidants, such as pyridi-

nium dichromate (1521 - and pyridinium chlorochroute (143), which have 

baen widely effective as reagenta in carbohydrate chemistry (150), vere 

selected for examination. 

• 
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Oxidation of sily1 ether 27a (Seheme 111-1) vith PCC ~sorbed on 

a1uaina (153) in retluxinq hanzene vas moderately suceessful. ' The 

" adsorbed reaqent is not stronq1y aeidie, and reeovery of the produet 

presumably requires only washing of the adsorbent vith a suitab~e sol-
, . 

vent. However, in the present study, ineffieient mixinq of the hetero-

qeneous system, and diffieulty in recovering aIl of the carbohydrate 

material, reduced yields in large scale runs. It '49 not known whether 

the atarting material vas deqraded through cleavaqe of ~ isopropyli-

dene qroups or simply adsorbed onto the alumina too stronqly to resist r',,-
extraction vi th chlorofôrm or '.thyl ace ta te • Use of , buffered mixture 

ot powdered PCC in benzene (143) qave similar resul ts. Pinally, POC , 

"i th ace tic anhydride in lIIethylene chloride (154) proved to be the IDOS t ' 

"-
eonvenient rea1ent, although yields,remained at 70 - 80'. Isola~ion of 

, \ 

the ketone chromatographically' vas complicated by the presence of a 

polar gem-diol torm. 

'!'he ketones (l!., 28a) were characterized by lB and llC-n.m.r 

(Tables 1II-1 and 1II-2). A downfield sinqlet corresponded to 8-1' and 

a doublet, also ahifted downtield trom the starting material, vas as-

aigned 'to 8-3'. The llC spectrum elearly showed a signal at 197.4 ppm 

corresponding to the C-2' carbonyl. C-1' also vas shifted downfield, 

characteristic . of protons a to a earbonyl (1 54a) • Reaction of the 

Je.torte with hydroxy1amine (155) afforded the 2'-deoxy-2'-oxime deriva-

tiv.a, 12. and 29a (Scheme III-1), vith no loss or miqration of the 

a11yl qroup. The oume ,vas eharacterized by the 8-1' singlet, now 

.hifted further downfie1c4 ~ - 6 {)Pla, and the iaine carbon (C-2') at 

154 p.p ••• 

..... 
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0 0 

1 H-n.lI.r. Table 111-1 : Chemical Shit'ts (6) and 1H - 1H Couplinq 

Constants ( 3J) for Compounds ~ - .3.2!. 

,/~~ 
27 27a 27b 28 28a 29 29a Ctund 

,5.02 5.05 5.10 5.03 -, 5.04 6.11 6.14 .. -1 ' 
(3.9) (3.7) (3.7) (s) (s) (s) .r 

8-2' 3.5- 4.82 
3.8 (9.7) - . -

H-3' 3.5- 4.50 4.47 4.60 4.53 
3.8 (10.0) (10.0) (9.3) (8.4) 

Table 1II-2: 13C-Chemical Shifts (6) for Compounda l1. - 29 

o Compound 27 28 29 

C-1' 100.95 102.12 99.37 

C-2' 197.38 153.87 
73.8-
74.2 

C-3' 76.95 71.28 

;Ji' 

~ 

/ 

'0 

1 
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An Ç)xime can exist as !- or .!-~l!Iom$rs. Olle can establ1sh the 

orientation of ita hydroxyl group in aubstituted aix-membered rings, by 

examining the deshielding effect of the hydroxyl on adjacent equatorial 

hydrogens. That ia, in the lH-n.m.r. spectrum of cyc10hexanone oxime, 

two signais for the tlanking equa toria1 hydrogens are visible (156). 

In derivative 29a. the only equatorial hydrogen is H-1 1
, which is de-

. 
ahlelded by ... 0.8 p.p.m. upon oxidation. This large shift suggests 

that the oxime is in the .!-configuration, with "'-the hydroxy1 cie to 

C-1 '. A ap&ce-filling model shows that this orientation reduces int{!r-

action vi th a bulky group on 0-3'. If the .!-configura tion were pre-

aent, 8-1' vould be expected to ahift by on1y ... 0.3 p.p.m. (156). 

The oxille vas then reduc~ wi th lithium aluminium hydride (37), 

giving a mixture of products, which, after acety1ation and purification 

provided bath the axial, a-O-manno 2' -acetamido-2' -deo~y isomer (!!..), 

and the desired equatorial a-D-gluco 2'-acetamido-2'-deoxy isomer (~) 

in approxima te ly a 2z 3 ra tio • The 3' ~sily1 group had also been 

cleaved, and hence OB-3' had been acetylated during the' subsequent 

proceaaing. Although l!ttle etereoselectivity vas expected with this 

\ 
reagen t ( 37) , i ta use a tellUlled more froll lack of success wi th other 

reagenta than by choice. (A more comprehenai ve discussion of the re-

duction of the orlme, and varioua derivatives of it, can he found later 

in thia chapter, Section III.4). 

The two diacetatea "re ldentifled by lB-n.m.r. ap8ctroscopy. ' 

Characteri.tic of both COIIpounda _ra tbe expected aingleta. corr.,,.pond-

lng to the acetyl _thyl group. and a doublet at ,.. 6 p.p... attributed 

L_"_~,_· .. i ... 1 ..... _~ ____ ~_~~~~,~.~_. __ .~~._._._ •••• 

... 

II 
\ , 
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to the -th! of the acetamido group. The qluCQ ilnd ~ asslqnment:.s 

were based on ~~e coupling constants of the anomerlc H-1' and the down--

field dd correspo!lding to H-3' (see Table III-3, Figure III.-1). 

For the 'gluco isomer 1!, H-l' is a doublet w1th J
1

, • - 3.7 Hz, 
,2 

as found in the starttng rltose compound (~), whereas the dd for H-3' 

has values J 3 ',2' - J31~4' oz 9.5 corresponding te the trans-dlaxial 

proton arrangement found ~n the D-gluco series. 8y contrast, the spec-
1 -

trum of the manno 1somer l (~) shows a doublet for H-l' with a J
1

" 2' 

1.6 Hz. AIso, the dd fJr H-3' has two coupÙng constants: a small 

J 3,',2' - 4.5 Hz for the equatorial - axial arrangement of H-2 ' and 

H-3', and the expected diaxial J
3

" 4' - 10.2 Hz. Other differences in 

the spectra include the chemical shifts for H-2'; the equatorial proton 

of the manno derlvative 1s ... 0.4 p.p.m. downfield te the axial gluco 

H-2', consistent with general chemical shi'ft patterns (157). An inte-

resting aspect of the reduction was the complete loss of the 3-.2-s11yl 

ether. It is known that s.ilyl - oxygen bonds c~n be reducti vely 

cleaved (158) 1 but the silyl protecting groups used here are thought te 

be stable to lithium aluminium hydride reduction (17). Si1y1 protect-

ing groups a190 can migrate under basic conditions (151), and so it ls 

possible that the group was cleaved from the oxime, or one of its re-

duced intermediates, after w.1graUon (see Scheme 1II-2). Ml.gration 

most probably occurred late in the reduction process, with formation of 

a silyl - amine bond. It will be seen in section III.4 that slmilar 

résulta were obtained with methylëlted oximes, so that migration to th., 

oxygen atom, even with an intermedlate hydroxyl amine, ls unllkely. 
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, Table .IIX-3: . IB:.a. .. pi~l Shifta (5)','and lU ... IH Co~pl1ilq 
, . . 

, . 
,COMtanta tRz) for 2'-Acetaa1do-2 1 -:-deoxy-qluco (~) -and 

.. 
.. nno (.!!) Derivatives 

a 
II.-t' 8-2' 8-3 1 ' 1,2 

3J 
2,3 

COlipound ' . 

30 4.98 . 4.35 5.12 3,7 , 9.5 
,1 

31 4.-97 4.72 5.20 4.5 

" 

. , 

---" •• __ ~"- .--'t • • __ ."' __ ......... _____ .... _~-r. __ . _. _ .. 

. , 

" 

3,4, 

9.5 

10.2 

" 
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1 R'·,R" • c~e2 
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1 
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1 

" 

6.0 5.0 4.2 
p.p.m. 

l' 

J fi y-1" 

a-l' H-'l 
t 

o 
31 R 1'" Ac, r ' 

R' ,R' • Rn, Il _ .... ~ .... '-

H-2' 

NHAc 
H-3' , "1 

,p.p.m. 
5.0 4.0 

1 

Fiqure III-l. l H-n.m.r. spectrum of 2'-acetamddo-2'-deoxy-a-D-qluoo 
" .. 

(34) and :'e-ll\ar\110 (31) derivative •.• 

l' 

" 

li. _ .. _~-~-~~~ ~ -~-
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\ 

III.3 Coabininq the fora_tion of the 2'-4111n0-2 '-deoxy 1ntermed1ate 
i 

vith conversion lnto the L-ido configuratfon 

At this staqe, it vas thought pertinent to combine the two me-

thoda discusaed here, and earUer in aection II.2, in order te intro-

duce both the 2'-amino anet" L-~ modifications into cne disaccharide. 

As l'Dentioned in the discussion o~ general strateqy II, the forma-

tion of tarqet disaccharid~s .1 and 2. (Schemes II-2 and II-3, pp. 27, 1 

,28) containing .!:~ sugara, requ1res .elective exposure of OH-5 and 

-6. - Ta do this with intermediate lQ., Scheme 1II-3, tir~ requires a . ,-

selective hydrolyais of the 4' ,6'-o-isopropylidene group, lollowed by 

reprotection ot 08-4' and -6'. , 
The 

., ) 
4' ,6'~ia~proPYlidene rin4 is foraed only _ ~~er /kinetic 

r, acetonation conditions, (159) owing te the theraodynaaic instabi~ity 

arisinq from an axial E,-methyl group. The order of lability to~rd8 

aoid hydrolysis is rèflected in the relat1 vely greater stabili ty of 
f, 

1 ,3-dioxolan~ than of 1,'3-dioxane tm rings, leading t:O the expeCb-
IJ 

tion that the 4' ,61-~isàpropylidene group can he relllOved aelectively 

(11) • 

Althouqh II1ld ~cld conditions gave aixtures of Producta ha'ring 

lost either one CB.) or two (l!) o-iaopropylld~nlt groups (Sche':lJ' III

~), the , ... jor product vas the deslred one Cl!). It VilS iaolated, 'and 

acetylate., to 91ve 34, the structure of vhlch ,vas confirlÎed by iu -
doublet of doublet resonance correspond1ng ta H-4' having besn ahifted, , . 

downfield lnto the anOlMric reqion. 'l'he 5,6-,2-isopropyUdene group _s 
then hydrolYled undsr ths aUghtly stronger' acldl0 conditions uaed 

,0 

, . 

) 

r 
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ROCH2 

.!Q. R' ,R~ • R",R" • Me2c 

B. R' - ,H, R" ,R" .' Me2C 

33 ,R' "'!t R" .. H 

C",. ---

'---"-> 

R - Ac 

, , 

.. 

35 R'. Ac 

RU • OH 

37 'R 1 • Rtl • Ac 

36 R· R' - Ac 

Schema III-3. Formation of 1 a disaccharide havin9 both a 2 l-amino-2 ,_ 
'. , 

deoxy function and the !t-~ c,on~içjuration at the 

reducing e,nd. 
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'earUer (p. 35) ta obtain diol ~. la IR-n.m.r. spectrulll' clearly 

ahowed only one remalning isopropyl1dene gr.oup. The diol WIlS then 

converted -into the dimesylata, aB before, and" diacetate '36 WIlS then 

fOrMd by inversion vith potassium acetate. The product, believed ta 

have tha !-~ configuration, vas compared by IR-n.m.r. spectrosco,py ta 

a ~2luco diàcetate (l:!), obtained after direct' acetylation of 35,. - ' 

80th .pectra vere co.patible with the àssigned, struc,tures (Fiq. III-2). 
o 

In addition, the 8aJIe pattern of coupl1nq constânbJ na observed for 

the ~ido/g-qluco pâir, as -already seen for" coapounds .!! and 11, and 

lli and 17a. That h" J 4 3 - i, J 4 5- 1.'7 Hz ,for the g-qluco ,isomer, , " 

whereas J 4 ,3 - 2.5 and 'J4 ,5 - 5.2 Hz for the ~~ iSOIIler (8ee-also 

Table II-l, p.59) .• ' 

111.4., Iaprove.ent8 in the reduction of 2'-deoxy-2"-oxillle derivatives , 

It bas baen elearlY, ahOwn in the .. rUer sect;i~ns of this Chap

~r, that the introduction of the 2'-aainodeoxy group and the ~~ 

configuration were possible. Bowever, there ~lned an investigation . . 
int-o~ inerèasing the effieiency of auch reaotions ., the reduction of 

the bine. In' addition~ suitable blockinq groups were needed ta 'aven ... 

tuaUy obtain an !ntemadiaté capable of baing oxidized at OH-6 to an 
'" ("' v 

, , 
uronic ~id derivative. In the followi~g sections of this chapter, the 

, . ' 

foraafion of thla interaedlate ls explored. 

'1'I\e relatively lo. yield of the equatorial D-qlueo epiller in: the 

li thlua al_lniUli hY4ride reduetion of the 2 t -deoxy-2' -oxiae (29a) -

.1."'.;, ........ j ....... I ... ! ..,;J""· ... ! ... '.w~;YôI·:)t __ il!!èC ... " ... -Ir ....... z-~!'-·--"''n .......... _' ''''''''''-'''''-' ~'~""",""" !!"·~.n:~k'."U~~ !ç- ... --~ :I~-

, ' 

, , 
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, " 
pepere on reductlon of ~mee and thelr derlvatives, LemLeux and Cowor.-

" 

kera (36,37) eucaeesfully WIed thre~ methods: hydroqenation over pal~ 

ladl\lJ1 in ~e preseiiëe ot hydrazine, diborane, and lithium aluminium 

hydride. '1'hey foun~ that the tirst two reaq,nts showed apprec.1,âble 
1: 

.tereoselectivity vith IDOst ot the 2-a,~OXY:-2-oXlmino-CJ-g-arabino hexo-

pyranoeides' etu~ied. 

AU three _thods' ,vere tried. ~th ~xi~e l.!!. (Scheme III-1). 

BydrOCJenation Wlder the, speoified candi tions qave no reduced products 

,.t~r 24 h. Probably, access ta the iIIltne double bond vas restrlcted 

br. both the neiqhbourinq a9lycQn and the 3~silyl ether. , 

Experiaents w1 th borane - t.etrahydrotur.an co.plex a180 were un-

.ucc.s.tuls an , N-,5?-acetylated derivative, vben combined vith exeess 

reagent, ehowed no reaction. With more forcinq conditions, usinq con

centrated solût!ons and heatinq, mixtures of products were obtained" 

(t.i.c. and' lU-n.a.r. eVidence). 

,In order ta eiapllfy the - systeit and se. if the 3-o-silyl ether - , 
, 

vaa lapedlnq the reducti~n, a series ot derivatives wa8 prepared, after 
Q 

reaovinq the sllyl ~roup (Schema 111-4). 
, 

'" The 3f~-eilyl derlvative (29a) qave th!S 31-hydrox~1 ~uct (38) 

.asUy atter treataer;tt vith fluoride ion (147), and no 18 . riza~n 
-fl 

va., detected. A sirailar treatmen't of the correspondinq ketOne qave 

alxture. of products (160). Then, acetylaUon provided 39, which - " 

clearly ahowed the two acstyl .. thyl siqnals as· well as a downfield 

doublet.correepondinq.to &-31• 

, , 

" 
1 • '. 

, , 

• 
, , 
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Benzylation oc:![-.îso vas carried out, for a num6er of reasons. 

The qen~ral strateqies cUacussed earUer ca11 for an alkyl group, as 

opposed- to an acyl group at OR-3' ta provide suftigient reactivity at 

08-4 durinq qlycosidAtion At A subsequent sta98. The exposure of OB-3 . " 
at this ltaqe provic!8d A convenient opportunity ta .Q-benzylate without 

fear of al:kylatin9 the amino group. at a tatar staqe. In addition, the 

.tabiÜ ~y of onlles to acid - hydrolys!s is increased by alkylation 

(161), ~ useful property if reduction is"postponed ontil after cycliza-

tion of the reducinq end ta the pyranose. The synthesis of ~ proce~-

ded in two steps, as :described in the ExpI!rimental section.' First, 

.onobenzylation (40) of the oxime occurred, followed by formation of . -- , 

the éUbenzyl compound (!!) after IIOre viqorous treatment. The -N-Q-' -
benzyl i. freely rotatinqr as shown by -a sinqlet in the lB-n.m.r. 

, 1 

.pectrum, whereas 'the 3'-.Q.-benzyl bas the customary" ~':quartet for the 

.ethylene protons. 

These three compounds (38, 1.2., .!!.) vere then subjected to reduc

tion wi th- U thium aluminium hydride (LAlO, as wall as borane-THF, . su-

per~ydrrae, and sodium borohydride. The reduction of 38 and 39 With ---
LAH qave the 8&!1e results as the startinq compound~, i.e., a ... 3:2 

ratio of qluco ta manno amines in an overall yield of ,... 60\. The use 

ot 'borane wi th 12.. produced li ttle reaction: in addi tion to etarttnq 

... terial, the reaction mixture contained small &!Iounts of polar co~-

pounds that did not correspond on t.l.c. to the amino compounds 12. and 

11 prepared trom the LAH reduction (Scheme III-l, p.68). Similar expe. 

rimenta with sodium borohydride and superhydride showed no reaction. 

'i 

'0 
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il • 

'!!le, dibenzyl compoUnd ..!l. abo vas unreactive to traataent vith 

, ' 
the borane-TSF complex, but qave intereating reaulta vith the LAR ra.-
~ J ~ " ~, , 

, , 

duetion (Scheme III':S). - A~thoUCJh the raaction proceeded incomptwtely, 

qlvinq a mixture of produ<;,ts, and ~e desired 2'-u1no-3'-.2,- benzyl-2-

deoxy compound (.!!) in low yield, it appeared that the q1000 isomer was 

thè only'one formed., Another product, alter' acetylat10n, waa diace ta te , 

lQ. (aee Scheme 1II-2, p. 70), indicatinq that cleavage of the 3-.2,-bènzYl 

group- had occurred and, again, a preponderance of the qluco ieomer ol 

.!! was formed. It ls k1\own that LAH will cleave benzyl ethers, büt:' 

generally as a ~mplex vi th aluminium ch10ride and under vigoroua con-

ditions (158). What vas most interesting, was the increase in the' 

relative field of. the qluco isomer. 
. \ ~~ 

The reasona for this change are not 1mmediatel~ apparent, becaua.----

the compound has been altered in a number of ways. The reduction was 

repeated vi,th the IIlOnobenzylated compound (.!2.), having a free OH-3', 

and aimilar resul ta were obtained: an isola ted qluco to manno 2 t -amine 

ra tio of' N 10: 1 (~). ~suminq tha t the change in the auba ti tution on 

OR-3' was less important than the alkylation of the oxime, derivativee 

~ and ~ were prepared by methylation vith iodomethane and eodiu~ 

hydride or barium onde as a base (Scheme 1II-5). They wre ide.ntitied 

by lH and l3e-n.m.r. , both of which showed the added dnglet correa-

pondlng ~ the methyl qroup. Reduction of this compound gave reluIts 

- slmilar ta the reduction of benzyloxime 40. Both of the 2 1 -amino-2 1 
.. 

deoxy eplmers were 1solat~d, ~t with the greater 91uco to manne ratio 

(- '10: 1) than found vith the non-alkylated oxima. As halora, the 3-0-

" --

, " , 
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~ \. Scheme IIÎ-S. Reduction of some 2-deoxy-2-amino derivatives ~owing 
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indreased gluco configuration. 
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silyl 91'OUp-waS' lost Csee section III.2, p.61). That 18, the type ot 

silyl group on 0-3 did not attect the outcome ot the reaction. 

These ditterences in stereoselectivity between the two cOlllpounds, 

.!!. and~, differing only in the presence o~ the methyl 91'OUp, are not 

readily explained. As mentioned in the introduction to th18 chapter, 

reduction ot the 2' -oxillle in an (I-glycoside naturally tavours the cis 

aaine because the approach or coordination ot the reducinq spacies is 

'. hindered by the axial aglycon (37). This stereoselectivity a180 ap-
t 

plies ta the reduction of the corresponding ketone (162). . ) In~ 
, 

qluco series, the 1, 2-.=!!. amine also means the thermodynamic;!ly 
1 

tJ-
1 

voured equatorial 91'oup. Despi te these factors, in Lemieux t s work iAH 

shows very 11 ttle selecti vi ty in cOIIlparison ta the borane. Presumably 

thls ls due to the greater reactivity ot the LAH and also pos&ibly the 

.lIaller size of the alUllliniUlll hydride reducing spacies., 

It the size of the aqlycon ls a factor in prevantinq approach 

frOli the ca-face, then the ultose der1~ativas discussed here should 

really exhl~it 9reat~r aelectivity than tor. a simple aethyl (I-qlyco. 

slde. '!'hie is observed, howevar, ooly for the alltyl oxime. If one 
" 

considers a model ot the oxie (P'iq. 1II-3, upper drawinq), havlng the 

~oxyl 91'0up cis to C-1', it ia clear that any 91'0up R will preter a 
.. ~--

position between H-1' and the acyclic aqlycon belo" the plane ot the' 

pyranosyl rinq. \~ôr exuple, the benzyl 91'oup in collpound ~ (Sche .. 

111-5, R - Sn), shows a -sinqlet for the .athylene protons, indica.tl va 

of free rotation. Thi& can occur ooly if the N-o bond ot the oxiae 18 

rotated within thia are., a.& ahown. 

--
. 

~ <~è'i ~ '-. ·lifj.<f~ ... ,1 :. ( , 

--
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The' prop)sed effect of oxime substitution on the stereo-

selective outcome of its reduction. 
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In 'the firlt ~tage of the oxi.e reduntion, this R group vould be 

" 0 , 

, -, 
a charqed alwainua hydride specles bonded to the oxygene One llight 

, , 

predict'-diit the approach, "o;r colllple~t1on, of a .econd reducing lpe-

cle. would be b1ndere~due to electr08tatic~ as well as, .teric repul-

slon 
o " 

(lover "drawinq, Piq. 111-3). If group R 18 close to R-1', for 
" -

, 
,example, avay frOll the bulky aqlycon, the approach of a second alulllini-

um hydrlde "coJllplex trOll ahove would be hlndered, and bence the fortAa": 

tion ~f the equatorlal D-qluco isomer les. pro~ble. 'l'bu., the exP,8c

ted interference ftoll below by the a-aglycon 18 countered by an inter- _ 

ference fra. above. 

Another vay of viewing the .ituat~on, il that a reduclng specie. 

complezing froll balo~ can rotate the alullinlo. coaplex upward vith le •• 

tlindranc!! than in ~e converse case. In addition, ttle reduction to the 

equatorlal hydroxyl ~ine in~ra.diate, although noraally .ore sta~le, 

aight cause steric interactions betweeh th~ large alua1niua co.plex àDd 
--;::- If 

the aqlycon. If R 1. an alkyl group, hoWever, the ... ller aize', which 
'" p 

-..... II!!' tI 

.&kes acces. to a position c~ose te the aqlycon acre probable, and the -
lack of electrostatic repulaion towards an lncOlllnq aluainlua hydride , 

J 
'complex, _kes lts presence less crltical. ln this case, the preven-

l 

tion of colllplexation and-hydride attack froll balow due te the a-aqlycon 

aqaln becomes the doa1nant factor. 

'l'houqh this rationale vas not, teated, vith dilterent a1kyl ox-o of __ 

o 

'1_~, for fUIIple, the resulta frOli Le.teux et al U7) are coMisten.t. 
J ~ .--

1flth frae ,oxJ.lles, th.y fc:fUnd that the borane reduction ahowa OI\ly .ade-
o , 

rate select,! vl tYI a 713 qluco to IUUUlO iaoaeric ratio, whereas vith 
;, 

0 

1 
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, , '_".toxi". (al~c)u9,h unBuitable h;ere), the ratio of glueo-HOlier ur-
~ , 

t~ly 1ncreued to, 1911. The o-acetyl qroup voul~ prevent ~e foraa-- . 
tian br an O-borohydricSe coaplex, ancS a11111ar arguments would then 

" 0 

di_te 
T 

The, ~inar Btrategy 'adop~ for Obtainlnq the desirecS tntermedlate 
1 , 

2 t -auno-2 t ~eoxr coapouncS va~ through the recSuction of a .ethyloxi_, 

',fo~loved by the protecting Bche •• qutl1ned in Schelle IIX-6; Methylox-
1) ri. ,. 's 

" <-

t .. a, (4 .. &ncS 44a)' are avUlabl. ei ther through methYlation of an oxia. , . ..- ~ 

• al. . ' 

" 

l, 

" (161 r; or cUrectlY, frOll th. ketane by reaction vith _thoxylamine 

Red,uctio:n th~n ~pro~de(r 1:4e aixture of IllÛ.ne. (.!!), u dellCribecS. 

" " 
, 1 earl,l.er. Because 1«; vas dnltable to ha". 08-3 eelectivelY blocked 
" 

.!' 

> , 

V1 th an -,2-benzyl 91"oup (s~e prev10UII 41scWJaion), the aa1xture va. ace':' 

. 
an alcohol!.c solution in orcSer to protect only the amlno 

"'. 
. 'function., 'l'b~ two '1.~r. vere separa teeS c:h.t0ll4toqraphical~y ~t thls 

AlI vith the dlacetyl coapounds ·(30 '.md 31, &ch'ellle 1II-1, p.70) 
~ 0" ___ _ • 

" obtaiMd' .a.È'Uer, theacetaaldo coapouncSs wre characterized by n.m.r • 

The qluco bOlIer showd the 

cSbUbl~~ for a ... ,~, ,vith the charactertlt.1c value J,,',2' - 3 ~;"wherea8 
... l , , ~ r 

, ~ ., 

, '. \ ~e eqU1Valent. aigU.l for the 'a&nno iso.er vas a slnqlet, showlnq 
1 ~. c " "j 

J~' ... 2':' < 1 .A .~r tb1s eqlaatorial - ~atorial ay.tea. 
~ It' , ., 

, 
'l'be 13C spectra 

" . 
~l _, l " 

(~ . 
, . , 

~ 

i.'> " 
• 1 

,1 

, . 

.. 

". . 
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0 NHR 

44a Si lB TBdMS, R - He 43 R- H, gluco, manno mix' -
-, 

44 Si - TBdPS, R. He 45 R- Ac ... 
46 R .. Ac, manno !somer 

ROCH 2 

~ 
NHR t~R . ' 

~ 

0 47 R • Ac, R' ,R' -R",R" -~e2C " - . 
48 R .. Ac, RI • H, 'R",R" - Me 'C - 2 

~ } 49 R - ~d, R' • Jl~" • H 
,J 0 

Q - ~ 2.Q. R· A!:, R' • allyl, R",R" • Me2C, 
8. 

Schema 111-6. ' Final strategy for reduction of oxime and protection ofa 
" , 

the" ,2 '-amino-2 '-deoxy pYranosyl residue\ ' Q, 
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'l'able 1II-4: lS-c!iea1cal -Shifta (6) and 18 .. III Coup11nq 

Cona tante (Hz) for Compounda ..!!. -~ 

8-1' 
Compound (J",2') 

44 6.1". 

47 4.90 - (3.9) 

48 S.01 - (3.6) 

50' , 4.92 - .' (3.7r 

8-2' 

(J2 ',3') 

4.28 
(7.0) 

-4.24 
(10.7) 

-4.2 
(10.3) 

* 'l'enta~ye 4881qnment 

, ' , 

,'/ 

• 

8-3' 
(J3 , ,4') 

4.5Sd 
(9.0) 

3 •• 
(8.3) 

3.57 
(8.6) 

' 3.58 
(9.7) 

,-

.0 

q 

8-4' 
(J4 , ,S') 

8-5' 8-6a' or 6b' 

3.7 - 3.95 ... 3.7-

3.73-3.84 

'( 3. 67) 3.7' - 3.8 
3.75 

... 3.6* -3.8* ... 3.7* 

• 

,fI 

.. 

Q 

" • .k 

, , 

!' "\. 

. ' 

.. 

.. 

,-

,-, 
t 
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'0 ~ble IIi-5: 13C-chelllical Shifta 
" 

(~) fo~ Coapounda 44, 47 - 50 -- -
COlllpound 44 47 48 49 50 

C-1 105.49 \ 10S.77 105.65 105.73 105.09 

C-2 74.14 76.95 76.29 

C-3 76.30 78.95 78.55* 79.40 

, C-4 78.45 80.45 79.63* 92.93 .80.60 

• '\ 
C-5 16.34 75.55 75.25 

C-6 l' 65.96 66.62 , 65.51 63.41 66.73 
') 

C-1' 99.34 101.17 99.98 101.08 100.73 . , 

C-2' 152.13 52.70 52.37 52.87 52.52 

C~3" 71.20 76.56 79.56 

0 C-4' 75.69 . 75.55 ... 7-9.03 

C-5- 62.04* 62.53 71.55 

C-6' 64.02* 64.52 62.39 62.37 69.25 , 

, CMe2 92.58 99. 7~2 -
108.42 109.09 10S.76 , 109.94 
109.58 110.79 110.40 110.90 . 110.57 

Other 61.92 73.91 ·73.84 73.64 74.69 
(-NOMe) (PhCH2 ) CPhCH2 ) 

(PhCH2 ) (PhCH~) 
. 72.4 

73.71 
C8ily1) 

* Tentative .4B8ignment 

, \ --
.. , 

t' , 
0 t:i 

ff; 
" "., 

!'~ , , (": . 
'.' ~ .l 

. ,f 

'" ",.~,;; 

~ , " , " 
~. " Il,,' !\';~ ;~ , '" 
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" 
ot these coapoundl a180 clearlY' showed a 11gnal "upfield, at - cS 52, 

<' 
~Idqned te the 2' - acetuido-2' -deoxy carbon. 

Benzylatlon of OH:"3' (47) proeeeded in IDOderate. yields. . - Onder 

loae condltions, other products vere obser~d, presumably due to compe-

ti ti ve "benz yla tion ot the aee tamido ni troqen ( , 63) • The 3-;2.-benzyl 

lubsti tution vas con~iraed by the charactedstic aromatic sinqlet and 

, AB quartet of the benzyl1e _thylene protons at .., cS 4.5. A broad sln,:" 
,1 

glet in the lpeetrum of .!!, correspondlnq to the hydroxyl relone.nee;a, ""~ 

diaappeared, and H-3' va. observed athiqh field ( .... cS 3.5), 9hal!.'&;cte-
, . 

rls'tic of E;-benzYl,a tion. Analys11 of coupl1ng constants reveâled a 
c 

large J 4,5,(6.' Hz! and a_.-11er J 4 ,3 (2.9 Hz) ,contrary te the J:eS~1~ 

seen for the 11aUar 5,6-diace~te derivatives discussed ear11er (see-
." 

tion II.6, p.53). The slgnal for 8-2' allo ls cha.raeter1.ti~ in show-

ing a ddd Itructure, due ta coupl1nq to 8-,"', -3" and the NHAc proton, 

and the value of these' coupli!n98 did not' aeem to change wi. th changes in 

OB-3 subltitution. 

The 13e lpee~wa of ..!!. ('.fable 1II-5, Fii]." 1II-4), a1s6 vas ana.

lyzed, by 2-D heterocorrelated spec'troscopy and ine1uded signals for 
l ' 

" 
the aroutie and _thylene carbons of the benzyl qroup. The C-2' ace-

taaido .1gnal II again Upfield, as il that of C-S', which rasonate. at 

a field lover than the t:wo prll1ary carbon., C-6 and C-6·. This upfield 

shUt 11 oblerved for carbone CI to one that 1., 1nvolved in a ',3-diox-
'\ • r 

o 
an. type of ring «164). For exaaple, C-2 of ',3-propylene qly001 la 

.hifted upfleld by -' 9 p.p ••• when the dio1 is blocked with an ,2:-iso-

propylidene group (154a). Other exaaplea of 4,6-0-benzy11dene 'P}'rano-- ~ 

a. 



o 
., 

o 

o 

- 96 -

sides also show this 6-g'auche effect-(:164). Siqnal C-4.is ;the fa~the8t 

downfield of the rinq carbons, as expected for a position involved in a 

'" g'lycosidic linkage. C-1', as an o.-anomeric carbon _ in a pyranose ring 

(at ,., 100 p.p.m.), is upfield from C-1 (- 105 p.p.m.), the acyclic 

-; anomeric carbon (164). The signals for the three qua ternary carbons of 

" 
the 2-isopropylidene groups are separ~ted, with the furthest upfield 

(99 p.p.m.) corresponding to the 4' ,6'-O-isopropylidene ring. The - , 
other two siqnals in the anomeric reg'ion belong ~ the quaternary car-

bons of ;the five-membered dioxolane acetals which show characteristi-

cally deshielded values relative ta their six-membered ring counter-

parts ( 1 64) • 

111.6 Protection of the glycosyl group, 
., 

The next stages in the route toward such targ'et compoQnds as 5 

(Scheme Ii-3, p. 28), involved the application of methods developed in , 
o 

Section 111.3 (p.79). That ia, a sequence of selective removal of the' 

,2,-isopropylidene groups would expose OH-5 for inversion ta the L-ido " <>=-
configura tion. 

-Selective cleavag'e of the 4/,6'-O-isopropylidene group gave re-

sults similar to those obtained in the sequence discussed in Section" 

111-3 <Scheme 111-3, p. 79), although some different conditions were 

tried for improving yields (see Experimental, p. 205). It 8eems that bio 

products (,!! plUS ~) are inevi table •.. _ ~owever, stopping the reaction 

before completion and recycUng the starting material improved overall 

yields of the desired diol. The major product <.!!!> showed the loss ot 

4) 

, ' 

')1 .,.' 



, , 
", 

, ' 
" 

'Ii 

.... 97 -

0' 

one' ,2-isopropylidene qroup and the presence ot a broad sinqlet at N 6 

2.8. corresponding to a hydroxyl reson~nce. Althouqh the signals for 

8-4' and ~H-6M could not be cl.arly identified, a fev teatuns of the 

proton and carbon speatra supported the 1088 of' the 4' ,6· ... E.-isopropyÙ ... 

dene qroup. Th'e benzyl methylene quartet seen tor' 47, became a sin-
\ - -- ~ 

qlet, indicatinq lass restriction to rotation. (Interest1nqly, after- à 
, 

020 exchange,. the AB pattern returned). In the 13e spectrum, the up
( 

field signal of the 1, 3-dio~ne quaternary carbon had disappearêd, and 1-, 

" the C-S' signal, upfield in .s!..., had nov ,shifted downtield by 10.2 

p.p.a., as expected. 
,1 

,Il 

" 

The second, IIIOre polar, product vas identitied as ~, as its 

sP:8ctra clearly shoved the loss of two .2:-isopropylidene qroups. The 
..... :-:,,,.r .......... 

r •• ain1ng quaternary carbon of the 2,3-,2-isoprapylidene qroup vas the 

l siqnal vith the hiqhest value of the thx:-ee (- 6 110). 

Some attempts to differentiate between the 4',6" and "5, 6-diols in 

oOllpound ~, and BO recycle th!s material into the main synthetic 

route, Wlere unauccessfu,l. Por example, reaction vith benzldehyde and 

sine chloride (165) or 2,2' -dimethoxy toluene and p-tol!J.enesulfonic 

acid (166) produced ma terial in which two E;-benzylidene groups had baen 

in troduced (1 H-ri. m. r. evidence). Another stra tegy ilsed the' praperty of 
'\ 

cyclic: carbonates that can on1y form across 1, 2-d101s. Heating ~ vith 

ethylene carbonate (167) produced the deslred S,6-eye11c carbonate" 

al though in lov yields. Bowever, furth~r alkyla tians af OH-4 t and -6' 

under basic candi tians caused cleavage ot the carbonate (17), and qave 

aixtures of producta. 

, . 

" . 

,a 

,~ 1 

l" 



o .. 

o 

, , i 
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Q " 

,1 
t, 

, 1 dhaech,A,:ides . ~ and .2., where in"rsi~n 1 &1: OH':"5 is not "required (acte 

c' 

,sêction IV,,2). 
" , 

"Th~, fin~ll protection Of'.!!., W8;s' aehi~ved bY using' a.lk,yl ".sUb~ti~U-, 
u U J l 4J 

enta as selèctively:-removabl~ blocldnq, qroups. Strateqy II, "hen ap-, 
, ,J L, 

< 'c 

1 pl1ed 'to' ·t-ldo dis~charides" requlrecf complete blockinq of' ,the, non-. =;:~ L , 

.l " J U c Il Q \ ~ l, 

reducing enc;l te allow for' subsequen~' IIIOdificatlol'\ .olely of the' reduc ... 
" , Ij 

ij 1 0 0 

inq end: lnwtslon, oxidatïon and cYdl1Zatlon. 

Th~ ~iockinq qrC?ups had ta" he resistant ta acid hYdrolYsis" and 
t. ~.' t , 

1 1 J L. 
~ table 'towarda 

',' 
s~h oxidation, reaqents as catalysts or' ~hromiuJII VIi 

L ~ J J f , , , 

aadi tian, i t wa8 desirable for these qroups to be r~-
~ J , ' 

" ' ! 
coapounds! '. In 

lIoved" selecti~ly in order to, allow for qlycosidic llnkaqe formation at 
l' '1.J 1 ~ " 

~ 1 (. 1 L J 

68-4.' 'l'he use" of 8impl~ ~8ters WZl$ ruled out because of the n«!.ed~' ta 
'~ Il 

, 0 

"deacylate' a~ter the invers~on" with po~ssium acetate, in o~er ta "od-
, 

diz,e ' OH-6,' or cyc1ïze. 
t , 

l , 

Differentiation between OH-:-4' and OH-3" for /' 

u " 
~xuple, would be lost· at' this .stage. Many common, ether groups that , 

are,removab1e at a la~er stage are, unfortunately, acid-labile. 
, ' , 

'The possibility,< mention~ci earlier, of ,forminq the 4' ,6''''r.O-benzy- '" , -
,lid~ne 'acefral, , followad 'by selective r~ductive cl~avaqe to qive the t 

6~-benzyl derivative (168) was aqain eonsidered. However, the condi-- " o _ 

tiolls 'needed for the cleava:qe step are àcidic and the stabUl, ty of the 

2,3-.2-isopropyli~ene and d:t1lethyl Acetal were in question. 

second protection st:.ep W'Ould be ne,ce8sary for OH-4'. 

, 1 
, , 

\ ~ 

" , 

., !i' ,flA;;! 

, . 

!. .. , , 



-(). 

" ' .' , , 

- 99 -

Another ponlblUty was ta substitute' Vith an a11y1 halide or 

tora' the 2, 2, 2 ... trich1oroeth~ne derivative, bath amenable te selective 

r81110val _th6ds (17). Unfortuna tely, the 2,2, 2-trlch1oroethyl group la 

on1y avai1ab1e as the a1coho1, euitable as a protecting group at the 
, 

anomerlc center. 
" , 

The a11y1 group bas been inveatigated by Gigg .!!.!!. . 
(169"). lte advantaqe resta ln lts selective removal in the presence', of 

... -- c" 

.2.-beP.zyl groups br lsomerization to an acid labile .2,-vinyl gr~up. The 

double bond and a11y1ic carbon are reacUve" however, and can he on-

cUzed vith potassium permanganate, oz?te and chromium VI reagents under 
li ' , 

certain conditions (17). NevertheletJs, the oxidation conditions that 

were envisaged, such as catalytic (Pt-C, Pd-C), pyridinium f di chromate 
, 

vith acetic anhydride, or Jones reagent, were ,believed ta he compatible 

w1 th both the double bond and the a11ylie position (17, 170) • At least 

the rates of od,Jiation under these conditions W'Ould be slow in compari-

80n to oxidation of a primary hydroxyl group. 

The 4' ,6'-di-~allyl derivative 50 (Scheme 1II-6, p.92) WllS ob-

tained in moderate yields. E::perimental difficulties vere observed for 

large scale reaotions, and some over alkenylation, presumably of ,th, 

amide, reduced yields. Product 50 was characterized by three groups of 

.ultip1ets in the IH spectrum, corresponding to the three types of 

protons on the a11y1 group. However, these multiplets became a major 

drawback in the n.m.r. characterization of the complex carbohydrates, 

because the a11ylic protons resonate from 6 3.9 - 4.4 and overlap with 

_any of the sugar ring signals. AIso, the terminal protons of the 

double bond resonate between 65.1 and 5.3, often overlapping ring 

.. -.. ......... _ .... _-;::;; ..... --_ ....... _-_ ...... _-~----_.-..:.""'-----,.- " 

.... ' -

.. 
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protons that have been ahifted downfield gpon eaterifioation, for exaa-

ple (aee Fig. 1II-5). 

/ ,. 
Other features ~ the spectrum for 2:Q. included the loss of the 

broad singlet (hydroxyl) siCJftAls and the return of the AB quartet of 

the benzylic protons, as compared ta the singlet obaerved-in~. 

The 13e spectrum also showed the new signals belonging ta the two 

&1lyl groups, a pair of signals at 6 73 for the allylic carbon, .... ~ 117 , 

for the terminal carbon, and - 6 134 for the middle carbon of the dou-
J 

ble bond. In addition ta these obvious changes, the .e-6~ signal had 

shifted downfield by - 6 p.p.m. upon alkylatiQn (Fig. 111-4). 

