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Abstract: The intramolecular glycosylation of thiomannoside do-The results of our investigations into the regioselectivity
nors linked through Céby a phthaloyl group to C3 of a diol man- of the equivalent reaction in the context of intramolecular

noside acceptor is described. The unexpected results led udfycosylation appeared to complement to those described
undertake a systematic analysis of the factors affecting the regiopéeviously for intermolecular processes and led us to un-

lectivity of the intermolecular process. The substituents on the didertake a thorough examination of the factors involved.
mannoside acceptor have been found to play an important role.
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The interest in carbohydrate derivatives is increasing b %o / o Caftrisaccharide = 58/21
cause of their function in many biological processtse !
preparation of complex iglosaccharides still requires \ Allo ?H \ BnO—  QH
enormous effort by synthetic organic chemists, an pent=—~~ 5‘&&&‘ Ho [
strategies that avoid protecting group manipulatior sa OMe 4 OMe
through regioselective processes would be a tremendc ref 3b of 3a

advance® As a part of our program directed at developing

regio- and stereoselective glycosylation methods basedfdgire 1 Regioselective glycosylations of mannoside acceptors
intramolecular egcosyIatid‘nNe applied this approach to and donors with participatingl (and 3) and non-participating2j

the synthesis of a trimannan branched at C3 and éeuPs

through a combined intramolecular-intermolecular one- ) ) o )

pot glycosylation with minimal hydroxyl group protec-We f|_rst |nve§t|gate<_1| the reglosele_ctlwty of glycoside do-
tion.4'On the other hand, recent work by Fraser-Reid af@rs in reactions with mannose diol acceptors analogous
coworker&®® has shown that the, normally overlooked!® 4 in an_intramolecular glycosylation of diolS
substituent at O-2 plays an important role in determinirifigure 2). The effects of both participating and non-
the regioselectivity on the glycosylation of diols. In thigarticipating groups at position C2 of the donors were
work we have drawn the attention to the, normally urnalyzed. The Céand C3 positions were chosen as the
noticed, substituents at O-6 and O-3 in a mannoside-21choring sites for the donor and acceptor, respectively.

diol. Furthermore, we have compared intramolecular with order to analyze the regioselectivity of the process for

tected as a TBDPS grouprevious experience led us
use thioglycosides as the glycosyl donors and a
T haloyl group as the linkér.

The synthesis of mannosides branched at the C2 and %2
positions has been less studied than that of the 6,3-
6,2-substituted oligomannosaccharides; however, so
interesting results regarding regioselectivity have been oR

published® For example, position 4 of accepteis and N o R = Me
4b is glycosylated in a regioselective manner, respectiv R@A R=Ac
ly, by donorsl and3, which have participating groups at PO— OH  &pp

C2 (Figure 1¥2In contrast, when don@with a non-par- HO Q P =TBDPS

ticipating group is used, the C2 hydroxyl group of th o >

mannose acceptadia undergoes complete regioselective OMe

glycosylation®® It has also been shown that glucosamingigure2 General structure of intramolecular glycosylation
donors with phthalimide as the participating protectingrecursors

group at C2 also react regioselectively with the C4

hydroxyl group of the acceptér. Precursorséab and 7 were used as the mannosyl
donor§#? and acceptot respectively, and were prepared

, from mannose following reported procedures. THe3}6
SYNLETT 2005, No. 7, pp 1095-1100 and (6-2) diester phthaloyl derivative8 and 9 were
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DOI* 10.1055/5-2005-865228- Art ID: D31804ST obtained from6 by acylation, formation of the corre-
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sponding acid chloride and coupling with the dialkylstant2a/13a = 21:37:37:5) in 62% vyield. The intramolecular
nylene derivative of prepared by microwave irradiation glycosylation of diol8b took place upon treatment with
as described previously by us (Schem& The acetylat- NIS/AgOTf (entry 3) to give a 75:25 mixture of thél-

ed donoieb furnished the (83) linked diesteBb in 52%

2) ando(1-4) disaccharide®0b and12b in 46% yield!!