III.7 Inversion of the non-reducing unit ta the L-ido configuration 

The non-reducing end was now_ completely blocked, a110wing for a 

repeat of the inversion sequence described earlier ift Section II.2 

(p. 35'). 

The 5,6-.Q:-isopropylidene group vas hydrolyzed as Safore, ta the 

l "S,6-diol 11. (Scheme III-7), 10ss of the ace ta 1 group ~in9 indicated by 

the los.s. _q~ the appropriate methyl signals in the 1 H and 13e spectra. 

Absence of the quaternary-C signal at 6 108 showed that the 10w field 

'~) signal (6 110) in the spectrum of ~ belonged ta the 2,3-.Q.-isopropyli-

o 

dene group. An acetylated derivative (52) confirmed this resu~t, ~~, a 

downfiè1d multiplet at 6 5.2 in ita 1H spectrum corresp?,nded ta ~-S 

1 (altbough overlapped with allyl IR signala) (Tables 1II-6 and 1II-7). 

, Oné of the H-6 doublet of doublets ws visible, downfield by -,.~ p.p ••• 
\ 

---

.. ' , 

, , 

• 1 ~r 
-' ... 
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C-l 

C-l 

Fiqure 111-4 • 

C-l' 

o 

101 

50 R· Ac 

R' - allyl 

-R" ,R" • CMe2 

47 R - Ac 

R' ,R' • CMe2 

R"tR" • CMe2 

.. 

**Allyl 

c-S' C-6 C-2' 

C-6' 

.,----

C-G C-6' C-2' 

c-s • 

70 60 p.p.m. 50 

13 ,-C spectra of 2'-acetamido-3-o-benzyl-2'-deoxy inter-
, - o 

mediates. 47 and 50. - -

" . 

---
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NHR J::~ 
~~--- Sl R • Ac, RI, • allyl, Rtl 

- H, 
, 

S2 R • Ac, RI • allyl, Rtl 
- Ac 

S3 - R - Ac, RI • ally1, Rtl .• MS 

'. o "" c..-

HR~ 
H,pR: 

, 
54 R- AC, RI -apyl, R" • Ac -
55 R- Ao, RI - allyl{t R" • H 

1 

Scheme 11%-7. Inversio~. o~lthe acyclic QJII)iety at C-5 to qive the !t-~ 

• 
confiquration. 

c 

, , 

'v , , 

~.. . --f.';' ,_'-
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Table III-6. lS-che.1cal Shifts (cS) and la - la Coupling (Hz) 

51 

52 

54 - • 

51 -
52 -

, 
'Il 

54 -
55 -

4.34 
(5.9) 

4.30 
(6.4) 

4.33 
(6.0) 

Constants for COIIlpounds ~ - ~ 

3.98 
(5.9) 

3.88 
(6.4) 

3.95 
(6.0) 

4.27 
(4.4) 

-1.1 
(1.5)* 

4.17 
(2.3) 

4.28 
(3.7) 

fI-S 8-6a 
(JS,6b) (J6a,S) 

""'.0-
4.3 

-3.3 

3.85 
(6.6)* . 

.3.72 
(5.4) 

-5.3 
(2.7) 

4.29 
(7.3) 

'C3.8) -3.7" 
3.9 (br) 

3.8-
_t. 

4.46 
(12.2) 

4.39 
(12.6) 

- , 

R-1' a-2' 8-3' 8-4' &-5' 8-68' R-6b' 

(J 1 ' , 2') (J 2' , 3') (J 3 L, ... ) (J .. " 5 ' )( J S' , 6b' )( J 64' ,5' )( J 6a' ,6b' ) 

.... 
4.86 -4.2-

(4.2). 4.34 

4.97 
(3.7) 

"4.94 
(3.9) 

4.95' 
(3.7) 

-4.2 
(9.3) 

·4.1-
4.2 

-4.2 
(5.1)* 

3.57 
(10.3) 

3.59 
(9.3) 

" 

3.56 
(8.8) 

3.56 
(5.1)* 

3.3-
3.8 

3.67 
(9 .. 5) 

3.66 
(9.7) 

3.74- -3.3-
o 

3.8~ -. 

-3.9 
C3.0~ 

3 .. 82 
(2.7) 

3.6 

3.63 
( 2.0) 

3.8 

3.73 
(10.0) 

·3.72 
(10.7) 

• Tentative ••• ignment 
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• 
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0 :[lI-7: 13C-chellical Shitte -( cS) Table for CoIIpounde 51 - SS - -
C-l C-2, C-3 C':'4 C-5 C-6 

Callpoùnd 

51 105.01 1'1.45 78.51 84.37 72.09 62.98 

52 104.19 76.58* 78.49* 80.57 71.9~ 62.29 -
" 54 105.09 76.61 76.70 77.55* 72.04 63.25 -

55 "105.36 77.27 77.54 82.59 71.69 62.25 -
C~l' c.-2' C .. 3' C-4' C-5' C-6' 

allpound • 
• • ", '" , 

\ 51 101.23 52.64 80.10 78.37 72.53 68.97 -
, 52 99.81 52.60 79.42. 77.87 72.12 68.33 .. 

0 54 100.76 52.14, 79.16 77.89 72.04 68.02 

55 100.52 52.66 ·79.83 78.43 71.96 68.97 
~ 

'* Tttntatiw assi9nmen t 

. , 
. , 

," 

0' 

- . 

o :, , 

.' " 

y; .- '; b 
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frOli the .1911a1 range Ilf B-6' ln the diol (51). SlCJ1la~-4 a180 was, 

vblble, and ahowed, the' characteri. tic , doublet of dOub~ets ~Ji!l large 

a~d a...lll coupUng constants (6.6 and 1.5 Hz). It _a npt poaaib1e ta 

, ..... ., 1 

dlrectly assiC)n t,hes. boupling values, ,becauae B-5, -3 ~ -2 did not 
• 

aUo" fo~ adequate enalyals. Neverthelesa, baaed on the previoua re

aulta (see discuasion ln ~ction II.6~ p.53), the &8signments were 
a. " 

taten. to be J 3,4 • 6.6 and J.,S .,1 Hz, for this I).-q1uco confiquratlon 

(Flg. XII-5). 
\ 

The 5,6-d101 (51) _a then treated vith œthane!Sulfonyl chloride, 

a. deacribed ea~l1er, to fon the daeaylate (ID. In qeneral, thls 

interaediate vaa uaed directly for the next .tep vith only II1nilll41 ,f . . 
Q " 

purification. Iaolation of a amall amount of 1! allowed for its iden-

tification' by IH-n.JI!.r. 'spectroacopy, Whlch ShO~d the twO methyl slg-.. 
naIa at cS 3.04 and cS 3.06 and, in addition, that H-5, H-6a, and H-6b 

vere de~hielded, as tri. th diacetate B.,. 

Inverlion vith potuaiwa ace ta te Wlder the conditions ,used previ-

ouely proV1ded the dlacetate (54) vith the L-ido configuration. The ' . 
.. t - =.-.,... 

proton apectrua, lIben coapared to that of 52, aqain ahbwed aiqnificant: . - . 
cUfferencea in IOM chellical sbitts and coupUnq cO~8't:ants. Values of, 

, .. ~ , 

"~3,4 • 2.2 Hz and J 4 ,S,. 5 •• Hz, correspond to data,'~or other L-~ 
, , . 

COIIpounda an~ i8 con.1stent vith the earUer ana1yals" (Table 11-1, 

p.37). -. '!'he 13c lpectra al80 are very, aiailar, vith only, a major up- • 

field ahift ~or C-4 in 'the ~.!:!!2. bOlIer. Ofttortuna tely, no't: enouqh, l3C 
, 

cSata o ... raU an avaU .. bl. te ... ' if this 18 a qenera! phenoménon. 
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52 R - R" - Ac, RI • Allyl 

B-n.m.r. spectrum of 4',6' -di-2,-allyl proteC?te~ 
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!'he deacetylation t;)f 54 Provided the 5i 6-diol (55) 'aui tabie for, -
further .adification, accordinq to either,cyc11c,~r acyclic vetsio~s of 

.trategy II~ 

In conclusion, 

\, 
it bas ,been ahown in th,iB, 'Oulpter that ~e ,firat 

ataqe. of 8trateqy II, the introduetion of a 2' -aminodeoltY, 
", 

that i8, 
~, 

tunction 1nto the, maltose de ri va t1 va.1., coule! be 

ble .~reocontrola 

, f, 
, l, 1 
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vith reasona-
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IV.l Iiatroc.tuction 

'lbe remaininq .taqes in preparinq a tarqet disaccharide included 

the oxidation of C-6 to a carboxYlic acie! and cyclization of the dime-

thyl Acetal to the pyranose forme It vas necessary to assess at which 

staqe the oxidat1on should he carried out and then choose the most 
", 

'. 
s~itable aethods and r~aqents. 

The que~tion of whether the oxfdation step miqht be more etfi-

cient after subsequent formation of hiqher oliqosaccharides from the 

neutral disaccharides vas 1eft, ~ practice, undl a later date. As 

dhcuBsed in the introduction to qeneral strateqy, oxidations were to 

he explored at the disaccharide level and, presuma.bly, the~e methods 

could he appl1ed at the appropria te Uae to an ol1qosllccharide. In 

fact~ the strategy based on a late oxidation step bas certain advanta-

ges. 'lbus, as Van Boeckel .!!.!l. (60) have noted, qlycosidiè couplinqs 
.' 

involvinq uronic acids are 'lower yieldinq tban those of their neutral , 
, , 

counterparts. This observation led them to build disaccharidès from 

neutral monosaccharide unite in hiqh yieldinq couplinq reactions, fol

lowed ~ oxidation at th~ disaccharide staqe. Similar reasoninq wou Id 
\ . ~ ,---

suqqest delayinq the oxidation even tur the r , if economical cblockinq 

.trateqiea vere avallable. \'. 

" In addi tion to beinq ea:ter to couple, a neutral disaccharide 

should allow for other practical advantaqes. For example, uronic acids 
,., :J 

1 
are .. subject to 8-e~i~~~0~ /71 ), which can he a problem if basic 

conditions are used in protection or depr~tection steps. Secondly, in 

so .. cases where selective oxidation or prQtection of 08-6 is to he 

, 
" 
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carried out, the -reactive anomeric centre would require protection as a 

glycoside. Making this glycosidic Unkage , permanent one ta another 

suqar ~i t could reduce the overa~l number of eteps needed in addinq 

. and removing a temporary aglycon. Of n course, performinq only one final 

'oxid~tion on an oligosaccharide, rather than two or three eeparate 

oxldations ls advantageous for the general experimental procedure, if 

yields are adequate. A further discussion, and examples of thls ap-

proach will be presented in Section IV.5. 

The general Uterature on oxidation in earbot.ydrate chemistry 1s 

quite extensive (150,172), although relatively few reagents are rou-

tinely used for the synthesls of uronie acids (173) •. Most reagents 

require a sinqle exposed hydroxyl, and therefore a selecti va blocking 

str.ategy. Catalytic oxidation bas been very sucees8tul in SOme cases 

because lts selectivity for primary hydroxyls alleviates this problem 

(133) • 

As mentioned previously, the use of ca.talytic oxidation was con-
" 

sldered earlY in the design of synthetic routes tawards the uronic 

acld-containing disaccharides. The main drawback ta this method is the 

vide range of yielda, which are dependent on many factors (133). 

The catalytic oxida tion of oUgosaccharides and polysaccharides 

has not been explored ta any grea t extent, though maltose ('03), and an 

arabinoqalactan (174), for example, have produced derivatives contain-

inq uronic acids. Whereas the CA ta ly tic oxidation of benzyl a ... malto-

side gives only the aldobiuronic acid (103), methyl a-œaltoside (115) 
~ 

91veo three producta. the _ IIOno-, and the di-carboXYliV.ri-

( 
___ ~:...' \4

L

• 

, 

r' ' 
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'vatives. ~n, general, the yields vere poor, espeeiallY for the' oxida

tian of C-6 on the redueing end. 

Acyel1c sugars also have been selectively oxidized by platinum' 

catalysts vith ~me suceess (133). '!'his suggested that 5,~-d~ol inter,- , ' . 

.eeSiates (56, R-R· .. H, in Scheme IV-l) would be suitable substrates for -, 

this ethod, if OH-6 vas sufficiently accessible to the c,atalyst's, 

surface. '!'his cannot be detemined unequi voc~lly by 1=he analys1s of 

'the 'conforJllation and orientation of the acyclic dimethyl acetal. An" 

examination of models shows that the 6-hydroxY'methyl, group çan assume 

an orientation which brings it out of the -surface- of the disaccha
\ 

ride~' Howevera it is c1early 'IlOt a linear acyclic compounq vith the , , 

"same ,planar -z1g-2:aq- conformation as an unsubstituted ald1tol, for 

" f>\ 'e.xample (8ee section Il.6, p.53). 

,These unpromising indications from the literature led ta only a, 

curaory look at ca talytic methods vi th some of the compounds discuss'ed 

earlier. Also, unencouraginq experimental results halted the investi-

qation, perhaps prematurely, as discussed in section Il.5. 

More conventional oxidizing reagen~ require selective prot~ction 

and deprotect1ng stra tegies in order to expose the primary hydroxyl 

group tor oxidation. In practice, blocking the primary hydroxyl with a 

trityl group (176) (or 4-methoxytrityl (111), or 4,4 t -dimethoxytrityl 

(t 17» followed by lE. ~ acetyla tion provides a compound tha t can be 

oxidized directly under acidic conditions (e.g., Jones oxidation 

(132» • Selective removal ot the tri tyl «]roup vi th dilute acid (178) 

" • 
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1 

\ 
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-~th CCllllllon basic cr 'neutral reagents' (e.9rr, Potass1U11l ~QIUlgan4~)oI 
J d , ' 

'1 " e. J. ,. 0 L C .r 

The choice .of atratttgies, " for oxidation .of C ... 6 ia outlined in 
1 ~ ~l, l" l ' 

Scbeme -lV-1, which 'shows ~i! ·a?ycllc:~- and ·cyclic" wJ;'siona' of qenera~ " 
, " 

'-~." R - R' 

ACyclic disaccharide del't:~ati~1I with" OK-S ~d -6 exposed 
, l , 'F 

1 "u J J A 

- H) 'c4n ,bè' oxid11zed te 57, aft~r a 8uitable pr~tectidn 
~ c ,1 - ~ J ' 

8trategy XI. 

~ Il o,. , 

schellle, &pd tJÎen eyclized ta a pyranose (58), as ~n route, 1. 
u' 0 1 -

Alterna-
, ~-,"', 

'tively, r?~te 3 , shows cyclizat1cn to ,a pyr,nose " 1 
(1!) (or pyra~oside), 

il L 

followed 'by protection (60) and OlÜ.datlon te t'he uronlc acl,d' (58) ~ A 
'. -

, \ , 

variation 18 shown 'With' route '2, where 08-6 j has been 881ective'ly' 

Ut) hafore eyclization, 
, 

blocked vi th a stable qroup that, survives the" 
• 1 /' , , 

acidic hydrolysis step. A prelilllinary" inwa ~iga tion of route 2 has 

" ~~n presented in Section II.4, p.46. Routes 2 ,and '3 both provide, in 
fi 

principle, - 1nte~ediates (!2.) that can be used in' the synthesis of 

oli90sac~h~r!des, and oxldized at later stages. Routes 3 and 1, a8 

aethods to obta!n, disaccharides contalning ei ther g-glucuronic or !:.
iduronic aèid, will be' dilloussed in the fOllowinq sections, respec-

tively. 

, 

" 

Fer the investigatien of route 3, the cyclization of the dilllethyl , 

ac\~l is discussed first, followed by the application of conventional 

blocking group strategy. For the investigation of route 1, experiments, 

on model 1 compounds as well as disaccharides con ta1n1ng 2' -amino-2' -

deoxy-a-D-glucosyl residues and L-idesd are dlscussed. -
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Schema IV-l. Possibl~ oxidation strategies towards" an uronie acie! ("A" 

ls an appropriately funetionalized pyranosyl residue). 
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IV.2 Cxclic oxidation route (route 3, Scheme IV-1) 

a) Cyclization of the aldose dimethyl Acetal 

'. 

.' 

'l'hè desired product of cyclization vas the free pYranose. ~'1'his 

WQuld aHow eventual formation of a glycosidic bond, ~ither as a tempo-

rary measure or as part of an oligosaccharide. The alterna ti va ot 

torming a qlycoside directly would allow for direct oxidation ot C-6 by 

oatalytic meth,ods (see previous discussion) but mJght require a >v~""o-

. 
roua hydrolysis or acetolysis ta remove the aglycon (116,179). It also 

miqht he necessary to have a free amino group at C-2 1 to~provide sutfi-

oient f. tabilization of the a (1 + 4) glycosidic linkage (179). 

A variety of conditions were employed on a number of disaccharide 

deri~atives in order to effect eyclization to the pyranoae or pyrano-

-side. 'l'tle resui ta, which were unexpectedly complica ted, are summarized 

in Scheme IV-2. 

Opon mild acid hydrolysis (80' retluxinq aqueous acetic acid) of 

4-2-(a-2.-g1ucopyranosyl)-.!!.-glucose or L-idose derivativas (!!.), the 

tree pyranose vas the only product isolated (see Scheme II-8, p.45). 

Bowever, a similar hydrolysis of 2 1 -acetamido-2 1-deoxy derivatives (!i, 

tor examp1e) gave a mixture of products, con taining both anomers of 

methyl glycosides, as weIl as free pyranose. Stronger acid conditions 

(90' aqueous trifluoroacetic acid) a1so provided mixtures trom the 

maltose dimethyl Acetal derivatives, either with or vithout 2'-amino-

2' -deoxy groups. 

The acid catalyzed hydrolys1s ot acetals ia one ot the .,.t tho
\< 

roughly studied reactions in orqan1c chemiatry (180). However, very 

.. 'bziil' ... ·' ___________ .... ___________ ~-'" ~-- -- ~~--
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ScheÎne IV-2. Formation: of pyranosides from acid hydrolyses of cHmethyl 
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Acetal intermediatesL 
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l1ttle aystematic worJe bas been done on carbohydratea beyond establ1sh-

ing sui table conditions for cleaving cycl1c Acetals and Jeetals, or 

regenerating furanose and pyranose rings (11,112). In rational1zing 

the results of hydrolysis of the maltose dimethyl ace~l der!vatives, 

two main, factors mu~t be considered. First, the ratio of methyl glyco-
, 

side ta free pyral'lose will be determined by the abU! ty of the acycl1c 

chain ta ~orm a cyclic transition state resembling a pyranoae ring, and --therefore alfow for nucleophili~ attack by, OH-5 in competition wi th 

water. Related to thia factor are the relative rates of hydrolysis of 
1., 

the 2, 3-isopropyl1dene group and the dimethyl acetal. 

It is Jcnown that the rate of ring closure from an intermediate . , 

" 
'aldehydo (gem diol) form to a pyranose is slower than ta a furanose -- -
(181 ) • Capon (182) has studled the cyclization of dimethyl. Acetal 

derivatives, and found that methyl furanosides are formed preferential-

~ ly through intramolecular nucleophilic aetacJe by OH-4 (route a, Scheme 

IV-l). Pyranosides are not formed, evidently, since the rate of cycli-

zation ;la slow enough, and the possibility of nucleoph~l1c attack by 

08-5 small enough, ta allow for complete hydrolysis of the dimethyl 

Acetal. Hence, route b (Schema IV-3) was a minor contributor. 

The formation of methyl pyranosides during the attempted hydroly-

ses of the maltose dimethyl Acetal derivatives in Scheme IV-2, for 

example, impl1es that in these compounds, the rate of nucleophil1c 

attacJe by OH-5 is enhanced relative to the rate of hydrolys1s of ~e 

diaethyl Acetal. It lIeems unlikely état the rate of hydrolY8is of a 

dimethyl' acetal, in effect the rate of foraation of .!! (&ch.ae IV-3) 
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Me 

HOCHz 

·A 

_'_"_'"':.,.' _' __ ! .' .. '0 

c 
R • pyranosyl 

residue 

Me 

. . 

HOCHz 

Scheme IV-3. Possible outcomes of th,è hydrolysis of aldose dilnethyl' 
• 0 

acetals. 
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. \' 
Q would be altered sicp1i~icantly by a substituent on 0-4. Neftrtlleless, 

it ia known that substituents on so.e acyclic collpounds cau.e an 1n-, 

crease in the rate o~ cyelization, presumably due ta the iner.ase in 

free enerqy of the aeyclie fom wi th respect te the cyclle transi tion 

.tate (.!i) (183). It 1s possible, the~, that'the q1ye08y1 reaidue at, 

0-4, by interactinq with the acyclie dimethyl acatal (Iee Mction II.6, 

p.S3) raises ita free energy, or lovers that of .!i, sUfficiently ta 

enhance the cyelization rate • 

. .. A prerequisite for ~e f9rmation of a methyl pyranoside 18 a 

6-membered cyelic transition state Ce.q., !il that Would allov for 

nucleophilie attack by OB-5 on the &Domerie center. A prior condition 

for the formation ot .!i ls eleavage of the 2,3-.2,-laopropyUdene qroup 
. 

shown in. Scheme IV-2, beeause this tran'-1, 3-dioxolane 8ystem ia too 

, strained ta permit the formatio~ of a 4mbered chair (184). 

These considerations., are compatible wi th the production of _thyl 

pyranoaides in the hydrolya;ls of some of the ultase dillethyl acetal 

derivatives described. Bowever, what 1a ltill ~kinq ,i8 an explana-

\ ' tion as to why-, the ,r~t1os of pyranoside ta pyranose change in different 

':acidic media oi: Wi th aubstrates differinq only in a (sèellinqly) rellote 0 

'qroup (e.q., 21-:2-benzyl and 2 1 -acetamido-2 1 -deoxy qroupa). Clearly, 

the data concerninq these tran~formations are relatively liaited, and 

only IlIljor, producta have be.n i80lated and charaeterized. It would be 
, 

inter~st1n9 to pursue the sUbject .are aysteaatically, and deterain~ ~ 

what d8C]1'ee substitution on the q1yc08y1 group aluta the stabUity ot 
, ' 0 

~~, ,acyc~c di.thyl 'acetal and 80, altera ita propen81ty te -CycUz •• 

" 

.. 

" ''',-f. 
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b) lnv.atiqatiQft .of a ·cZElic· attateq)', 
•• 1· f l 

In the precedin9 discus.ion it vas, noted that COIIIpiex ~tures o~ 
" \ 

producta weie obtained by aque~us hy~ro~ys1s' of the' dimethyl acetal , 
" 1 

c!èrivatives. For convenie~ce, the pr~liminary ,invest1gatiorÎc of a: cy-' 
1 (1' ! 

c'l1c oxida,tion acheme Va8 conducted' on methyl pyranosides 
, ' d 

obtained b~ 
" ~ 

1 J, ~ ~ -, 

the dillethyl acetal, ~n meth~ol1c soluti'On. 
, 1 1 1 

cyc~zation Qf 

, l " 

tian proceeded read:ilY,~, CJive an anomedc ,a,ixture of ~t1.'Yl' g1yco-" :',' 

"id~s. '!'he 'route f~llowed, .tartirtCJ 'vitho the ,~thYl maltoside deriVjll-

tivel'll vas eiai.làr to that uaed by ~pinall et al'., (185) in th~ synthe..' 
~ .--.- 1 ' 

~. :.. • ,. , je ... 

.is" of' .. thyl(aethyl 2,3-d1-o-methyl-4.,.o- (2, 3,4,6"'qetra~-methyl-a-~ ... 
1 <t 1 -. - c' _" 

, tf 1 1 1 

q lu~~rrànosyl) -8 ~-~lucop~anos1l ) ur?n& te "~r~m, methyl-8-ma,~ toside, 

'~,. t .. " 
" 

, 1 

, " 
, ) 

. " 

? ' 

Bçh.e~t'~-4 ,o~tlines' 'the 'stepa f~olll in~ermediate' 49, kiCh was a s~- '~ , 

, "1fI"; " 
.,~ 

" ' 

, ' 

') . 
" , 

, . 
, . 
" . 

l':!, 

J. \ 

r!" 
A.t 

" 

, ~., 

t~ ~ • 

, 

-:' ~ .. ' t ~ '.~ 
, . 

.. ' . ., 

',' 

" 

, '~,i!, t 1 t Q ,t ,1 ') J- ( l, , ri 

.~nt1~i:"wproduct ot' the/tiret hydrolysis' (Sçheme 1II-6~ P.92)~ Al... " 
, . ' ;,1 ! r 1 \ , l' 1 ~ t r ~ " , \ J Il l" 1 1 

terna.~~~" ,~e tully ~~e~l~tèd' intermediate (!l, .Scheme 111-6), can 
• ' • ''1,r, l' l 'ii' ':: ' , \ 1 1 ~ 

:,' 'he ~.d' diiie,ctlY in th!$ ro~te. The mixture, of metny1 'glycosides {65) ",' 
I, l , ,',~' 1.' < \ \ '~ 

:/ Ob~i~d, : wa~f",~lulracti~r:'ize'a as the, pe~raceta.te ' (66). 'The Ilf-n.-lI.r. 
• \}., ,'" " :' 'r " t \ \ \ ~ \ \ -..-.; ~,) ~ 1 : 

• "1 1 - 1 \...., ,0 t t 

':'«P,8ctrUm " of .![: ~how8d 'the p~.ence p(' ~th àDo~ers '(!I:',B -. 2: 1)" and" 

, : ,~~~o, ,~,~ ~,~~~j~':: H~3,", and' ~~4' ~~~, ,~~àflY\' ~Pf!'ela' 'and &-2,', a and 41
' 

is" l , , • r' l" '~J ~ _,~, , 

, '"'~~, ,rel«ti'Vely d~t1eld, i ,as ,~ctÀted by' thê re8pectiv~ ~ocatJ.on8 of 
• 1 "'~,' \ f .':1,' 't'~~; r l ,. "~ { r, 1 ri { , 

thé' ~~dJtYl' and,j,acyl grQ\lPS. (TableS Iv~ï and IV":'2). 
• 1 i ':.1 t 1 • {1: I~' i,:" r' ' r t; , 1 il ' , \, " 1 

" ,,:.to~tio~ of 'the;,,4,6-.2.-benzYlid~ne~',~!nCJ:o~ derivetive 67 WilS 
. '~. ',', ' ''', ~ , '; " :' , . \ , ". ' 

affecte<! ,Yi th 'benzaldehydè: .. cU.IIie thyl acetal and toluenesulfonic acid in 
• 1 • ,r' ~ f \ 

• ' ' ~ , fI, (, 1 1 1 • • \J," \ ' , 
• 1 ~ 1 li ", l 1 ~ Q t 1 [ , 

dillathYl, forua1de '(,'66), ra the r , than vith benzàldehyde and zinc ohIo., 

, ' 
, " 

'. , 

, , ' 

" 

" " , 
1 ~ ..-- ,r ,,1 1 \ 1 l, ,0 , ~! 1 

r14a (67). Aithoug~ ~e rea~tion proceed~d', _'~l '(a~e'ot:di'nCJ to t.l.'c.), , ",' 
1\ '1 

l' 1 C , ' ( 1 t 1 G ( ," 1 

, _ 1 J "~ 1 ~ lI' r;' , -l 'r , ... ".: " 'J' 

th. Yi.le! ._ ,re4uc;ed durin9"illrplaUpn froD thë,',hiqh boiling medium. ':'~' 
, '.. ~ q • , 1 l '0 ""'; 1 ! ", ~... " 1~' t , 

... • 1, \ " 1 1 rI 1frl ) , \ "1 IJ ~ i Il',1, " t ( ,', ( ! "c, l' t 

, ' 

,', 

.. r, (l l 'II i' (1 ,.,',' 1 l,' r ~ l ' ! 

l - " , :. ~ 1~ ~ '( l ,'. t' 1 t ... 

, l ...$.: (r,' , ,.,. rI, ' /~ 
'c.... , ,~ , " 1 

, , 
',1" e 

, \., " ' 

\ ' 

, ' , , , 
," 

l' , t 

t t .... ,j, J t , 

. " 
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"l'able IV-,l; 

Compound' 

66(0) -' 
69 -
71 -

" . 

0' 

, , 

, , 

.' 

, , 

", 

, " 

B:"'" , , 
\ , 

" , 
1,',r 

1 

" " 

S.t' 

-5.2' , 

-

" 

, , 

.. , 

, 
" 

, , ····f .. .,. J. 

B!..2· B-3' 

;' 
,1 

l,' 1 

-4.~~* 3.62 
," 

4.3~, ' 
• ,1 3.6' 

4.4 

, ' 

" \, 

',', 

;" 
" , " 

" 
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3:~,4 
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for Compounds 66, 69 and 71 
~ _.\ 

B-4' :-B-5 ' 

-5.19 -3.85* 

5.21 3.83 

. , 
.. 

" 4 
\ l , ,'1 

," l, 

,. i J fi!:, 
'{~ ~~ : rI; J { 

'., 
; f} 1 

l ' ~. , " 

B-6a' 

-4.0' 

-3.5* 

-3.0-, 
3'.2 

.' ' 

~ f 1 \ 

B-6b" 

-4.,2* 

-3~5* 

-3.0-
3.2 

, J 

0, 

t> \ ~ ~" 1\. 

'r
l

:,' l' !: 
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" , l,',' 
1 ... f ~I, ' 
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B-6a"b 

() 

, 
-4.5* 

3.35-
3~S 
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Acetylation then provided the desired product (67), as ;1ndicated by la 

and l3C-n.a.r. spectra. The multiplet in the aromatic regiôn" as wall 

aB the acetal proton signal, substantiated the presence of the 4, ~-~

benzylidene group •. Minor changes in the spectrum included a downfield 

.hift ( .... 0.2 p.p.m.)' of the 3-0-bÉJnzyl methylene 'protons. In the 13C - , 

spectrum (Table" IV-2), the benzylidene carbon (6 101.5) and the addi-

tional aromatic Asonances vere present. In &ddi tion, C-S' was shifted 

.,' 

upfield ta 6 64.4 and C-4' and -6' shifted downfield, as compar~d wi th " 

.uch compounds as maltose octàacetate (103). A partial assignment of 

the a and S anomers, Bho~ed C-la at a 97.0 ana C-1 S at a 101.4, as 

expected for me thyl q lycosides ( 164) • 

Recent work on the selecti"!8 reductive cleavage of 4,6-,2-benzyli-

dene rings has shown (168) tha t cine can lobtain ei ther a 4-,2-benzyl or 

the 6-O-benzyl derivative dependinq on reaction conditions. The use of 

80dium cyanoborohydride and a proton donor (hydrogen chloride) provides 

the s-.2:-benzyl dedvative in good yield (which then would allow fOl: 

glycouidic bonding to the resul ting free OH-4) (186). 

Acc'::!:linqly, intermediate 68 (Scheme\ ri-4) was prepared by this 

lIlethod, anq characterized by n.m.r. spectroscopy: the o-benzylidene 

/r" 
.ethylene Si!)!1l.~f was absent, having been replaced by the .2,-benzyl AB 

quartet. Also, when the free hydroxyl group of 68 was' acetylated to 
.; 

qive compound 69, the n.m.r. spectra (Tables IV-l and IV-2) of the 

latter clearly showed that H-4' had moved downfield, to 6 5.21, as in 

acetylated disaccharide 66, whereas H-6a' and -6b J were upfield, at 6 

3. S, in the same ranqe as a-3 ' • 

l r t ~! "0 

The AB quartet at 6 4.7, troll the 
1 
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. 
6-.Q:-benzY1 methy1ene protons, coa1eaced into a sinq1et at 6 4.52. 

Comparlng Its 13C spectrum with that of the 4,6-.2-ben~ylidene deriva

ti ve (67), C-4' resona ted at i ta expected uptie ~d pos! tion, wherea8 the 

C-6' signal remained downfield at 6 69.3. 

, Because OH-6 of -mal tose bas been reported to be less reacti va 

than !DOst primary hydroxy~s (103), it was important ta try a selective 

protection with a reacUve group, BUch as 4-methoxytrityl chloride 

(177). When dry conditions were ensured, the trltylatlon of .1E... procee-

ded readily, a1thouqh subsequent.!!!. ~ acetylation reduced the 1901a-

ted yields ln these prelimlna'ry investiqations. However, compound l!. 

vas identified as a mixture of anomers, with the appropria te aromatic 
) 

and methoxyl signals in its lH and 13C-n.m.r. spectra (Tables IV-1 and 

IV-2). Interesting characteristlcs of the IH spectrum, ln addition ta 

the upfield shifts expected of H-6a and -6b; were the increased shield-
+-

Ings of H-6a', -6b', -5' and even -3', presumably by the phenyl rinqs 

of the 6-2-(4-methoxytrityl) group. This bulky group a1so restricts 

the rotation of the 6' -.2,-benzy1 group, as indica ted by the return to an 

AB pattern for the benzylic protons, from the sing1et for ~ (Flq. 

IV-l). 

The proposed final oxidation step ta the uranie acid then corres-

ponds ta the procedure described by Aspinal1.!!.!!. (185), usinq a mild 

acid ta remove the trityl qroup, followed by treatment with chromic 

acid (Jones reagent (132». ,Alternatively, a one-pot oxidatlon with 

the same reaqent la possible, as descrlbed, for example, by Slnay,.!! 

.!!:.. (66). 

$, JO) 

j 
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6-:O-Bn 

H-1« 

5.0 

\ 
\..#- -_ .. _~ 

, r ~, ',.,."'rt'f .. .vJ 
." 

69 R- Ac 

R'· Me OMe 

\ 
"-

,Jj 
h' 

4.0 
p.p.m. 

~ 

HMT-OMe OMe 

Fiqure IV-l. 1 
H-n.m.r. spectrum of selectively protected glucopyranoside 

intermediates, 69 and 71. 
( 



o 

o 

o 

_ ........ Ji; , ,1 

- 126 -

'IV.3 Acycl1c oxidation strategies 
1 

'l'he third stra tegy to be disc~8sed (route " Scheme IV-', p.113) 

ç~n be described as 411 acyclic version of strategy II. This route wa8 
( 

investiqated vith model compounds, and then used for the derivatlves 

containinq 2'-amino-2'-deoxy-g-qlucopyranosYl and L-ldose dimethy1 

Acetal componenta. 

As mentioned in Section II.5, p.51, catalytic oxidation of the 
, 

primary hydroxyl in acycl1c derivatives (for example, !!!.' Scheme IV-
" 

5), Mt wi th li ttle success. Consequent1y, a conventional protectinq -

deprotectinq scheme vas considered. The choice of oxida tion reagents 

vas restricted at first to neutral or basic reagents, because ot the 

remalninq aceta1s. :In addition, reagents that would react vith the 

a11y1 or benzyl protectinq group (potassium permanganate, ozone, 81lver 

oxide or bromine water (17) were to be avoided, if possible. 

rv.3 a) Acyl migration as a problem 

.. -Scheme IV-5 shows an attempt at exposinq tl}e primary hydroxyl 

group by select! ve deprotection. The starting diol, .!.!!' in this case 

a lIOdel compound, was - alkylated at 0-6 with 4-methoxytrltyl chloride, 

followed by acetylati':m of OH-S by the addition of acetic anhydride. 

The protected compound (~) showed, in its IH spectrum, the expected 

aromatlc, methoXY1 and acetoxyl signals for tllese two protectinq 

groups, and H-5 was shifted downfield as expected (Table IV-3). Values 

of J (6.6 Hz) and J 5 (1.7 Hz) indicated the occurence of Il popula-
3,4 4, 

1 \;. 

) 

-
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Schema IV-S. preliminary attempts at Itacyclic" oxidation of a model 

~"O compound. 
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'!'able IV-3: '18-chelllical Shlfts (~) and 18 - 18 CoupUne} .. 

Constants (Hz) 

8-1 8-2 _ 

Compound (J,/2) (J2,3) 

12a 4.28 4.15 - (6.2) (6.9) 

73 4~34 4.17 
(5.1 ) (7.1 ) 

74 4.28 -1.22 - (5~7) . (7.6) 

li, 4.43 ... 4.1 
(5.4) 

79 4.27 4.13 - (5.9) (6.4.) 

80 4.36 ' -1.1-
(5.4) 4.15 

81 ..... 4.3 3.99 
(6.3) 

., 

, . 

--'" ., 

for Compounds ~ - ~ and 1! - !!. 

8-3 8-4 
(J3, 4) (J4,S) 

3.97 3.79-
'(6.6) (1.7) 

1'4.12 3.88 
(6.1) ( 1.8) 

4.05 3.70 
(,2.8) (2.0) 

4.46 - 3.96 
(6.7) « 1) 

... 3.92- ~~.3-
3.98 3.5' 

..... 1 3.91 
(2.2) 

4.06- 3.94 
4.37 (1.5 ) 

, ' 

~ B-5 
(JS 6b) 

, ' 

5.43 

5.07 
(4.2) 

4.16 

5.48 
0 

(s) 

5.4 

... 5;1 

.' . , 

5.57 
(d) 

" 

8-6a B-6b 
(J6a,s) (J6a,6b) , 

,3.38-3.4.9 

3.83 3.97 
(7.0) (12.0) 

4.2 

3.3-3.5 

3.83-4.03 
~ 

--

'. 

" - Ji: tG 
""~".; 

C 

~~ 

,-

l' 
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tJ,an of zot.ulers 8illÙ.lar ,tJ:) those found vith other acyclie o-qlue08e 

c!erivatives Csee previous c!1scusa1on). However, aild a'::id hydrolysls 

of the trity1 qroup then resulted in an efficient miqration of the 
, 0 

acetyl ester fro. 0-5 to 0-6, produclng compound 74, instead of the 

expeè:ted.1!. The structure of 1! vas inferred trom the absence of a 

downtield s~gnal attributable ta H-5, now at 6 3.7, and the fact that 

the' s1gnals assigned ta H-6a and -6b bad méved downtield by - 0.6 

p.p.lI. The coupl1ng-values J3,4and J.,S vere bath smaller, an indica

tion of sOIIIe change in the rotailler populations of the acyclic chain. 

f 
However, because of the steep alope of the JCarplus curve ( 1 34) around 

these values, minor changes in torsion anqles can lead l ta siqnifieant, 

changes in J values. 

The migration of the S-o-aeetyl group also was confirmed by oxi-
, -

dation with pyridinium dichromate and acetic anhydride ta give ketone 

li; and not 1;he acid (or aldehyde), expected from a primary alcohol. In 

the lH spectrum of ~, the C-6 protons give an AB quartet downfield at 

N 5 5.0, and no detectable a1dehydic proton signal. The 13C spectrum 

(Table IV-4) has 0 a s1gna1 at 6 200.4, corresponding to a ketone carbo-

ny1, and both the C-4 and C-6 signaIs are shifted downfleld by - 3 

p.p'.m. and 6 p.p.m., respectively. 

In attempting ta circumvent this migration, the same protected 

der1vative (72a) was treated with acidic Jones reaqent (132). It waa 

hoped tha t the ra tes of acid cleavage of the tri tyl groups and the aob-

',.!qUant oxida tion of the exposed primary hydroxyl, would he fas t enoWJh 

to COIIlpete w1 th that of the a1gration of the acetate qroup, as well as 

\ -"", ---- ... - ---, , 

" 
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0 Table lV-4: 13C-atellical Shifts (8) for CompoUnd. 75, 76, 79 and 80 - ..-..-. --- -
COIlPound C-1 C-2 C-3 C-4 C-S C-6 

" • 
0 

7S 105.86 ( 76.2S, 78.13) 83.48 200.43 ' 67.24 

76 104.77 (~7 .26, 78.43)* 80.62 72.88· -170 

79* 105.47 76.10 78.4S 81.75 74.31 61.79 -
80 105.0~_ 77.27 78.19 80.17 72.59 167.4'-

'71.8 
,; 

'Colllpound C-l' C-2' C-3' C-4' C-5' C-6' 

li 98.96 68.48 70.91 62.00 

76 9'10.13 70.62 69.78 68.06 67.58 61.34 -
79 97,,66 ' 70.44 69.71 67.85 67.76 61.04 -

0 80 96.76 ,70.56 69.44 67.99 67.71 61.47 

* ~ntative assiCJD.lllent 
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cleavaqe ot . the ~isoprq'pyl.idene qroup. 'rreAtment of 72a accoz::dinq to 
• 0 

8inay .!!.!!. (66) ,produced a Ilixture of products trom which the desl~ed 

q:) acid 76, -Scheme 'IV-5, p.127, val isolated in low yield (,., 30,). Com

Pound 1!. gave a 18-n.m.r. sp8ctrUa that lntegrated for the required 

twelve protons in the ranqe of ~ 3.9 - S,.5. The 8-5 signa,l at 6 5.5, 

appeared as a I1nqlet vith J
4
,5 ( 1 Bz. The larger coup1ing constant , 

for 8-4 (6.8 Hz) due to J
4 

3' once aqain',18 'consistent Wi~· the earl~er 
, ' 

evalua tion of rota_r populations'. ' The 13C lpectrum ShOWéd an appro-, 

pda te signal in the carbonyl ranqe (~ 169 .8 - '70.9) !1Dd the absence 
, , '1 

of a second signal in the prillary: hydroxyl C-6 ranq~' (cS" 61' .. 68'),. 
" , 

, ",}' , 
AIIong the mnor products of this acidi? ~xid~tion vas the, ae-.2.~, . 

tri tyla ted 5-O-acetyl COIIpound 73, as Wall U the E)".,2-a'Cètyl, prÇld\.1ct 'of' , 
..,. - ... \ 7' t 1 

aigration (74). Compound 73, lhowed ~e ~cted doWnfield s1~al dU~' 
jII....... ...... '1 ... , . , . . 

to 8-5, althouqh it vas ~.,' 'deshielded than tltat of' either the' '6-0-
\ , ' , .-( 

~ • ( , f 

eethoxytrityl (72a) or 6-carboxyl1c .acl.d der.iv,.tive (76). 
~ L ',-

/ 

The aaount. of recovered material showing ~tention of thè 2, 3-~-

i.opropylid.~e group and dimethyl' ACetal ,wu enouqh.'to enQouraqe the 

appl~c~t1on of this _thod ta the !ully protected 2i-ace,tâ.mfdo"'2~deoxy-: 

a-D-qlucopyranosyl-l:.-idose, diaethYl ac.tal der1.:fttJ.w 5S, Scheme IV-6. - \ - , -
... " ~ 1 - 1 • : ,.' ,l, '& ': 

l'ollowinq the s&le' procedure, , 55 vas .1ecd,;veIlY protected to '9'1 ve 77a'. 
'p ~ ,-- , :.3., " --:--

As for 'do.poun~· 72a, 8-5 wa8 &l'bielded byï ac::etylat1bn ~t 08-5' (al-
~ -....-. .... ' ,\ ~ 

, , 1 • ( '\ 

though th. a1gnal,vas' ob,cured by -41.1Y110 reaonance~),' '~d 'the ~ppro-
, ~\ ( .. ' 

prl.t.'· .1gna18 for the o-aoetyl and o-~ityl 9r~UP vere present.' 8-6a 
: ,,", ~'r ~r ~l ~ ~- -- -- .~, 1 \ ' ~ 

'.; ;and' '~b ,..re ',both .hielded to 8o.e, ex1;.ent by' the ~_thoxytrityi 
~ , ~M Il : ":' \' .. .. ,1 1 l , , 

.' 9I'OUP.' Aa14e frOli the pre8ence' of acldit10nal siqnals due to the prô,,:, 

, " 

" ' . . , 

" 

.' 

\ . 
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.. ' tectinq groupa, the. 13e .' .p:e~t;'WII 'ahowed li t:1;le" '~anqe 'u COIIpared" to' , , ' 
,\ , 'l 1 

, that ot the .t4rtinC} llI&t:eri41. ',,"l'he do'wnfield ahUt o1',C-6~ aft.e~ ~~~.:. 
~ ! t , , 

14t1on wu only 'l'of 1 p.p.m. ln, thls\''éase~ , , ' < , 

, ~en 77a :vas a,:~ated wi;th Jones' nagent, as- before, the reacti~n 
! '~' , , 

. 'Vaa '.lower than for the 'model compound, and pX;oduced only: unidenti,fied 
" ,. : ~ l, 1 () t " " , 

compounda, none correaponding }:o "the 'desired" .91d, '('78')'. : ' lt 'appeared', 
, " r-- .... -~ \ <1 \' 

.. 1. '( , {!',! \ r 

th~t the 'reaction Vas slow'enough ta allow for 'oddllt:ive attaok o~ 'the" 
,'. 

,li, 

E.-a.lkyl or, .Q-benzyl protec::ting, qrOUJ:lS (187). It also was possible that, "'" " 
, , ait. 

, \ 

",0 

the dUterent substi tuen~ on' ~e glycosyl qroup of 5S as compared to:'" 
l, t ~.' 

, ", ' ,,.t -, , 
o ',< '< ' ... il ~ ~ ( ~ '., 'lA" 

" tha.~ of ..!.1!. ~ltered the acld stab~lity of, the 18opropy1i~~~e ~Ç)up' o~, ' 
\ " ' , " ~' " ' - 1 1 1 1 Iq ,,_\ 

dlmethYl acetal, and lad ta ,degradati~n. ?'hese 'resqlts' ~ required ,a' " 
" 1 ~ ~ .. l , • 11 ",' b , ! 

second l~ at' this rea.ction aiI4 ~~èslble varlat~ons,. • .. :-. 
< , ~. ~ .. <; l , " \~' , 

À simple considera:tio~ '~s ,tha.t the, acid, was' beinq tormed,.' ,but ' 
t l " . ' , ' " ' t \ ,\ ", , ' ' l '~ , , 1 i' t', 1 

was' diftlcult t;;o', rec.:owr troD 'th!! :"ac~on bl"-prOducta bec~u!e of the,' ", 
• " t -' ' " ; " , ', ,l, .',', " 

~la:r 2·-acetam1do-:2· ... dGOxY, q1uc08y1 r';s1'due.,," 'l'ti!s ,iUlplied :,~at '~ 

, ;, : 
0' 

, 
'0 

• 1 ~ " ,r L , ri" ' 
est:er'it!cat:ion WQuid he M~e8saiy 'before isolation, ,ana h8nce '~at' ,the 

, , ' ',','.'. : ,". , ': , :,", ' ' " , .'." ' , . , 
s-;2.,ace,tYl group 1ntrpduced. would,:have te he removed 's~8equently from" 

1 1 ; 1 \ '1.' , , 1 ~ r ~ /' "l \ ' ' / , ' 

the methyl ester dedvat:iVe~', Qnder bllsl0 conditions thb woul'd IIlOSt:
o 

: 

lik~iy Ca.U8~ 10_ 1 ,4-B-el~m~~ati~ (,71') .\,: "" ' 
, , ',l' ,,' \~ 1 l ,,\". • \ ',t<, < \ 1 < 1 

A .,re important ponlide:r~tio~ vas, 'the. ~e~, for a' diff~'rent', oxi-
~ , , ' , " , "', 1 ... 1" 

, ' . 

, 
1,1 0 

, ' 

0 

',' 

c 

,,' , ' ~ ~ 1 ~ l, " 

dlz1nC} reagent, one, tha.t: ,WOUl:d ded ',with, l47iect~~~y ,'efpos'ed' pdmary ,.., " ,,:'-:, 
't \ j ",', " '1 t Il " ' '\ \ ,'\ \ \ ',' , 

, 

80th o't', the se Proapec~" recÎuired ,~, n~", protec,tinq"" ,', , 
• " ' l " < l, ~ " ' ! " '1 '1 l , \' ; 1 ; l 

, '"" "\' /" ' 

hydroXyl CJ1"oupS. 

group on 0-5, . that le" ~e that VIlS ,net Ukell" ,te Il1qrate' frolll' ~S' t:o: " 
, " ,.' " " ,\ \ l'., 

0-6, and oou~d be z:eràove4" ~der 1Ii~ 'cônèt,~tl6na~" ":,Z:', 
1 \ ,,' ~ 
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IV.3 lb) A solution to the problem of Acyl migra tien 
; 

J 

\ ,,: \ 

\ 

Sundry gr~Ups were considere?, but r~jected either be~~use of 

acid ~ensitivl.ty, (MOM or HEM (17,», or diff1cUlty in selective depro-
~ , 

tection (allyl or Qenzyl). Othe~ esters, such 'as chloroacetyl groups 

:' ',,',' cari' he removed under non':'basic conditions (188), but migration ia as 

'likely ,as Wi th the simple acetyl group. 
• 

Instead of these, a successful 

, d,hoice was made of the levulinosyl group, which has been used rarely as , . 

an alt.ernative te" the more common- esters. Its cleavage by hydrazine 

" 

, , 
" \ 1 

not affect' o-acetyl or o-~nZ:OYl' sub~titu- '~\~~ ,1 
,. r - -, '\ , "v ~ 

~der mild conditions does 
'" t " , \ 

" ,en~ 1 (17), and i ts use in' nuc1eot1de chemistry has shown i t to be a 
1 

, " 'rel.ati,velY stable protecting group '1,90). 
,! ,,' • 

1 • l ,~C 
, , 

'0',:" :::,'::" 
" , 

",' The synthesis of the S-.2.-p.e~linate equivalent of the earl1er 

:' 'model compound (72a) provided 22. (Scheme 'tV-7h, One can use le~11nic 
/', t 1 &~ 1> ! r ... ' 1 

J, 

, , 
" ' 

, 
1 

, , , , 

" <ilnhy~ride (189)' in a ,~nner analogous' ta acetic anhydr~de 1 or react the 
I,' , , 

",", "is~~a~d 6-,2.-tritYl:' der:ivative','with levulinic ac:id, ,and dicyclohex,y1c,ar,:," 
, , 
'bodiitnide ( 190). ' The fully 

, , ' l , . 

" , , , 
protècted 'deri 'la ti ve, 79, showed, in addi-- , ' 

',tiO:n' to' the 'aromattc ancl' m~t1loxyl r~~~m!1nces of the methoxytrityl 

The 
,,', , ~ , 

1 \", 

group,.' the methyl and methylertic protons ~f the, 1e;o11ny1 92iouP. 
, , 

i, ' " ' "l, l ,l, ~ \ Il , 

, ~,thylenE!: signala' are conveniently Qituated betw~en the acyl methtl and 
", 

Ir,' 

" 

",: 

"l/ ' 
.', 

, " 

, , 
, t~ , 

'-! 

", 

, " ~anosé 'r:ing protons'" 'all0'4,ng" fÇ)r easy lIIO~itorj.ng ?f '"the protectio!,\ J, ", " 

'. \ \ l , • , 1 \ r ~ ~ 
" ' 

, 
t : t, 

, ..!' .... ; 

'1 ' 

, " 

, . 
step. This 1s useful because the ,polarity of the protected derivative " 

1 1 l ' 

l ' 18 toc,' bidse ta, tba t of the 

Mos~ of the other feàtur~s' of 

'starting' mater~al .for t.l.c. analY816. 
t

' 
" " ',i; , 

the spec~m, such as th. downfie,14 tthÜ,t 
, , ' 

, : 
Qf' H":S, resembled thos,e :of -B!. (Scheme IV-S'). The two carbonyle' of th, 

,". 
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o 

levulinio ester were evident in' the 13C apec::trwlU _the ketone at 4 ... 
. ". 

2~ and the ,ester at 5, .... 173. 
1\' ' 

, , 

Removal 'of' the ,2-trityl group, as betore, qave a major produc::t,' 

C!Q..) ,re~ining ~e l~wl1noYl qrpup '~ 0-5. Al thouqh now reaona tlng at 

4 5, .. ,1, al1qhtly upfi.eld from that of the startinq material, H-5 is 
, 

atill deshielded by the ester group on 0-5. In addi tion, a c::omplex , 
\ 

mul tiplet for 1f-6a showed c::ouplinq, to a hydroxyl proton as well aB, to 
.' 

8-5 and 1f ... 6b. 

:,This sùccessf~l exposur~ of the primal'Y' hydroxyl ,CV::0up nOw' U"-
~ , \; t , " 

lowed for,th6' uSe of mild ~dation reaqents., Pyridinium di*~roma~e' in 
l, '\ ' 1 

\ ,l, ' 

the presènce of acetic, anhydrid'il ~s been shown ta provid~': 'f::àrbol."Y..l~C 
\ t; 1,11 

, l ' 1,J! , 

acids (154), and 'with 80, the desired product ,(81) vas ~btaiïled, 'aft~r 
."..... 1 --..-, l ' 

es'tarification with diazt;')methane'. As descrlbed for acid 1!. (Scheme 
, ' 

IV-S, ,p.127), the l~ àpectrum, shoW'ed a narrow do~fi~ld' double1:\ for 
, ' 

'8-5. In addition, tpe IDethyl ester gave ,a s:lnqlect, at ~ 3.iI2. Ag ex-
\)' -- - ' 

'pected for t;Pe E,-gluco acycUc 8~r~J';'; • 1.5 'Bz ,and J 4 3 - 9 Hz. 
- -'-, " , , 

Encouraqed by these resulte" a repeat, ~f th!s protection ach'eme 

vas carried out with S,6-diol ~ (Scheme IV-9). Protection, as bèfore', 

. vith 'Q-methoxytri tyl and o-lewl1noyl qroups proceeded in good'" yields - -, , , 

ta qive' 82, characterized by IH and . l3e h.m.r. spectroscopy (Tables, " 
-...-.' , . , , 

IV-5 and ty-6, p.141). The analysià.' of the 'c::oupl1nq constants tor H-3, 

'4 aJ1d 5 was often difflcult in this aèdes of c::ompounds, but trom the 

limited dàta obtained, differences vith respect ta other L-ido deriva---, - , 

tives were found (see Table II-1, p.37). AJJ vith' the lDOdel compounda, 

the methoxytr,ttyl qroup vas rè,moved ta qive _93, without.t'siqnifi, cant a1,-

, \- " 

, , 
" ',)1, , , ' 

1, 1, 
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/\ 

~atio\ of the levulinyl group. However, the use ot pyridiniua dichro-

: mate vit acetic anhydride 'produced mixtures of products vith only 

'8mall amounts of aldehyde !i or the desired acid (after eaterif1ca

tion),.,!!. Concern that the free acid could not' be isolated aatisfac-

torily -Û'om the tarry oxidation by-products led ta the use of a... varia-' 

tion developed by Corey..!!&. (191) .. The addition of tert-butyl alco-

, _hol ta the reaction mixture leads to the formation of the t-butyl ester 
, 
!!!.~, facilitating recovery of the product. Rowever, no t-butyl 

ester W&S isolated, and only small amounts of Aldehyde !! were observed 

(t.l.c. ) • Perhaps, as vi th Jones' reagent, the excess of pyridinium 

dichromate caused some degradation of the ~ally~ and ~benzyl protèct~ 

lng qroups. To avoid these complications, a two step oxidatlon lias 

then tried. 

Use of an equivalent amount of the pyrldinium dichromate oxidant, 

in order to first obtain the Aldehyde (84, Scheme IV-9), again produced 

extensive smearing on t.l.c. However, dlmethyl sulfoxide with dicyclo-

carbodiimide (192) gave better results, and a preparation of Aldehyde 

84 was obtained. 

Oxidation of Aldehydes to carboxylic acida can be performed vith 

a variety of reagents in addition to the chromium compounds already 

lII~ntioned. Potassium permanganate or hydrogen perox1de (149) have been 

used, but. were not considered in this case due ta the a11y11c dpuble 

bonds pres~nt. Silver oxide (193) and such halogen oxides as chlorite 

( 193) have been used in the carbohydra te field. The latter reagent is 

successful vith vanillin (194) as well, and conditions were found to 

L 
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. 

, , 



~: 
>il, ~' 
'r , 

o 

- 139 -

DMSO/DCC 

AcNH 

.!! R - Lv, RI - al1yl, 1t" - H 
\ 

-

,i' 

( 

~ 

, 

',l, 

... 
, 

'J 

/' 

e 

AcNH R<>-i 
COOMe 

85 R' ... Lv 

!!&. R' ... H 

f 

l,' f ";0
1 

' " , 
, , 
, ' r J\ 

" 

l'IIéi:Me 
:E;e, 

1 A 
Ra 

HO 

84 R - Lv -

NaCl?2 
~ 

. " 

Scheme IV-9. A two stage oxidation to an li-iduronic acid intermediate • 

; ~ liI • .J ", 

.. 
o 

, , 

, . 



o 

o 

o 

- 140 -

reduce by-products 'due to the presence of chlorine. AccQrdingly, 

treatment of Aldehyde 84 vith sodium chlorite in the presence of a - ) 

chlorine scavenger, produced the desired acid (~) clean1y, in ~derate 

'yields, after esterification. 

The characterization of 84 and 85 by lH~ànd l3C n.m.r. spectro--, -
scopy confirmed their structures (Tables IV-S and IV-6). The IH 8pec~ 

trum of aldéhyde 88 containe the aldehydic proton signal, at () 9.5, and - , 

the H-5"doublet 19 downfield, at Ô 5.2. The pattern of rotamer popula-

tiohs"such as seen for previouB L-ido compound a ia leas clear, because =-
both J

4
,3 and J

4
,5 are small (2 - 4 Hz). A C-6 signal, now absent trom 

~ 
the 6 63 region shown by the starting material (~), appears as a car-

bonyl at () 196. The C-S slghal also Is shifted downfield by 5 .!) 7 

p.p.m. as compared ta that of the unoxldized precursor. 

The ester (85) has a -lH spectrum similar ta~ that of !!, vith the 

H-5 doublet downfield at ô 5.3. The presence of a slnglet at 6 3.7 
1 

identifies the methyl ester. In this compound, the rotamer populations 

are the converse of those of the other ~idose compounds (Table II-l, 

p.37) vith J
4
,3 = 6.7 Hz and J 4 ,5 1.8 Hz. The possibility of isomed

zation durir.'.f the oxidation vas ruled out, not only because of the 

clear formation of one product, but ~re so because of the analyais of 

subsequent products. 

The l3C spectrum showed the ester carbonyl signal at ô 168, and 

that of the methyl ester at ô 53. C-S was ass!gned a resonance at ô 

71 .19, up from the value of () 77 in the aldehyde, and in the range of 

the starting material (!!). 

f 
1 , 
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G '1'able~ IV-S: IH-chemical Shilt-(6) Data for Compounds ~ and !! - !! 

l' 

Compound H-1 H-2 H-3 H-4 'l, H-5 H-6a H-6b 

77a 4.19 3.86 5.11- 3.19 3.37 - 5.32 

82 4.19 3.82 3.92 3.2- -5.25 3.2 3.4 -- 3.4 

, 83 4.32 3.87 4.23 3.75- 5.10 3.79 .3.8 - 3.8 

84 4.33 3.90 4.30 3.95 5.22d 5.53 (1 H,S) -
85 1.34 3.94 4.31 4.05 5.26d' 

86 4.37 4.06 4.32 3.95 4.40d ~ -

C 
13C-Chemical Table IV-6: Shift (6) for 77a and 92 - 86 . -

Compound C-1 C:-2 C-3 C-4 C-5 ('-6 

77a 105.09 75.77 76.96* 79.35* 74.68 63.16 -
79.41 ',;- t '" 82 104.99 76;.02 -76.9* 74.77 63.18 

83 105.33 79.86 . 70.46* 66.16 

< 
84 104.73 -77.2 ... 77.2 79.60 -77.2 195.98 

85 104.67 77 .88 -77.4 90.51 71.19 , 67.91 

86 104.88 -77.4 -77.4 81'.78 '70.0 172.96 

* Tentative assignment 

: .. 0 

.' 
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The final step prior te cyclization of the dimethyl acetal to the.' 
. 

pyr~nose fo~, ~s removal of the levulinyl group vith a buffered hy-

drazine solution (190). The absenq,e of the appropria te Methylene and 

< < 

methyl signals in both 1 H and 13e spectra confirmed the deprotection 

step te give ~ (Scheme IV-9). Signal H-S returned ta a less deshiel-

ded position at 15 4.4, although still slightly downfield due te the 

6-carboxyl group (Table IV-S). Due te the rap~d rate o.!.. cleavage of 

the o-l~vulinoyl group and the mild conditions, the methyl ester ra-

llained intact. 

IV.4 eyclization to methyl L-idOPyranos~onates 

The cyclization of uronate 86 (Scheme IV-1 0) vas carried out 

under conditions expected to produce both methyl glycoeide and free 

aldose, in order to have specimens in both series for examination. The 
, 

use of 90% trifluoroacetic acid, followed by acetylation, gave both 

methyl glycosides !!L and 88, as well as sorne of, the acetylated pyranose 

!!. As already discussed, higher yields of either the methyl g1yco-

sides ~= pyranose can be obtained with methanolic solutions or acetic 

acid solution~. respectively. The a- and a-methyl glycosides were 

separated by ch:-omatography, whereas the acetylated pyranoses vere 

isolated as an ano~eric-mixture, 

The genera1 featur~!'l of bQth lH and He spectra confirmed that 

complete cyclizatioJ;l had taken place (Tables IV-7 and IV-8). The sig

nals corresPondfng to the o-isopropylidene groups and the dillethyl 

acetal vere absent, and' the two ~acetyl methyl signals, as well as the 
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0 Table IV-7: lB-ch~~cal Sh;l.fta (a) 'and lB .. lR CqupUng 

Constants (Hz) for COIllPOWU!a' r81 '- 89 - -' J 
q , ... 

, r 

" 
COlQpound B-1 R-2 B-3 R-4 fi-S, : . , 

('J1,2) (J2,3) (J3 4) 
, , (J4 5) .' , 

81(œ) 4.99 4.80 5.33 4.08 4.72 '.,r 
~ (4.9) ('6.5) , '(6.6) (5.1) - r 

88(8) , 4.89* 4.88'* 5.59 3.98 '4.50 - (-3.6) (6.9) (6.9) (4.4) .' , 

\ ., 

.!!œ ,6.17 5.45 ' ... :. ~ '1;> 'i 

(2.9) ('-1.0) (-7.,0) -- . -
.!!B 6.35 . - 5.68 . "',1 

(-5.6) (~~. 7) ~ (-6.7)' -, -, 
, .. 

* Tentative asaign.ent 
.> 

0 :' 

0 , , 

,-

J 

'l'able IV-8: 13C-Chemical Shitts ( IS) for COlllpounds !r. and .!!. 

" Co.pound C-l C-2 C ... 3 C-4 C-5 C-6 ,'. 

97 99.58 69.89 '. ~69.~6 71.92 70.73 -169.5 ," 
89 99.63 70.17 '~.88 12.35' 71.59 -1~9 -

'.',' 170 

COlllpound C-1' C-2' C-J' '7 C-4' C-5' C-6' 

97 98.54 52.25 80.52 78.11 .'72.34 68.85 
J '. 

98 ' 98.'0--- ' 52.39 ,80.67 79.20 ?~.48 68.51 1 -
." J 

0 
't', 

~ . 
" l' , 

\ 
,. -J . Q 

'" -- --_ ... -:;----
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91yco.i41c _thy~ aiqnal8 ,were pres!!nt. Portions of the a~ctra show-

inq' 'the ring ~oton8 are presented in !'iqurea IV~2 and, IV-3. The coup-
, ..', 1 

Unq, 'cons.tanta tor 11-5 (J4 5 - 5.1 ifJ;) or H-2 (J3 2- 6.5 Hz) for exam-
'1 ,. , 

ple, clearly show that the reducin9"' pyranoae finq does not have the 

~ilUCO configuration, Vhich normally ls characterlze~ ~ values closer 

to 9 or 10 Hz (aee.ai -~, Table 11-2, p.SO, tor example). In Fiqure, ,_ 

IV-2, IIOst of the chellical shlft data and couplinq constants for the,' 

aethyl a-qlycoai4e are available. '!'he first strikinq feature is the 
, .. , ' .. 

. !:elatively large coupl1nq-;.conatants for ·the ~~ ring, \ which will .. 'be 

discussed IIOre fuUy ,later. a-s, beinq next ta the carboxylic ester, 

'prod~s a doUb~.t downf1el6 trom that of the aldoaide region, and the 

protons at the'acetylated 0-2 and -3 pOsitions a180 a;e-deshielded, as 

expecte4. Interestingly, 1I-6a' and '-6b' bave bacon accidentally equJ.-

valent, resultinq in a doublet rather than 'the expected AB pattern. AS 

d.18CUSSed earlier Csection II.6, p.53), the, orientation proposed for 

the acyclic aqlycon ahould bring it into cloae ,proxtmity vith the gly-
, 

'cosyl red4ue near 0-5' and C-S". Cyclization certainly would reduce , - . 
thia interaction. ' 

'.l'he 13C a~ctrum of the .ethyl a-qlycoaide shows only a fev minor 

chanqes trOll that ot ita acycllc precuraor, in addition ta the expected 

ab.ence of ~ieopropylidene and dimethyl ace~l signals. C-2 and C-3 

'resonate upfield followinq rellOval of the ~ieopropylidene group, and 

~ the C-l signal is upfield trOll ita position when in the acyclic fora 

(164) • Signal C-4 i. lhitted \Jl»Ueld by - 9 p.p.a. in the pyranoeide, 
, 

o 

.. -

..l...--_ 
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Figure IV-2. H-n.m.r. .spectra Qf me~yl a-(!Z) 
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,( 1 ~ \', 1 .' \ " 

\', " 
f 1 0 , , ,,\' 1 ,l,', ' ~ 

'althou9h' th1 .. ~ 'P~obàbiy ls duè to the' ,effect 'of, the 'adjacent' 3-acetoxy 
t \", r \ " , , 

\ . , , ,. 

l, " ' 
, , " 

" ' 

, " 

" ~ 

, 

,cjr~up'('~~·H';." ~, "\.'. ','.. " . ,,' , 
" ~. ' , 1 r ,1 , 

, " , , ~ei, eorresponding.: methyl B-glycoside (Flq." ,IV,-'2) . exliibi ted very', 
• l" \, l' , l , " ~ 

,,,; ", ' , '1 ',' , " 
81~i~a~' spectral 'charact\!lristip's, aven thOUth the o~1';.lal?1?lnq of some.' ': 

,~rot~n" '~sonànces pre~ented an ~ccu~~te ,det rmi~at1~~ of ,~iL e~e~1~al 
, , 

'8~~ts ',~d 'col,lplinq cO,nstants, Ovetlapp1n9 siqnala for 8-'1 and 8-2 

, ' 

, 1f8t:è' simulated by a computer pr~r~m (195), to provide -apP,roximatel~ li, , ' 

" ,\1 • 
, , 

" ~ 

,," ~~89 CH-q 'and 15 4.98 (H-2) With .1,,2 - 3.~~. The ,13C ~pectrum was' 
il 

,~' -, al~o8t identi.cal to that of tn~ ~"anoiner" excépt, ,for ~ ama,ll di,ffereriçe 
" 

" ,in the value for C-1, ~ch vas sliqhtly up'field. of that ~t the (1-
/ l , ' ' i ~ ~ 

~ \, 1 

1'\ ) 

" ' 

,1 

o 

anomer. 1'. ' 

- \ 

The "anqmeric ass19nments 'of these qlycoàides vas based' Qn J'l.m.r. 
l'. ' l, 

, " 

a~d 'optical rota tory data~ ,~ sho\ltn in Table XV-7. ,(p.'144), :the' ~ti~ 
, \ . \ ~ ~ 

a11 qui.~ larqe !ri' ~m~ii~~~ '," " ,11~9 co~stants 'for the ring, protons are 
• 1 • l ' l' 

l ", _, \ " ~ , " 

:to va~~es, ~xpect~d 'for, ah ~~, derivative in ,the lC4 ,:~onfo.r.lilat.t:~n 
~ " \. 

" _, 1') " 

(Pig,. nr-4, p.1S,i~~wherein'al,l'~o'tons are,qauche. Ffom a,silllPl1stic ,',,~,' 
: ana~Yfilis, ,.~is implies ~at a siqni~icant' pt'Qportion of,,' the' 4C1 ~ljj~' i.~ '" >' 
present 'iD equl1ibr:lWD~ '~, the a-ano~et the le .. ,conf~'rmer' pr'Qvide~ an, 

l, " ' , 

e~uato~iai "" ,eqllatoria~ arràng~ment for 8-1, and -2,' and con!lequeQ-tl-y a',' 
t' ' .f 

small J t ,2 value. The ,tr~s ~axi~i arranq~men~ ,,1~ the' ~Cl ~onfor~e,r, 

would 'provid~ ~' ~arge . J 1 ,. 2 va,~ ue , (:.. 8 Hz)'. .For. the' '8-,ano~èr, both " 
, .,. , , " ( , ! ,~ 

" , 

c~nforlDers ahou~d ~ve ,1'el~ti:vèlY sull values to~' J 1 ;2' ,aB H-'1 ~d -2 \ 
! • ' ~ ',,.' oip 

in, both, hâve' gàuche arJ:ailqements. ' '.ther~fore, the :cOaapOun~ wl'th th., " 
, ',' , { 1 • ,1', l 'Ir'" ' , .' : • ~: 

Buller J 1,2 (";; 3.6 Hz) ls dès,~~ .. ted the 8~&noIIler.' ~~, ~'l:arqer J 1,2 ': 
~ " t" t 

C,:" 4.9 Hz) :1s ascribed too the' 'a-91ycos1de~ 

" 

" 
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': ~ , 

l ' t 

.~2;... j.on~ r;.ng. coupling, 10 _a1.ble "';""u.. of "~ 

~.,:' . ' 
" 

, In: L-ido " =--
,arx:Àngelllenb between protOns (195a). The 2-D conu,ur;'plot of, the ~-, 

\ .. , , ,1, \ , • 

,r f, , 

an~mer .hOiiis a ~i~, cor:rèlation betwèen./~ .. 1' and H-3, althouqh 'the 
, .' 

côupU':ng. ,v.ù~' ~s too- smàll ,to he 's.eOJW" " , 
, 

'~e' 13C 'spectrum '~ls~ 18 compa,tible vi th the, assiqnments made 

(Table IV.:.a, Pic;J'., ~V-3),~Ai.thouqh the 13C ch~micalshifts for mathyl 
, 
" 

,... , 1 

, " ,a- and B-qlucOPY,ra~o's'id~S, (6 100.0 and 104.0, réspectively) and their 

tetraa'cetates C6, 9~:.3' and 101.1, respect!vely} dtffer by 4 - 5. p.p.m., 

&Domers of aldosides' in wh1ch 0-2' 1s axial, show, by contras t, that C-l 
, 1 I, 1 

~the' S-form-i!!J' :sllqhtlY 'more shielded ,(e.q.,' 6 191.4 ~d 6 100.1 for 
, 

IÎethyl, a- and B-D-altropyranqs,ide,' respectiyely (164». , ,=1. l ',, ., 

The values' 
, \" 

<?bta~ned 'be"r~ concur, in ~t they are 6,99.6 and:( 98.6 for ,the 'desiq:" 

na ted, 'CJ,:" 'and 8'7anomers • Al thouqh 13C' chellieal' shift . data for bath , , 

\, 

aethyl (1- and ·S-r.. 'or' 'D-idopyranosides or, their uronate derivatives ·were \ ,", \ '= = ~ " 1 ' " '1 ~ 

,~ot f~~d, th~ values for C-l in CJ- and' B-~-idopyrano8e in -D20 show 'a 
,:,' 'ol. \ ' ,,\ -, • 

,sbaHar relatlonahip '. (~ 94.4 and ,93.'7, r~spectively (18')). Anoth~r 
, " 

cha~àcte,ristiè ol' the,' ~ 3c spe.ct:r;-a 'of aldopyranosideS in tlie' usual, 
" , " 0 ' 1 ~ • 

\ "Cl tO) 'or .. 1CIt' (~'):,,' çonformation, ls th~ ahielding of,' c-s d\1e to a qauehe 

'interaction, ·with, the' a-anomeric qroup, resulting in a l -' fi p.p.m. 
" . " 

UPfl~~d lIhif~, '~"colI\fIUed to, ~e' B-anomer. In the two ~idOpyran081:' 

. "" dur<?nate'a: reported bere, the differenee between the tWQ an'omer, quali-
'~ .;,J 

'.' ,,~tively' ,ilîuppo~ted ,the ~si~nt, but was IllUch 8JD4~ler (<;-5CJ' at 6,-
_1 , l, .. 

'70.7~ C':..:51S 'at 71.6) .. perhapa for confonaationa! reaaona. 
~ '. \' 

, ' 

~e optical ~tatio~s, as ~ll~ h-~ oonsiste~è with the à8s~9J1-

;,_e{:/ .... "ts; bdng +31· ~ +90" for th~ CJ- ~ B-anomera, respect! valy. , 
" , 

, 
~ , 

;"'j 

, ' , 
" ' 

• , , . 

-'. 

o 1 



o 

, , 

o 

( ( Q4 

150 

rouC]h est1mate of expected optical rotatory valu~s 'for a 81milar"d~9ac-, 
, , 

charide ,can a110w a quali~tive comparison •. For example, the comb1na-

tion of moleoular rota tory data for' methyl 2.-acetamido-3, 4, 5-tr1-0-ace-
,1 • ,_ 

t~~-2~deO~Y-a-~-9lUCOPyranOSide ([c;d o+ 44" (196), M'.W.- 360) and methyl 

(benzyl 2-.Q.-acetyl-3-.Q.-benzyl-a-l!-idopyranosid)u1='onate ((0.]0 - 65:" 

(66), M. W. ~20 ) 91 ves an expected value for' a 'disaccharide in the 

, ranCIe of -,10". ,lt. similar calculation with the B-L-idopyranosiduronate' 

( [cr.] D + 70· (66» suggests.a value' for the correspondi,ng disaccharide 

of approximately +55", and hence a difference of 65". Considering the 

differences of structure, between these bic;> hypothetical disaccharides 

and, of course, the approximations 1n this type of calculation, thb 
, " 

,rela ti ve val~es ob~~rved «( (1] B ) [a] a" A( a] Il 60"), are consis tent wi th 

the anomeric desiqnations proposed. 

1he question of conlor~atio9 in the ido series is highly complex, 

as. MnY studies using 1H and 13c have shown' (197). Although in the 

crystal11ne phase, penta-.Q.-acetyl-a-g-id9Pyranose is found in 'the "usu

al" "Cl, confor~ation (198), the methyl a-E.-gIYcOS~de in 020 exists, in 
, -

substantial proportion in th~ "non-usual" lc,+-, or as skew forms (197). 

Based on' more 'umi ted data, the B-O-ano~er has a 9I'ea~er preference for 

the conformer wherein OH-2, -3 and -4 are' axial, i.e., the '"usual" "Cl 

forme Fo~ convenience and clarity in the following discussion, aIl 

conformations refer ta L-sugars and hence the ~uivalent conformations - , ,. -
are lC .. (D) "'" '''C1(L) and "Cl (0) .. 1C .. (L) (Fig. IV-4). As the free 

energies of both these 1C lt and &tC l forma are n<?t widely different, 

conformational equilibria in the ~ serieQ &.re not unexpected. More-

" 

\ 

\ 
\ 

j> '1 
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Figure IV-4:, Interconversion of cha,ir ~orms in a, B-t-idopyranosiduronic • 
,ac;ds. 
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F , 

over, the picture 18 complieated by variations in substituents on tlle 

oxyqen atoms, different solvents, and changes in intramolecular hydro-

gen bondinq, which shitt the equilibt-ia (198). Further analyais of the 
• 

conformational equilibria also auggests the presence of distorted qhair 

or skew C?nformations (199).. Recently, the importance of ake,w fo~s 

has been stressed. A discussion bY Aug' and David ( 197) proposes tha t 

akew forma, 8uch as 553 , are appropria te ta account for the large coup

ling constants observed with some idose derivatives. The skew form OS2' 

--t2S0 for L-series) invok!!d for Ùlethyl 4,6-~-benzylidene-2, 3-di-o-ace-

tyl-c-:!!.-idopyranoside derivatives by Angyal .!!.!!.. (199) provides a " 

large couplinq between H-2 and -3 (- 8 Hz) but a small Qne (N 3.5 Hz) 

between '8-3 and -4. A 2S0 (L) skew form also bas been proposed to ac

count for ~e large J
2
,3 value (7.5 Hz) in the 2-sulfated iduronic acid 

. 
reaidue of il synthetic pentasaccharide related to the antithrombin' 

bindinq site of heparin (200,201). A IS 3 skew conformation for .!:idu

ronic acid was proposed' by Nieduszynski et al. (202) ta fit the differ-

ing periodicities in sodium and' calcium forms of 801id, macromolecular, 

heparin. 

Clearly, the number of factors involved ~ establishing' the ~pu-

lation of conformera for any particular ,!::-idose derivative are many, 

and so it is not always profitable ta compare different structures.. A 

simple analysis of the L-iduronic acid uni t in disaccharides 87 and 88 " 

la compatible with a ratio between the lc,+ and !tCl chair conformera. 

If values of 1.4 Hz and 7.5 Hz are taken for the J

" 

2 values of equato

rial - equatorial and axial - axial H-1 and H-2 protons (199), the 

methyl a-glycoside (87) 18 approximately 57" '+e l and 43' lC,+. Pro. the 
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4 

J 2 ,3 and J 3 ,4 valuès (181),' one can calcula te similarly a ratio of -

53~ ~Cl and 47' IC4 for!L. This large amount of the ~Cl conformer is 

not uncommon for methyl a-ldoside derivatlves under certain conditions, 

although the similar proportion for the B-anomer ls unusual. (197). 

The 1 H coupling da ta acquired for these two disaccharides is not \ 
~ t 

comprehensive enough to distinguish be~een a mixture of chair confor-

\, 
mers vith or without skew forms present. The large value for J 4,5 (4.5 

- 5.0 Hz) suggests some contribution from the skew form 2S0 is pdssible 

(199) • HowQver, large gauche coupli!lg constants are also observed when 

the, groups trans to the protons are polar (203), such as i~ found in 

this case. 

Overall, it la clear that the conformations of the L-iduronic 
. -. 

acid residue ln bath disaccharides (87 and 88) depart noticeably from 

the lC4 chair conventionally found for most aldosides - both the' Ic .. 

and .. C i' as well as such skew forma as 2S 0 appear to be represen ted. 1 

~ 

\ 

\-? ' " 

l ' 
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V.1 S ... ary of Reaul ta 

This study has shown that maltose' dimethyl ace ta l derivatives 1 

and l. (Fig. 1-5) provide sui table starting materials for the synthesis 
, 

of other, specifie, disaccharides. Three main disaccharides were ob-

tained (Schema V-l), one containing a-D-glucopyranose and L-idopyranose 

(li>, a-g-glucosamine and ~glucose (sui tably protected for oxidation 

to D-glucuronic acidL (71), whereas in the third, a-D-gtucosamine is 

linked te ~iduronic acid (87,88). These intermedia tes are sui table 
~ 

for incorporation into oligosaccha~ides, after appropria te addi tional 

modifications. 

Althougq, during the course of this work, other related syntheses 

-- ---~----. 

ot similar compounds have appeared, some unique features of the present , 

atrategy may merit its addition to the repertoire of oligosaccharide 

s'Ynthetic methods. To assess its success, it should he considered o~ 

two levels; thftt of the flexibili ty and applicability of the overall 

approach, and also in terms of its efflciency towards specifie 

targets. 

Certainly, there are improvements to he made at specifie steps in 

the synthetic sequences. Some methods that received only limited at-

tention, such as catalytic oxidatlon, should be pursued (sEle section 

111.5, p. 51), as should the investigation of 8uch complicating factors 

as methyl glycoside formation during dimethyl acetal cyclization (sec-

tion IV. 2) • The potential of a n~r of these Improvements has been 

noted already during the discussion of results. Most of these propo-

.als will he summarlzed and amplified'in the following section. Exten-

aions and generalizations of the method will dso be eonsidered" 

, , 
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R 1 
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'j 

22 R - Ac, RI - Bn 

_ .. ~.,...-

o 

./ 
1 

68 R - RU - Ac, R-H 
71 R - RI - Ac, R" • MMT, 

0 

" 

ROCH~ 

" 

!I, 88 R = Ac, R' = aHyl, R" "" He 

89 R ... RU, .. Ac, R' "" allyl 
1 

1 

Scheme V-l. Summary of disaccharides '!obtained 'trom maltose. 
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V.2 D1Ious8ion of Conçurrent Reaearch 

Defore discu8sinq theae modifications, lt ls useful to gain some 

perspective on the strategy by comparing it- to eorrespondlnq syntheses 

from other reaearchers, wbich have recently appeared. As indicated in 

the introduction, three other qroups have obtained OliqOSaCChari~ 
" related to hepadn. 'l'Wo, Sinay ~.!!.. (92) and van ~ckel.!! al. (60) 

U8ed IDOno8accharides as 8tartinq materials, and the third, Xuzuhara et 

!le (98) 8tarted fram cellobiose. 

It i8 difficult to quantitatlvely compare the different routes 

beinq oonsidered because of' variati?!!!I in their target compounds. In 

a11 three cases, an intermediate disaccharide contalning L-iduronic 

J 

acld and ~lucoeamine is of the_form, a-L-IdoA(1 + 4)-O-GlçN, whereas 

the disaccharide synthesized in the present work is of the form, a-o--
GlCNAC(1 + 4)-~IdoA. Sin~y ~!!.. (93) did synthesize the latter type 

of disaccharide, but experimental details were not qiven. It is possi-

ble, however, to estimate the number of steps and overall yields for. 

the se and related disaccharides. 

In one sequence, Sin~y et al. (93) Obtained a methyl (methyl 2,3-
~ --

di~-benzyl-a-l!-idopyranosid)uronate in seven steps from methy~ 2,3-di-

~benzyl-a~-qlucopyrano8ide. The startinq material was derived frOID 
1 

". 

aethyl a-O-glucoeide in three stepa. The yields are not qiven, but can 

be estimated from similar work dona by Lehmann (80) and Kuzuhara..!!.!!. 

(96). The critical 9~P 19 in the hydroboration of a 6-deoxy-O-xylo

bex-S-enoPYranoside intermedlate, whlch qlves bath ~-~ and ~qluco 1 _ _ 

.pillera. Lehmann obtained a 2.5/1 ratio of ~.!!!2. to O-gluco and total 

-- ---.-~----
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yie1d8 o~ ,.. 80'. Other .tepa abou1d he ~9h yieldlnq, except perhap. 

for the oxidation of OH-6 to the uronate (96). Bowever, an est1mate of 

• 
8 - 10\ ls reasonable for this sequence. 