yield and the permethylated derivative gave a 70:30 Mg formation of different ratios of stereoisomers depend-

ture of the (63) and (6-2) diesters8a and 9a, which
could be separated readily by flash chromatography.

ing on the activation procedure (NIS/TfOTMS or TfOMe)
was also observed by Ziegler and co-workers when study-
ing intramolecular (1-4) glycosylation o+&nd 6-linked

Ao ROO @  meo mannoside donors with different acceptBr&lthough

HO— OR RO Meg - several _methods have _been_ desc_rlbed recently for the

ROTHR i RO P MeO~  phs preparation of3-mannosides in an intermolecular man-
S? OTBDPS ner}!® an intramolecular approa_ch has once again prov<_ed
6aR = Me S OMH 0 Qg to be a complementary alternative for the formation of this

B oo TBDPSO%>>\ difficult kind of linkage*

TBDPSO Og Med "o ove The result obtained in the glycosylation reaction of diester
"o 8aR = Me (51 %) 9a (23%) 8b (entry 3) contrasts with those observed by Fraser-Reid
7 OMe 8bR=Ac (52%) and Ogawa, who observed the opposite regioselectivity in

O

i) @l::,OE@N, CH,Cly, 80%
o)

ii) a) Cl,SO (5 equiv) DMF cat., Tol,
b) 7, n-Bu,Sn0O, toluene, microwave, then 6a or 6b

the intermolecular glycosylation of dondrand3 bearing
participating substituents at C2 with accep#tasand4b
(Figure 1)° An important difference between the intermo-
lecular glycosylations studied by Ogawa and Fraser-Reid

(Figure 1) and the intramolecular version studied by us
(Table 1) lies in the protecting groups of the acceptor moi-
ety. Since various factors, such as the type and position of
The intramolecular glycosylation of diest8a, which the bridging group between the glycosyl donor and accep-
bears the fully methylated donor, was studied under twor, can influence the regio- and stereoselectivity of in-
different sets of reaction conditions (Table 1). When NI&amolecular glycosylations, these results are difficult to
was used as the only promoter (entry 1)ftte2) disac- rationalize. Therefore, with the aim of determining
charidella was isolated in 39% yield and thél-2),a(1- whether the intramolecular nature of the process was the
4) andp(1-4) disaccharide40a, 12a and13a were ob- only factor responsible for the different regioselectivity
tained after acetylation in 6, 8 and 8% yield, respectivelgbserved, several intermolecular glycosylations were
The NIS/AgOTf system (entry 2) led to a mixture of thearried out and are summarized in Table 2.

a(1-2), B(1-2), 0(1-4) andp(1-4) disaccharideslQa/11a/

Scheme 1

Tablel Intramolecular Glycosylation
Q o) OR o o) OR o o) OR 0 OR OTBDPS
RO RO RO OH RO S
) TBDPSO o o
8 i TBDPSO. o + HO ot oo + MeO
CH,Cl, HO -0 o o o}
o] o o MeO
MeO
Me
aR=Me 10a 12a
b R=Ac 10b 1lla 12b 13a

i) Method A: NIS (3 equiv), r.t., 48 h; method B: NIS (3 equiv), TFOAg (0.1 equiv), —40 °C to r.t., 24 h; methd@ @: @¢uiv), TFOAg L
equiv), 0 °C, 10 min.

Entry Substrate Conditions (yield, %) Ratio of products

a(1-2) 10 B(1-2)11 a(1-4)12 B(1-4)13
1 R =Me8a Method A (61} 10 (6%) 64 (39) 13 (8) 13 (8)
2 R =Me8a Method B (62) 21 37 37 5
3 R =Ac8b Method C (46) 75 25

2Yields given for acetylated products.
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Table2 Intermolecular Glycosylations