An alternate .ynthesis of the L-iduroni.c acid component by Sinay 

.!!.!l. (66) throuqh a _thyl g-qlucofuranuronate derivative, reqUires 

eight atep~, in about 1o, yield, trom 3-0-benzyl-1,2-Q-isopropylidene. 
, - • - Q 

~-glucofuranose, which Is availab1e from ~qlucose in three atepa. The 

~-glucosamlne unlt used by Sinay et &. (66) for the resultinq (disac

- charide, vas- prepa.red according to Paulaen .!.! al. (204) in ei~ ateps 

from 1,6-anhydro~-qlucose in approximately 15' yield. The final ~up-

11ng of the L-iduronic acid components vith the D-qluc~8amine, in bath 

cases vas hiqh yie1dinq (80 - 90'). In sWlUD4ry, this convergent stra- , 

tegy from monosaccharides required around 16 - 20 steps w1th ove ra 11 

.-' 
yields on the order of 5 - 10\_ 

l Boeckel et al. (60) 

tC- ~ 
aIso used simple ~qlucose .atart!nq mate-

rials as already discussed. Their protected a:-J;-iduronic actd- (1 + 

4)-D-qlucosamine disaccharide intermediate required a total of approxi

.ateIy twenty steps. The preliminary L-idopyranosidic baUde COlliponent 

-
was made from 3-2-benzyl-1, 2-.2.-1sopropylidene-a-D~qlucofunnoae in six 

'.teps in h1qh (- 40') yie1d. The 2-azido-1, 6-:anhydr-o-~-qlucose compo

nent was also derived from 1,6.:.anhydro-!!.-qlucoae (204) in aeven .teps 

vith about 15\ ovenll yieId. Couplinq to qive a disaccharide, 
o 

achieved in moderate yield (N 40'),' _s followed by seven further .teps 

{oxidation, etc.) to qive an L-iduronic acid co~tainin9 

an overall yield o:f 5 10'-. 

disaccharide in 

.. ), 

.. 

, 
'. 
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~uzuhara et al. (98), ln th~!r synthes!a of a 81l1Uar dincc::ha---
ride ta the one above, WIed 1, 6-anhydrocelloblose, and attèr seventeen 

. , 

steps', vith an overall' yi.ld ot - 2\ obtained the desired product. The 

hydroboration ot the 5,6-ene inte1'llle41ate (see above) 'vas paer y1e1d1ng 

ln tIlls case, giving, onlY 19' o~ the, deslrad L-~ C~J?Ound. 

,The strateqy in the present study required eiqhteen steps' trom 

- \ 
the _ltos. dimet;,hyl ACetal 11 (Fig. 1-5,.. p.2;1 ), to reach a d1sacc~arlde. .. 
containinq Jriduronlc aèid and II-D-~luc::osamine. It 18 dilflcult to 

calc~late an overall yie~d because of ~e divergence .of the hydrolysls 
, - , ~ 

.tep, for example (Sche~e 111-6, p.92) where a mihor product ns used 
. ,. 

for anothèr, synthetic route.. Bowever, a rough càleulation ,gives an 
. , 

overall yield of approxiaately ,.-, usinq 50\ yielda ~or the C-5 Inver-

1!1on 8tep and 50\ for the cycliza tion to· the fre. 'pyranose. It ahou'ld 
\. 

l '~ ~ 1 , , 

be stressed that thls 'study us Dot overly concerned ,n.~ opti~zincj 
f , 

yle1d8,. and it appears reasonable to sugqest' that SOIlJ~ of th~ protect7 . . '.' , 

,lng.and deprote~ting .teps that gaye,.lIOderate yields (60 - J~O'), can 

probably he laprofta ta 1lOr8 accePt:ab1e levels (85 :- 95\.> • .. ' . , 

", 
r ~ 

Thu~; t:tlét, pre.eht synthesla .f thi. particular disacchande ra- or"' 

~re. a9P~oxiiaately the sue number of .stepa as' vi th IIl9noéàccharide 
, - , . 

~up1i~q, and'18 s~lqhtly lover in" o~ra~l ,yleld. . " 

. A 8illi~r' analysts ean be done for other disaceh'àr1des diàcussed . ,... ~ . 
in this wOrk,. .uc"h as CI-o-gluco.uin~n+4)~D..qlÙcuronie' acid derift-

< - -- . -
the.. In the .yntbeds of SirulY 'et al. (92), the D-glucuronic àeia' " . --, = 'Ii'! ' .... 

l' • ~ ~ • I11III( 

,c~ponent alone' requ1red thirteen steps trOll g-qluc08e. Van Bbec)cel et -, l, 

.!!.- (60) ... de a -build1nq black" contain1nq' P-~-91ueuronlc acld and 1. 

," . 
~ 

> , 

!..-. . ~ 

l, J "'" , 
r 1 r'i 

,. , 
, 1 -i 1 t 

\ 

l' 

-1 
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- -g':"CJIUoo8amine in, about Sixteen steps ~ lCuzuhara (98) c!oeB the salle in . ' 

, " appronmately ,13 .teps. - In the present study" a disaccharide contain- ..... 
. -.,.. 

inq these components 
, -

land thli;' a-llnkaqe) was obtained in ',about ten 

,stepa. . 
Fina11y, the simple '4-Q-(a.-D-qlucopyranosYl)-L-idose CE.' Scheme - =.. = 

V-1 ~ p.156) vas" obt:a~ned in .sfx steps from maltose, but would require 

about'15 8~p8,from ~qluco~. 
'. - !,-" 

_.) , 

" '!'hue, for .some pa~tiouiar disaccharides, and certain1y for' the 

) oomponents of ~e 'targe.t ~n~~~Oi::haride ~ynthe8iZed by the re~earChera 

just ~ntioned, the monosaooharidé ~pproaeh ia more ~an competitive. 

Bo",ever, for other caaes tbe disaccharide approacb usinq ultose la " , . , 
s~~J1i1or. The ~'sadyantagés ot ~the latter method lie in a fe", cri tica1 

( 

, . ' ~ • 1 

10'" yieldinq steps, and in thè follo.winq- discussion, some of these 
" 

,par~cul~ ~probl~ms wiQl~·be .a4dresaed. 

The' advantaqes of the' d!saéehadde methcl3 ,seem to lie in the 
,,~ ~ 1-

tormation 'of higher oliqoeaccharidea., tor exampl~, tho total nwaber of 

~teps ,in 'the- sYntheais ~t the tully ~oteoted pentasaccharide interme

_~'late by-,~inay' ét al. (92) vas on 'the ~order of tort y te fifty. Because -- . 
two.differe~t disaccharides (con~ininCJ ei!h~r ~qlu~uronic or ~iduro-

nie acid) can he obtaihed from the same 1ntermediate in thts synthesis 
" , 

~ 

fr~1l -l.toeli;'. à heXasaéch.ride conta~ninq the 8a~ elements found in 
. . 

'the, same pentasacchartde could iikely b& formed with only two qlye08i-
, e 

eUe ~upu.nCJ ateps o~ theae_ di~ac:;charic!e condensation., in elo.er to 30 
t. 

.tepa, anc! perhapa fe".,r, iMaprqve •• nloà disoùssed belo" ue 1ncorpo~ 

rated. As will he leen' in the las; sections ~f tht • .chapterr, ,thé ap-... 

, , 
, , 

" ,; 

, .. 
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,', 

pl1cation ot th1s _thodolOCJY ta" ].eSS func~onllli2:ed, l,onger oliqosac~ 
:Il 

,cJuu:ides eollld_ exploit ita .. jor, advantaC)es. ,Be~ore addl:e'ssinq the 
;. , 1 

ex~nBions ot tb1s WIOrk, SOlDe .part1c~lar' ~eas of 0 the ex1sting me~odo-
'- , 
.l~ will ~ re-evaluated and improvéments proposed .. , 

~ . 

V."3 
~ 

Some lugqestlons for iJaprovements Ipd modifications !=O th'e stra-
T 

teqies 
, 0 

One ot the 'tirst areas requirinq attention i9' a" reactivatio~ of 
o , , 

,Strateqy l, as diseussed in Chaptèr. U. RecaU that' the preliminà:t'Y 
. , 

vor1c described vas superseded' by othe deve,lopment of ·Stra~gy II. In 

retrospact, some aspects of strategy :I could ~ve ~en' advanu.qeous, ~, 

has already been mentioned briefly • 

. The main ~vlntaqe ta this strategy was sl1gqested by the rela

t! vely poer yielding hydrolysis of the 4','" -O-isopropYÙdepe acèta1 
< 1 4 -

necessary for Strategy II (e.g., .!!!., ~, Scheme X:n:-6, p.92). Even 

though the ad,nor product (49) ,can be Used, the siqnificant 10ss of 

uterial at this ,tage' can .be detriment:41 te Il lenqthy' synthesis of 

oligolJaccharides • In strateqy 1, OH-4' and -6' can 'he f!electivelY 
~ p "\7'A ,.. • 

, b'loeked ... after modifiea tion of thé L-ido reducing end', presWnabl v in À 
~ - ~ 

~ 

hlqh yielding., step, or alternatively, complete protection could, be' '. 

~èco.plished before manipulation of the reducing end. l' 

The introduction of the 2'-aminodeoxy group, either at later 

ataqes 'of Strategy l or in. Strategy :II, as shown in Chapter III, could 

benefit· fr~1l some lIIOdifieations, despite 1mprovements already des-

crlbed. Seil.ecti ve oxida tion of 1 (.FiC) • 1-5, p.21) wi th bromlne - wa ter 

, \ 

g' Ir , ! ilit 

,f 

,1 
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~. subsequent re~etion of the 2'-ketone with methoxy1amine ~ydroeh1o

rrde.·~ as bas been proposed earl1er, would reduc'; 'the n~r of IItepa·to () 
\ 

. the 2' -nia1 form ta two _ A reinvestiqation of the reduction of the , . - -, 

methY10xime with diborane or a systématic evaluation of reaction condi-
o ~'<) Il 

tions with other reaqents could possibly !ncrease. the yields for tIlis 

step. 

Other modifications ta the sequences described inc1ude (i) 'pro-

tectin9 sC,hemes, (ii) inversion at C-5 to the .!!-ido configuration and 

1) 

also in (iii) cyclization of the acyclic dimethyl acetal moiety, aa .. 
-

,well as in (iv) oxidation strategies • .. 
For 1 example, the use of the 'ally1 qroup as a temporary blocking 

group on OH-4' and _6' posed some problems in synthesis (p.96) and also 

in lB, n.m.r. spectroà'copy (see Fiq_ III-S, p.106, for èxample). Alter-
) 

J. natives lidqht increase yields and handlinq of the intermediates. The 

inversion step (Scheme II-6, p.36) was not thoroughly,. explore~ sinee 

acceptable yields vere obtained with the conventional methods 1,1sed. 

Leavinq, the inversion of C-S until after formation of the carboxylic 

àéid as bas been done by Sinay .!!.!!. (66) usinq triflate methodology, 

miqht facil1tate thls critical step. 

The oyclization of the dimethy,l acetal to the pyranose was unex-

pectedly complicated by the formation of mixtures of products, and 

""' consequent poQr yields (Scheme IV-2, p. 115). Dimethyl boron bromide, 

wh1ch has been deVeloped and explored by Guindon !!..!.!. (205), :can 

'. 

selectively eleave a variety of Acetals and 'ketals under ditferent 

condi tions • Some examples, such as the more rapid clea vage of a dime-

• . . _---_ ....... _.-._~--~----'---~----~~~~ bÏII 

)' 

-

{ 

1 

1 
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tbyl acetal with respect 1:0 an ..Q.-iso,p~opylidene acetal, and formation 

of qlycosyl halides from methyl qlycoSiâ~s c~ld find useful applica

tion to the cyclizat:.ion of' such intermediates as ~ (Scheme IV-4, 

. 
,p.120) • More conventional means of obtaining higher yields of pyrano

\ 

ses such as acetolys1s and hydrolysis of a disaccharide intermediate 

ha,vinq' an unprotected 2 1 -aminodeoxy qroup were m~ntioned earlier. 

. Another alternative for ring clos ure and qlycoside formation mentioned, 

-was in th~ use of anal~gous dialkyldithioacetals of these disac~harides 
f/ '. ' 

(ret. 118, p.36). _ 

A most critical area in the synthetic routes followed, was the 

oxida'tion to the uronic acid derivaties. As i t turned out, lenqthy 

blockinq - deblocking schemes and the need for a bio step oxidation 

reduced the efficiency and yields for this seeminqly straiqhtforward 

step. In the liqht of the six st;.eps that it took to prov~de a me~yl 

.!!-iduronate derivative (Schemes IV-B, p.137 and IV-9, p.139) a second 
- " 
look at catalytic oxidation (13~), could be fruitful. The advantaqes 

in avoiding blocking and deblocking ~chemes for both cyclic and acyclic 

intermediates could outweigh the generally low yields of selective 

catalytic oxidations of primary hydroxy groups. A simple one st~p 

ox1dation can always allow for recycling of ·stârting material. 

In addition, other modifications were considered that could in-

crease the flexibility of this general approach. The acyclic dimethyl 
, 

Acetal can be useful for introducing labelled' (ll+C or 13C) carbons into 

these biologically interesting disaccharides, for example. It has been 

shawn in some preliminary studies that the 5,6-diol of such compounds 

\' 

\ 

.. 

/ 
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as 33 jScheme III~J, p.SO) can be cleaved selectively -by periodate 

(6à" to 'live the E:-xylo-~ntadialdose, !2. (Schema V-2). Addition of 
L • 

cyano or ethynyl groups would be expected ta give a mixture of D-CJlueo 

and ~-ido epimers [.21..) , and further hydrolysis (69) or, oxida tion (70 ) 

would provide the desired uronic acids. 

V.4 Extensions of the methods 

Beyond tIlese possible improvements ta the synthetic steps, and 

J. -' modifications in starting mate rials and intermediates, 1s the question 

-( 

of sui table targets. The aspect of making longer complex oligos.lccha-

rides ,by modifying longer, less functionalized oligosaccharidea was 

raised in the discussion~~ general strategy, and alluded ta earlier ln 

this discussion. 

The synthetic work of three other groups evaluated at the begin-

ning of tIlis chapter, was targeted toward a pentasaccharide that was 

highly functionalized and complex in its structure. It was shown that 

DlOSt synthetic strategies wou Id require many steps ta obtain the de-

sired ami no , carboxylic acid and sulfate functions. Another aspect of 

heparin and glycosaminoglycan research ia the synthesis of simpler 

analogs having similar physical and biological properties, and yet 

accessible by efficient synthetic procedures. lt ls towards _the goal 
, ' 

of less functionalized hexa- and octasaccharides that the disaccharide 

methodology cou Id he best directed. 

Making longer chains wit:.h these maltose derivatives would best 

procsed wi th the two intermediates 5 and 6 (Scheme II-J, p. 28). Start-
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inq troll the ~-benzyl-2-amino-2-deoxy intermediate ~ (Scheme 1II-6, 

p.92), and followinq the outline of Scheme IV-4 (p.120), the disaccha-, 

ride ~ (Scheme V-2, could be coupled !nto tetra- and higher oligosac-
1 

charides containing this repea~ng unit. Further modifications could 

then he explored, such as catalytic oxidation, or other oxidation stra-

tegies. The resulting non-sulfated glucuronic acid containing interme-

diate could he used as a model for N-acetyl heparosan, the biosynthetic 

precursor ta heparin, and perhaps modified further enzymatically (20). 

The same approach could he applied to the analogous disaccharide 

4S proposed for Strategy l or II, containing bath a-E,-glucosamine and 1! - -
iflopyranose (2.- Scheme II-3" p.28). Sinay.!!.!.!.. (66) have shown that 

the 1, 2-orthoester of methyl L-iduronate can he formed, allowing for 

select! ve blocking of 0-2, as wall as glycosidic coupling to gi ve the 

, desired a.-anomer. The same methods could he applied to this disaccha-

X'ide intermediate, allowi'lg access ta oligosaccharides of alternating 

a-.Q.-glucosamine and a-1!-idose components. An even simpler disaccha-

ride, 4-o-(a-D-glucopyranosyl)-L-idopyranose was obtained from compound - -
2 in Strategy l C.B.' Scheme 11-8, p.45). This derivative could he 

further modified and prepared, with a 4' ,6'-~benzylidene group ,for 

example, according to the general route in Scheme IV-4 (p. 120); allow-

ing condensation into oligosaccharides (186). These molecules, besides 

being interesting in their own right, could undergo oxidations and 

regidielective protection ta introduce uronic acid and ami no ~unctlons, 

an~ sulfate groups, following methods similar ta those developed for 

the disaccharides. 

f 

. '. 
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D-gIUCQ epimer - , 

6a hexa- or octasaccharide 

Scheme V-2. °Some ProposaIs for extending the present work . 
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Reqardle88 of the level of complexity titc;tt can he reached, these 

proposed, less-functiona'lized, oligosaccharides are sui table targets 

tor efficient use of the methodology developed here. Flnally, most 

~ aspects of thts work can be extended to other dimethyl Acetals formed 

from the kinetic acetonation of, cellobiose (107) and lactose (106), for 

example. Introduction of the L-ido configuration at the reducing end 

W'Ould he analogous to the maltose series, giving the respective a-

linked disaccharides. 'l?olysaccharides from sorne fungi have been found 

to contain a-L-iduronic-B~-glucuronic repeating uni ts (49,50). Be-- -
cause of the a-linkage and, in the,_ lactose series, the axial OH ... 4, 

introduction of 'the 2-amino-2-deoxy group with the D-gluco-(D-galacto) 

configuration in high yields would not he axpected (37). However, 

ol1gosaccharides containing 2-acetamldo-2-deoxY-B-D-mannose uni ts are 

important in bacterlal capsular polysaccharides, potentia~ly use fuI as 

vaccines (2). 

In summary, it is believed tha t the basic methodology described 

here can find useful application in a wider range of synthe tic work 9n 

oligosaccharides. It should be emphasized once again that inte~est in 

the synthesis of oligosaccharides related to heparln ls not confined ta 

the antithrombin pentasaccharide sequence; Only sorne features of the 

la tter are necessary (206), for example, in the inhibi tion of tumour 

angiogenesis (~y a combination of heparin and cortisone), and also may 

not be easent1al for the l1polytic activity (20) of heparin. Consé-

quently, the synthesis of lov molecular wight oligosaccharides as 

potential a~ti-tumour or anti-athersclerosis drugs, remains a. worth-

while activity. 

• 
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-• 
"; General Methods 

Instruments and analysis 

Meltinq points (uncorrécted) were determined with a Fischer -

Johns hot plate apparatus. 

Optical rotations were measured wi th a Jasco-DIP 140 Digi tal 

polarimeter at Na/S89 nm. 

1 H-n.m.r. spectra were taken with either a Varian XL-200 FT-NMR 
; 

Ilpectrometer at 4.75 T and with a frequency of 200.058 '112: or a Varian 

XL-300 FT NMR spectrometer at 7.05 T, and 299.945 MHz. 

13 -
_...;C;..-...;n;,;;..;... m-.... • .;;r...;._s.;..&..p..;.e..;.c...;t;.;;r;..;.;.a were tàken wi th ei ther a ~r'uker WH~90 FT-NMR 

spectrometer or a Varian XL-300 FT-NMR spectrometer'at 75.43 MHZ. 

Solvents for a11 samples were\ .CDC1
3 

or CD
2

Cl
2 

with '!'MS as tbe 

internaI standard. 

Mass spectrometry was ,ilerformed by the Biomedical Mass Spectrome-

try Unit using an HP 5980A at 70 ev;, 210· for the El mode; or a ZAB-HS 

" at 1 kv, 1; mA, with either diethanolamine or glycerol matrix for the 

FABS mode. 

Micro analyses were prqvided by Guelph Çhemical Labora tories, 

Guelph, Ontario. 

• 
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Experimental procedures' 

Solvents were dried as,~ol~O~:: 

Tetrahydrofuran: distilled over p5taSSium 

1,4-0ioxane: distilled over pota~Sium 

\ 

)!,.!'-Dimethylformamide: fractionated ta constant boilinq, :!!!. vacuo • 
. 

Methylene chloride: distilled from P20S 

Methanol: fractionated spectral grade quality 

~yridine: distilled from CaO. 

Chroma tography: 

'1'.l.c. plates were Merck aluminium sheets, silica gel .60 F254 

c:oated. 

Columns contained Merck 6ilica gel 60, 400 mesh, and generally 

were ~ted by the wflash w m~thod. 

Reaqents were fram Aldrich Chemicals. 

Procedures () 

Acetylation was perform.ed either vith 1: 1 acetic anhydride -

pyridine, or with acetic anhydride in ether with DMAP as catalyst. 

Deacetylation was performed with sodium methoxide in dry me-

thanol. 

Organic sol ven t extracts /' were washed wi th a sa tura ted sodi um 
i 

bicarbonate solution, and water, as indicated. Drying ws done wi th 

Îlodium or magnesium sulfate. Solutions were evaporated under water 

vapour pressur.,~t < 40·C or with high vacuum, as indicated. 

1 

1ï'5iÎ1·IIII'Iooo. ___________________ ... -' ______ -'-_____ ~ __ ~_----

Q , 



c 

Q 

he, 
• 

.. 
.9 

2,3:5,6-Di-0-!sopropylidene-4-Ô~(4,6-0-isopropylidene-a-D-2lUCOpyra~o

syl) -aldehydo-~2lucose dimethyl acetal (1.) 

. 
Compound .2. was prepared by the method of Ueno et.!..!. (108). 

Commercial maltose monohydrate was' dried azeotropically with toluene, 

followed by heating at 45 - 60· C under vacuum. To a solution of the (1 

dr,ied maltose (11.5 g, 36 mmol) in 1, 4-.dioxane (100 mL) were added 

2,2'~dimethoxypropane (40 mL, 0.33 mol) and p-toluenesulfonic acid (100 
'\ 

mg) and the mixture was stirred at 80· for 20 h. Concentrated ammonium 

hydroxide was added dropwise until the solution was neutrai (pH paper) 

and the solvents were evaporated. The residue Was chromatographed 
'1 

(eluant, 1: 1 ethyl acetate - hexane) te give 1 as oHy crystals (9 g, 

18 mmol, 51\). 

6 1.35, 1.43, 1.46, 1.51 (4 s, 18 H, <:Me
2

), 3.44, 

. 
3.46 (2 s, 6 H, OMe), 3.19 - 4.28 (m, 13 H, H-2, 3, 4, 5, 6a, 6b, 2', 

3',4', S', 6a', 6b', OH), 4.42 (d, 1 H, J
1
,2 5.9 Hz, H-1), 5.08 (d, 1 

H, J",2' 3.9 Hz, H-1'). 

13C-n.m.r. : Ô 19.4, 25.2, 26.6, 27.3, 27.5, 29.3 (CHe
2

), 54.2, 

56.8 (OMe), 62\.5 (C-5'), 64.4 (C-6'), 66.5 (C-6), 99.9 (4',6'-O-.9te2), 

101.4 (C-'1'), 105.8 (~-1), 109.1,110.2 (E.Me
2
). 

!-0-a-~-Glucopyranos~I-2,3:5,6-di-0-isopropylidene-aldehydo-~-2Iucose .' - - " 

. dimethyl acetal (I) 

Further elution of the silica gel column described above for com-

pound l, wi th ethl'l acetate .as the" eluant, provided the second major 

product l (3 g, 6 mm01, 17\) as o11y crystals. 

! 5 t dt 

, 
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0'- , 
1,H-n.m.r~: 4

0
1.30,1.39,1.42,1.44 (4 à, 12'H, CHez), 2.2 (b" 

1 H, OH), N 3.3 (b, 1 Hf Oft), 3.43" 3.46 (2 Sr 6 a, OKe), 3.4 ,..',,4'.'4 (m, 

13 H, H-1, ,2, 3, 4, 50, 6a, 6b, 2', 3', 4', S', 6a', 6b') -, 5.1 '(d, 1 H, 

J 1 " , 2 ' - 4 Hz, H-l'). 

\ 
1 

2,3':5 ,6-Di-O-isopropyl1dene-4tO-( 2,3,4 :6-tetra-0-benzy1-a~-glucopyra-
( - , " 

nosyl)-aldehydo-D~1ucose dim~thYl acetal (~) 

K S01ution- of eompoundtl (2.35 g, ,5~0'- 1IIIIlol) in teçrahYd:oturan 

_0 __ ___ , __ (010- mL) was added ta a stirred susp~nsion of ~odium hydride (0.6' 9, 25 

lImol) in tetrahydrofuran (-25 mL) cooled ta 0°. Benzyl bromide (3.5 IlL, 

3.0 ~ol) and tetrabutylammonium iodide ('la mg) were added and the " 

mixture was hea ted under reflux for 3 h. Excess sodium hydride was 

·0. destroyed by the addition of wet tetrahydrofuran, then the mixture was 

o 

poured into 5% hydrogen chloride - iee water and extracted with chloro-

forme The extract was wash~d with sodium hydrogen carbonate solution"', 

an4 water, dried, and eoncentrated. 'l'he residue was chromatographed 

(eluant, 1:4 ethyl acetate - hexane) te give a clear ail, 13 (3.06 g, 

3.7 }DIDol, 74\); [a]60 + 41.8 (c 1.1, chloroform). 

IB-n.m.r. : 6 1.32, 1.40, 1.43, 1'.47 (4 St 12 H, CMe 2 ), 3.32, 

r 
3.43 (2 s~ 6 H, OMe), 3.53 (dd, 1 H, J 2 ',l' 3.4, J 2 ',3' 10.4 Hz, H-2'), 

3.61 (dd, 1 H, J 6ar ,s' 2.1, J 6a ',6b l 10.4 Hz, H-6a'), 3.67 (dd, 1 H, 

J 4 ',3' 10.0, J 4 ',5' 9.4 Hz, H-4'), 3.72 (dd, 1 B, J 6b "S' 3.1, J 6b ',6a l 

,10.3 Hz, H-6b'), 3.80 (dd, 1 H, J
4
,3 2.4, J

4
,S 6.5 Hz, H-4)1 .., 3.9 (m, 

1 B, J
S

' ,4' ,., 9.3 Hz, B-5'), 3.99 - 4.10 (m, J H, H-3', 6a, 6b), 4.16 

(dd, 1 B, J 3 ,2 7.9, J 3 ,4 2.6 Hz, B-3), 4.21 (dd, 1 B, J S,4 - ~5,6a· 

l .. 

" 

J : 
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3 5',6b:. 6.1' Hz, H-S); 4.32 (d, 1 S, J ' 6.6 'Hz, H-1), 4.40, 4.4~, .. 
1,2 ~ 

,~.58, 4.63 (AS, 2 H, PhCH2'), 4.44" 4.~5, ~'.ao, 4.84, (AB, 2 HI, PhCH2)', 
_ j j'V 

4.65 Cdd" 1 H, J 2,', 

2 H, PhCH2 ), 4.7~ 

6.8, "J
2

'3 7.à Hz, H-2)" •• 74" 4.79,4.87,4.91 (AB', , , 

7.26 - '1.30 Cm, 20 H, Ph). 

, , 

~~-IsoproPY1idene-4-o-(2,3,4,~~tetra-o-benzyl-a-D-q1ucopyranosyl)

A1dèh ·o-R-91ucose dimethyl Acetal (!i) - " 

.. _... ..l.-Water (7.5 mL) vas added to A .r~~lut1on of compound.![ (~.a q, 3.4 

JIIJIIol) in qlacial acetic acid (30, mL), and the milky suspension was • heated at 40° for 3 h, when, most of the startinq material was gone 
, ' 

(t.l,c. 1 r 1 e~yl ACetate - hexane). Th~ .olven~ volume _s redttced br 

,evaporation under hiqh vacuum, wa.ter vas added ta the residue, and the 

1Ilixture ~xtracted vith cl,\loroform (3 x' 70 m,I;). 'rhe ext.tact was 'W'ashed 

vith sodium hydrogen carbonate splütion, and water, dried,' and concen-

tnted. Chromatoqraphy of the re'9idue (e1uant, 1: 1 ethy1 ace~te ~ 

I?-exane) qave a c1ear syrup, .!! (1.8 q, 2.3 1111101, 68%) l, (aJ~O + 17.5 (c 

1.6, ch1oroform). 

1R-n.m.r.: & 1.42, 1.51 (2 s, 6 R, CMe 2 ), 3.30, 3.45 (2 s, 6 R, 

qMe), 3.54 (dd, 1 R, J 2 ',1' 3.8, J 2 ',3' 10.2 Hz, R-2'), 3.41 - 3.51, 

3.57 - 3.82,4.11,4.13 (m, 8 H, a-s, 6, 6a, 4', 5', 6a', 6b', OR), 

3.85 (1 R, H-4), 3.99 (dd, 1 R, J 31 ,2' 9.8, J 31 ,4' 9.1 Hz, H-3'), 4.07 

(dd, 1 R"J
3

,2 8.0, J 3 ,4 1.2 Hz, H-3), 4.29 Jd,'l R, J,,2 5.5 Hz, R-1), 

4.43, 4.47, 4.55, 4.59 (AB, 2 R, PhCH2 ), 4.41, 4.48, 4.80, 4.83 (AB, 2 

R, PhCH2 ), 4.71 (dd, 1 H, J
2
,t 5.5, J

2
,) 8.0 Hz, B-2), 4.75 (s, 2 B, 

" 

tanr ,é Ir 'tttr W r » Nb ri .. ,. ( , 

.' 
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-PhrCK2), _4.17, ~4.80, 4.88~ 4'.91 (AB, '2, H, PhCH2 )'o4.95 (cÜ' 1 R, J"',2' 
, . 

, 1 

3.9 Hz, B-1'~, 7 .26 ~ 1.32 (m, 2Q B, ph).' 
", jI, 

, 

Anal. c~lcd. for CItSHSS012' MW 788. Found: _/z 773 (M+-C~3 ~ 

66), (El).. 
" /. 

, J 

5,6-Di-o-acet 1-2,3-o-iaopropylidene-4-o-(2,3,4,6-tetra-o-benzyl-a~D. 
" ~ 

os 1) -aldeh do+D-qlucose dililethyl Acetal', (~) 
l j ,,; 0 l • 

A sample of' compound.!! na acetylated to give ..!!r as a syrup, 
• 0 

purifie'd' by chromatography (el\1ant, 1:3 etl'lyl Acetate - hexane), (a]20 
. ,0 . 

, + 52.2 (c 1, chloro~orm). 

lS-n.m.r.: -8 1.39, 1.43 (2 s, 6 B, CMe 2 ), 1.99,2.02 (28,6 H, 

OAc), 3.38, 3."'? (2 s, 6 H, OHe), 3.55 (dd, 1 B, J 2 .',t l 3.4, J 2 ,,3: ·9.~ 
, 

~, B-2'), 3.61 (ddi H"J6a ',5' 2.0 Hz, H-6a'), 3.72 (d~, t B, J4'~3' 

~.O, J 4"S' H 9 Hz, H-4'), '3~79 (dd, l' B, J 6b"S' 2.8 r~} H-~b')' 3.95 

- 4.0 (a. \B. B"4. 3'.,5' 1. ''''.18 (dd.' 1 H." ';3 •. 2 ,~.o. Jj.'45.7 .... ' B-il'-

4.22 (dd, 1~J6a,S ~.s, J 6a,'6b 12.2 Hz, H:-6a), 4.36 (d, J 1,2 6:.,0 Hz," 

8 .. 1), 4.41 (dd, 1 H, J
2

;1 5.8, J2.,3 6.9 'Hz, H~2), 4~56 ,(dd, 1 H, J~b,5 

2.2, J6b,6a12.2 Hz, H-6b), 4.44, 4.48, 4.57, 4.62 (AB, 2 H, PhCH2 ), 

4.66, 4.70, 4.78, 4.82 (AB, 2 H, PhCH2 ), 4.47, ~.50, 4.84, 4.88 '(AB, 2" 

H, PhCH
2
), 4.80, 4.83, 4.94, 4.97 (AB, 2 H, PhCH2), 5.26 Cd'" 1 H,. 

, , 

J
11

,2
1 

3.7 Hz, a-1"), ,.,. 5~27 (m, 1 B, B-5)'. 

1 

, 
Anal. calcd. for C~'3H6001~: MW 872. round: m/z 8S7 (M+-CH 3" ._. 

1 00), '( EI) • 
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5,6-Di-o-acetYl-2,J-o-isopropylidene-4-o-(2,3,4,6-tetra-O~b.nzyl-œ~-
) -

" , 
qlueopyrano.yl)-aldehydo-!-idos~ di.ethyl Acetal (l!.) . 

'<1 MethaneaullonYlchloride (0.5 aL, ~.S '1ID01) vas added dropviae to 
, ... 

• aoluU'on of COIIlpound ..!!. (1.8 9, 2.3 _~,l) in pyridine (10 IlL) at O·, 

7 

and the- reaetion vas s,tirred lor 2 h. Ice-water "AS added, and the , , 

o 0 ( , 

aixtUre ex"tracted 1rÏto chloroform C 3 lC 30 IlL), the extract na then 

v.shed' vi~' sodiua hydrOeJen carbonate so~uUon and water, dried and 

concentra ted. The reaidue vas dissol ved in acetic anhydride (10 JIll,), 

pousai\llll 'aeetate (2 g) vas added and the mxture heated under reflux 

~or 8 h. . The clark brown llixture vas diluted w1 th èthYl ether (Sa aL), 

vAter vas added, the organie layer vas separated, and the aqueous phase 

VA8 extracted into diethyl ether. The 'combined ether extraets' vere 
, 

filtered ~rough silice gel, the 801vent ftS evaporated, and the reai-

,due ehro_atoqraphed (eluant, 1:3,ethyl acetate - hexane), which provi-
,~ 

d.d an inadequate1y pure oil. ~~~er purificatio~e by a second chro-
'1 ) " 

.. toqr~ph'ic procassinq under the lue candi tions gave.!! '( 1.5 CJ, 1.7 

..al, 74'" (œ]~O + 26 Cc 1.1, chlorolon). 

18-n ••• r.,: & 1.41,1.47 (28,6 B, CMe 2 ), 1.99, 2~06 (28,68, 

Ok), 3.25, ~.41 (2 a, 6 B, (Ile), 3.54 (dd, '.R, J 2 • ,1' 3.4, J 2 ',3' 9.11'-

8z', 8-2'), 3.60 (dd, 1 H, ~6A.,5' 1."8, J 6a ',6b' 10.6 Hz, 8-6a'), 3.71 

.~ (dd, 1 H, J 4 ',3' 9.1,. J 4 ',5' 9.9 Hz, 8-4'), 3~77 (dd, 1'H, J 6b.,s' 2.5, 
..- • 1 ~ 

J'b',6a' 10.8 Hz, 8-6b')",3.83 (dd;, 1 H, J4~3 1.2, J 4 ,s 5.8 Hz, B-4), 
, 1 

3.86 (ddd, 1 B, J 5 ';4"' 9.7~. J~'.,6a' 1.7, J 5 ',6b' 2.2 Hz, 8-5'),3.97 

(deS, 1 B, J 3 , ,2' 9.8, .131 ,4' 9.0 Hz, 8-3'), 4.04 (dd, " H, J 3,2 7.7, 

J
3

, .. ,1.1 1Iz',R-l), 4.31 (d, 1 H, J , ,2 ';4 ~,'B-1), 4.39 (a, 2 H, 8-68, 

.'" 

1 

" ' 
\ 

\ , 

'.' 
, 
" " . 1 

.-- ! 

+--



176 

6b), 4.41, 4.45, 4.59, 4.63 (AS, 2 H, .~hCH2)' 4.46, 4.50, 4.80, 4.83 

\ 
(AB, 2 H, PhCH2 ), 4.63 (dd, 1 B, J

2
,1 6.6, J 2 ,3 ?6 Hz, B-2), ~7~ ,(s, . ' 

2 H, PhCH2 ), 4.17, 4.80, 4.'l6, 4.90 (AB,~ 2 H,' Ph~H2)' 5.02 (d,lB, 

J";2 1 3.4'"Sz..:. B"")~ 5.38 (ddd, 1 B, J 5 ,4- 6, J 5,6,- 3.4 Hz, B-5). 

Anal. calcd. for CltgH60011t: MW 872. Found: m/z 857 ur~..:cH3' 

100), (El). Calcd. for C~9H600l ... d20: C, 66.05; B, 7.01. Found: C," 

65.92; B, 7.11. 

,. '1 - hl-o-Isoproptlidene-4-O-( 2,3,4 ,6-tet.;!-o-benzyl-a-D-vlucopyranosyl)- 0 

aldehydo,-L-ldose ,dimethyl Acetal (l!),J 

A portion of compound ..!2. vas deacetylated with sodium methoxide 

and the product purified by chromatoqrapÎly (eluant, 1: 1 ethyl Acetate -

.c:- 'hexane) to qive a ~~P, ~ (a]~~ + 33.5 Cc 1, chlorof6rm). 

la-n.m.r.: 6 1.42,1.50 (208, 6 B, CHe2 ), ... 2.7 (ba, 'OB), 3~32, 
, 

3.46 (2 8, 6"H, CIMe), 3.54 '(dd, 1 B, J 21 ,l' 3.9, .r2 ',3' 9.8 Hz, B-2'), 

4.04 - 4.56 (m, B-4, 5, ~, &b, 3', 4' , S' , 6a' , ,6b') , 4.06 (dd, 1 B, 
. --. 

! 

J 3 ,2 7.7~ J 3 ,4' 1.4 Hz, B-3) , 4.31 (d, 1 B, J , ,'2 6.1 Hz, B-1 ),' 4.43, 

--~ 
4.48, 4.54,' 4.58 (AB, 2 B, PhCH2 ), 4.45, 4.49, 4.81, 4.85 (AB, 2 l' B, M' 

1 

~~" 1 

PhCH2 ), 4.69 (dd, , ii~ J
2

,1 6.0, J
2
,3 8.2 Hz, B-2), 4.74 (s, 2 B, 6' -0- . 

-PhCH2 ), 4.77,4.81,4.90,4.93 (AB, 2 B, PhCH2 ), 4.?9 (d, 1 B, J",2' 

4.0 Hz, H-1'), 7.29 -1.35 (20 B, Ph). 

Anal. calc,d. for CIt s'H S6 0 l2 : MW 788. Found: m/z 773 (M+-CH3,' 

100), (EI). C&lcd for CltSHS6012eB20: C, 66.98; H, 7.24. Found: C, 

67.49. B, 7.13. 

- -

,; . 
,ii;~. '-' ~_'.~.~" ~ __ 
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2,3IS,6-Di-O-lsopropy11den .. 4-0-(~,3,4,6-tetra-o-àc.tyl-Q~-91UC02ff.

noâYl)-aldehydo-g-qlucose dlaethyl Acetal (1l!) 

Compound l vas acetylated vi th ~cet1c aruvdJride in pyddlne. The 

residue was chrollatOCjraphed- (eluant 112 ethyl Acetate - hexane) to qive' 

.!1!.' as oUy crystals. 

" lB-n.lIl.r.z ~ 1.36,1.42,1.43,1.46 (4 s, each 3 H, 0te
2

), 2.02,' 

." 
2.03, 2.10, 2.12 (4 s, 12 H, OAc), 3.45, 3.47 (2 ., 6 H, ONe), 3.93 

(dd,.1 H, 3:;,4 .' J 4 ,S • 4.3 Rz, 1l-4), 3.98 - 4.09 (a, 3 B, B-3, &a, 
. 

6b), 4.10 (dd, 1 B, J6a"S" 2.3, J~a,,6b' 12.2 -Hz, B-6a'), 4.16 (dd, 1 

H, J
2

,1 6.0, J
2
,3 7.3 Bz, B-~), IV 4.25 (JI, FB, 8-5),'<4.29 (dd, 1 B, 

J 6b, ,S' 4.0, '!6b' ,6a' 12.2 Hz, R-6b'), 4.33, (d, 1 B, J,l:2 5.9 Hz, B-1), 

4.38 ~ddd, , B, J S ',4' 10.2, J S ',6a' 2.4, J S ',6b' 4.1 Hz, q-S'), 4.97 

O~- (d~, 1 B, J 2 ',1' 3.7, J 2 ',3' 10.5 Hz, 8-2'), 5.10 (dd, 1 H, ::'.,,3: 9.4~. 
'''----, 

J 4 "S' 10.1 Hz, B-4'), 5.34 (d,,' B, J",2' 3.7 Hz, B-1'), 5.50, (dd, 1 
. 

B, J 3 ',2' 10.4, J 31 ,'., 9.4 Bz, 8-3'). 

~ 20.,..), 20.4, 20.5 (OAc), 25.0, 26.3, 26.7',27.1 
J 

(CMe 2 ), 54.5, '56.6 (OMe)." 61.7 (C-6 ' ), 65.6 CC-6), 67.S CC-S'), 68.3 

(C-4'), 69.8 (C-3'), 70.6"-',(C':'2'), 75~-2), 75.9 (C-5), 18.7 (C-3, 
, ~ // \ 

C-.), 97.0 CC-t'), 105.8 CC-1)-;-"'1~8.3, '~O (CHez), 169.4,169.7, 

169.9, 170.4 (~3)' \ 

J-
\ , 

-_ .. -
, " 

v 

1 .,* ; 

• 

" 
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1,3-O-ISoproPYlidene-4-o-(2,3,4,6~tetra-o-acetyl-a~-qlucopyranosyl)
~ 

a1dehydo-~-qlucose dim!thy1 Acetal (~) 

As described' in the procedure for compound~, a solution of 13a 

(200 Dg, 0.31 mmol) in 80~ acetie aeid - water (5 mL) was heated ta 40° -, -
for 8 h, until t.l.c. (ethyl Acetate) sho~d that most of the startinq 

material had reaeted. The aqueous ace~ie acid was removed by evapora-

tion under; hiqh vacuum at roop temperature, with toluene as a coao1-
_ .. o. t 

vent. The 8Yrupy res~due was chromatoqraphe~ (eluant, 1:1 ethyl ace-
", 

ta te -, bexan,) 1 providinq 1!!. (148 _ mg, 0.25 1IIIIlO1, 80~) as a syrup J 

20 ' 
[aJ D + 75 Cc 1.6, chloroform). 

Il " 

'" 

• 

lB-n.m.r~.: ~ 1.43, 1.,51, (2 s, 6 B, oCMe
2
', 2.01, 2.04, 2.09, 2.11 ,,1, 

(4 s, 12 H, CAc), 3.46 (2 a, 6 B, OHe), 3.66 - 3.~0 (m, 2 B, B-6a, 6b), 

• 
. 3.77 (dd, , B, J 4,3 - J 4 ,5 '. 3.2 Hz, '&,:",4), - 4.0 (m, 1 B, B-5), 4.10 

Cdd, , B, J 3 ,2 7.4, J 3 ,4 3.0 Hz, B-3), 4.14 (dd, , B, J 6a , ,S' 2.5, 

J6a',6b,,11.~ Hz,; B-6a'), 4",19 '(dd~ " ... B"J6bl ,SI 6, J 6b ',6a' 11.4 Hz, 
11 ~ • 

B-60 1 ), 4.'27 (dd, 1 B, J 2 ,1 5.7, J 2 ,3 7.5 Hz, B .. 2),,4,,33'.(d, 1 B, J , ,2 

6.0" ~', B-1), 4.42 (ddd, , B, J 5 , ,4' 10.3, J 5 , ,6a' 2.4, J S' ,6b' 5 Hz, 

B-S'), 4.95 Cdd, , B, J 2 ',1' 3~8, J 2 ',3' 10.4 HZ, B-2'), 5.05 (dd, 1 H, 

J 4 ',3' 9.4, J 4 ',5,10.3112:, B-4'), S.20 (d, , B, J,I,2' 3.8 Hz, B-1!), 

5.52 (dd, 1 B, J 31 ,2' 10.4, J 3',4' 9.4 Hz, B-3'). 

Anal. C4lcd. for C2SBlt00161 

'CFABS, DEA). 

.~ 

" 1 

" MW 596. Found: m/z CM + DEAH, 65), , 

, " 

""'<, , 
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o " , 
S,6~Di-o-acetYl-2,3-0-isoproPYlidene-4-o-(2,3,4,6-tetra-o-ac~tYl-a-~~ 

glucopyranosyl)-aldehydo-D-q1ucose dimetnyl aceta1 (l$a) 

1 A sample of compound.!!! vas acetyl,ated in the usua1 manner to
~ 

provide 

hexane) 

a syrup tha t vas chroma tographed, (eluan t ,: 1 ethyl ace ta te -, \ 

" . 
20 

qiving 1 Sa, a1so a syrup, [alo + as (c 1.9, ch10roforin). 

lH-n.m.r.:', cS 1.39 (s, 6 H, CMe
2

), 2,.02, 2.05, 2.07, 2.10, 2.107, 

2.114 (6 s, 18 H, OAc), 3.43, 3.44 (2 s,\ 6 H, OHe), 3.86 (dd, 1 H, 

J 4 ,36 • 9 , J 4 ,S 1.6 Hz, H-4), 4.09 (dd, 1 H, J 6a ',S,·'I'2.2, J 6a ',6b' 14.7 

Hz, l' H-6a' J, 4.11 (dd, 1 H, J 3,2 - .:s:3,4 - 6.8 Hz, H-3), 4.18 (dd, 1 H, 

J 2 ,t 5.7, .J2 ,3 6.7, H-2), 4.28 Cddd, 1 H, J S ',4' 10.1, H-s'), 4.33 (dd, 

1 H, J 6a ,S 8.3, J 6â,6b 12.2 HZ, H-6a), 4.35 (d, 1 H, J,,2 5.6 HZ, H-l), 

4.37 (dd, 1 H, J 6b ',s,2.8, J6b'~6a' 15 HZ, H-6b'), 4.52 (dd, 1 H, J 6b ,5 

o 2.6, J 6b ,6a 12.3 HZ, H-6b), 4.89 (dd, 1 H, J 2 ',l' 3.8, J
2
',3' 10.4 Hz, 

H-2'), 5,.15 (dd, 1 H, J 4 ',3' 9.5, J 4 ',5' 10.3 Hz, 8-4'),5.27 (ddd, 1 

H, J S ,4 1.7, Js,6afa.5, J S ,6b 2.5 Hz, H-5), 5.32 (d, 1 H, J",2'- 3.8 

Hz, H-l'), 5.4~ (dd) 1 H, J 3 ',2' 10.4, J 3 ',4' 9.4 Hz, H-3'). 

o 

Anal. calcd. for C29H~4018: MW 680. Found: m/z 773 (M + Gly

cine + a+, 3), m/z 68' (M + a+, 4), (FABS, Glycine), m/z 755 (M + If*" + 

ether, 20), (CI, ether). 

S,6-Di-O-acetyl-2,3-o-isopropylidene-4-0-(2,3,4,6-tetra-O-acetyl-a-D

glucopyranosyl)-aldehydo-L-idose dimethyl acetal (!2!) 

As described in the' procedure for compound ..!2., methane 8ultonyl 

chloride ftï.4 mL, 5.' mmol) vas added dropwise ta a solution ot cam" 

pound ~ (1.4 g, 2.3 mmol) in pyridine (20 mL) at 0 0 • After 2 h, water 

--

-,-

\ 

1 
1 

1 
j 

1 
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n. added and the JIlixture extracted inter chloroform (3 )( 50 mL), and 

the extra'Ct \fashed with ~ter, dried, and concentrated. 

residue vas Mssol ved in acetic anhydride (10 !IlL) con taining potassium .1 

acetate (1 g) and the mixture heated under reflux for 20 h. Alter., 

coolinq, the mixture vas diluted with diethyl ether, and filterad. t..'nle 

'1iltrate vas vashed with water and the aqueou8 phase re-extracted with 

ether.·"' 'lbe combined ether fractions were washed with sodium hydroqen 

carbonate solution and vater, dried and concentrated. 'lbe residue \laS 
. -- "... 

1 
Ichroma toqraphed (eluant, 1: 1 ethyl ace ta te - hexane) to qive ..!1!., a 

.yrup (813 mq, 1.2 mmol, 52\) , [ ) 20 
BD + 53.3 (c 1 .2, chloroform) • 

IH-n.m.r~: 6 1.41, 1.48 (2 s, 6 H, CMe 2 ), 1.99, 2.02, 2.04, 

2.07,2.08, 2.0Q (6 s, 18 B, CAc), 3.42, 3.43 (2 s, 6 H, OMe), 3.80 

(dd, 1 H; J 3, 2 ? 8, J 3, 4 1.7 Hz, H- 3), 4.08 (dd, 1 H, J 6a' ,5' 2.1, 

J 6a ',6b' '2.5 Hz, H-6a'), 4.18 (d'd,lB. J 2 ,1 6.2, J 2 ,3 7.8 Hz, H-2), 

4.19 (ddd, 1 H, 
J S ' ,4' 10.3, J S ',6a' 2.1, J S ' ,6b' 3.7 Hz, H-5' ), 4.29 

(dd, 1 B, J 6b ',S,4.0 Hz, H-6b' ), 4.29 (dd, 1 H, J 6a ,S 7.2, J 
6a,Gb 

12.7 

Hz, B-6a) , 4.29 (d, 1 H, J 1,2 6.2 Hz, B-1) , 4.52 (dd, 1 B, J 6b ,5 2.6, 

J 6b ,Ga 12.7 Hz, B-6b), 4.93 (dd, 1 B, J 2 ',1' 4.8, J 2 ',3' 10.6 Hz, H-

2'),5.09 (dd, 1 H" J 4 ',3,9.S, J 4 ',5' 10.3 Hz, 8-4'),5.19 (d,lB, 

J",2' 4.8 Hz, B-l'), 5.31 (ddd, 1 B, J 5 ,4 5.9, JS,Ga 7.2, JS,Gb 2.5 

Hz, H-5), 5.48 (dd, 1 H, J 3 ',2' 10.5, J 3 ',4' 9.5 Hz, B-3'). 

Anal. calcd. for C29H4401S: MW 680. Found: m/z 755 (M + n+ + 

ether, 56), m/z 665 (M+-cH
3

, 24), (CI, ether). 
\ 

, 

• 

o , 

'l 

" 

.. 

-
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1 ,2,3 ,6-Tetra-O-ace tyl-'4-0- (2 ,'3,4,6- tetra-o"-benzyl-a-g-qluCoPyranosyl),

~-idopyranose CE> 
, 

A solution of ..!!!. (2. a g, 2. 5 rmnop in 80% aqueous ace/tic acid (30 

,r 

mL) liaS heated under reflux for 2 h. The solvents were removed by 

eyapo~atiqn under high vacuum and the residue was chromatoqraphed (elu-

antr-~' methanol'in ch1oroform). The combined fractions containing the 
1 • 

ù 
_jar product were concentrated and the residue acetylated. The re-

" sulting product was chromatograph~d (eluant, 1:2 ethyl Acetate hex-

1 

ane) to give.B. (1.6 q, 1.8 mmol, 72\). 

IH-n.m.r.: ô 1.99, 2.04, 2.qS, 2.054, 2.06, 2.1'5, 2.123 (8 a,t 

'.' 12 H, OAc), 3.55 (dd, 1 H, J
2
',1,,3.s, J

2
'3' 9.9 Hz, H-2'), 3.62 - 4.~1 

, 
(m, 9 H, H-4, 5, 6a, 6b, 3', 4',5', 6a', 6b'), 4.4t::",\.. 4.9 (3 AB, 18, 

8 H, phCH2 ), .... 4.8 n H, H-2a), 4.99 '(d overlapping a d(l" n 'H, H-26, 

H-1 '), 5.24 Cddd, tH, J
3 

2 - J ... 3.8, J
3 

1 
a, a 3a,4a a, a 

Hz, H-3a}, 5.41 

(dd, tH" J 36 ,26 - J 36 ,46 - 5.1 Hz, H-3B), 6.05 (d, t H, J'a.2a 2.4 Hz, 

H-la), 6.10 (d, t H, J , 2 2~9 Hz, H-lf3.), 7.12 - 7.35 (m, 20 H, Ph). a, B! \. 
~ ....... 

6~o(~r~ Buty1diphenylsil y1-2 ,3-0-i~OprOPYlidene-4-~- (2',3 ,4 ,6- tetr~-O~ 
benzyl-a-D~lucopyranosyl)-aldehydo-D-qlucoBe dimethyl Acetal (~) 

To a stirred solution of ..!! (900 mg, 1.14 mmol) ana imidazole 
f, 

(153 mg, "2.3 mmol) in N,N'-dimethylforIn8Jllide (5 mL) was added te~t--- , 

butyldiphenyl~ilyl chloride (0.3 mL, 1.16 mmol). After 1 h, water was 

added and the ~ture extracted with diethyl ether p )( 20 mL). The 

extract was washed witll water, dried and concentrated. The residue was 

l , 

) 

') 

1 
c 1 

1 
( , , 
, 

, " 

, , 

-' 

J' 

1, 
, 1 

1 
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(, 
,,1 

\\ 
chromatographed (eluant, 115 ethyl acetate - hexane) ta qive a syrup, 

~ (976 mg, 0.95 mmoJ, 83'), (a150 + 13.4 (c 3.1, ChlQ!9~Orm). 
IH-n.m.r.: cS 1.07 (s, 9 H, t-butyl), 1.42, 1.52 (2 s, 6 H, 

1 

CHe
2 

), 3.29, 3.40 (2 s, 6 H, OMe) , 3.27 - 3.59 (m, 7 H, H-2' , 4' , 5, 

6a, 6b, 6a' , 6b' ), 3.99 (m, 1 B, B-4) , 4.05 (dd, 1 B, 
J 3',2' • J 3',4' • 

9 Hz, B-3' ) , .... 4.11 (m, B\S) , 4.33 (d, 1 H, J , ,2 5.9 Hz, H-l), 4.38 (d, 

1 H, J3,~ 6.6, J
3
,4 1 Hz, B-3), 4.39, 4.43, 4.62, 4.66 (AB, 2 H, 

Ph~H2)' 4.46, 4.50, 4.81, 4.85 (AB, 2 H, PhCH2 ), 4.75 (m,lB, 8-2), 

4.77 (a, 2 H, PhCH2 ), 4.78, 4.82, 4.~8, 4.92 (AB, 2 H, PhCH2 ,: S!75 (d, 

1 H, J 3 Hz, B-l'), 7.26 - 7.39 (m, 30 B, Ph). 

1,2,3-Tri-o-acetyl-6-o-tert-butyldiphenylsily~-4-0~(2,3,4,~-tetra-o-

behzyl-a-O-glucopyranosyl)-O-glucopyranose (~) - -
A solution of 1! (520 mg, 0.51 mmol) in 80\ aqueous acetic acid -(20 mL) was heated under reflux for 1 h, then the solvents lWere evapo-

rated under high vacuum. The residue was acetylated with acetic anhy-

dride and dimethylaminopyridine as the catalyst. After removal of 

" 

solvants, the residue was chromatographed (eluant, 1: 4 ethyl ac~~t~\ 

hexane) to provide two fractions, 1! (343 mg, 0.32 mmol, 62\) and ~\ 

(121 mg, 0.14 mmol, 27'). 

IH-n.m.r.: cS 1 ;05 (s, 9 H, t-butyl), 1.55, 1.83, 2.01, 2.03, 

2.11,2.12 (6 B, 9 H, OAc), 5.01 (dd, J
2

,1 3.7, J2,3'0.2 HZ, B-2a), 

5.07 (dd, J 2 ,1 8.0, J
2
,3 9.1 Hz, 8-28), 5.21 (d, 1 H, J

"

,2' 3.5 Hz, 

B-1'a,S), 5.35 (dd, J3,2-_~ J 3,4 - 9.6 Hz, B-38), 5.57 (dd, J 3 ,2 - J 3 ,4 

• 10.1 Hz, H-3a), 5.60 (d" J , ,2 8.1 Hz, 8-18),6.30 (d, J , ,2 3.7 Hz, 

B-ta), 7.21 - 7.67 (m, 30 H, Ph). 

, 

J 
1 
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1,2,3-Tri-0-acetyl-4-o-(2,3,4,6-tetra~-benzyl-a~-qlueopyranosy1)-a-~~ 
l • --

q1ucopyranose (26) 

Tetra-n-butylammonium fluoride in tetrahydroturan (1 H, 2 mL) was 

,added ta a stirred solution of 24 (812 mg, 0.75 mmol) i11 tetrahydrofu-
, -- , 

~ 
ran (20 mL) at 0°. 

) 
After 5 h, the solvent was removed, chloroform was 

added ta the residue, and the resu1ting solution washed with 5\ aqueous 

hydroehlor!e acid, sodium hydrogen carbonate solution, and water. 

After drying, the" solution was ,concentrated and the residue chromato-

'9raphed (aluant, 1:2 ethyl.acetate -:-- hexane) to give 26 (226 mg, 0.27 - . 
JIlIIIo!l, 36\), and a second fraction containinq a mixture of 26 and pro-

duets derived from aeetyl migration, as shown by IH-n.m.r. evidence; 

\ 
[al~O + 48 (c 1.8, chloroform). 

lH-n.m.r.: 6 1.90, 2.01, 2.17 (3 s, 9 H, OAc), ,.. 2.3· (bs, '1 H,. 

OH), 3.52 (dd, 1 H, J
2
',1' 3.5, J21131 9.9 Hz, 8-2 1), 3.53 (dd, 1 Hi 

J 4 ',3' 8.6, J 4 ',5' 9.9 Hz, H-4 1
), 3.62 (m, 2 H, 8-6a, 6b), 3.80 - 4.00 

t 
(m, 4 H, H-5, 51, 6a', 6b'), 3.92 (dd, 1 H, J 3 ',2' 9.8, J 3 ',4 1 9 Hz, 

H-3'), 4.07 (dd, 1 H, J
4

,3 9.5, J
4

,5 9.5 Hz, H-4), 4.46, 4.49,4.56, 

4.60 (AB, 2 H, PhCH
2

), 4.19, 4.45, 4.78, 4.82 (AB, 2 H, PhCH2 ), 4.68 

(s, 2 R, PhCH
2

), 4.78,4.82,4.86,4.90 (AB, 2 H, PhCH 2 ), 5.02 (dd, 1 

H, J 2 ,1 3.7, J 2 ,3 10.3 Hz, 8-2), 5.10 Cd, 
.J 

H, J 1 • ,2 1 3.5 Hz, H-l 1 h 

5.64 (dd, 1 B, J
3
,2 10.3, J

3
,4 9.4 Hz, B-3), 6.29 (d, 1 H, J 1,2 3.7 Hz, 

H-1). 

Anal. calcd. for C46HS2014: Ma 828. Found: m/z 934 (H + DEAH, 

30), (FABS, DEA) ,. 
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1 Methyl 1,2, 3-tri-o-acetyl-4-o-( 2" 3,4 ,6-tetra-o-benzyl-a-P-qlucopyrarlO

!1!)-a-~-qlucopyranuronate (~) . , 

A SO~ solution of ~romlum trloxide in 3.5 M sulfurlc àcid CO.3 

aL) vas added ta a solution of 26 ( 1 00 . mg, O. 12 1IIDÎOl)' in ace tone ('1 ° 
, ---' 

ilL) at O·. Alter 3 h, the m1xtur~ was diluted vi th Acetone and- metha": 

nof, and' tiltered throuqh 'sil1ca gel. !l'he solvants- ,were remoyed and 
, - . 

the oil esteri"tied vith diazomè!tthane in eth.,r. After e~porat1on cf 
'-

the ether, the residue vas chromatographed (eluant, 1: ~ ethyl acetate .. 
" . . 

hexane) to give 1!!. C5'6 mg, 0.07 ~Ol, S~~" (~)~O J; 38 (c 2.3 t chlo-

!."Otorm) • 

1 

IB-n.m.r~: cS 1.84, '1.98,2.16 CJ.,,8, 9 B, OAc}, 3.46 Cdd, 1 li, 

J 2 ',1' 3.J, J2'~J' 9.8 Hz, B-2'), 3.sî"Cdd, 1 B, J 6a ',5' 1.7, ~6~,,6b'l 
10.6 Hz, B-6a'), 3.61 - 3.74 (m, 3 B, 8-4', S', 6b ' ), 3.'65 (s, 3 B, 

. . 
C02Me), 3.90 Cdd, 1 B, J 3 ',2' 9.8, J 3 ',4 1• &.4 Hz, 8-3'), 4.12 (:~d, 1 B, 

J 4,,'3 - J 4 ,5 - 9.5 Bz, :-4), 4.31 (d, 1 H, J 5 ,4 9.7 Hz, B-5), 4.41, 

4.44, 4.78,4.82 CAB, 2 H, PhC8
2

), 4.42, 4.46,4.54,4.58 (AB, 2 H, -

PhCH2 ), 4.60, 4.64, 4.67, 4.71 (AB, 2 H, PhCH
2

), 4.79, 4.83, 4.88, 4.92 

(AB,.2 H, PhCH2 ), 4.93 (d,lB, J

"

,2' 3.3 Hz, 8-1 ' ),5.09 (dd, 1 B, 

J 2 ,1 3.7, J 2 ,3 10.3" Itz, H-:?), 5.56 (dd, 1 B, J 3 ,2 10.3, J 3 ,4 9.2 Hz,' 

H-J), 6.32 (d, 1 H, J
'/2 

3.7 Hz, 8-1), 6.9 - 7.27 (20 B, Ph). 

Anal. Calcd.' for C47HS201S: MW 856. Found: m/z 962 (M + DEAa+, 

5) , JP'ABS' , DEA) • 
, . . ' 

, 
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. " 2,3:S,6-di-a.isopropy1idene-4-o-(~-o-tert-butyldipheny1si1yl-4,6-o-

isopropylidene-"~-qlucoPyranosyl)-aldehydO-a-~-qlucose d!methyl Acetal 

<11) 

A solution of compound 2.J39 9, 77 mol) 1n !!,!!' -d1methyltorma-

" 

Illide (150 mL) vas, added te a stirred solution of imidazole (20 g, 0.3 

mol) and ~-butyldipheny1silyl chloride (27 g, 26 mL, 0.1 mol) in !,!'

dilllethylformamide (100 mL). After 24 h r ice water (- 300 mJ:;) was added 

and the mixture extracted with diethy1 ether (3 x 300 mL). A portion 

-_~(5 g) of the residue after evaporati~n.(66 g) was chromatographed (elu-

ant, 1:-5 ethyl acetate - hexane) te give E... (3.2 9, 4.3 mol, 72\). 

The crude residue was used directly for oxidation ta 1!r laJ60 + 43.9 , ,., 

(10 4.1, chloroform). \, 

.0_ IH-n.m.r:: cS 1.07 (s, 98, SiCMe
3
';;'-h14, 1.20,' 1.31,1.37 (4 8, 

0-

: 

'18 H, CMe 2 ), 2.29 (d, 1 H, J
2

',OH 8.8 Hz, 2'-oH), 3.36,3.40 (2 8,6 H, 

OMe), 3.55 - 3.82 (6 H, 8-2', 3', 4', S', 6'), "" 3.8 (2 H, 8-4, 6a), 

3.93 (dd, 1 B, J 6.3, J 8.3 Hz, 8-6b), 4.01 Cdd, 1,H, J
3
,2 7.1, J 3 ,4 

2.9 Hz, B-3), 4.12 (q, 1 H, J 5.9, J 6.4 Hz, H-S), 4.22 (dd, 1 ~, J 2 ,1 

6.4, J
2
,3 6.8 Hz, 8-2), 4.34 (d, 1 H, J , ,2 6.4 Hz, 8-1), 5.02 (d, 1 H, 

J

" 

,2' 3.9 Hz, 8-1'), 7.3 - 7.75 (10 R, 'Arom. H). 

13C-n.m.r.: cS 18.62, 19.71, 25.20, 26.40, 27.06, 27.26, ·27. J2 , 

28.74 (SiCMe
3

, CMe
2

), 53.27,56.27 (OMe) , 62.16 (C-S'), 63.90 (C-6'), 

65.82 (C-6) , 73.83, 73.99, 74.22 CC-2', J', 4'), 75.06 CC-2), 99.18 .. 
(4', 6'-o-CMe2 ), 100.95 (C-1'), 104.91 (C-1), 108.61, lo.g.79 (~Me2)' 

127 - 136 (arom. Cl. 

, Anal. calcd. for C39Hsa012Si: MW 746. round: rJ/z 852 (M + 

DEAW, 9.5), (F:ABS+, DEA). 

$ ; 

-
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:,3:5,6-~-O-1.opropy1idene-4-O-C~-o-tert-butyld1phenyls11yl-4,6-o-

, . 
i.opropylidene-a~-arab1no-hexopyranqa-2-uloayl)-aldehydo-~qlucoae 

Ir - ( -

4imethyl acetal (l!) 

,Ta a aolution ot compound E.. (3.2 q, 4.1 mmol) in methylene ch10- .. 
ride (100 mL) vas Àddj!d pyridlnium dichromate (2.5 q, 6.1 DIIIlo1) and 4 ------- . ~ 
aceti~ anhydrid~/f3.1 q, 2.8 mL~O Dlnol) and ~e mixture vas' atirred 

1 /' • ~_ • 

and re~luxed/tor 20 h. The solvants ;.,~~ evapora-

tions ualn.g to lue rie , the residue wàs disaolved in ethyl acetate and the , . 
. --"-«0 utio~ vas ti1tered throuqh -aiUC!! gel ori ceUte~ and concentrated: 

. 
Chroma toqraphy (eluant, 1: 5 ethyl ace ta te - hexane) qave 28 as an 011 -, 
(2.2 q, 3.0 mmo1, 73'), [a]~O + 47.4 (c 4.3, chloroform) • 

IB-n.m.r. : cS 1.08 (s, 9 B, SiCMe 3 ), 1.05, 1.22, 1.32, 1.36, 

1.38, 1.43 (6 a, each 3 B, CMe2 ), 3.408, 3.413 (2 a, each 3 H, OMe), 

3.7 - 4.15 (10 H, B-2, 3, 4, S, 6a, 6b, 4', 5', 6a', 6b'), 4.39 (d, 1 
, 

B, J,,2 6.0 Hz, B-1), 4.50 Cdd, 1 H, J 3 ',41 10.0 Hz, B-3'), 5.03 CS) 

B, H-l'). 

13C-n.m.r.: cS 19.67, 25.17, e26.38, 26.50, 27.02, 27.15, 28.66 

CSiC~e3' <=.!82 ), '2.27, 56.29 (OMe), 61.96 CC-S'), 64.35 CC-6'), 65.71 
• 

CC-6), 73.74 (C-2), 75.42 (C-5), 76.00 (C-4'), 76.95 (C-J'), 78.01, 

79.36 CC-J, C-4), 99.26 (41,6'-o~e2)' 102.12 (C-l'), 104.48 CC-1r, 

109.70, '109.45 (CMa2 ), 127 -,136 (arOlll. Cl, 197.38 CC-2'). 

Anal. calcd. for C39HS6012Si: MW 744. Pound: m/z 850 CM + 

DEAH, 5.7), (FABS+, D~). 

\ c---

, , 
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2,3: S,,'6'-Oi-5l-isOprÔpYliaene-4-o- (.!-o-tert-butyldiphenxlsilll-2--deoxy- , 
.y - . ~ 1) 4 

• 1 0 (j 0 

~-o-1soproPYl1dene-2-oxtm1nb-a~-arabino-h!XCpYfanosyl)-ald!hydo-~ d - , -
CJlucose dimethyl Acetal (~) \J 

A 

To a 8olution of lCOmpound' 28 (4.5 9, 6.1 mmol) in, metl\anol (50 
, . -

.L),vas added 'a solution of 112~10' hydroxylamine hydroch1oride, sodium . , 

acetate and water (30 mL, buffered to' pH' 4.5, with acetic acid) , and a 
"-

further 20 JIlL ,of metltanol. ' After stirriD9' at room~ tempet~ture for 4 h, 

" ' 

" ....... ) 

o 

, , 

o 

the .. thanol vas removed, more water addèd and the mixture extraet .. d 

vith ehl~roform 14 ~ 50 mL) ~ , 'ftle ·orCJanic extract wa~ washed ~th· sod1-
, , , 

URl hyê1z;'OCJen carbonate solution and vate~, dried and concentrated to· 

91ve' a .yruP,,'~ (4.7ICJ, 6.1 IIIIDOl, 100') su;tably pure for ~thy1ation 

to~. A ama~l amo~t, Was purified further by chromatOC]raphy (eluan~, 

. , 

1:4 ethyl acetat~ - hexane). 
'" 

lH-n.m.r.: ~ 1.08, '.11,t.'.13,"1.31, 1.35, 1.37,'1.38~(7 a, 27 
l \ lb-

B, Sl~3' CMe 2 ',' - 1.6 (1)S', YlH),. 3.39, 3.41 (2,8~;each 3 B, OKa,?! 3.3 

- 4.3 ru B, B-l, 2, 3, 4, S, ,64, 6b, 4' , S' , 6a',' 6b'),. 4.60 (d, 1 B, 
" , , 

J 3',4' 9.3 Hz, B~3'), 6.11 (a, 1 H, B-1 ") , 7.i6;- 7.12 qo H, SiPh2 ) • 
l ' -

.. l-aC-on.m.r. : 5 18.70, 19.74, 25.33, 26.23,: 2È;.42, '27.02, 27.27, 
" . 

, 
65.90 (C-'6), 71.28 (C-l'), 74.1,3 (C-2)., 75.80' (C-4'), 76.2~' (C-3), 

78.48 (C-4), 92.15 (4',§'-o~Me2)' gg.è36 (C-l'), 105.45' (C-l), 108.49, 

109~66 (f~-2J~" ',27' -' 136 (SlPh2 ), 153~87, (C-2'). 

, 
" 

0' , 

; . --- ..-.. 

-- l, 

, ' 
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2,3,5,6-D1-o-1sopropllidene-4-o-Cl-o-tert-butyld1methylsily1-4,6-0-
(1 J 1 a.( \ 

1S0propy1idene-a.-g-q1ucopnano8yl )-.ldehr:so-~-qluco.e diJlleth'yl Acetal 

(aL-

To, a a,olution of COtIlpound '1. (12 ,9, 24 1lIII01) and 1midazole (4.0 g, 

60 .,1)' in N, N-d1I1etfiyltorum1.de (25" IlL) at O· 'C vas added tert~ bu-
,', o. ", -. , ' 

tyl~J.me~ylsilyl chlorlde ,(4;, 9, 2.7 IIUDOl) and the ad'xtu;e '1eft (or 5 
<l " r" 

, , 

Ji vith. gz:adu.l .varlling' ta ,rOOID 1:emperature. An lee vater aixture vas 
1 

'add~d~ follo~d by extraction vith 4iethy1 ether (3 )C 70 IlL), the ex-
, " 

~ ,1~ ~ ---A 

tract vas. <!ried, ,tiltered and_ concentrated, and the residue vas' chro-
1 • 1 .. , ' , , 

~toqraphed (el,:,a!'t, ,1=;4 atltyl ~cetate - hexane) ta 9ive syrupy 21a (12 

9, 19 -.01, 80\). 

Ù \, ~,xn repea t prepar~ Uon. ,-the ' ~e residue was sui table for .onda-
, , 

i,t.on' atteJ;' a 'solution' 1Jl 1 z.. ~thyi ace ta te .. heune vas nlterad 

through s1lica 9~11 (Cli~O + 75.5 (c 2, chlorotorml. 
, ." ... f 0 

," ,', !B-~.'JI.';'.:· 4 0.01', 0.08 ,(2 ~I, 6 R, SiMe
2

), 0.89 (s,' 9 B, 

S,LeMe] f, '.35,' 1.~,38,; 1.4,3. 1 .. 45 (4· 8, 18 B, 0.2'), 3.43, 3.44, 3.4 -' , 
" ~ , 

'4.4_ (2 8 ~d a, .19 B~ OHe, B-l, 2, 3, 4, 5~ 6a, 6b, 2', 3', 4', S', 

" "6'a', 6b"0.0S (d, 1 K, ~,.,2' 3.7 Hz, B-P,. 
<' 

" ' 
" , 1 , , ~ 

2',3 ,5 .6""Di~-iaoPtoeylidene-4-o- (2-o-aeetyl-3-o-tert-buty1diphenylailyl. 

, 

" 
;, 

, ~ '. < l,', ~ " ..,. ~ 1 ~; 

, 
, . ., 

-4,.,.,o.:ieopt.opYlidene-a-D-glucopyranOSYl )-aldeh)'doo.O-glUCQse, d'iJIlethyl , ' ;::: = 
.cet!&l ( 27b) , , -

b ,.. '-"'" 

" " Co.pound 27. (50 81, 0.1 _01) vas, acetylated, and chromata-
',~' . ~ -........ 

, . 
, • ' ~ 1 e ' ... ~ '" 1 

, . "~rapl)ed (.luant~: .'1,4 ,ethYl ace ta te - hexane) ta give éyrupy 27b (60 -:J, , -

\ 

, ' 
n't,' 

" 
q , , , , 

, , , , . . . . 
1 

\ 
, 

, 1 
'~ • , 

" h 
, 

• ôl -~---
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t, .-
\ 

, 
. ~l-' 

' ~~e ~~ \ 

l' 
'\0''''; " Hi' 

.. 
6 0.03, 0'1. "t (2 8, 6 H, ' SiHe 2 ) 1 " ?85 (S, '9 H, 

'.. 

'SiCMe3 ), 1.35,1.38, 1.43,1.,46 (4 S, 18 H, CMe
2

), 2.13 (s; 3 H, OAc), 

3.44 (s, 6 H, OHe), 3.4 - 4.25 (11 H, H-2, 3, 4, 5, 64, 6b, 3', 4', 5', 

6a', 6b'),. 4.31 (d,lB, J 1,2 5.7 Hz, H-1), 4.82 (dd,"l H, J
2

, ,.3.8, 
o ' 

J 2',3' 9.7 Hz, H-2'), 5.10 (d, 1 H, J 1',2' 3.7 Bz, B-l'). 

Anal. calcd. for,c31HS6013Si: MW 664. Found: ml: 649 (M+-CH3, 

100), m/z 607 (H+-t-Bu~ 15). Calc.: C, 56.00; B, 8.49., Found: C, 

55.62: B, 8.16. 1 " ' 
,~,,~ 

2,3:5,6-Di-o-isopropylidene-4-Q-(2-o-tert-butyldimethylsilVl-4,6~-, 

isopropylidene-a~-arabino-hexopy!anos-2-ulosyl)-aldehydo-~-glucose - ~-

dimethyl Acetal (~) 

MethOd A: 
Q 

A mixture of compound .E!. (1.2 g, 1.9 punol) and pyri- ~ 

dinium chlorochromate adsorbed on alumina (1 ': 2 q) was viqorously 

stirrE'ld in refluxing benzene (30 mL) for 2 h. After coolinq and fil-

tering, the dark brown benzene solution was recharqed with; the oxidant 
l , 

(1.2 g) and heated under reflUx for a further 4 h. After a second 

filtration the fil~rate was concentrated, and ~e residue chroptato::" 

graphed (eluan~, 01:4 e~yl ace ta te -oheXa~e),~~ q~ve 'oily l!! (0.71 q, 

o 

Method B: 0 To a solution of compound 27a (5 g, 7.5 mmol) in ben-
, , - \. ' 

1 J • ~ 

zene (200 mL) vas added finely ground pyridinium chlorochromate (3 g, 
( )', " , , 

14, DIIIlol) and potassium Acetate (1 g), land tlie miX1:Ure vas heated Wlder 

" u 
reflux ~r 2 h. 

o 

, 
As in method A, the mtrcture was !'-"echarged wi th oxidant" 

un til no change 

"c 

,8 
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" 

Atter the final filtration, the filtrate was concentrated and the resi-

cl due chromatoqt'aphed (eluant, 1:4 ethyl acetate ... hexane) 'to qive 1!! 

(3.2 q, 5.1 lIUIlol, 68'" [aJ~O + 26.5 Cc 2.5, chloroform). 

1a-n.m.r.: 6 0.04, 0.12 (2 s, 6 R, 81Me 2 >, 0.90, (s, 9 H, 

S:i.CHe
3 
l, 1.26, 1.37, 1.41, 1.47 (18 a, CHa

2
), 3.426, 3.432 (2 s, 6 H, 

1 

OMe),,4.43 (d, 1 B, J,,2 5.9 Hz, 8-1),4.65 (d, 1 H, J3',4L-',9 Hz, 

8-3'J, 5.04 (s, 1 H,8-1'). 

~ -__ 2,3 :'5 , 6-0i-o':isoproPYlidene-4-O_-.< 3-?.;~_rt-butyld1methYlsilYl-2sd~oxy

. 4,6-iloproprlidene-2-oximino-a~-arabino-hexopyranosyl)-aldehydo~-
, - -

·c 

qlucolle dimethyl acetal (32!.) 

Compound 1!!!. (240 mq, ,0.39 lIIDIol) vas treated with hY4roxylamine 

as described for 1!. The residue vas chromatoqraphed (eluan't, 1:4 

ethyl ac.etate - hexane) ta qive ~ (243 Dl9~ 0.38 lIIIIlol, 97'>, a clear 

~yrup, (a]~O + 44.0 (c 3.1, ,chloroform). 

, IB-n.m.r.: 6 0.07, 0.10 (2 s, 6 R, SiHe
2

), 0.90 (s, 12 B, 

SiCMe3 >, 1.31, 1.31, 1.39, 1.42, 1.46, 1.47 (6 8, 18 B, CHa 2 ), 3.41" 

3.43 (2 s,'6 B, (Iole), 3.6 - 4.5 (m, 11 H, B-19, 2, 3, 4, 5, 6a, 6b, 4', 

S', 6a', 6b'), 4.53 (d, 1 B, J 3 ',4 t 8.4 Hz, &-3'),6.14 (s,lB, 

R-,"') • 
, 

_~alj calcd. for C29HS3012NSi: MW fi35. Pound: m/z 636 CM ,+ U+, 
, 

100), a/z 629 (M-Me, 98), m/z 578 (M~-BU, 43), (FABS+, qlycerol). 

-'-
'·0-- < 

• < 0
0 

" 

1 < -.. .' 
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:1 

, 
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2,3:S,6-Di-o-isoproPYlidene-4-o-C1L-o-acetoximino-3-o-tert-butYld~me

thylsilyl-2-deoxy-4,6-o-isop~oPYlidene-a-o-arabino-hexopyranosyl)-alde

hydo",:,E,-glucose dimethyl Acetal (~) 

Oxime 32!. (240 mg, 0.38 1IIIIl0l) vas acetylated, and chromatoqraphed 

(eluant, 1:4' e~yl Acetate - hexane·) to give an oi1. ~ (250 mg, 0.37 

1IIID0l~ 97\). 

~ 0.08, 0.16 (2 s" 6 H,' SiMe2), 0.92 (s', 9 H, 

SiCMe3 ), 1.31, 1.36, 1.40, 1.46, 1.48 (5 s, 18 H, CHe 2 ), 2.24 (s, 3 H, 

(lAc), 3.46,3.47 (2 s, 6 B, œe), 3.7 - 4.32 (m, 11 H, B-l, 2, 3,4,5, 

6a, 6b, 4', 5',64', 6b'), .4.63 Cd, , B, J
3
',4 1 9.7 Hz, H-3'), 6.10 (s, 

1 B, B ... ") •. 

o 2,3: 5 ,'6-Di-O-isopropylidene-4-o- (2-acetamido-3-0-aeetyl-2-deoxy-4, 6-0-

isopropyl1dene-a-D-glueo (~) and a-D-mannopyranosyl )-aldehydo-~-qlu

cose dimethyl aeetal (1!) 

A solution of oxime 12!. (18 q 1 28 DUIIol) in tetrahydrofuran (100 

mL) was slowly added to a stirred suspension of lithium aluminium hy-

dride (3.8 9') in tetrahydrofuran OSO !DL) at 0°. Alter 3 h, wet ether 

and then water were added 810w1y to deeompose unreacted hydride. 'l'he 

resultinq slurry was 'filtered and the tiltrate coneentrated. The mix-

, 
ture was extraeted Wi th ethyl acetate, and the orqanie solution evapo-

rated ta dryness wi th repeated additions of toluene. The erude residue 

was aeetylated With acetic anhydride and pyridine. The solvents weere 

removed under 1 hiqh vacuum and chloroform added ta the residue. This 

o solution was washed With sodium hydroqen oarbonate solution and water, 

:~ 

-
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" 
then dried and concentrated. The residue was chromatocjraphed (eiuant, 

2: 1 .'thyl ace ta te - bexane) ta providetwo major products, the qluco-

-- . 
isomer, 12. (6.5 q, 11 mmol, 39~) and the manno-isomer, 'l!. (4.5 q, '8 

" 

lIlIIlol, 29\) J 
1 

[al~O + 40 (e 1.0, ehloroform). It' 
, . 

Data for 30: lH-n.m.r.: ~ 1.36,1.37,1.43,1.46,1.47,1.52 (6 

s, 18 H, CMe 2 ), 1.97, 2.06 (2 s, 6 a, NHAc, OAc), 3.42, 3.44 (2 8, 6 H, 
J • 

OMe-), 4.37 (d,lB, J,,2 6.5 Hz, B-1), 4.98 (d, 1 H, J"2' 3.7 Hz', 

H-1-'), 5.12 (dd, 1 H, J
3
',2' -J3',4' • 9.4 SZ;',H-3'), ,6.27 (d~ 1 H, 

J NU,2' 9.6 Hz, NHAe). 

Data for 31: lH-nd.r.: ~ 1.35, 1.38, 1.41, 1.44, 1.47," 1.51 (6 . , 
8, 18 H, CMe2 ), 2.02, 2.04 (2 s, 6 H, N'HAc, CAc), .40, 3.44 (2,s, 6 'H, 

OHe), 4.42 (d,lB, J
'12 

5~7 Hz, B-1), 4.97 (s, 1 H, -1'), 5.2'0 (dd, " 

B, J 31 ,21 4.6, J 31:,4' 10 Hz, H-3'), 5.62 (d,lB, 

Anal. Calcd. for C2iHItS013N: MW 591. Found: 

25)', (FABS, DEA). Calc-:l.: C, 54.811 H, 7.67; N, 

54.55; H, 7.48; N, 2.2~. l 
( 

NHAc) • 

+ DEAa+, 

Found: C, 

2,3:S,6-Di-o-isopropYlidene-4-0-(2-acetamido-3,4,6-~ri-O-acetyl-2-deoxy 

~ 

-a-D~lucopyranosyl)-aldehydo-~~lucose dime~yl aceral (li) 
- ,- Z 

A solution of ~ (400 mg, 0.68 mmol) in 0.004\ hydrochloric acid 

in Methanol (35 mL) was stirred for -12 h. After neutralization with 

basic rasin, the solvents were removed by eVdporation and the residue 

chromatographed (eluant, 1:9 Methanol -- ethyl .acetate) to qive the 

major product, showinq loss o~ one, 1soprop~lidene group. This compound 

vas acetylated and the product chromatoqraphed (èluant, 4:1 ethyl ace-

" 

J.( 
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o 

o 

o 
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tata - hexane) to qive li (200 1119', 0.31' lIIIIlol, 46", [~J~O + 64 (c 1.4, 

chloroform) • 
,-

- la-n.m.r.: 6 1.35, 1.42, 1.43, '1.50 (4 8, ,12 H, CMe 2 " 1.97, 

2".02, 2.021, 2.11 (4 8, 12 a, OAc, NHAc), 3.4~l 3.46 (2 8, 6 H, OHe), 

4.38 (d, 1 H, .J, ,2 6.1 Hz', a-1), 4.38 (ddd, 1 a''-:'2',1' 3.6 Hz, H-2'), 

5.11 (d, 1 H, J 1 ',2' 3.6 Hz, a-l'), 5.19 (dd, 1 H, J 4t ,3"· J 4t ,St. 