R20—_R'O
R20 OR; RlO .0
RO - HO -Q ; RO 1 .0 1
RO + R3O NIS (8 equv) . + RR?c&[ﬁ OH RPO~J OO o
SPh OMe TfOAg (0.1 equiv) RO Q 0 -Q Rlcl) _ .OR*
CH,Cl, HO .0 R3O RO
1 2 R o Q
l4aR*=Me, R°=Bz 15 R%=Bz, R*= TBDPS OMe R3O
14b R'=R%= Ac 19 R®=R4=Bz o(1-2) OMe o(1-4) m
4a R¥=R*= Al 16a 17a 18a ©
4b R3=R*=Bn 1260b % 1282b
24
Entry Substrates (donor/acceptor) Conditions Yield of glycosylation (%)
a(1-2) a(1-4) Trisaccharide
1 R!=Me, R =Bz (14a)/ 0°Ctort.,48h 1216a/17a = 3:1) 3 (18a)
R®=Bz, R = TBDPS (5)
2 R!=R?=Ac (14b)/ 0°Ctort,1h 2316b) - 21 (18b)
R®=Bz, R = TBDPS (5)
3 R!=R?=Ac (14b)/ 0 °C to r.t., 20 min (38%8) 26 (20) 22 1) 5(22)
R®=R*=Bz (19)
4 R!=R?=Ac (14b)/ —40°Cto 0 °C, 3 h (23%) 19 (20) 28 1) 21 (22)
R®=R*=Bz (19)
5 R!=R?=Ac (14b)/ —-40°Cto0°C,24h Complex mixture
RE=R*=All (4a)
6 R!=R?=Ac (14b)/ -35°Ct00°C, 6 h30 min (26%) - 51 @3) 12 (24)

R®=R*=Bn (4b)

2 Recovered acceptor.

Donorsl4a and14b, prepared following standard proce-The reaction of the disarmed dori@ib with acceptoils
dures!® were chosen as analogues of diesBarand8b, afforded theo(1-2) disaccharidel6b and trisaccharide
respectively, and used in equivalent intermolecular glycd8b in 23 and 21% yield, respectively; 19% of accefor
sylations. Mannosyl acceptb presents maximum simi- was recovered (entry 2). The regioselectivity observed in
larity with the acceptor used in the intramolecular versiathis case was lower than that of the analogous intramolec-
of the reactiort® ular process (entry 3, Table 1). This result is also in con-

The glycosylation reaction of the armed dofida with trast with the r_egiose_le'ctiv?ty observed with glycosyl
accepton5 afforded an inseparable 3:1 mixtureu¢f-2) donorsl and3, with participating groups at Cg, for the C4
anda(1-4) disaccharide$6 and17 in a poor 12% yield; Position of the mannosyl acceptdrgrigure 1)” This ob-

the corresponding trisaccharid@a formed by double servation seems to indicate that the preference for C2 over
glycosylation was also isolated in 3% yield (entryIn 94 in the intramolecular reaction (gntry 3, Table.l) could
spite of the low yield, the tendency towards reaction at tifg Part be a consequence of the different substituents on
C2 position is in agreement with the result obtained B¢ acceptor and not only an effect of the intramolecular
Fraser-Reid with dono? (Figure 1) This result also Nature of the process.

illustrates the influence of the protecting groups on the ad/e reasoned that the volume of the bulky TBDPS protect-
ceptor in the reactivity of the diol system when comparedg group at C6 of the acceptor could be responsible for
to the results obtained with acceptar® Comparison be- this poor regioselectivity, and it was substituted for a ben-
tween Table 1 (entries 1 and 2) and Table 2 (entry Byl group. Nevertheless, the reaction of the disarmed do-
where similar glycosyl acceptors gave strikingly differemtor 14b with acceptor19'® gave all three possible
yield of disaccharides, indicate that the intramoleculalycosylation products. Mixtures of th€1-2) disaccha-
glycosylation process is clearly superior, avoids thede 20, u(1-4) regioisomefl and trisaccharid22 were
formation of trisaccharides and allows the reaction to lermed in different ratios depending on the reaction con-
carried out in the absence of TTOAg. A plausible consélitions (entries 3 and 4).