9.58%, H-4'), 5.,23 (dd, 1~H, J 3 ',2 1 - J 3 ',4' -1Q Hz, H-3') • 
. 

An~l. calcd. for C2SHItS01SN: MW 635. Found: m/z 636 (H + a+, 

68'), 620 (M-ca
3

, _100), (PABS, 'l'hioqlycerol). 

'-.. 

5,6-Df-o-acetyl-2,3-o-1sopropylidene-4-0-(2-acetamido-3,4,6-tri-O-

acetyl-2-deoxy-a-D-glucopyranosyll-aldehydo-D-glucose dimethyl Acetal - -
Jl1) 

As described in the procedure for compound l!, '1! (200 mg, 0.31 

mmol) ws hydrolyzed wi th 80% aqueous acetic acid at 50°. The product 

l! (123 mq, 0.21 mmol, 68\), obtained after chromatography (eluant, 

ethyl Acetate) 1 was a~etylated to qive :!L' also' purified by chromato

graphy (eluant, 3: 1 ethyl Acetate - hexane) 1 [a]~O + 36 (c 6.5, chlo-

roform) • 

"" cS 1.41 (s, 6 B, CHe
2

), 1.96, ~.03, 2'.05, 2.09,' 2.10, 

2.12 (6 s, 18 H, OAc, NHAc), 3.43, 3.46 (2 s, 6 H, OMe), 3.88 (dd, 1 H, 

J
4

,3 7.2, J
4
,S 1.7 Hz, H-4), 4.40 (d, 1 H, J,,2 5.2 f9:, H-1), 4.46 Cd, 

1 H, J
6b

,5 3, J
6b

,6a 12.2 Hz, H-6b), 5.05 (d, H, J 1 ' , 2 1 3.7 Hz, H-

1'), 5.28 (ddd, 1 H, J
S

,4 N 1.6, J S,6a 8, J S,6b 3 Hz, H-S), 6.05 (d, 1 

H, JNH,2' 9.5 Hz, NHAc). 
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Anal. calcd. for CU S"S0 11N: MW 679. Poun~: a/z 664 urt-cs3, 

30), (El). 

5,6-Di-o-acetYl-2,3-o-1soproPYlidene-4-o-(2-ac~tamido-3,4,6-tri-o-

.cetyl-2-deoxY-a~-qlucopyrano.yl)-aldehydo-L-ido.e dimethYl 

(l!) 

acetal 

As described ih the procedure for CÇlmpound .!1., dio1 1! (a.S ll9 " 

0.14 aaol) WjLS convertec! to the 5,6-dillesylate and then reacted vith 

pota •• iUII acetate in refluxinq acetic anhydride to provide 12. (60 1D9, 

57\). Puriticati?D required two successive chromatographic steps (elu-

ut, 3a 1 ethyl acetate - hexane); 
20 

Calo + 29 (c 1.0, chloroform) • 

lH-n.m.r. z ~ 1.44, 1.53 (2 s, 6 H, CHe 2 ), 1.97, 2.02, 2.045, 

2.05, 2.09, 2.10 (6 8, 18 R, OAc) , 3~43, 3.44 (2 s, 6 H, OMe) , 3.79 

(dd, 1 H, J 4 ,3 2.5, J 4,S 5.2 Hz, H-4), 3.98 (dd, 1 H, J 2,1 c J 2,3 - 6.2 

Hz, H-2), 4.10 (dd, 1 B, J 6a ',SI 2, J 6a ',6b' '2 Hz, B-6a'), 4.37 (d, 1 

-
H" J , ,2 6.3 Hz, 8-1), 4.52 (dd, 1 H, J 6b,5 2.8, J 6b,6a 12.5 Hz, H-6b), 

5.02 (d, 1 H, J,.,2
' 

3.7 Hz, 8-1'), 5.32 (ddd, 1 H, J 5 ,4 5.2, J 5 ,6a 

. 
7 .8, J 5 , 6b 2.7 Hz, H-5 ), 6. 1 4 ( d, 1 H, NHAc). 

Anal. calcd. for C29H"S017N: MW 679. Found: m/z 664 (M+-CH3, 
" 

100), (El). 

J 
1" "11,, 
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" , -
" 1'1 {r 

\~ (! L 1 1 J il " r 1 u 

1 \l J r He \1 0 

2,3t5,6-0i-O-iSO~OPYl~dene-4-O~(2-deoxy·i,6rO-tsopropylidene-2-oxi-' 
l , 

J " i," , " 
JI. ) 1,) 

Dl~nO-a-o~Arabino-h~oPPa.t;tOSY1 )-aldeh~O-O-q ..... 1_u_c_o_S_e __ d_i.;..m .. e_th_Ya....;.1 __ a..;.c ... e_ta_1 

, " 

'A solution of tetrabutylammorUulll fluo'ride in tetrahydroturan {0.8 
(1 ( Il l. , ri 

M, 16 "mL, 
, , ""lu 1 Il H 

ù J Il ) J \...' , 

',mmol'", in tetrahydrof'uran '(50 mL) 
l Il L l' L ' 1 H 1 

Alter hea ting at , 
" , 
at ~Ill t:e~,Pf!r:a ture ~ 

l ' 1 

,100 for 9, h" ~e ~olv~nt, 'lAS reinoved~ anq the residue chrogtatogr,aphed. 
) JI "t C ~ t , l, 1" j 

1 , (~ II ~ \ 

(oeluant; 1:1 ethyl'acetate .. hexane)' te give, a syrup, 38 (4.9 g, 9.4' 
, "[1 • 1" t J L 

1IIIDO~", '.94") J [ci}~~ :,~::,,6~ ~8 ,:'(j,' 2.1, c1Ü?t'oform). 
J" r, 1 li 

'0 

IH-r:t.'m.r~: ,0 ':6 '1.3~, 1.31, 1.40, 1.44,' 1.48, 1.52 (6' Il, ,18 H, 
J (0 1) 

r fi' Il ~ 0 

ÇMet " 3.42, "3.~4 ,(2 8, "6 "H, OHe),' 3.64 - 4.47 (m, 13 H, JI-1,' 2,3, 4, 

'. 
,S, :6~~ 6b, 4,,", Su' ~ 6a.,', 6b', OH, NOH), 4.53 (dd, 1 ,H, J 3 , ,4' 9.4, 

J" N 3.4 Hz, H-3 t ), 6.10 (s, 1 H, H:-1'). 
, 3:' ,,oH \ J 

13 'l, , 
,C-n.m.t;.: 6 19.,10, 25.19, 26.38; 27.19, 28.96 (C!!.e 2 ), S3.4~, 

56.43 (OHe) " 61,.82 (C-S,'), 63.55 (C-6'), 65.92 (C-6) , 69.11 (C-3'), 

, , 
74.<23 (C-2) ~, 75.88 (C-:,3, 

, 
5, 4 t " 78.55 (C-4) , 91.98 ( 4' , 6 ' -<>.E.~e 2 ), , , 

99.96 CC-l'), 105.63 CC-1 ) , 108.65,' 109.73 (EM~2) , 

: J 

J 20), m/z 506 (M~Me,c50),' (FABS+, thioglycerol). 

J" 

: • ,V,, 

0, 

Il i 
c, 

, \ ~ 

LI) , 

G 
& cl, 

o , 

I~ '\ 

,~ l' J 

JI! 1 ); [, G, 

, " 

, J 
" 

, " 
1 .. L,) ,[, 1,5 

, " 

'd 

" cP 

" " 

J" 

Q 

152.18 (C-2' ). 
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2,3.5,6-D1-o-180propy11dene-4-o-C!-o-acetoxim1no-3-0-acetyl-2-deoxy 

-4,6-0-1soeropyl1dene-a-D-arablno-hexopyran08yl)-aldehydo-D-qluc08e 

dillethyl Acetal (39) 

ln.J Compound.!!. (580 atq, 1.1 =01) vas acetylated in the usuel man

ner. The residue ws purif1ed by chromat:oqraphy (eluant, 112 eihYl 

ace ta te - hexane) to qlve a syrup, 1!. (520 atq, 0.86 mmol, 77~) 1 [a]~O + 

60 (c 2, chlor,oform). 

1· , H-n.m.r.1 ~ 1.35, 1.36, t.401, t.403, 1.49 (5 8, 18 B, CHe 2 ), 

2.17, 2.21 (2 s, 6 'H, OAc), 3.46, 3.47 (2 s, 6 H, OMe), 3.68 (dd, 1 H, 

J6.',5' N 10.5, J6a ',6b' '" 10.5 Hz, H-64 I
), 3.87 Cdd, 1 H, J 6b ',5' 5.2, 

J 6b ',6a' - 10.5 Hz, H-~~')' 3.87 (dd, 1 H, J 4 ',3 1 10.2, J 41 ,SI 10.2 Hz, 

If 
8-4'),3.91 - 4.02 (m,"H-2, 3, 4, 64, Gb), 4.13 (ddd, 1 H, J

S
',4' ... 10, 

C J S .,6&'''' 10, J 5',6b'''' S.2~, 8-5'),4.25 (d, 1 H, J , ,2 5.1 Hz, 8-1), 

5.66,Cd, 1 B, J
3
',4' 10.25 Hz, H-3'), 6.03 (s, 1 H, H-l'). 

13C-n.m.r. : ~ 18.99 (C!!.e 2)' 19.37, 20.61 (OAc) , 25.09, 26.38, 

27.19, 28.92 (eMe
2 

), 55.51, 57.13 (OMe) , 61.88 CC-5 1 ) , 64.4 (C-6' ), 
\1 

65.55 (C-6), 69.43 CC-3' ) , 72.88 (C-2) , 76.12, 17.79 (C-3, 5, 4' ) , 

78. 1 7 C C-4 ) , 93.06 ( 4' , 6 1 -0-s.He 2 ) , 100.02 CC-l' ) , 106.49 (C-l ) , 108.65, 

110.05 (E.Me
2

), 155.47 (C-2'l, 167.67, 169.61 (OAC). 

-

',. 

-
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2,3:5,6-Di-0-isoproprlidene~4-0-è2-benzyloximino-2-deoxy-4,6-0-isopro

pYlidene-Q-o-arabino-heXOpyrano9yl)-aldehyd~-g-21ucoge dimethyl Acetal 

(~)-

Compol,Uld 38 

.."..-

, 
(640 mg, 1 ~ 2 DUnol) in tetrahydrofuran (5 mL) 

\ 

vas 

added te a stirred suspension of sodium hydride (75 mg, 3 mmol) 11l f> 

tetrahydrofuran (5 mL) at QO. After 10 min ben~yl bromide (0.36 mL, 3 

DUnol:' and tetrabutylammonium iodide «' 5 sng) were addec!, and- the mix
~ 

ture was stirred at r?om temperature tor 6 h. After the excess sodium 

- hydride was decompos~d with wet tet~ahY1rOf~ran, a 5\ hydrochloric acid 

1 
solution was added, the mixture dilu~ed with water, and extracted with 

chloroform. The extract was washed with sodium hydrogen carbonate-

solution and water, dried, and concentrated. The ~esidue was chromato-

o graphed (eluant,"2:3 ethyl acetate - hexane) to give two pt;0ducts, 

o 

first a dibenzylated compound, J!. (60 mg, 90 mmol, 7'111) (see following 

procedure), and ~ (640 mg, 1.05 mmol, 85\) a monobenzylated compound; 

'[a1 20 + 79.2 (c 1.1, chloroform). o 

IH-n.m.r. : Ô 1.21, 1.35,.1.31, 1.45, 1.48, 1.51 (6 s, 19 H; 

C!:!e 2 ), 3.~2 (d, 1 H, J
OH

,3' 3.6 Hz, H-3', OH), 3.25, 3.39 (2 s, 6 H, 

OHe), 3.60 - 4.25 (m, l' H, H-l, 2,3,4,5, 6a, 6b, 4',5', 6a', 6b'), 

4.55 (dd, 1 H, J 3 ',4,9.5, J 3 ',OH ~ 3.5 Hz, H-3'), 5.14 (s, 2 H, PhCH2 ), 

6.05 (s, "H, H-1'), 7.36 (s, 2 H, Ph). 

Anal. calcd. for C30HI+SN012: MW 611. Found: m/z 612 (M + W'I 

55), m/z 596\'(M-Me, 62), (FABS+, thioglycerol). 

-



! 2 

j 

(\ 2;3 ,5 , 6-Di-D-!sopropylidene-4-o- (.!-o-benzyl-2-benzyloximino-2-deoxy
~ 

~-o-18opropylidene-g~arabino-hexoPyranosyl)-aldehydo-O-qlucose dime-
, 
~yl Acetal (.!!) • 

Compound ~ vas prepared by a method aimilar to that described 

for 40 • Compound 1! (980 1119', 1.9 mol) in te trahydrofuran (1 0 mL) lRla 

added to a suspension of sodium hydride (125 mg, 5 mmol) in tetrahYdro-
-t -~. 

turan (5 'mL) at 0°. Benzyl bromide (Q.5 mL, 4.1 ~ol) and tetrabutYll 

allUllonium iodide « 5 mq) vere added and the mixture was heated at 60° _ 

la-n.m.r. : 
-

cS 1.20, 1.34, 1.37, 1.42, 1.45, 01.48 (6 8, 18 'B, 

·c CMe2 ), 3.28, 3.38 (2 S, 6 H, 0Me), 3.67 - 4.27 (m, 11 H, 8-1, 2,3,4, 

-0 

5,6&, 6b, 4', r, 6a', 6b'), 4.36 (d,lB, J 3 ',4' 9.7 Hz, B ... 3'),,4.59, 

4.65, 4.76, 4.82 (AB, 2 B, PhCH2 ), 5.16 (s,_ 2 B, PhCH2-oN.), 6.09 (s, 1 

B, B-1'), 7.26 - 7.39 (m, 10 B, Ph). 

13C_n. m. r • : cS 19.20,,25.25, 26.54, 27.24, 29.19 (C!!.e
2
), 54.81, 

56.97 (OMe), 62.15 (C-S'), 64.68 (C-G'), 66.25 (C-6), 72.67 CC"3'), 

75.09,75.58,76.33,77.04,77.79,78.06 (C-2, 3,4,5,4', PhCB2), 

93.00 (4',6'-OfMe2 ), 99.80 (C-l'), 106.06 CC-l'), 108.70,109.62 

CE,Me 2 ), 127.75 - 138.80 ~Ph), 151.97 (C-2'). 

Anal. Calc~~for C37HSIN012: C, 63.32; B, 7.32; N, 2.00. Pound: 

C, 62.91, B, 7.16; N, 2.33. 

o 
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2,3:S,6-Di-O-i8oprOPY1idene-4-o-(2~amino-2-deoxy-4,6-isoprofY1idene-a~ 

-qluco- and S-g-mannofyranosy1 )-aldehydo-D-glucose dimeth.yl acetal 

(43) 

A solution ot ~ (4.2 g, 6.5 mmol) in tetrahydroturan (Sa mL) was 

810w1y added to a ceo1ed (0°) suspension of lithium aluminum hydride 

(1.2 g) in tetrahydrofuran (100 mL), and the mixture was then 810..,ly 

heate4- to 65°. After 18 h, unreacted hydride 'AS decomposed by addi-

tion of ethyl acetate, ethano;L and water in succession, and the white 

slurry fi1tered. The fi1trate was concentrated and the aqueous mixture 

extracted with ch1oroform (5 )( '100 mL). The extract wes washed with_ 

-water, dried and concentrated to a syrup which gave, after chromatogra-

phy (eluan~, 2.5' ~methanol in chloroform), a foam, ~ (2.0 g, 3.9 l11li\01, 

o 60". 

o 

lH-n.m.r.: 6 1.36, 1.41, 1.43, 1.48, 1.51 (5 s, 18 H~ CHe2 ), ,.. 2 

(bs, OH), 3.45, 3.46 (2 s, 6 R, OHe), 5.05 (d, J",2
' 

3,.8 Hz, glucosyl 

a-l'), - 5.12 (d, J

"

,2' < 1 Hz, mannosyl ft-t'). 

2,3:5,6-Di-o-isopropylidene-4-o-(1-Q-tert-butyldiphenylsilyl-2-deoxy-

~-o-isopropyl~ene-2-methyloximino-a-O-arabino-hexopyranosyl)-alde

hydo-D-qlucose dimethyl acetal (.!i) 

Hethyl iodide (0.8 mL, 1.8 g, 12.9 mmol) vas added ta a,stirred 

mixture of compo,und ~ (4. 7 g, 6. 1 DIIlO l), bar! um oxide (1.6 g,-' 10 I11III0 l ) 

and barium hydroxide octahydrate (1.6 g, 5 lIIIDol), the suspension was 

heated under reflux for 24 h, and tiltered. The filtrate was concan-

, , 

'. 
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trated) and, the residue chromatoqraphed (e1uant, 1a5 ethy1 Acetate -

henne' te <]ive a Iyrup, ~ (4.4 <], 5.7 mol, 93\'. 

/ \ lR-n.m.r. : a 1 .. 09,' 1.10, 1.18, 1.31, 1.36, 1.42 (6 s, 27 H, 

SiCHe3, CMe2 " 3.39~ 3.41 (2 s, 6 H, OMe), - 3.67 (2 H, H-6a', 6b'), N 

3.7 - 3.95 (6 R, H-3, 4, 6&, 6b, 4', 5"; 3.81 (s, 3 B, NOMe), 4.12 

.(ddd, 1 B, J s ,4 6.8, J s ,6a 6.8,. J 5 ,6b 4.9 Bz, 8-5), 4.21 (dd, 1 B, 

J2,16.6, J 2,3 7.8 Hz'. B-2), 4.32 Cd, 1 B, J , ,2,6.6 Hz, H-'O, 4.55 (d, t 

H, J jl ,4' 9.0 Hz, B-3'), 6.11 (s, H-l'), 1 .. ~ - 7.7 (DI, 10 H, SiPh2 ). 

13C-n.m.r. : li 18.79,19.74,25.31,26.07,26.39,27.24,28.74 

• (CHe2 ), 2~.03 (SiCMe3 ), 53.08, 56.38 (OMe), 61.92 CNOMe), 62.04 CC-S'), 

f' 
64.02 (C-6'), 65.86 -(C-6}, 71.20 CC-3'), 74.14 CC-2), 75.69 CC-4'), 

76.30 CC-3), 76.34 CC-5), 78.45 (C-4), ~2.58 (4',6'-ocMe2 ), 99.34 CC-

·0 1'), 105.49 (C-n, 108.42, 109.58 (CMe 2 ), 127 - 136 (SiPh2 ), 152.13 

CC-2') • 

. _J 

-
D~, 10), (rABS, DEAh 

2,3:5,6-Di-o-isopropylidene-4-o-(2-o-tert-buty1dimethylsilyl-2-deoxy

~-o-isopropylidene-2-methyloximino-a-D-arabino-hexopyranosyl)-alde- ' 

hydo-D-glucos8 dimethyl Acetal <.~) 

A solution of compound 12!!. (506 mg, 0.8 mmol) in tetrahydroCuran 
, "0 _ 

(5 mL) WAS added to a suspension of sodium hydride (50 mg, 2 mol) in 

tetrahydrofuran (5 mL) at 0°. After 10 min, methyl iodide WASO added, 
-/ Q 

the mixture wu then held at room tempe rature for a total reaction time 

of 4 h. Wet tetrahydrofuran was added te' destroy the excess of sQdium 

. -. " , 

• 
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hydride, fo~lowed: by the addition
o 

pf wa te r, and extra'cUon of tmr -.ix-

-
ture vith chloràform. Th~ extract 'vas vashed vi th wa ter, dried and 

concentrat~d. The' residue .• ~ ~ro~toqraphed. (eluant, 1: 6 ethyl "ca-
o , 

, , 

, ta te - hex;ane) to 9i ve a clear syrup, 1!!. (440 1119', O. 68 1IIIIl~1, 8S,) 1 

[a1âO + 46.5 (c 2.1, chloroform). 

IH-n.m.r. : cS 0.07, 0.13 (~_~ s, 6 H, SiMe 2 ), 0.91 (s, 9 H, 

,S1CMe3),~1.30, 1.36, 1.39, 1.42, 1.457, 1.462 (6 a, 18 8, CHe 2 ', 3.44 

(s, 6 H, OMe), 3.45 - 4.38 (~, 11 H, H-l, 2, 3, 4, S, 6a, 6b~ 4', S', 
, . 

- 6a', ,6b'), 3.89 (s, "3 B, NOMe), '4.49 (d, 1 H, .1
3
',4' '9.4 Hz, 8-,3'), 

5.92, (s, 1 If, B-l'). 

100), ra/z 592 ,(lIl-~-Bu, 88)~ (FABS·, thioq1ycerol). 

, ' 

d~ne-a-D-<J1uco <.~) and -maMOpyranosy~ )-aldehydo-D-q1ucose dimethyl 

acetal (46) 

. 
Ac:etic anhydride (O~5 IlL, 4.9 1IIIIlol) "AS added ta a atirred solu-

tion of 43 (1.8 g, 3.5 lIIIIlol) in met;hanol (100 IlL). Alter 2 h, the - , ' 
.r 

solvants vere re1llOved and the res1due chromatoqraphed (eluant, 2.5% 

llethan01 in ehloroform) to' give two products', tirst the qluco isomer, 

1 45 
'- (1.66 g, 3.0 II1II01, 86\) followed' by the manno isomer, 46 (200 119, 

0.36 lUIol, 10%) • )" 

Data for 45: la-n.m.r. : - 4 1.35, 1.42, 1.45, 1.46, 1.48, 1.52 (6 

, 
"s, 18 B, CMe2~' N 1~8 (bs, OH), '2.07 Cs, 3 H, NHAc} , 3.44, 3.46 (2 s, 6 

~a Btb; l 
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, ' , ' 

, , 
R, ~.);''''' 4.'S (11,'8-2_'),'4.38, Cd, "'~, J,,2 G.l-Hz, a-1), 4.97 (d, 

e ~ , ,.l 

H, J",2' 3.9'~, 8,-1 1
). 

, 13C-n.~.r.: ,4 19.,07,,24.92, 26.29, 27.42, 28.98 CCHe 2 ), 22.90 

(UNAc), '54.49 CC-2'), 54.67, 56.6~ (OMe), 61.89 (C-5'), 63.~~ CC-6'), 

.. '5.72 (C-6), 71.Ql (C-3' ),' 74.66, 74.90, 16.81 (C-2, S, 4' )'Q 78.58 
1 

o. 

(C-J), 7~.88 (C-4), 98.44 (CHe 2 " 99.74 ~C-1f), 105.03 {C-l), t08.89,· 

110.60 (CMa
Z
)' 172.17 (NAc). . ' 

Pound: m/z 550 CM +0 a+, MW 549. , 

44)" (rASS, glycerol) .. 
, . 

() 

N, 2.47. Pound: C, 52.76, B, 8.08, N, 2.35. 
(.) -""'" 

0 

Data tor 46: lB-n.m.r.: 15,,1.36, 1.43, 1.49, 1.55, 1.64 (5 s, 18 

R, CMe
2

) , 2.08 (s, 3 R, HNAc:) , 2.77 (bs, , H, OH), °3,~44, 3.46 (2 a, 6 

: B, 
Id H, OMe), 4.42 (d, 1 B, J , ,2 6 ,2 Hz, B-1 ) 0' 5.13 (s, 1 B-:J • ) • 

"; ./ 
;, 

, '2,3: 5 ,6:'Di-o-isopropyliderie .. 4-D- ( 2-ac:.tamido-J-O-benzyl-2-deoxy-4 ,'6-0-

1sopropYlidene-(l~-qluc:oprrano~yl )-aldehydo-O.:.qluc:ose da.th!l 0 acetal, 

(.!I) 

'. 
Hethod Ai A 801ut!Qn ot .!1. (190 1IlC1, 0.78 lÎanol) in tetrahydrofu-

, , 

t'an <'ta aIrt-watl added te a stirred' sU,spension of lith1:\nn, alumilW.Jll hy-
" 

,dride (30 Dl) 'in tetrahydroturan (la mL) at 0°. 
f' 

After '10 h at 1'00'111 

~' ~ ( 

teaparature, the aixtUre vas processed as desc!f::'bed for ~ tG ,pro~ide a 
, ' 
" ' 

.yrup, wh1ch, alter. chrollatography (eluant', 2: 1 ethyl acetate,," hexane) 

9a";' .!t (84 1IIq, 0 .. 13 -.cl. 46'). A second" IlÙ.nor traction was; ident!-
" 

t .' ( 

'.tiecl u 30 (11 1DC1, 0.02 aaqi. ,,). 
, - 0' ' , 'c 

Hethod Bs , A 801utio.n of ~ (1.25 q, 2.J ~Ol), i,!-. tetrahydro'fUra~ 
..... ;- . , , 

, ' 

,(20 -,L), ftS added te 1. atirred suspension of sodiull hydride (125 ~) ,in 
f ' l ~ /, ,~O , 

__ 0- -- Il J, 

1 
} 

.' , 
, ' 

l ' \~ 

, Q . , 

9 i • 

/ 

" , 

, ' c 

• • f 

(, ' 

of 

, , 

l , 

1 
t' , 
\ 

" 0, , 
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\ 
" Q • l 

tetrahydrofural'l (20 mL) at 0 0 • Atter 10 min,'bèn~yl,bromide ,(0.4 ~, 

3.4,1IIIIlol) Md. tetrabutYlal!Ullonium'bromide (- lb 1Il9) were added, and the 

mixture vas "stirred for 12 ',he After addition of ethanol, the solvents 

v 

vere removed and the "residue dissolved in chloroform. The solution was 
,', 

washed 'fith wat&r, dried and concentrated ta qive a ayrup, which after 

chromatoqraphy (eiuant, 2:1 ethyl ~cetate - hexan,e) prov1ded!Z.. (1.15 

20 0 

9, 1.8 mmpl,' 78%), [B]Do + 79 (c 2.1, ·chlor~form). 

lB-n.m.r. : 6 1 .• 30;' 1.35, 1.4Q, 1.43, 1.46, t.50 (6 8, 18 H, 

CMe2 ), 1.94 (s, 3 B, NAc), 3.38, 3.41 (2 8 J 6 R,( oi'è), 3.49 (dd, 1 \8, 

J 3 ',2'" 8.3, J3,,4,.10~S Hz, &-3'),3.68 (dd, t S, J 4,3,2.9, J 4 ,S 6.1 

Bz, ~-4), 3.73 - 3.84 (m, 4 H, 8-4', S', 6a', 6b'), 3.93 (dd, 1 B, J 2,1 
, 

- J 2 ,3 - 6.1 112;, 8-2), 3.96 <,(dd, t S, J 6a,5 6.1 Hz~ R-6a,>' 4.04 (dd"l 

B, ~6b,5 6.1 H.;, ,-6b), ~4.19 (ddd, 1 H, J s ,4 ~'JS,6a· J S ,6l;>· 6.1 Hz, 

B-S~, 4.23 (dd, 1 S, J 3,2 5.9, J
3

,4 2.7 Sz, S-3), 4.28 (ddd, 1 R, 

J 2 , 1" 3.7, J 2 , 3' 7, J 2, NB?10 Hz, H-2'), 4.32 (d,lB, J,,2 6.6 Hz, 
... ., ,." , , 
B-1),,' 4.55, 4~61, 4.81, 4.8

0
7 (AB, 2 S, PhCH2 ), 4.90 (d,lB, J t ',2' 3.9 

, 
Hz, &-1'),5.84 (d, 1 S,·J

NH
,2' 9.7 Hz, ~c), 7.31 (s, 5 H, Ph). 

13C-n.m.r.: cS 19.33, 2S.18~ 26.62, 27.56, 27.60, 29.36 (CHe
2

), 
" , 

23.32 (NAc), . 52.70 (C~, 54.70, 56.68 (OHe) , 62.53 (C-S')" 64.52 , 
. ' 

(C-6' ), 66.62 (C-6), 73.81, (PhCH
2

) , 75.55 CC-4' , C-5) , 76.56,. CC-3' h 
~ 

76.95 (C-2), ,78.~5 (C-3,>' 80.45 (C-4), 99.72 (CMe 2 ), 101.17 CC-t'), 

105;17 (C-1)~ 109.,09, 110.7,9 (CHeZ" 128 - 139.4 (Pli), 170'.08 (OAc). , 

MW 639. round: ~/z 640 (M + Jf+, 
" , , 

100), m/2L, 624 (~-C~, _23), (rASS, 91ycerol). Calcd.a 
• 

c, 60.0S,' H, 
, ' 

'7.72. Pounds C, 59.85; H, 7.74. 

, 
, ' 

\ 1 

" , , , , ' 
~ , !' 
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\ ' 

:!.t!-o", lsopropylidene- (.!2) and 2,3 : 5 , 6-di -O-i sopropy-1.1den~-4-O- ( 2-ace-

tamido-3-o-benzyl-2-deoxY-a~-qlucopyranosyl)-aldehydo-~-qlucose dime-

thyl Acetal (~) 
- - ~ 

, , 
, ' 

A .olution of E.. (10.5 '1, 16.4 mmol) and pyridini~ R;-toluenesul-

, .' 
tonate (25 1119) in methanol (125 mL)'was stirred for 86. A few ~ops' 

J ; 1 l , 

'" , , 
ot llJIUIIonium hydroxide were added ta neutralize ,the '8~,lution, the sol-.. ,;' 
vent ns removed, and the residue ch omatographed e~uant, 3~ Methanol 

'in ehloroform) ta q1ve ..!! '(7.0 9, 1 73\). Further elution (10' 
1 ". : It 

methano1 in chloroform) provided ~ (1.3 q, 2.3 '1IIIII.~1, ,14'). 
1 ... t~ 't 

Data for~: ra 1~0 + 88 7, chlor~for~J 1 IH-n.m.~.: 6 1.33, 
, 

1.40, 1.42" ',.45 (4 8, 12 H, 

3.44, 3'.45 (2 8, (dd, 1 H, J 3 , ,2' 10.7, ga' ,4' 8.6 Hz, 
• ,l, lU 

ft-3'),3.67-, St, 6a ~, 61,1), 3.79, (ddi~:'),1, H, J 4,3 3, 
t .) {. 1.1'\' \ 

J 4 ,S 4:9 HZ, 8'-4), 4.0 (dd, 1 B, J 2 ,1 • '!2,3.' 6.4 Hz, "~~:~.>,' N 4.0 (2 
, " 'y ,~, 

H-3),>"'~:.4.24 (m, 2 t Il'\~'I ;,\ , 
1,' ,I.,~: 1 l 

4.7,1 (s, 2, ~( ;PhCH2 ), 
. ,': ,i ';\'l, " 

J .. yu 2' '9. 3 'fttt:;,';, mtA,c), , 
I.1IDI ,,1 ,,''c$'''t 

/ li,"\r 
\' 1 1 

", ! "" " . c ~ 1 " 

(c~~));'~: ' 
\ '" III ,t , , , 

Il, 8-6a, 6b), 4.17 (dd, 1 H', J 3 ,2 6.4, ,J3~'~' 2.9 Hz, 
" , 

H, ft-2', H-5)" 4.34, (d, 1 H, J 1 ,2 6.4 ~,' ,:~-1), 
, , , 

5.01 '(d, 1 H, J

" 

,2' 3.6 Hz, H-l' )" 5.94 (d;'::Y H, 
", , , 

" ' 

, 
• 7.33 (B, 5 H".Ph). , , , ( e 

: ",;( C 

, ' 

6 23.19 (NAc), 24.47, ,26'''~\., '27.24-,27.30 
" 

t '. 

'52.37 (C~2'~, 54.72, 56.92 (OMe), 62.39 (C-6~'(;I:' 65.51 '1C-:-6)~ ''10'.74, 

, ' ":;'.. il 

.~~.73 (~-5,:~,),'73.8'(~hC~2)' 78.55 (C-3), 79.6~:Z:); '99.98 (C-~·),:.,-

'~,~~o.6S (C-n, 108.76, '1~'0.40 (CMa2 ), 128.0,- 138.2 US~!~,~ ,; 
• I! '/' 1) 1 ~ ~I; ': ' 

l ,i , f ~ f. , 

:': ,;' Anal •. ealed. to~ C~9H"S012~: MW 599. ~ound; :''.~)~/< 60~ .. (M + 'H"'" ri 

40) lo ,.'~:,ÀBS, '1~Ya.rOl) ~, "'" ' : '; " " , " , 

i " " 1 J rft .., 

'C \< 1 l J , 
t;, /1 

• 1 
, , 

'~5-x.,r- r ... , ...... 

-"'- '5 ' ! /" ", ( '.{, \, 
... r t : ~ l', i' j ; 

\ ,,-',1" " 
\. • " • .,... ,i 

} ~ ,'J \ "' 
lI" t '.: ',' ~ 1 l' 

,) 1" 

,. '" 1 .. 

i , , 

1 • 
1 

j , 

! 1 

l' 
\ 

'l' 

, \ 

, , 
,\ ,. 

, , 

! " '., ' , " 

, ' 
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, 

Data for 49: 20 
[alo + 57.2 (~ 3.2, chloroform), IH-n.m.r.: 6 

1.35, 1.39 (2 8, 6 H, CM. 2 ), }.86 (s, 3 H, NHAc), 3.40, 3.42 C2 s" 6 H,~ 

OHe), 4.315 (d, 1 H, J , ,2 5.9 Hz, 8-1), 4.63,' 4.69,4.80,4.86 CAB, 2 

B, PhCH2), 4~93, (d, 1 B, J
1
',2' 3.5 Bz, 8-1'),6.0,5 (d, 

-7.30 (s, 5 H, Ph). 

H, NHAc), 

13C-n'.m.r.: 6 23.29 CNAc) , 27.58, (CMe
2

), ~7 (C-2,') , 55.17, 

56.91 (OHe) , 62.37 (C-6'), 63.41 (C:-6~, 71.45, 73.60, 73.64, 'i4.S~, , 

77.89, 78.93, 80.24 CC-2, 3, 5, 3', 4' , 5', PhCH2 ), 82.93 (C-4) , 101.08 

{C-l"), 105.73 (C-n, 128.11 - 139.03 ,(Pb), ,110.65 
,l< , 

, 
• , ' 1 ~ 

, " 

calè~". for C26Hltl012N: MW' 559. Found: m/z 665 CM +' 

, .pEAfl+, 60), (FABS, DEA). 't ' " 

,! 

" 
1,,1 

" 

\' 2,3:S ,6-0i-6..'isopropylidene-4-0-( 2-acetamido-~ 'i'6":di-o-all yl-3-0-oenzyl-
'~" l , 1 

J \ \ , 

: .,'2-de'Q!y-a-D:-jlucopyranoSYl ) -aldehydo..i.D-<Jjlucose dimethyl acetal (50) 

, , 
1'1 ' 

" 1 
",'" 

\'1 _, - P 

èompound ~ (1.24 g, 2.07 mmoH in tetrahydrofuran (10 mL) ",as 
~' J' ,1 1, 

a~aed ~:~ stirred suspension of sod~um hydride (200 mg) in tetrahydro-
Il' t' 

/:' 0 <.: r' \ ' l , 

furàn (20'.mL). After la min, allyl,brolDide (0.43 JIlL, 5 mmol) ",as added 
,'IIi' J 

, , 
and' :~e ~xture was heated at Soo for 18 h. Ethanol was added and the 

! l,; " 
\ ," 

,Dlilé~k~, neutralized ~ th 5. aque?us hydroqen chloride. After removal 
l ,,1 ".{"I, l ," 

O~" the sbl~nts bY· evaporation, chloroform, "'as added ta the residue and 
... " , 

1 1 l" , 

the soiuti'on, then washed wi th sodium hydrogen carbona te and wa ter, 
" " 1 , , 

, ,';1 1 JI' 

dried, ',and conc:entrjlted. 
, , 

Chromatoqraphy (eluant, " methahol in chlo-
l, 

20 
roform)-gave ~ (1.07 9, 1.~ amol, 76\) 1 laID + 66 (c 0.9, chloro-

fona): •. 

, ' 

, , 

- , " 

1 

'.' , , 

'-, . 
• 



o 

- 206 -

a 1.35, 1.41 (2 8, 6 H, CHe 2 ), 1.88 (s, 3 H, NAc), 

3.41,3.83 (2 s, 6 H, OHe), 3.58 - 3.71 (m, 5 H, 8-4, 3', 
~ . 

4', 6a', 

• • 6b'), 3.76 - 3.80 (m, 1 H, B-S'), 3.95 (dd, 1 B, J 2 ,1 6.6, J 2 ,3 6 Hz, 

H-2), 3.96 '- 4.31 (m, 9 H, H-3, 5, ~, 6b, 2', CH2CHCH20-), 4.33 (d, 1 

"'--
H, J

" 

2 6.6 Hz, H-l), 4.58, 4.67, 4.80, 4.83 (AB, 2 H, PhCH2 ): 4.92 (d, 0 

1 H, J

"

,2' 3.7 Hz, H-l'), 5.1 - 5.3, 5.8 - 6.0 (m, 7 B, CH2CHCH20, 

NHAc), 7.3 (Ph). 

13C-n.m.r. : a 23.18 (UNAc), 25 • .{)7, 26.58,,27.47 (CHe
2
), 52.52 

(C-2'), 54.11, 56.30' (OMe), 66.73 {C-6), 68.25 (C-6'), 71.55 (C-5'), 

72.'47, 73.71 '(CH2 -CHfH20), 74.69 (PhCH2 ), 75.25 CC-5)'1 76.29 CC-2), 

78.Q3 (C-4'), 78.40 (C-3), 79.58 CC-3'), 80.60 (C-4), 100.73 CC-l')1 

105.09 (C-l), 108.94, 110.57 (CMe2)~ 116.91,117.09 ~CH2-CHCH20), 

Q 

127.13 (Ph), 134.45, 134.70 (CH2~HCH29), 170.13 (NAc). 

MW 679. Pound: m/z 786 (M + 

DEAft+, 13.7), m/z 680 (H + 0+, 4.7), (PABS, DEA). 

" 

o 

~-o-I90propylidene-4-o-(2-acetamido-4,6-di-O-allyl-3-O-benzyl-2-deoxy 

-a-C-glucopyranosyl)-aldehydo-~-glucoge dimethyl acetal (2l> 

As descr1bed in the procedure for compound .!!, ~ ('70 mg, 0.25 

mmol) was hydrolyzed with 80\ aqueouB acetic ac1d at 40° for 5 h. 

Purification of the product by chromatography (eluant, ethyl Acetate) 

20 gave 1!.. (106 mg, 0.17 lIUlIol, 68\); [a]D + 57 (~ 1.3, chloroform). 

lH-n.m.r.: <5 1.36.1.41 C2 S, 6 H, CHe 2 ), 1.87 (s, 3 H, NHAc), 

·3.3 - 3.8 (Ill. 7 H, H-4, &a, 6b, 4', 5', 6a', Eb'), 3.41, 3.44 (2 s, 6 

H, OHe), 3.57 (dd, 1 B, J 3 ',2' - J 3 ',4 - 10.3 Hz, H-3'), 3.96 - 4.34 

o 

r 

',-



o 

o 
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, 
(m, 4 H, H-S and CH2 aCHg20), 3.98 (dd, 1 H, J

2t 
1 - J

2
,3 - 5.9 Hz, 

H-2), 4.23 - 4.34 (m, '2 H, H-2' and CH
2

-CHCH
2
0), 4.27 (dd, 

5.9, J 3 ,4 4.4 Hz, 8-3), 4.34 (d, 1 H, J 1 ,2 S .. 9 Hz, 8-1), 4.60, 4.64, 

4.90, 4.83 (AB, 2 H, PhCH2 ), 4.86 (d, 1 H, J 1 ',2' 4.2 Hz, H-1'), 5.16 -

5.33, 5.84 - 5.98 (m, 7 H, NHAc and CH2~CHCH20), 7.26 - 7.32 (Ph). 

13C-n.m.r.: ô 23.24 (HNAc), 27.44 (CMe
2

), 52.64 (C-2'), 54.68, 

56.68 (OMe) , 62.98 CC-6) , 68.97 (C-G'), 72.09 (C-S) , 72.53 (C-S'), 

73.08, 73.83 (CH
2 

::oCHCH
2 
0) , 74.87 (PhCHz) t 77.45 CC-2), 78.37 (C-4' ), 

- 78.51 (C-3) , 80.10 (C-3') , ·84.38 (C-4) , 101 .23 CC-l'), 105.07 (C-1 ), 
" . 

110.72 (CMez )' 117.39, 117.68 (CH
2

CHCH
2
o-) , 127.8 - 138.28 (Ph, 

CH
2

CHCH
2
0), 170.05 (HNAc). 

Anal. Calcd. for C32H49012N.820; Cr 58.43; H, 9.04; N, 2.13. 

Found: C, 58.30; H, 7.95; N, 2.10. 

'5,6-Di~-acetyl-2,3-0-isopropylidene-4-0-(2-acetamido-~,6-di-O-allyl-3-

O-benzYl-2-deoxY-œ~-qlucopyranosyl)-aldehydo-D-glucose dimethyl acetal 

<E) 

A portion of ~ was' acetylated to give, after chromatography 

(eluant, 2: 1 ethyl acetate - hexane),~; [C1]~O + 75 {c 0.5, chloro

form) • 

IB-n.m.r.: ô 1.31,1.35 (2 s, 6 H, CMe 2 ), 1.84 (s, 3 H, NHAc), 

2.07, 2.08 (2 S, G H, OAc), 3.37, 3.41 (2 S, 6 R, OMe), 3.59 (dd, 1 H, 
'. 

J 3 ',2' • J 3 ',4' .. 9.3 Hz, 8-3' ), 3.6 (dd, 1 H, ;!6a' ,6b' 
10Hz , H-6a' ), 

3.67 (dd, 1 H, J 4 ',3' - J 4 , ,S' -9.S Hz, 8-4' ) , 3.73 (dd, 1 H, J 6b , ,5' 

• 3, J 6b , ,6a' 10.5 Hz, H-Gb' ), 3.85 (dd, 1 H, J 1.5, 6.6 Hz, H-4) , "" 3.92 



-
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..-
(III, 1 B, B-S'), 3.96 - 4 .. 24 (m, 8 B, &-2, 3, 6a, 2', 4.34 

, 
Cd, 1 B" J,,2 5.5 Hz, &-1) 4.46 Cdd, LB, J 6b,S) 2.4, J 6b ,6a 12.2 Hz, 

&-6b) , 4.63, 4.66, 4.81, 4.84 (AB, 2 H, PhCH2 ), 4.97 (d, 1 H, Jl',2' 

3.7 Hz, a-l'), - 5.2 (m, 1 H, H-5), 5.2 - 5.4 (m, 4 H, CH2CHCH20), 5.52, 

Cd, 1 H, J NH ,2' 9.7 Hz,'NHAc), 

Ph) • 

~ 20.84,21.21,23.32 (NHAc, OAc), 27.10,27.37 

(CMa
2

), 52.60 CC-2'), 53.62, 56.90 (OMe), 62.29 (C-6), 68.33 CC-6 ' ), 

71.94 (C-5), 72.12 (C-S'), 72.52, :73.91 (CH2CHCH2o-), 74.90 (PhCH2 ', 

• '#" • 
76.66, 78.49, C-2, 3), 77.87 CC-4'), 79.42 CC-3'), 80.57 (C-4), 99.87 ' 

CC-1), 1()4.79 CC-l'), 110.66 C04e
2

), 117.09, -'17.19 (CH2CHCH
2
0-), 130-

135 (PhCH
2 

and CH
2

CHCH
2
0-), 170 (Ac). 

, " 

Anal. calcd. for C36HS3014N: MW 723. Pound: m/z 829 'CM +, 

DEAa+,: 3:8),', 'tn/z 724 CM + IF, 1.1), (FASS, DEA). calcd.: C" 59.741 H, 

, 
7.38; N, 01.94. Found: C, 59.34; H, 7.58; N, 1.83. 

2,3-D-Isopropylidene-S,6-di-o-methanesulfonyl-4-0-C2-acetamido~4,6-di-o 

-allyl-3-0~benzYl-2-deoXY-a-D.9Iucopyranosyl)-aldehydO-D-glucose dime-
~ 

thyl acetal cg> 

A solution of 52 (300 mg, 0.47 mmol) in methylene chloride (5 mL) 

was added ta a stirred solution of methanesùlfonyl chloride, (0.1 mL, 

1.3 mmol) and pyridine (1 mL) in methylene chloride (10 mL). After '3 

h, the ablution was poured onto an ice-water mixture and the product 

extracted into - chloroform. After washing with sodium hydrogen carbo-

nate and water, the chloroform solution was dried and concentrated. 

l , 
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, , 
, , 

C1iromatograpqy" (eluan~, 2:,1 ethYll acetàt& :. be~ane) ot the' resi4uë, qave ' , , 
1 

a s~p, 53 (277 mq, 0.35 lDtnol, '74') ~ 
" - - " l 

, '" 

lH-n.m.r.:6 1.29, 1~33' (2,8, 6 Hf CMe 2 ),"1.ao, (s, 3 H, NHAc)', 
l 

3.04, 3.06 (2 s" 6 H, 'S03Ma), 3.37,,'3.44 (2 s, '6 H,' ,~Me), 4.3 ... 4.36 
, 1 1 • J"' t ' 

(d, 1 H, Jl~'2 4.~" 11;, 8:-1), 4.57" (dd, 1 K,' J 6b,5 2.4, 
\ 

(H-6a), 4.34 
~4 ~ 

J 6b,6a 11.7 Hz, H-6b), 4.58, 4.62, "4.77, 4.81 (AB, 2 H, pnCH2 ), 
î (, ~ 

5.03 
• J 1 V ' 

l ' , 

(d, 1 H, ,J1 ',2' 3.4 ~,:H-l:t,',- 5.,03, (mj'" H, R-:-S), 5.52 (d~ 1 Kr 

~ r !l 

J NH , 2' '9 Hz, NHAc')" 5.1 - 5'.'2~, 5.8 - 6.0 (m, 6 11', CH2~HCH2~-) ~ 7.,30 
, 

, (Ph). 

ti ' 

l;... 1 ~ II 

5,6-Di-o-acetYl-2,3-o~isop~opylidene-4-0-(2-ace~ido-4,6-di~O-allyl-3~ 

O-ben~yl-2-deoxy-~-o-qlucopyranosyl)-aldehydo-L-idose dimethyl 

(2!) 

Acetal 

A solution of 53 (230 mg, 0.28 mmol) and potassium acetate (200 

mg) in acetic anhydride (8 mL) was heated at 120 0 f9r 20 h. The acetic 

anhydride was removed by evaporation under high vacuum, the black resi-

due dissolved in ethyl acetate, the solution was wasned with sodium 

hydrogen carbonate and water, dried, and concentrated te give a crude 

syrup. After repeated chromatography (eluant, 1: 1 ethyl acetate -

hexane) , ~ was obtained as an impure oil. An authentic sample "'as 

prepared by acetylation of 12.; ( }20 a 0 + 49 (c 1.5, chloroform) • 

IH-n.mor. : 'ô 1.33, 1.38 (2 S, 6 H, CMe
2

) , 1.81 , 2.03, 2.07 (3 s, 

1 

9 H, NHAc, 0Ac) , 3.36, 3.39 (2 s, 6 H, OHe) , 3.56 (dd, 1 H, J 3 , ,2' 

10.5, J 31 ,4' 8.'8 Hz, H-3'), 3.63 (dd, 1 H, J 6a "S' 2, J6a ',6b' 11 Hz, 

8-6a'), 3.66 (dd, 1 H, J4'~3' 9, J 4"s, 9.7 Hz, H-4'), 3.72 (dd, 1 K, 

/ 

, " 

, 1 

1 
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J 4 ,3 2.2, J 4 ,S 5.4 Hz, B-4), 3.72 Cdd, 1 B, J 6b ',5' 3.2, J 6b ',6a' 10.7 
1 

Bz, H.-,6b~), 3.82 Cddd, 1 B, J 5 ',4' 10, J 5 ',6a' 2.2: J 5 '
I
6b' 2.7 Hz, 

& 

B-5 • ), 3.88 Cdd, 1 H, J 2 ,1 • J 2 ,3 • 6.4 Hz, H-2), 3.94 - 4.36 Cm, 4 H, 

\ 
4.12 - 4.2 C~, 1 H, H-2'), 4.17 (dd, 1 H, J

3
,2 6.3, J 3 ,4 

\ 
2.3 H:t, H-3), 4.29 (dd, 1 H, J 6a ,5 7.3, J6a,6b'2.7 Hz, H-6a), ,4.30 Cd, 

1 B, J
1
,2 6.4 Hz, 8:'1), 4~39 Cdd, 1 H, J 6b,5 2.7, J 6b,6a 12.5 Hz, H-

6b), 4.59, 4.63, 4.82, 4.86 (AB, 2 H, PhCH2 ), 4.94 (d, 

Hz, 8-1'), 5.14 - 5.32 bn, 4 H, CH2CHCH2Q-), - 5.28 Cm, 

H, J 1 ' , 2' 3 .9 

H, H-S), 5. 52 

Cd, 1 H, J
NH

,2Î -9.0 Hz, NHAc), 5.85 - 6.0 (m, 2 H, CH2CHCH20-), 7.33 

(Pb) • 

13C-n.m.r. : 4 20.79, - 20.96, 23 .oeg (OAc, NAc) , 27.30, 27. 38 

. (eMe2 ), 52.74 CC-2'), 54.21, 56.43 (OMe), 63.25 CC-6), 68.02 CC-6'), 

·f 72,.04 (C-5, 5'),73.71,74.51 (CH2CHCH20), 74:.51 (PbCH2), 76.6~ CC-2), . ' 

ft 

76.70 CC-3), 77.55 CC-4), 77.89 (C-4'-), 79.16 (C-3'), 100.76 (C-1'l, 

105.09 CC-l), 110.71 CCMe2 ), 116.88, 116.96 CCH2CHCH2Q-), 128 - 134.6 

(PhCH
2

, CH2 CHCH20-). 

Anal. calcd. for C36H5301~N: MW 723. Found: m/z 829 CM + 

DEAa+, 4.3), ( FABS, DEA). 

2, 3-o-Isopropylidene-4-0-C2-acetamido-4,6-di-0-allyl-3-0-benzyl-2-deoxy 

-a-D-qlucopyranosyl)-aldehydo-~-idose (~) , - (-

Compound.2!. W8S deacetylated with sodium methoxide in methanol to 

1 
provide, after chromat~raPhY (eluant, ethyl acetate), 

+ 56 (e 2.4, ehloroto~. 

'# 

5S lalD
20 

syrupy _, 

\ 



o 
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IR-n.m.r.: 5 1.35, 1~40 (2 8,6 B, CHe 2), 1.84 (s, 3 R, NHAc), 

3.36, 3.40 (2 s, 6 B, OMe), 3.95 (dd, 1 B, J
2

,1 • J
2

,3 • 6.0 ~, R-2), .. 
4.~8 (dd, 1 R, J 3 ,2 6.0, J 3,4 3.7 Hz, B-3), 4.33 ·(d,. 1 B, J,,2 6.0 Hz, 

, ,~ 

H-l); 4.58, 4.62, 4.78, 4.82 (AB, 2 R, PhCH2 ), 4.95 Cd, 1 H, J 1 ',2' 3.1 

" Hz, R-l'), 5.1 - 5.3, 5.8 - 6.1 Cm, 6 H, CH2CHCH20-1, 5.64 (d, NHAc), 

7.3 (Ph). 

13C-n.m.r.: 623.15 (NAc), 27.34, 27.41 (CMè2 " 52.66 (C-2'), 

54.95,56.68 (OMe), 62.25 CC-6) , 68.97 CC-6'), 71.69 (C-5), 71.96 CC-

.5'), .72.51, 73.83 (CH2 CHCH2o-), 74.79 (PhCH
2

), 71.27 CC-2), 77.54 (C-

3),78.43 (C-4'), 79.84 (C-3'), 82.59 (C-4), 100.52 CC-1'), 105.36 

CC-o, 110.59 (CHe2 ), 117.33, 117.55, 127.79 - 138.78 (CH
2

CHCH
2
o-, 

Ph) • 

MW 639. Found: m/z '45 CM + 

D~, 11.8), m/z 640 (M +~, 3.5), (PABS, DEA). 

Methyl 2,3 ,6-tri-O:-acetyl-4-o-(!-acetamido-4, 6-di-O'-acetyl-3-0-benzyl-

2.-deoxy-a-D-qlucopyranosyl-a ~ -B-D-glucopyranoside c!§.r 

Acetyl shloride (O.OS rrJL) was added ta a solution of 49 {60 mg, 

0.9 mmol} in methanol (30 mL). After 23 h, basic resin (IRA 400) was 

added, the solution \00133 filtered and the filtrate evaporated ta dry-

ness. The residue was used directly for further reactions (see ~). 

For the purpose of characterization, the residue was chromatographed 

Celuant, 10\ methanol in chloroform) .to give .§. (36.6 mg, 83\) 1 .§. was 

-- -.- -'- - acetylated and ch~omatographed Celuant, 1: 1 ethyl Acetate - hexane) te 

qive the Utle compounds 66 (49 mg, 0.7 II11II01, 78\) as an anomeric IIlix-

ture (a:B - 2:1). 

· . 

) 
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lB-n.m.r.s 6 1.68 - 2.14 (10 s, "15 B, OAc and NAc), 3.41 (s, 

C-oMe), 3.48 (s, 8-oMe), 3.62 (dd, 1,B, J - 9.4, 10.7 Hz, a-3a"), 4.38 

" (Ill, B-2a'), ~.44 (d, J , ,2 7.9 Hz, H-18), 4.76 (dd, J2,1 3.7, J 2 ,3 10.4 

Hz, B-2a), 4.81 (dd, J 2 ,1 7.9, J 2 ,3 9.6 Hz, 8-26),4.87 (d, J , ,2 ~.7 

Hz, B-1 a). 

, Anal. ca1cd. for C32HIf.3Q16U.H20: C, 53.70; B, 6.34. Pound: C, 

53.211 H, 6.33. 

Methyl u -2,3,6-tri-O-acety1-4-o-(2-ace~ido-3-0-benzyl-4,6-O-benzyli

" dene:'2-deoxy-a-D-'11ucopyranosyl)-a ~ -S~-qlucopyranoside (.!Z) - -
'1'oluenesulfonic acid (6 mg) was add~d ta a solution of ~ (1.76 

9, 3.61 DllDol) and dimethyl aceta1 benzaldehyde (1.2 mL, 7.9 mm01) in 

.~ N,N'-dimethylformamide (10 mL). Mter 2 h heating at 70 - 80° under 

o 

, 

b . ..,'. 

vacuum (rota ty evaporator at wa ter vapour pressure), pyridine (3 ~) 

vas added • 

• 
The solvents were evaporated under high vacuum and the 

. 

residue chromatographed (eluant, 2% followed by 6% methanol in ch1oro-

forlll). The major fraction was acetylated ta give, after chromatography 

(eluant, 3: 2 ethyl acetate - hexane) an anomeric mixture, 67 (851 IIIg, 

1.2 Mmol, 34'). 

tH-n.m.r.: ~ 1.90 - 2.11 (7 s, 12 H, NAc, OAc), 3.40, 3.46 (2 s, 

OMe), 4.59, 4.63, 4.$9, 4.93 (AB, 2 H, PhCH2 ), 4.76 (dd, J 2,1 3.5, J 2,3 

10.1 az, H-2a), 4.84 (d, J,,2 3.7 Hz, H-la), 5.07 (d, J

"

,2' 4.1 Hz, __ 

H-la'), 5.49 (dd, J
3

,4 • J
3
,2 - 10.1 Hz, H-3a), 5.57 (s, PllCH), 7.25 -

7.38 (m, Ph). 

l3C-n.m.r. : Ô 20.79 - 23.50 (OAc, NAc), 52.15 CC-2a'), 55.68 

• • • (OMea), 57.16 (OMeS), 63.14 (C-6a), 64.40 CC-Sa'), 68.22 (C-Ga'), 68.89 
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"-
CC-5a), 71.47' CC-2a), 72.32 (C-2B), 72.78 CC-3a), 74.04 (C-4a), 74.45 

(PhCH2B), 74.52 (PhCR2a), 75.68 CC-3B), 76.10 (C-3S'), 76.13 (C-3a'), 

82.70 (C-4a'), 9:7.00 CC-la), 99.75 (C-1B'), 99.81 (C-1a'), 101.43 (C-

1S), 101.50 (PhCH), 126.40 - 138.93 (Ph), 170.34 - 170.83 (CO). 

Methyl 2,3,6-tri-Q-acetyl-4-o-(2-acetamido-4-o-acetyl-3,6-di-o-benzyl-

2-deoXY-a-~..,1ucopyranosyl)-a_.!!!! :-B-~-qlucopyranoside (69) 

Diethyl ether saturated vith hydroqen chloride (4 mL) vas added 

--- ------ to a st1rred solution of §L (450 1119', .0.64 1IDIl01) and sodium cyanoborohy

dride (600 mg, 10 mmol) in ~trahydrofuran (20 œL) at OG containinq 3 A 

o 

./ 

-0 

molecular sieves. Addi tion was stopped alter evolution of gas, had 

, ... 
ceased and the solution remained acidic (pH~paper). Chloroform (60 mL) 

was added after 3 h and the mixture filtered. The filtrate was washed 

with sodium, hydrogen carbonate solution and water, dried and evapora-

ted. The residue (68) 'was deacylated to qive a product 2!l. (360 mg, 

95%) sui table for subsequent reactions (see .!!.). A portion of 'the 

in"termediate ~ was acetylated and purified by chromatography (eluant, 

1: 1 ethyl Acetate - hexane) ta give the title compounds, ~, as an 

anomeric mixture. 

IH-n.m.r.: 6 1.88 - 2.06 (9 S, 15 R, OAc and ~Ac), 3.49 (s, 

OMea), 3.43 (s, OMeS), 3.65 (dd, J 3 ',2' 10.9, J 3',4' 9.3 Hz, H .. 3a'?, 
- .. 

3.96 (dd, J 4 ,3 - J 4 ,5 • 8.4 Hz, B-4a), ,.. 4.16 Cm, H-6aa, H-6a6), - 4.4 

(m, 'B- 2a '), 4.45 (d, J,,2 7.8 Hz, H-1B)~ 4.52 (s, Ph<::H2),' 4.77 (dd," 

J
2

, 1 ~.2, J
2

,-3 10 ~'I H-2a), 4.83 (dd, J 2 ,1 7.8, J 2 ,3 9.4 Hz, 8-2B), 

4.83 (d, J , ,2 3.3 Hz, H-la'), - 5.'2 (H-la' and H-4a'), 5.52 (dd, J 3 ,2 

.10.5, JJ.,4 8,.5 Hz, H-Ja), 7.,29 - 7.36 (m, 10 "B, Ph). 
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13C-n.m.r.s cS 20.83 - 23.49 (OAc and NAc), 51.82 CC-2a ' ), SS.66 0 

., 
(OMea), 5?lS (OMeS), 63.31 CC-6a), 68~31 CC-Sa), 69.28 (C-6a'), 70.89 

CC-4c;'), 71.14 CC-Sa'), 71.48 (C-2a), 72.85 CC-3a), 73.51 CC-hl, 74.20 

(PhCH
2

), 75.70 CC-3B), 77.98 (C-3a l ), 97.01 (C-la.), 98.60 (C-1B'), 

98.75 CC-1a'), 101.58 CC-lB), 127.96 138.54 (Ph), 169.7 - 170.83 

(CO) • 

Anal. calcd. for C37H .. 701SN: C, 59.591 H, 6.35. Found: C, 

59.10, H, 6.39. 
, \ 

" 
Methyl 2, 3-di-o-acetyl-6-o-p-anisyldi phenyl methyl-4-o- (2-acetamido-4-

0-acetyl-3 ,6-di-o-benzyl-2-deoxy-a~-q1ucopyranosyl)-a ~ -S~-q1uco

pyranoside Cl!) 

A solUtion or ~,(187 IIIC], 0.32 mmol) in pyrid1ne (5 mL) was dried 

and reduced in volume by azeotropic distillation with carbon tetrachlo
\. 

ride. Arter coolinq, p-anisylchlorodipheny1methane C200 mg, 0.65 mmol) 

vas 'added ta the stirred solution, wh1ch ws then heated at 35 0 for 18 

h, until the startinq ma te rial was no lonqer present Ct.l.c., 10' me
;: 

1 thanol in chloroform). The intermediate was not isolated but acety1a-

« 

ted by the addition of acQetic anh~dride (0.2 mL). After 6 h the mix-

ture was d11uted wi th chloroform, and then washed wi th sodium hydroqen 1,: 

earbonate...,solution and water, dried and evaporated. The residue con-

products (t.l.c., 2: 1 ethy1 acetate - hexanè) and a 

, ma11 &l!'0unt of 1l. (55 1D/9, 0.06 wnol, 20') vas isolate9 by ch~omat9-

1'"aphy (eluant, 3: 2 ethyl acetate - hexane). 

lB-n.m.r., 6 1.84 - 2.04 (7 8, 12 1!, OAc and NAc), - 3.1 (m, 

8-6'), 3.22 - 3.54 (m, includes H-6, 5'), ,.3.55 (s, '~a~, 3.57 (s, 

-. ~r' ". ( ~ l '" 

o 

' . 
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OMeS), ... 3.7 (R-4à), 3.71 (s" PhOHea), 3.72 (s, PhOMeS), ,.. 4.3 (m, 

&-2a,'), 4.29,4.33,4.43,4.46 (AB, PhCH
2
), 4.44, 4.48,4.49,4.53 (AB, '1 

PhCH2!~ 4.74 'Cdd, J 2 ,1 3,6, J 2 ,3 10.3 Hz, H:'~Clt, 4.84 (dd, J 2 ,1 7.8, 

J 2,3 9.9 HZ! &-2B), 4.95 (d, J,,2 3.6 Hz, 8-la), ,.. 5.1 (H-la'), 5.18 

(dd, J. 9.7, 11.4 Hz, B-4<1'), 5.48 (dd, J
3
,2 10.3, J

3
,4 9.1 Hz, 8-3a), 

6.76 - 7.44 (m, 20 H, Ph). 

,13C-n.m.r.: ~ 20.9 - 23.45 (OAc and NAc), 51.60 (C-2a'), SS.4~, 

55.50 (PhOMe, O\fea~, 64.34 (C-6a), 68.64,CC-6a'), 69.93 CC-Sa), 70.23 

, . ~ 

----.-- - (C-4a'), 70.94 (C-Sa'),·-71.67 CC-2a), '73.20,· 73;86, 73.96 (C-3a, C-4a, 

PhCH2 ),·7S.12 CC-3a'), 87.02 (CPh3 " 96.69 (C-la), 97.80 (C-1B'), 97.97 

CC-ta'), 101.65 cc-tB), t13.44 - 159.07' (Ph). 

Anal. Calcd. ~or CSSH6101SN: MW 975. Pound: ra/z 10S1 (M + 

DEAH, 30), (FAB~, DEA). 

" , 

:.!-o-acetyl-6?O-R-anisyldiphenylmethyl-2,3-o-isopropylidene-4-o-(2,3,4,6 

-tetra-;-<>-ace tyl-a -D-ql ucopyranosyl )-aldehydo-D-Cj lucose dimethyl acetal 

(1i!.) 

p-Anisyldiphenylchloromethane (112 mg, 0.36 mol) was added ta a 

soluticm of.1!!. (200 mg, 0.34 mmol~ in pyridine (2 mL) at 0 0 • The for

mation of.j! apPear"d ta be ëomplete in 16 h at room temperature. 
" , 

Acetic anhyÇlride (O.S."mL) was then added to- ,the solution, and alter a , 

~urther, 5 h, the solvents were removed by eVàporation. Chlorolorm VAS 

• 
added to- -1:1ie residue 'and the resul tinq solution washed wi th sedi ~ 

hydroqen carbonate ,.,olution and water" - then dried, and c;'ncentrated. 
, 

The residue was chroma tographed (eluânt, 1,2 ethyl aC'etate - heune) to 

, ' , 

, , 

, 
,,'" 
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J .. , 

'" . 

.6 1.24, ,1.30 (2 8, 2.014, , , ' 
'\ ~ , > 

'2'.09, '2.1'5 (S, 1,,15 H, OAc~" 3.36" 3.43 {2 8, 6 B, OKe),' 3.38 3'.49 
! 

(11,,2 H, ,H'-6a, 6b), 3.79 'C.dd, 1. Il, J
4
,3'6.6" J 4 ,5 ,1.7 Hz, H-4), 3.80 

(S, 3 H",PhOKe), 3~84 (ddd, 1 H, J S",4' :~O ... 3 'aZt B-5'), 3,91"(dd, 1 H, 

'J6a"S' :2, J 6a ',6b' 12.4 Hz, B~a'), 3.97: (dd, 1 B, ~3'2· .3'3,4 ."~.6 
, • '\), :, ~ 1 

H~" H-3), 4.15 (dd, 1 B, J' - J
2
"3""- 6.6 "1Iz,'B-2), '4.18 J ,(dd, 1 a; 

, 2,1 " / '\ 

J Gb , ,'S' 2.,2, J 6b , ,6a' 12.7 HZ,' B..,6b,'), 4.2~ '(d, 1,H, J 6'.2' Hz, B-1)" 1.,2 
l , , 

4.80 Cdd, 1 B, , , , 

" t (0' • 

J 2 ',1' 3.6"J2,,~,,~O .. 6~; 'B-~~), 5.,O~ fdd, 1 B, J 4 .:,'3; 
, , 

• J,4!,S' .,' ,10 Hz, 'H-4') 5 13 (d, 1 'B 'J .', "'3~3 Hz, 8-1'), 5.23 (deS, , ,.. ., t t , 2 • , , 
, . 

1, ~," J 3 ,2 10.6~ J 3 ,4 9~1, Hz", B-3'), 5.,4:;1 (ddd, 
, 

2.8, J 5,6 8,.8 Hz, 8-5), 6.85~'" 7,47 (m, 14 "B,o Ph) .. 
, . 

, r t 1 .. 

Anal.i ' Calcd., 'for 
" " 

Pound: 61,97, ,c, 
, .. " 

61.48; , Hf 6.a'u' . 
, l' 

, , 
, , : ' 

, ,1 
" 1 ,1 

j ; 1 ~ t \ , t 

\ l ' ! " , ~ l , ~ J (' ; \ 

!-O-Acet':yl-2 ~ 3~'il:so'frOPYli'den';':'4-:O- ~ 2,'3,4', 6:'" teb:a-O-:a(:,etyl-a~...qluco-
,r 1" , _ 

, 'l' l' 1 t 

,eyr!ln"8i+)-~~~~h$-B.~lucose a!me1=hyl ace'~l (73) 
• ~ • • -r 't L ---

" ' , 

" , 

,t '. 1 I~, ,. ' 
, t t ',( f ( 

"~;~~~un4 J! ~'S,: obt4ined ,as a minor'product in the' reaetion dèi~ 
.. ~ , .. ,1 /~ • , f, • '\ \) (' 

, il \, j c 

,0 
, , 

, ~~ibed:.:~~r 1!~ "f;:'Z~, ' ' '. " l , : 

'1 ", " ' .' il:!, " , , l, , " , 

, ~tn.~~~ ~ ,: : ,fj, \ 1.'~,~.? ,l :'1. ~8 (2 8, :" ~ B,,, CM~2 }~, \ ~ .. OO l, '2.02.~ 2.0~# ' 
.l". I, ~ "', " l, \ , ' ~ 1 a ~ f"), , \, I!, r 

• ,1'0 

, :! 2.08, 2. ,~, J~ ti,,' 15 li, ~),"I" 3.43,', ,3.~6 (2' 8" 6 li, OMe),' 3.83'1 (dd" , 1& H, 
, , • 1 • 1 .!-, .', • 1 • ';~~!; , l ' r,,: L,: ! 

• \' l ' 1 G 1~ } l ' 1 l , 

"'~6a,s 7.','·~~,~6b '11f'S 112:, ~~'~~)/,3;~è"(~~""1,H,,"J4~3,61 J~;5 1.8 'Hz, 

h-4),< 3.g.i:"{d~f H',~ .t
6b 

's' :;~,~~, J~b":','~a' 12 ~, H-6b.>, 4.12, (dd, 1 a; 
\ 1 .' l' l!t' "" ~ ,( '. 

1 t \ ~ 

\ ~' v 

'J~,2 7, J3;4<'~"~ ,~~,,'~"'~),' S.6~:!('d~~,' ,1 . .Ii"q,S_,'~, 1~,8-, JS,Gb 4,,,4 Hz" 
q 1 t 1 t j 
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" ' , , 

.!-0-Acetyl-2,3-o-isoproPtlidene-4-0-(2~~,4/6-:-'tetra-O-acetyl-a-!!.-qluco

pyranosyl:,) ...aldehydo-E.-gluco~e dJ.~~thyl ace~i (.!~), 

A 801u~on of 72a (6'0 1Ilq, 0.67 DIIIlol) in 80' aqueous acetic acid 
, - , 

(5 mL)' vas atirred for 10 h, unti'l t.l.c. (athyl Acetate) showed the 

com~lete 1088 ~f' startinq uterial. 
., l ' 

'!'he ao~vent w&s removad under hiqh 
, " 

vacuum, mid the residue chromat09raphed ,Celuant, h 1 ethl"i Acetate -
~ tl ,,' ,j 1 1 

'bexane) te 91ve 74 (330 lIIC], ~.52 mo1, 78~), rather than tlle expected 
--- \~ c 

l, ' , , 20 
5-.2,-acetyl product Jsee 11.h (~lD + 54 (c .4.4, chloroform). 

, , 
cS 1.43,1.51 q s, 6 R, ~e2)' ;.01, 2.04, 2.09~ ',?-:J9 

, , 
, (4' s, \ 15 H, OAc), 3.44, 3.46 (2 ~, 6 H, ,~Me), 3.7v (dd, 1 H, J 4 ,'3 2~~,' 

, r 'CI , ' 

J 4 ,'5 2 Hz, B-4) , 4.05 (dd, 1 H, '~3,~ 7.6,' ·J3 ,4 2.8 Hz, H-3) , 4.12 '(dd, 

1 H, 
J 6a "s' 2'.3, ~6a,,6b' 12.5 St, H-~a'), 4.13 - 4.25 (m, 6 H, a-2, 

5, 6a,' 6b, 6b'), 4.28 (d" 1 H, J
1

, 2 5.9 ~~, B-l), 4.45 (ddd, , 'H, 

J 5 ',4' ~0.3, J~.,6a'" 2.2, J5 ',6b' 4.6 Hz, B-SI'''), 4.9,' (dd, 1 H, .:r2 ',1 1 

3.7, J 21 ,3 1 10.5 Hz~ H-2'); 5.03 (dd, 1 H, J 4:',,3' 9.5, J 4 ','5' ~0.5 Hz, 
• 1 

R-,4'), 5.15 Cd, 1 R, J,I,2' 3.9 HZ"H-1'), 5.50 (dd, 1 R, J 3 ,',2'. 10.5, 

, J 3 , ,4~ 9.5 Hz, 8-3"). , , 
, , , , 
, " 

13C-n.m.r.: cS 60 .. 96, 61.55 ,CC-6,' 'C-G' ). , " ," ". 
Ana1. calcd. for Ca,Hlt20 1,: 

50), (Ç'ABS, DEA)'. t 
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• ,~ l "~ • r 

, .!-o-Acetyl-2, 3-o-11J~propylidene-4-o-( 2 ',3"", 6-Ctetra~-aCetXl-a~-il'uCO; 
t, l "i~ \li 1 ~ , '!I 

'manoeyl) ':'ald.hydo~-xylO-hexol!I-S-ulose dimethyl acetal (1!)-
'1 \ '~,.' l , 

, , To a sd,rr.ac;t suspension ot 74 (133 mg, 0.2 mmol) in acetone (S, 
:> ,- ~ • 

f r,' 
t 1 \1 , 

... ' 1 \ j - , 1 ~ 

\ mL) 'at, -10Ct was ,~d~; ~,Jo~e*f::,reaqent (O.~ ~mL). Af~er lS' h" ethyl a~,e':' 
, ~I ';,1,\1 , 

tate ,vas added,. and the mixt;w:e washec:1 with sodium 'hydroqen c::arbona,te 
1 • " ~ ~,,' " ' ' , r 

" ~olution and, watet, dried arl4,' cpncantrated. 
• 'f ' 1 

, ,_ ," f ' / ~~ , 

:The clear" resi4ue was 

chromatOC]'raphed (.luant~ ',h1 eth~i'acetate' - hexane) te ,qive 2! (76 mg, 
20' , ~, , ' , 

70'" (a~D + 5~' Cc 1.9;"_l?hloroto~). ' 
• 1 1 '! 

" ,'1 

l,U-n.m.r.: ,6 1.40" 1.47_.(t,:".,s,~ 6 1;1" -CHa 2), 2.02, 2.04, ,2~0~, 1 ..... , 
. " 

2.10, 2.17 (5 8, 15 B, ~), '3.44, '3~'47, (2 8, 6 'B, OHe), 4.0 - 4.46 (m, , 
,f
ll 

' ' • 

7 H, b ... 1, ~, 3, 4, '5', 6a', &b'), 4.8l3-';:'C,d,' :', H, J 6a,6b 17.2 Hz, a~6a), 
o ,1) r I~ l' 1 1 1 

4.99 Cdd"f'B, J2°';t.-4,.:',~i",3' 10.,~,.'~,::·H-2.'), ~~OS Cd, 1 H, ~6b,6a 

17.2 az~. a-,6b), 5.10 ~dèÎ',,',~'a,' J4,3 - J~~lS>;' 9.5~, B-4')~ 5.~3,Cd,:,1, ',' 
a 

a; J",'2' 4.1 Hz, B-,- )'.',/5,~56 (~d', 1 li, J 3 , ,2' .. J 3 ; ,'4' • ',0 Hz, 

'B-3'). 
, ' ',f, 1 

, " 

~3C~n'.ille~~: '6 2Q.57{,20~?1~ (OAC), 26.6~, 27.~0 (CMe 2 ), 55.37, 

" 57.15 (OMe), 62~00, (C-G'), '!~t.24'" ,(C-6), 68.48,\ 69.13, 70.'9, 70.91 

" , 

c" , 
" 

,(C-2~, 3', '4', 5"), 76.25, 78'-~) (C-2, 3)', 8l.AS (C-4), 9S.96 (C-l i ),' 
,'f' , 

" 
105.86 (C .... 1)" 111.10 (CHe2 )'," 169.90, 170.17, 170.33" 170.S1 (OAC) , 

200.43 (C-5): , 1 , 
',' , , 

, , , 

An4~. calcd. for C27H .. 0017 , " 'MW, '636. ',' Fo.UA<!l 
'" . \' , , 

30), (PABS~' DEA). 
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!-o-Ace~Yl-2 , 3-0~isoFoPYlidene-4-O- ( 2,3,4, 6-te'tra-o-acetyl-a-~-qlUCO

pyranosyl)-aldehydo-D~lucuronic acid dimethyl Acetal (li) 

To a stirr~d solution' 'ot 72a (420 JDq, 0.46 DIIIIol) in Acetone, (20 - - -
mL) at 0°, wa~ ,added, Jones' reaqent (77~ chromium trioxide in ,3.5 H 

aqueous sulfuric acid). ' Alter 16 h, ethyl Acetate was added and the 
, 

1 mi'Xture fi ltered,. Theo filtra te was concentrated, dissolved in chloro-
" 

form, and the resultinq solution washed with water, drie~ and re-evapo-

rated,~ ,The final residue Vas chromatoqraphed (eluant, 2~ methano'l in 

~hloroform) ta qive ·76 (96 mg, 0.15 DIIIIol, 33\) and a small amount of --- , . 
20 111 (a,lo + 73 (c 1 .4, c~loJ;oform). 

la-n.m.r.: IS 1.98 (s, 6 H, CMe
2

) , 1.98, 2.01, 2.04, 2.08, 2.14 

_ .• (5 s, 15 H, - OAc), 3.'44, 3.46 (2 s, 6 H, OHe) , 3.96 (d, 1 R, J 4 ,3 6.8 , 

'Hz, 8-4), 4.0 .. - 4.12 (m" 2 R, B-2, 6a' ), 4.29 - 4.35 (m, 2 K, 8-5', 

6'),4.43 (d, 1~, J

"

,2 5.4 Hz, B-',), 4.46 (dd, 1 a, J
3
,4 6.7 Hz, 8-3), 

4.82 (dd, 1 a, J 2",1' 3.8, J 2 , ,3' 10.3 ~' B-2'), 5.36 (d, H, J l' 2" , , 
3.4, Hz, B-1'), 5.36 (dd, 1 H, J

3
',2' 10.2, J 3f ,4' 9.8 Hz, B-3'), 5.48 

(s, 1 8,,' H-5). -
13C-n.m.r. : cS 20.55,20.61,20.68,20.73,20.83 (OAc) , 26.77, 

27.04 (CHe.2', 54.24,5«:'88 (OHe), 61.34 (C-6'), 67.58 (C-5'), 68.06 

(C-4'), 69.78 (C-3',), 70.62 ,(C-21), 72.88, 77.26, 78.43 (C-2, 3,5), 

80.62 (C-4), 97.11 CC-11), 104.77 (C-1), 110.51 (CHe 2 ), 169.79,169.97, 

170.07, 170.13, 179.36, 170.89,(OAc r COOB). 

1Ùlal. Calcd. for C2,7HIt00l'S: MW 652. round: ~/z 758 (M + QÇH, 

70) " (E:ABS, DEA). 

. ' 
, , 

..... -,- " , 

..J , ... ' 

! ' 

" 
" 
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,!-o-p=Anisyldiphenylmethyl-2,3-0-isopropylid~ne-4-0-(2-acetamido-4,6-di 
- . 

-o-all yl-3-o-benzyl-2-deoxy-a-D-gl ucoDyranosyl )-aldehydo-L-ldose dime

thyl Acetal C1]) 

p-Anisyldiphenylchloromethane (463 rnq, 1.5 mmol) was added to a 

solution ot compound ~ (770 mg, 1.2 DIDIol) and 2,2'-dimethylaminopyri-

dine (10 mg) in pyridine (3 mL) and methylene chloride (20 mL). After 

.8 h, the solvents were removed, and a solution of the residue in chlo-

'rotorm (20 mL) was washed with sodium hydrogen carbonate solution and 

water, dried, -and evaporated. --The residue was chromat;oqraphed (eluant 

2:1 ethyl Acetate - hexane) to qive syrupy 77 (1.04 q, 1.14 mmol, 

lH-n.lIl.r.a cS 1.27, 1.38 C2 s, 6 H" OIe 2 ), 1.85 (s, 3 H, HNAc), 

3.23, 3.33 (2 s, 6 H, OHe), 3.79 (s, 3 H, PhOMe), 4.58, 4.62,4.80, 

4.84 (AB, 2 H,.PhCH2 ), 4.95 (d, 1 H, J 1',2' 3.2 Hz, H-l'), 5.15 - 5.35 
\ 

(m, 4 H, CH2CHCH2Q-), 5.80 (d, 1 H, J
NH

,2' 9 Hz, ,NHAc), 5.89 - 5.94 (m, 

2 H, CH2CHC~:o-): 6.83 - 7.48 (Ph). 

!-o-Acetyl-6-o-p-anisyldiphenYlmethyl-2,3-0-isopropylidene-4-0-C~ 

acetamido-4 , 6-di-Q-all yl-3-0-benzyl-2-deoXY'7a-~",,\glucopyranosyl )-alde-

hydo-~-idose dimethyl acetal (~) 

\ 
Acetic anhydride (1 mL) was added to a portion of the reaction 

mixture described above for compound J2.t at a stage when t.l.c. Cethyl 

Acetate) showed complete loss of the starting matertal and formation of 

compound 77. Stirring was continued for ,a h, then solvents were 

removed, the residue dissolved in chloroform, and washed with sodium 
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hydrogen carbona te and wa ter, dried and evapora ted • The' residue vas ,. 

chromatographed (eluant, .3: 2 ethyl Acetate - hexane) ta give a syrup, 

20 11!} [al
O 

+ 51.5 (c 1.5, chloroform). 

IH-n.m.r.: 6 1.07,1.17 (2 s, 6 H, CMe
2

), 1.79, 2.17 (2 s, 6 H, 

OAc), 3.19 (dd, 1 H, J
Sa

,5 4.3, J
6a

,Sb 11.3 Hz, H-6a), 3.31, 3.32 (2 s, 

6 H" OMe), 3~37 (dd, 1 H, J
6b

,5 .... 2.1, J
6b

,6a -11.1 Hz, H-6b), 3.45 

(dd, 1 H, J 4 ',3' .... 10.4, J 4 ',5' 8.2 Hz, H-4'), 3.62 - 3.77 (m, 4 H, 

&-3', S', 6a', 6b'), 3.78 (s, 3 H, MMT-oMe), 3.86 (dd, 1 H, P2,1 6~3, 

J2,·3-6.7 .Hz, H-2), 3.~~_- 4.337 (m,.4 H, CH2CHCHZO), 4.13 - 4.19 (m, 1 

B, B-2'), 4.18 Cd, 1 B, J
1
,2 6.3 Hz, B-1), 4.55,4.59,4.80,4.84 {AB, 

2 B, PhCH2)~ 5.00 (d,lB, J
1
',2' 3.7 Hz, 8-1'), 5.11 -5.32 Cm, 5 H, 

.8-5 and CH:2CHCH2~)' 5.43 (d, 1 H, J
NH

,2' 9.0-Hz, K~2', N,!!,Ac), 6.85 -

7.43 (m, 5 H, Ph). 

13C-n.m.r.: 621.27,23.14 (OAc), 26.86, 27.12 (c.!!e 2 ), S2.79 

(C-2'), 53.78, 56.45 (OMe), 55.19 (PhOMe), 63.16 CC-6), 68.05 (C-6'), 

,71.81 (C-5~), 72.46, 73.56 (CH2CHCHZQ-), 74.48 (PhCH2 ), 74.6B" (C-S>( 

79.35 (C-4), 82.01 (Ph 3C), 99.66 (C-l'), 105.09 (C-l), 109.81 (CMe2)~ 
113.1 - 158.59 (Ph, ca

2
CHCH

2
0-), 169.95, 170.35 (OAc, NHAc). 