quence of this is that the intramolecular strategy could Bit the aim of determining unambiguously whether the

specially well suited for coupling unreactive glycosy|eaying group of the glycosyl donor or the nature of the
partners.
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substituents on the acceptor were responsible for this dif{6) (a) Fraser-Reid, B.; Lopez, J. C.; Radhakrishanan, K. V.;

ferent reactivity, the acceptofa and4b used by Ogawa
and Fraser-Reid were preparf@dnd their glycosylation
reaction with disarmed donddb studied. The allylated
acceptoda gave a complex mixture of products, as the al-
Iyl groups also react under the reaction conditions (entry
5). Nevertheless, the benzylated accegtorshowed a
clear tendency to undergo glycosylation at the C4 position
when it reacts with the thioglycoside doridb, affording

23 and trisaccharid24 in 51 and 12% vyield, respectively
(entry 6). Therefore, the results in Table 2 (entries 4 and
6) clearly illustrate how the mere switch from a benzoyl to
a benzyl protecting group at O-3 and O-6 of the acceptor

has an important influence on the regiochemistry of the(7)

process.

In summary, it has been shown that the intramolecularg,
glycosylation of the studied mannoside diol acceptors is a(9)

reliable alternative when the intermolecular approach

gives poor yields providing complementary stereoselect10)

tivities. The presence of the anchoring spacer avoids the
undesired trisaccharides obtained in the intermolecular
glycosylation of polyol systems. It has also been demon-
strated that subtle changes in the substituents on the
glycosyl acceptor have a very important effect on the

regiochemistry of glycosylation reactions.
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General Method for the Formation of Diesters8 and 9.

A solution of6a or6b, phthalic anhydride (2 equiv) and;Et

(5 equiv) in 20 mL of CBCl, was stirred at r.t. for 4 h. Then,

a sat. solution of NECI was added, the mixture was stirred
for 15 min, the aqueous layer was extracted with@H3

x 100 mL), and the combined organic layers were washed
with brine, dried over MgS£and evaporated to give the
corresponding triethylamine salt. This salt was dissolved in
toluene and treated with SQE5 equiv) and 3 drops of

DMF, and the mixture was stirred under reflux for 4 h. The
reaction mixture was then co-evaporated with toluene
several times under vacuum to give the corresponding acid
chloride as a yellow oil, which was treated with a solution of
the tin derivative (1.1 equiv) prepared as follows: methyl 6-
O-tert-butyldimethylsilyl«-D-mannopyranosiderf was
dissolved in anhyd toluene in an Erlenmeyer flask, then
dibutyltin oxide (1.1 equiv) was added. The suspension was
heated in a microwave oven (domestic microwave oven LG
intellowave 700 W) for periods of 2 min until the solid was
completely dissolved. The solutievas allowed to reachr.t.,
then was added to the freshly prepared acid chloride, and the
mixture was stirred for 20 h. Silica gel was then added, the
slurry was stirred for 1 h, the solvent was evaporated under
vacuum, and the solid was directly loaded into a column for
flash chromatography.

Phenyl 2,3,4-tri-O-methyl-6-O-[methyl-O-(6-O-tert-
butyldimethylsilyl-a-D-mannopyr anos-3-yloxy)-2-

car bonylbenzoyl]-1-thio-e-D-mannopyranoside (8a):

[a]p +36 € 0.63, CHCJ). *H NMR (300 MHz, CDCJ): § =
7.83-7.11 (m, 19 H, Ar), 5.65 (d, 1 B 1.2 Hz, H), 5.27
(dd,1HJ=9.8,3.1Hz, K, 4.72 (d, 1 H)=1.3 Hz, H),

453 (m,2H,BandH), 4.31 (m, 2 H, Hand H), 4.11 (td,
1H,J=9.7,2.6 Hz, i), 3.97 (dd, 1 H) = 9.3, 4.9 Hz, b,
3.91(dd,1HJ=9.3,49Hz,),63.89 (brt,1 H)=1.2 Hz,
H,), 3.79 (dt, 1 H}=9.7, 4.9 Hz, B, 3.53-3.41 (m, 2 H,