Anal. Calcd. for CS4H67014~: MW 953. Found: m/z 1059 (M + 

DEAB, 20), (FABS, DEA). 

Ji, 4 

: 

~ • 
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~-O-p-Anisyldiphenylmethyl-2,3-o-isopropylidene-5-o-1evulinyl-4-o-

(2,3,4,6-tetra-o-acetyl-a-~-glucopyranosyl)-aldehydo-~-qlucose dimethyl - -
Acetal (79) 

As described 'in the procedure for~, the 6-.9.-p-anisyldiphenyl-

methyl derivative 2! was prepared" and purified by the same,chromato-

graphie process. The recovered syrup (450 mg, 0.5 mmol) was dissolved 

in tetrahydrofuran (15 mL) containing N,N'-dimethylaminopyridine (- la 

mg), dicyclohexylcarbodiimide (200 mg, 0.97 mmol) and levulinic acid 

- .CO.3 mL, .2.9 mmol} were aàded, and the mixture was stirred for 1 h. 

The tetrahydrofuran was rcmoved by evaporation, the residue dissolved 

in chloroform and the resultinq mixture washed with sodi.um hydrogen 

carbonate and water,· dried and concentrated. - Chromatography (eluant" 

2: 3 ethyl aceta te - hexane) provided 11. (420 mg, 0.43 nunol, 86111). 

IH-ri.m.r.: cS 1.25, 1.30 (2 s, 6 H, CMe 2 ), 1.99, 2.01, 2.07, 2.18 

(4 s, 15 H, OAc, Lv-CH3 ), ,.. 2.6, 2.8 (m," 4 H, Lv-CH 2 ), 3.35, 3.41 (2 s, 

6 H, OMe), 3.3 - 3.5 (m, 3 H, 8-4, 6a, 6b), 3.79 (s, 3 H, l'hOMe), 3.85 

(m, 1 H, H-5'), 3.5 - 3.92 (m, 2 H, H-3, Ga'), 4.13 (dd, 1 H, J'Z,l-

J 2 ,3· 6.4 Hz, H-2), 4.19 (dd, H, J 6 b' , 5' 2. 4 , J 6b' , 6a' 1 2 • 5 Hz , 

H-6b'), 4.27 (dd, 1 H, J , ,2 5.9 Hz, 8-1),4.81 (dd, tH, J
2
',1' 3.6, 

J 2 ',3' 10 Hz, H-2'), 5.04 (dd, 1 R, J 4 ',3' ... J 4 "S' .. 10 Hz, H-4'), 
\ 

5.13 (d, 1 H, J

"

,2' 3.9 Hz, R-l'), 5.22 (dd, 1 R, J 3 ',2 1 .,. J 3 ',4' ,.. la 1 

Hz, H-3'), 5.4 (m, 1 H, H-5), 6.8 - 7.4 (Ph)o 

13C-n.m.r. : cS 20.57 - 37.52 (OAc, Lv-CH 3, CHe 2 ), 54.27, 56.91 

COMe), 55.15 (PhOMe), 61.04 CC-6'), 61.79 (C-6), 67.76, 67.85 CC-4', 

, , 

-

,., .' , 
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"S'), 69.71 CC-l'), 70.44 (C-2'), 74.31, 76.10, 78.45 (C-2, "3, 5), 81.75 

(C-4), 86.30 (MMT-C), 97.66 (C-l'), 105.47 (C-n, 110.142 (CH8
2

), 

113.08 - 158.52 (Ph), 169.58 - 172.60 (OAc, LV-C0 2-). 

Anal. Calcd. for CSOH62019: 

61.56; H, 6.60. 

C, 62 • 1 0; H, 6.46. Pound: 

,; 
~-o-Isopropylidene-S-O-levulinYl-4-o-(2,3,4,6-tetra-o-acetyl-a-~-

qlucopyranosyl)-aldehydo-D-glucose (~) 

C, 

A solution of ~ (290 mg, 0.3 mmol) in 80~ aqueous acetic acid (3 

mL) was, stirred for 18 h. Removal of the solvents under high vacuum, 

followed by chromatography (eluant, 2:1 ethyl acetate - hexane) of the 

r6id 80 ( 23 0 1) il [alo
20 

6 ( \~ue, gave _ l mg, .18 mmo ,60% as an 0 J + 8 c 1.2, 

chloroform) .. 

cS 1.40,1.42 (2 s, 6 H, CHe 2 ), 2.02, 2.06, 2.08, 

2." , 2.20 (5 s, OAc, Lv-CH3 ), - 2.6, 2.8. (m, 4 H, Lv-CH
2

) , 3.46, 3.49 

(2's, 6 H, OHe) , 3.83 - 4.03 (m, 2 H, H-6a, 6b) , 3.91 (dd, 1 H, J 4 ,3 

5.7, J 4 ,5 2 .. 2 Hz, H-4) , 4.10 - 4.20 (m, 3 H, H-2, 3, 6a '), 4.265 (ddd, 

1 H, J SI ,4' 7.6, J SI ,6a l 2.7, J SI ,6b
' 

2.7 Hz, H-5 ' ), 4.33 (dd, H, 

J
6b

, ,S' 2.8, H-6b'), 4.36 (d, 1 H, J , ,2 5.4 Hz, 8-1), 4.91 (dd, 1 H, 

t J 2 ',1' 3.6, J 2 ',3 1 10.5'Hz, H-2'), ,.. 5.1' (m, H-s), 5.14 (dd, H, 

J 4 ',3 1 .. J 4 ',5' ::or 9.2 Hz, H-4'), 5.32 (d, 1 H, J",2' 3.9 Hz, H-l'), 

5.47 (dd, H, J 3' , 2 • 1 O. 5 , J 3 1 , 4 1 9 • 2 Hz, H- 3 ' ) • 

Anal. calcd. for C30H~601a: HW 694. Pound: m/z 800 (M + DEAa+, 

60) , ( FABS, DEA). 

-
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Methyl 2,3-o-1sopropylidene-S-o-levu11nyl-4-o-{2,3,4,6-tetra-o-acetyl

a-D-qlUCOPyranosyl)-aldehyào-g-qlucuronate dimethyl Acetal (~) 

To a stirred solution of ~ (1.15 g, 1.66 mmol) in Methylene 

chloride (75 mL) was added pyridinium dichromate (2.82 g) and acetic 

anhydride (0.7 mL). After 16 h, the solvents were rerooved by evapora-

tion, and the residue chromatographed (10\ Methanol in chloroform) ta 

give a crude brown product (800 mg), presumably the acid. A small por-

tion (120 mg) in methylene chloride (2 mL) was trea ted wi th ethereal 

- diazomethane. - -After removal of the ~olvents, the residue was chromato-

graphed (eluant, 2: 1 ethyl Acetate - hexane) to give !!.. (100 mg, ap-

20 
prox. yield 78\ from ~); Calo + 66 (c 3.9, chloroform). 

lH-n.m.r.: ô 1.36 (s, 6 H, O1e 2), 1.98, 2.01,2.02,2.08,2.17 

(58, 15 R, OAc, Lv-CH
3

), .... 2.6,2.8 (m, 4 H, Lv-CH
2

), 3.41, 3.45 

(OMe), 3.82 (C02 Me), 3.94 (dd, 1 R, J~,3 8.0, J
4

,5 1.5 Hz, H-4), 3.99 

(dd, 1 H, J 2 ,l El J ... 
2,3 6.3 H:z;, H-2), 4.08 Cdd, 1 H, J 6a ',5' 2, 

J 6a , ,6b' 12 Hz, H-6a' l, 4.06 - 4.37 (m, 5 H, H-1, 3, 5', 6'), 4.75 (dd, 

1 H, J 2 ',1' 3.7, J 2 ',3' 10.5 Hz, H-2'), 5.08 (dd, H, J 4' ,3' "" J 4' ,S' 

- 9.8 Hz, H-4'), 5.36 (dd, 1 H, J 3 ',2 f &li J 3 '4' ".10 Hz, H-3'), 5.40 

9 
(d, 1 H, J 1 ',2' 3.9 Hz, H-l'), 5.57 (d, 1 H, J s1 ,4' 1.5 Hz, H-5). 

l3C-n.m.r.: ô 20.63 - 37.59 (OAc, Lv-CH3 , Lv-CH 2, CMezl, 52.54 

(C02 He), 53.73, 56.96 (OMe), 61.47 (C-G'), 67.71 (C-5'), 67.99 ,(C-4'), 

69.44 (C-3'), 70.56 (C-2'), 72.59 CC-5), 77.27 CC-2), 78.19 CC-3), 

aO.17 (C-4), 96.76 CC-Pl, 105.06 (C-O, 110.40 (CMe 2 ), 167.43 - 171.80 
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~-o-p-Anisyldiphenylmethyl-2,3-o-isopropylidene-5-o-levulinyl-4-o-(!: 

acetamido-4,6-di-o-allyl-3-0-benzyl-2-deoXy-a-~-glucopyranosyl)-alde

hydo-L-idose dimethyl acetal (E) -
To a stirred solution of compound I!.. (1.02 g, 1.2 mmol) and 2,2'-

dimethylaminopy-cidine (la mg) in tetrahydrofuran (30 mL) were added 

'dicyclohexylcarbodiimide (412 mg, 2 mmol) and levulinic acid (O. t6 aiL, 

175 mg, 1.5 mmol). After 4 h, the solution was removed, the residue 

was dissolved in chloroform, and the solution was washed wi th sodium 

:--.:::: '-: . .,,-- hydrogen carbonate -solution -and water, dried, and evaporated. The 

o· 

o 

residue was chromatographed (eluant, 2: 1 ethyl acetate - hexane) te 

20 
qive 82 (1.16 g, 1.1 mmol, 92\); [a]o + 40.1 (c 2.0, chloroform). 

lH-n.m.r. : IS 1.10,1.14 (2 s, 6 H, CMe
2
), 1.78 (s, 3 H, NAc), 

2.19 Cs, 3 H, Lv-CH3 ), - 2.6 (6 m, 4 H, Lv-CH 2 ), 3.31, 3.33 (2 s, OMe), 

. 
3.2 - 3.4 (m, 10 H including OMe, H-4, 6a, 6b, 4'), 3.59 - 3.66 (m, 4 

H, H-3', 5', 6a', 6b'), 3.78 (s, 3 H, MMT-oMe), 3.82 (dd, 1 H, 

J 2 ,3 la 6.4 Hz, H-2), 3.92 (dd, J
3
,2 "" J

3
,4 '" 5.8 Hz, H-3), 3.9 - 4.16 

" (m, CH2 CHCH20), 4.12 - 4.14 (m, H-2'), 4.19 (d, 1 H, J,,2 6.6 Hz, H-1), 

4.54,4.58,4.79,4.83 (AB, 2 H, PhCH2 ), 4.95 (d, 1 H, J

"

,2,3.9 Hz, 

il-l'), .., 5.25 (m, 1 H, H-5), 5.10 - 5.32, 5.83 - 6.01 (m, 6 H, 

CH
Z

CHCH
2
0-), 5.46 (d, 1 H, J

NH
,2

1 
9 Hz, NHAc), 7.26 - 7.43 (Ph). 

13C-n.m.r. : Ô 23.08, 24.88 CNHAc, Lv-CH
3

), 28.22 (CMe t ), ',,52.75 

(C-2'), 53.76, 56.38 (OMe), 55.19 (PhOMe), 63.18 (C-6), 68.08 (C-6 ' ), 

71.80 CC-S'), 72.38, 73.55 (CH2CHCH20), 74.47 (PhCH2 ), 74.71 CC-5), 
... 

76.02 (C-2), 76.92,76.95 (C-3, 4'), 77.81 (C-3'), 79.47 (C-4), 86.01 

(Ph3C), 99.83 CC-l'), 104.99 CC-l), 110.00 (CMe 2), 113.19 - 158.58 CPh, 

CH
2

CHCH
2
0-), 170.09, 172.09 (NAc, Lv-C02-), 206.15 (Lv-OC-). 

, '-
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2,3-0-Isopropylidine-5-0-levulinyl-4-0-(2-acetamido-4,6-di-O-allyl-3-O-

benzyl-2-deoxy-a-D-qlucopyranosyl)-aldehydo-!-idose dimethyl acetal 

- " -
(83 ) 

A solution of compound 82 '(1.07 q, 1.06 mmo~) in 80' acie (5 mL) 

vas stirred at room temperature for 10 h. The sqlvents were evaporated 

~~~~ residue chromatoqraphed (eluant, 4:1 ethyl acetate - hexane) to 

20 
qive!! (750 IDq, 1.02 Dol, 96'" (alo + 64.0 Cc 2.3, chloroform). 

i H- n • m• r ., ô 1.33, 1.39 (2 s, 6 H, 018
2

), 1.83 (s, 3 H, -NACCH3), 
n 

2.17 (s, 3 H, LV-cH
3

), -- 2.7 (m, 4 H, LV-CH
2
-), 3.36, 3.40 (2 s, 6 H, 

OHe), 3.45 (dd, 1 H, J 4 , ,3' • J 4 ,S' - 8.9 Hz, H-4'), 3.55 Cdd, H, 

J 3 ',,2' • J3'~4! • 8.9 Hz, H-3'), 3.5~ (dd, 1 H, J 6a ',5' ,., 2;" J 6a ',6b' 

10.8 Hz, H-6a'), 3.61 Cdd, 1 H, J 6b ',5' ,., 5.5, J 6b ',6a' 10.8 Hz, 

H-6b'), 3.75 - 3.8 (m, 4 H, 8-4, 6a, 6b, 5'), 3.87 (dd, 1 H, J
2

,1 -

J 2 ,3 • 6.4 Hz, H-2), 4.0 - 4.2 (m, 8-2'), 4.0 4.3 (m, 6 H includinq 

H-2' and H-3, CH2 CHEH20), 4.23 (dd, J
3
,2 6.4, J

3
,4 2.9 Hz, H-3), 4.32 

(d, 1 H, J',2 6.4 Hz, H-l), 4.59, 4.62, 4.79, 4.83 (AB, 2 H, PhCH2 ), 

4.95 (d, 1 H, J

"

, 2' 3.9 Hz, H-l'), 5.10 (d, 1 H, J
5

,4 4.4 Hz, H-5), 

5.15 - 5.64 (m, 4 H, CH2CHCH20), 5.63 (d, 1 H, .2'-NHAc), 5.78 - 6.0 (m, 

2 H, CH2CJ:!CH2 0), 7.31 (m, 5 H, Ph). 

13C-n.m.r.: ô 23~17 (NAc), 27.40 (CHe
2

)" 27.92, 29.81, 37.98 

(Lv), 52.67 CC-2'), 56.46, 56.62 (OMe), 66.16 (C-6), 68.52 (C-~'), 

70.46 (C-5), 71.99 (C-5'), 12.61', 73.79 (CH
2

CHCH
2
0), 74.16 (PhCH2 ), 

75.1 - 78.8 CC-2, 3,3',4'),79.86 (C-4), 82.62 (Ph3C), 100.86 CC-1'.)," . 

105.33 CC-O, 110.64 CE.Me2 ), 117.07, 117.62 (CH2CHCH20), 127.8 

(Ph and CH2CHCH20), - 170 (NAc), 172.9 (LV-C02-). 

.. 
134.6 

Anal. calcd. HW 737. Pound: m/z' 843 CH + 

'OEAH+, 14.7), m/z 738 (M + a+, 2.8), (FABS+, DEA). 

, , 

1 

! 
i ! , 
! 
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_M_e_th~y~1 _____ 2~,3~-O-i80propylidene-5-o-1evulinyl-4-O-(2-acetam1do-4,6-d1-o-

allyl-3-0-benzyl-2-deoxy-~-D-qlucopyranosyl)-aldehydo-~-1duronate dime

thyl acetal (~) 

'l'o a solution of the alcohol !! (90 mg, 0.12 mol) in dill}ethyl 

sulfoxide (1. 5 mL) were added dicyclohexylcarbodi1mide ( 1 30 mg, 0.63 

mmol) and pyr1d1nium trifluoroacetate (10 mq) and the reacUon st1'rred 

for 6 h until ot.l.c. 1ethyl Acetate) showed complete 108s of starting 

material and the formation o~ a less polar compound. Water (5 mL) ,.,as 

added, the mixture extracted i'nto chloroform (5 )( 20 mL), and t.h,e ex-

tract was washed with sodium "hydroqen carbonate sOlù,tion and water, 

dried and ,concentrated te q1ve a syrupy residue, 84 (see bélow tor . --
Q 

further purification). The crude syrupy. Aldehyde 84 was dissolved in 

'.,4-dioxane (5 mL) and aqueous sulfam1c acid (2 M, ,0.15 mL, buffered 

with. potassium acetate te pH 3) followed by aqueous sodium ch lori te, C2 

M, 0.1 mL), were added. After 2 h, the solution was evaporated to 

dryness repeatedly wi th toluene, followed by the addi tion of methylene 

chloride (2 mL) and ethereal diazomethane (3 mL). Two hou~s later, the 

solvent was removed and the residue ,was dissolved in chloroform, washed . 

successively with sodium hydrogen carbonate solution and water, dried 

and evaporated. Th~ syrupy residue was chromatoqraphed (eluant, 3: 1 

ethyl Acetate - hexane) te qive 85 (58 mq, 0.8 mmol, 67' ~om !lb 

[a]~O + 41.5 (c 1.9, chloroform). 

Ô 1.35, 1.40 (2 s, 6 K, CMe 2), 1.90 (s, 3 H, NAc), 

2~20 (s, ~ K, Lv-CK 3 ), 2.7 - 2.8 (m, ,4 H, Lv-CK 2 )" 3.37, 3.41 (2 s, 6 

H, '9He),_ ~.55r' (dd, 1 H, .J
3
',2' - J 3 ',4' - 9.5 Hz, H-3'), 3.63 - 3.83 

" ( 
1.., ,\ 



o 

" 

;," 
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" ' 

Ca, 4 Br 8-4', S',6a', 6b')~. 3.74 (s, 3 H, (X)2Me ) , 3.94 (dd, 1 H, J 2 ,1 

- J -2,3 S.S Hz, 8-2) , 4.05 Cdd, 1 • B;, J 4 , 3 6. 7, J4 ,5 1.8 Hz, ft-4) , 4.18 

4.29 Ca, 1 B, B-2') , 4.31 Cdd, 1 Br J 3 ,25 • 4 , J 3 ,4 6.3 Hz, a-3) , 4.34 , 
~ . 

'" ~a-l ) , (d, 1 B, J 1 ,2 S • 1 Hz, 4.63,~4.67, 4.81, 4.85 (AB, 2 H, PhCH2) , 
~ 

4.94 (d, 1 R, -J1 ',2' 3.7 Hz, B-1'), 5.26 Cd, J 5 ,4 - 2.0 Hz, ft-5), 5.09 

.: 5.32 (m, 5 B includinq 8-5, .2!!2CHCH20), ,5.82 - 5.97 (m" 2 H, 
, 

CH2~eH20), 6.15 (d, 1 H, J
NH 

2' 9.3 HZ, N!Ac), 7.26 - 7.33 (m, Ph). 
.. . ~ ,,, 

l3C-n.m.r.: 6 23.37 CNAc), 27.47 (CHe2 ), 27.84, 29.79" 37.-87 

U;'V-cH2 ' cH] ), 52.59 (C0
2
,!!e) , 52.74 (C-2') , 54.58, 56.83 (OMe) , ,71.19 

- \ 

CC-s) , 72·~3 CC-S'), 72.39, 73.7 (CH
2

01fH
2
0) , 74.77 (P~CH2 ), '" 71.4 

. 
CC-'3) , 77.61 (C-4') , 77.88 CC-2) , 80.23 (C-3 ~), 80.51 ,CC-4) , 101,.29 

CC-1'), 104.67 (C-O, 116.74,116.99 (CB2~ca20), 127.,58 - 138.63 (~Ii, 

C~2,g,cH20), 167.91 (f02Me), 169.90 ('NAC), 171.34 ,(LV:-CO~-), 206.15 

(Lv-CO-). 
\. 

, 
Anal. calcd. for C3SHSS01!lN: MW 765. ' Pound':" ,m/z 'S71\ 'Uf' ':,f 

DEAH+, 3), (F.ABS+, DEA). 
, ' , 

';/ 
; 
'f : 

, ' 

~-0-Isopropylidene-S-O-levulinyl-4-0-(2-acetamido-4,6-di-O-allyl-3~O-

benzyl-2-deoxY-a-D-glucopyranosyl)-aldehydO-L-ido-hexodialdose 

dimethyl Acetal (84) 

·1 ,1 ';-

A port.i,on of the residue containinq the Aldehyde !~.,; from the 
,-

,procedure tor -85, vas chr~lIIatoqraphed Celuartt, 3: 2 ethyl' 'at:etaté, -
_ ~ 1 l' , _ J 

. 20 " 0,' , ' 

hexane) to CJ1.ve,a SyruP,!i1 [a]D' +.Sl~8 (c 1.3, ?h~Orof~pn,~. ,', , 
, , 

lH-n.m~'r.1 6 1.30, 1.38 (CMe
2

), 1.'~4 CNAc), 2.~0 (Lv-cHi'" ro,# 2.7 
• ~ , , < 

'~LV-CH2),;3~37, ,3.42 (OMe), 3.54 - 3.57 (m, 2 H, H-3 I ,., ,4'), 3".62' ~ .. 3.64 ' ' 

1 t"l .. 
• ; '1 

• 
'l r' 

.. , . ~, ( 
o \ e' 

.; 

'" 

" . . ' . 
'. JI 

" :) 
, , , 

Il \ ~,' '1 , 

" . 

, l, 

" ' 

, J 
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\, 

., -' 

" 

:(m, 2 R, H-6a'~"6pff; 3.90 (4~, 1 H~, J , ,2 5.9, J
2

,3 5.8 Hz, &-2),. 3.95 

(dd~ J 4 ,'3 '1.6, J 4,S,3.9 Hz" .R7"4), 3.92 - 3.98 (m, 2 H lnc1udlng H-4, 

a-5), 3.97 ',~ 4.'8' (Ill,',' 5 H ~c1uding H-2',' CH2 CHCH
2 
0), 4. ~1 (m, H-2 ry', 

4'.~0· '(dd'~ 1, ~, J3~2 6.0, J 3 ,4 1.8 Hz, H-3), 4.33 (d~ H, J,,2' 5.9 Hz, 
, , 

K-O, 4~61, 4.65,4.82,4.96 (AS, 2 H, PhCH
2

), 4.92 (d, 1 H, J",2' 3.1-

Hz, ft-,') '; 5.1' -' 5. 3 (m, 5 H, includ1ng H-5, CH2CHCH20), 5.22 (d, J
5
,4 

3.7 'Hz, a-5-)', 5 •. ~4 (d~ 1 ,H, J
NH

,2' 8.0 Hz, 2'-NHAc), 5.81 5.99 (m, 

CH2Cl!~20), 7.26 - 7.34 (Jil, ,~h). 
, . 

-, 

,13C'n .. lIl.r'.: ,~ 23~2~ (NAc),;"27.56, 27.66 (CMe
2

), 29.81, 33.92, 

37.82 (Lv), 52.55 (C-2' )', 54.'51, 56.62 tOMe), 68~29 (C-6'), 72.04 (C

s.'), 72~45, 73.82 (CH2~'s'~2~)~ 74.68 (PhCH2 ), 76 - 78 (C-2, 3" 5), 

78~03 (C-4'~,,,19.46 CC':'3'), 79.60 CC-4) , 101.33 (C,:",,), 104.73 Cc-o, 
, .' 

',111.22 (CHez)", ~p.M, 117.25 (,S.H2CHCH20),," 127.81 138.34 (Ph, 
, 't , 

CH2CrCH20), 169.97 CNAc)., 171.53 (LV-C0
2
-)' 195.98 (C-6), 206.15 

'(IN-CO) • 

" 

) C + ' 
~~1, FABS ~ .D~)., 

, " 

Methyl 2,,3-o-.1S0fropYÙdené-4-0- ( 2-acetamido-4 , 6-dl-0-'all yl-3-0-benzy1-
'" , 5 

'2-deoXY-a":'E.-ql.~~ot?yranosyÜ~ldehydo-.!!-lduronate dlmethyl acétal (!!) "0 

, , - ,~j -

'l'o a ào~u~on 'of the' ester ~ (SOO 1Dq, 0.67 mmo1) .1Jl.. 2:1 pyridine 

~cetic ac:ld' (5 'mL) vas added hydrazine hydrate (0.03 mL' in 1 mL 2:1 
, 

pyridine"- acetlc acld, 0.9 ~ol) and the mix~re stirred for 10 min at 

,r90m ~m~r~ture. Acetone (15 mL) vas added, stirdnq vas continued 

" 

for 20 ~n, then ~ solution wa,s evaporated. An extract of ~~ reai-

" , 

b~.!1 (\' ~. .' '"1'.'b .. ".~ \ ... 7 ~ ~~~ ~ • .!!... _~ 'I! ' 

~ .. Sll}~J 
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, ' 
" f.". '::', ,. t " 

l, ',c'r, 
) ; 

~ " l ' 

r . , 
, " 

, , , " , ' 

,', 1 r, t ~ r 
• l ," ',t,II 1 1 t 

4ue in. ethyl acetate ~s"ti'lt~r.ed thi6U9h a ~ :~a' b~ sillea qel, and 
r '~, J; 1.. ' Il • "~, 1 1 ~) ",' ( .' , .' ; f ,\. , : ' 1 G 

evapOrated. The syrup ;rè~o'veted .Was, chrolDatog'raphed' (elù~nt~ 2: 1 ethyl '1 ' 
• \ J t ' 1 

J t dl, 

, 
\ , , , 

'" 
, ..... ~ [\ 

tl' 'r' a~~tate - hexane) ~ give',,!! (345.',~, 0.52 mmol, 71't.l·;' [i:S~o '+ '48~4' (c 1 

"" 1 1 ;- 1 I, ' 
, d 

1 .8, chlorolorm). \ " 
, . 

l ,'. " ~,' 
'lB-n'.'m.r. : 

" , 

. ' , , 

6 B, OHe), 3.5 - 3.~76 (~, 5 H,', , .. 
er;; ',':1. 

t ~'I "l~ l' 1 Ô" 
1 -

a-3', 4', 51! 6a', 6b t
), 3.79 (s, 3 'a,' <D2'Me), ,3_?S (c;1c3,~',,1','~,·"J4'i3",~.3~ '. ',"( 

, r' t l " : ~ '\ 1" 1 \ l ' 

J 4 ,5 2.2 Hz," H-4), 3.97 - N' ~.3 o(m', 4 B',' CH2C?ig20~t',~.~6 (d~~ '1' 'H,' "':,:':' 
, l ,~' "f , 

\, ' l 

'" 

J 2 , 1 ... 5. 7, J 2, 3 s. 8 Hz, a-2'); 4. 21 (ddd , 1 B~'.,7 2 ' ; l' 3.?!' J 2 ~ ,3 1 './ 

l "i '1 'li 
. " . 

- 9.5, J 2 i,NH ... '9.8'Hz, B-2'), 4~32')dd,~'''1 a,:J3 ,2 -}3,4 - 6.1,Hz, H-3),' .. , ",',":,,::,:" 
, ",' a 'I ... 1',1 

;. . 

4 .... 37, (d, " B, J 1 ,'2 5.'4 .Hz, ,B-,')';' ,4.40:'(~, 1 B~ ':JS,4 ,'" ~.(O ~<~,~~~' 
4.60',~,4.,64, 4.79, 4./33 ,CAS', 2 H, ph~2); 4.91 Cd, 1 'H, ~". :~' .. 3.7',~, 

o \ ,~' t , ~ 1 

" 

.,', 

\ ' 
l't J-

, . 
" R-1 '). 

" , 
,.' ( 

~ .', 

13C-n.m.r.: 

, ' 
'" • ~ \ l ' ~ (n 

'~., 23 Il 29 '(OAC:,>', ,,21.32 (CHe2 h ; ~2. 59, (C02Me f, 52.74, 
l, 1 Il 

CC-2n, 54.70,. 56.75 '(OM~), ,6a.07 :(C-ô'},',70.0Q', (~-5), 71;99 "('C'-51)~'''.'" 
1 ~ t 1 l " ' 

72~39,",,3.6S (ÇH2'C~~Ô')'~' ,!4:~~~ (P,hf.H~),~ ... '7?4 ~S-2', ,:,3', '~;:); :8~:.',~' ,," 
«(:-3' L 81. 78 ~C-4) i' 1'OO~~~ ,',' (C:-1 I"",, ';04,~8~ ,(~~~,),' ", n~'.49' " '('~~:l h: :1, 

, 1 ! , ' ~,' ,~ \ l' ..,'" ( , 

116.70, 11 ~.99 (~2~C~20~, ,1,27 .. 55 ~ 13S.?3 (P~"" \,=H2CH~20~, 1~9'~~7' " 
l ' 

\ ' : ~ , , , , 

Found: 
, ' . " ' 

, , 

1 

m/z '668, (M ~ :a+,', 

, , 
, , 

Il: ,t I, , 
;<1 ' 

,I t, 

t ~.,' ~ 
(,le 

,,' 

, , 
1 l " 

, " 
, !r ',1 ,: 

, 0 ,< 

,e' 

, " 
, ' . 

-" , , 

, \" " , 

:' 

\ ' , 

" 1 

" ' , " 

, " ' 
" ' 

, 
.' ' 

" , ., 
" , 

','" • 0 i 
( 

, 
" . 

, ~ D', 'I 

, " , , 
r \ ", ,.1 t, .) \' 

, , 1 \ , '1 :' t l, ~' ... 

\,' ,',: \\ \,', l ' l' ,',1, 

." . , , , . 
, , ,\ 

, : 

" ,", ~ 
,'/ .. 

'; ,f, 

t .' l," 
~ i ' , , 

l , ,r 

, ' 

. , ' . ' 
" " <.',' 

,f) , 

" , , . 
l ',' 

" 
, " 

i 
" ' 
", ' .. , t 

"'.: 1 

1" \ '1 1 
l, l " \ • 1 1 

, , . 
:' , 

, , . 
f: ' 

It', " 
~ ] ~ \ 

~ (~.\1 .1 

,\~ 

, " 

, ' 

t,' ,', 1'\ 1 1," 
1 j ~ 1 

~' 1.:, 

,,' ,\ 

" \ ' '1.", , 

, , 
'" 

, '. 
r ,JI 

." , 
't

K
"", \:~. 

" ' , , ' , .. " '.' ,;", l , . 
~.,. 1 t 

1 ~'\ ,1, , . ' , ' " , 

'. " 

1'. t 

" 'J' 

',1" 

: ,\ 

" ' 

" , , ''. ' 

" 

" 
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" , 

f'.-... 
'~ethYl- {me,thyl 2, 3-di:-o-ace tyl-4-0- (2-acetamido-4 • 6-di-O-allyl-3-0-~-

, , 'zyl-2-deoxy-a-D-,qluoopyranosYl)-a- (!I) .!!!!! S-;:-idopyranosid) uronate' 

'. (~) , 

',' , . 
", -

90\ Aqu,eous tri~luoroacetic acid (5 mL) was added to compound ~ 

, 0 

,(,3451119,0.52 lIImo,l). After 40 min, ·'the solvent was removed byevapora-
" , 

:c ",Uon '~der hiqh vacuum. 
" ~. r \ 

The résidue was chromatographed (eluant, 2\ 

'then ,4%' 'methanol 1n chlor~fo~) te give two fractions. 
b 

'l'he more polar . 

fraction l ,(60 mg, 0.1 nunol, 20\> contained the free pyranose, and the 
1 \ l' , 

",'c,:"" less polar fraction XX (120 Dlg,' p.2 mol, 40\), contained a mixture of 
, l , 1 

, , \-' , 
, 1 

" "m~th~l qlycosides. 
Î 

A portion of fraction ::t was acetylated ta provide, .1 
, VN ,r. 

\ " ~ l' , 

," ,af:ter pùrificat!on, by ~hromatdgrai?hy (eluant, 1: 1 .,thyl Acetate '- hex-
1 1 ~?, ' ~,j .. 
, ", ' " " " ,'ana) ,,' ,an " ànom#d.c ) mixture, 'of 1-ace ta ~es (!2). Fraction I~ vas ~,Se ty-

.'cP' , "'<,', " ',~~ted::'~d' ~e' anomers separated by '~hromatoqraPhY (eluant, 1: 1 é
/
tJ;1Yl 

., t , " ~, ," t l ' t 't 

, ' , ", " :,:' '.' a~~tate ',:" hexane), ,providing :the, me~y~ ~-glycos~de, ~, and the uu::~yl 
l ' , 

, ' 

8~qlycoside, 88. '1 ' 
, ' '. , " ' 

, ' 

, I, \, , ' , >, '","'~ Data for.!l~ [aJ~O +' 32.-,.(c 1.5, chiorofQrm). 
" ' 

.. ' ,,1j~, ~.0~,<2.03· (3' s, 9 H, OAc, '-RAc), '3.40 '(dd, 1 H, J 3 , 2' 10, J 3 , 4'" 
1 { \ ' , " , 

',", ',,:.9 iiz,';'H";,,,3")', 3;4~ (s, j,.H,':OMe),,"'3.~9 ~dd, l.H,"J4 ',3' - J 41 ,,5' - 9.8' 
,II v' 

:~z~ ~-:-4")' 6.63 fa,' 2 H, ~6~',;~ 3 .. 2 Hz, H-~a', 6b')" 3.75' (ddd, \~~. 

" , 
IH-n.m.r.:, 

" ' 
't " • ' ~ 

.'1 

, .. , , ~JS",41 9.8;',Js",6a',,~ J~;,,~'b" ,~',~\.,2'Hz, a-s'), 3.82 (s, 3 H, COzMe),. ' 
" . 

'1 

" \ 

3.87 ... ~,.3 (m, 4 H",CH2'<7HC~2qi, ',4.98 (ad, J 4,3'6.7,S:Z" H74), 4.16 (ddd,l .' \,:"~', 

" , 

, " 

", " \ :, 
, " , 

, " 

,1 H,' .:r 2" l' 3.6, J 2; 3' - J~ ~ NB ~ ,10:, Hz, H-2,'), 4.55, 4.,58, ,4.76",4.80 
, " ~ !, lit 't . ' l' 1 

(AS; 2 :~, ',PhCH2 ), ,4:. ~2 '(d, ,'~; 'jS: 4 5.1 ,Hz " ~-~) 1 4.:80 ('dd~ 1 H, :~~;, ~: . 
1 , 1 l' 

Hz'~ H-2), 4.,~,~ ,(~,',:,1 ,H, J 1 ',2' 3.7 Hz, H-l'),' 4.99 (d; ~','H, 
, ' 

s, J Z,,3 '6,~5 
l '" 1 

.1
1

,'2 ~.9 Hz, à-1)"s.l - 5.4 ,~~~.'4 H, ~2CHCH20), S~32 (dd, 1'~, J 3 ,2· 
1 \, 1 

" ' 

" , 

,f" 
, ~ \ • 1 

.. l, ' 

'. 

, '. .. l' \ ... 
r ! ' .. .!-~'----- t " 

• ''IJ '1. 

. , 
, , 
" , 

, " 
" " 

" 

,< , 

'" 
,'< 1 

, . , . 

,,, 

, , 

, ' 

, " 
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, , , 

, ' .. 

" , 

"l", ' 

, J3,4'· 6.6 .'Hz" R:j"~ ~, S.,53 (d, ,. H~' '!~Ft, 2'" 9~',5 az<"BNAC), 5.~ - 6.0 ,Cm, 
";, ,t, '.' , ,'" 

2 'II,', CH2CHCH20)" 7.3 }:fli: ~ 11, Ph). ',',' ' '" l' 

l' ", 

cS-'~',,2Q.88, 23.38 ,(O~c, NA~)" 52.25 (G~2'),,/ 52.48 
c ' " 

, " 13C-n.m.r.: 
~ " 1 

l, l' 

(C0,2Me,), 56.~7, '(~e), ~8.85 CC-6 1), 69.36 (C-~), 69,.89 (C-2), 70.73 
, \ '1 

" , , 
1 (C-5), 71.92 (C-4L 72~34 

, l,' 
(C.,.5')" ,72.46,' 73~75 CC~2CH~H20'>,' '7~.25 

(PhCH2 ', 78.11 (C-~,'.),: '80.;5,2' tC-3'), 98.54 (C-l ')~ 97.S8"(C-1 ),'"1'16.3 -

138.8 '(~h, CH2CHCH20)~~ 16~.4~, ~69.~3' (C02Me, OACr NAc). 
1 ' \ 1 

Data for!!!.: [a J~O +, ~2 ,(0 2:. 2, ohloroform l'. 'lH-Q~,m.r. ~ , 6, " 
" , 

o 

1.87, 2.01, 2~03 (3 s,.. 9 H, OAe",NAc), 3.39 '(s,< 3 H, OMe), 3.4 ~ 3.58' , ' 
\' ... ', , 

-" ' 
'I(ID, 3 H, R-3', 4', 5'), 3.~0~C'4,,'2~, J 6"s' 3Hz, R-6a",6b'), 3.98 

(dd; 1 H, J
4 

'3 6~9# J
4 

5 4.2' Hz, H-4), 3~96 - 4.31 'Cm, '4 'H, CH2CHCHiO), 
l' J , 

... 4'.17 Cm, 1 H, R-2'), 

,,4.76, 4.80 (AB, 

4.50· (d~ 1 B, J
S
',4 .. 4.6' Hz,' ~-5), 4.57, 4.61, 

< " 1 \ f 

2 H, PhCH2 ),' - 4.89 hri, ,~, H,: ~~': 2), 4,94,' .Cd,< 1 R~ 

" ' 

! 1. 

, " 

, : 

,J,I ,2' 3.9 Hz, H-1'),' 5.12 5.34 '(m, 4 H, C!f2CHÇH20), 5.59 (~~, 1 HI ,',1,' 

J 3 ,2 ';',J3~4 '. 6.,~ Hz~ 8:-3),5.8,5 - 5'.96 Cm, 3 H, NHAè, CH2CH~H20r, ,7.3.'." 
" , 

'\ 'Cm; '5 ,H, Ph). ' , 

l~C-~.m.;r.: 15 '20.79, 20.99, 23.29' ,(OAc, NAc)~ 52.35, 52.39 'CC-

" 

l ' : 
2'~ C02Me), ~?'.11 (OMe'): 6S~57 CC-6'), 68.88 CC-3), 70.17 CC-2)~ ,71.~9 

, \ . " 

72.48 CC-S'), ,73.69, 73.94 C CH2CHCH2 0:) ~' ' 75. ~1' 

," C~hCH2)" 78.20 (C-4'),"aO.67 (C-~'), 98.63 '(C ... 1), 98.80:(C-1'1), '115.,91 
, 

- 138.'85 (Ph, CH2CHC~20'),' 168.88, ,1~9.~5, 170~1.'1<17123,'(~2~,:0~e,,:,'., 

, NAc). 
, , \ ' 

MW 679.2948 +' OEAa+ (10~.O~69): 
" 

',7~~37'7. Found:' m/z 785.3625 (M + DEAH+), '(FABS, DEA). , 
, Cl 1 1 
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, 
Isolat1on ofi2,3,4-tri-O~cetyl-1,6-anhydro-B~-idoPyranose 

, ' -
, . 

To a, solution of 17 in n-proP11nol was added '2 N 511lfuric acid 
, ~!' 

~~l cloudy, 
" i ' , 

and the 'mix~ure then heated under reflux for 14 h. A 

fractio~ correspondinq to 1,6-anhydro-~-idopyr~nose (t.l.c.) was sepà-
, -

rated .and ace'tylated. '.rhè resultinq ,compound had a lH-n.m.r. spectrum 

~dentica~, te that of an authentic saJDple of,2,3,4-tri-,2-acet;yl-1,6-

'a'nhYd~~,,6-B.-i~OPyran~se.',. [(l)~O + 70 ,Cc 2.6, chloroform), lit. (201) 

+74. 
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Claims to Original Research 

l, 
A metho<i was developed for the conversion of maltose into disac-

charides containing a 2-amino-2-deoxy-a-E,-glucopyranosyl group 

and/or !!-idopyranuronic acid, as constituents. Thus, starting 

t'rom an acetala ted a-D-glucopyranosyl (1 +4) -aldehydo-.Q.-glucose 

dimethyl acetal, a series of a. (1 +4) linked disaccharides ....are 

~prepared,/and characterized. 

2) These modifications included a unique synthesis of L-idopyranose 

derivatives, suitably linked at 0-4 so as to prevent tautomeriza-

tion ta furanose forms. 

3) The ratio of the ~gluco over the D-manno isomer, in the conver--
, < 

sion of an a-E,-glucopyranosyl group into a 2-amino-2-deoxY-a.-D-

glucopyranosyl group, was improved by modification of the oxida-

tion - amination step. 

, 4) A cri tical problem of acyl migration was overcome by using the 

levulinoyl ester as a temporary protecting group. 

Observations on atypical h~roxyl group reactivity (OH-3' ) OH-

2') and IH-n.m.r. characteristics in some dimethyl acetal deriva-

tives, were rat~onalized by a proposal as ta favoured conforma-

tians for these, compounds. 
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