Hy and H), 3.54 (s, 3H, OMe), 3.52 (s, 3 H, OMe), 3.44 (s,
3 H, OMe), 3.37 (s, 3H, OMe), 3.14 (d, 1H; 2.6 Hz,
C,0OH), 2.91 (d, 1 H)=4.7 Hz, GOH), 1.05 (s, 9 H, 3 Me).
BC NMR (75 MHz, CDC)): 8 = 167.8 (CO), 167.2 (CO),
135.5 (2 CH), 134.0, 133.1, 133.0, 132.2, 131.1, 130.6,
129.7, 139.6, 129.1, 129.0, 127.6, 127.3, 100.6, 84.1, 81.5,
78.1,77.0,76.4,71.7,70.5,68.3, 66.7, 64.8, 64.8,61.0, 58.0,
57.5,54.8, 26.8 (3 C), 19.1 (C). MS (EBJz (%) = 894

(100) [M + 18], 899 (75) [M + 23].

Downloaded by: Florida International University. Copyrighted material.



LETTER

Study of the Regioselectivity of Mannoside Diol Acceptors 1099

(11)

Phenyl 2,3,4-tri-O-acetyl-6-O-[methyl-O-(6-O-tert-
butyldimethylsilyl-a-D-mannopyr anos-3-yloxy)-2-

car bonylbenzoyl]-1-thio-a-D-mannopyranoside (8b):

[0]p +32.2 € 0.5, CHC)). 'H NMR (400 MHz, CDC)): § =
7.75(d, 1 H)=7.8 Hz, Ar), 7.68-7.51 (m, 7 H, Ar), 7.45-
7.19 (m, 9 H, Ar), 7.14-7.11 (m, 2 H, Ar), 5.43-5.41 (m, 2
H, Hy;, H,), 5.35 (t, LHJ=9.9 Hz, H,), 5.26 (m, 1 H, ),
5.22 (dd, 1 H)=9.9, 3.1 Hz, i), 4.65 (d, 1 HJ) = 1.5 Hz,
H,), 4.54 (ddd, 1 H)=9.9,7.8,3.5 Hz, K, 4.35 (dd, 1 H,
J=7.8,3.5Hz,§,and Hy), 4.20 (m, 1 H, ), 4.0 (dt, 1 H,
J=9.7,2.8Hz, ), 3.91 (dd, 1 H)=10.7, 4.7 Hz, i),
3.85(dd, 1 H)=10.7,5.3 Hz, i), (m, 1 H, H) 3.41 (s, 3

H, OMe), 3.14 (d, 1 H) = 2.9 Hz, G-OH), 2.88 (d, 1 H,
J=4.7Hz,G-OH), 2.02 (s, 3H, Me), 1.94 (s, 3H, Me), 1.93
(s,3H, Me), 0.98 (s, 9 #Bu).*3C NMR (50 MHz, CDCJ):

8 =170.0 (CO), 169.7 (2 CO), 167.6 (CO), 167.1 (CO),
135.6, 131.8, 130.7, 129.7, 129.5, 129.4, 129.2, 128.0,
127.7,100.7, 86.6, 77.0, 71.9, 70.9, 69.4, 69.2, 68.6, 66.9,
66.5, 64.9 (C-6), 63.9 (C-6), 54.8 (OMe), 26-8(), 20.7

(2x Me), 20.6 (Me), 19.2. ES[M + NaJ*: 983.6; ESi[M

+ ClJ: 995.4.

Procedurefor Intramolecular Glycosylation Reactions.
Method A: diesterBa was co-evaporated 3 times with
toluene, 4 A molecular sieves were added, and the residue
was dried under vacuum for 3 h. The mixture was dissolved
in CH,Cl, under argon, and NIS (3 equiv) was added as solid
under a stream of argon at r.t. The reaction mixture was
stirred for 48 h, then NaHCG@nd NaS,0; were added as
solids. The mixture was stirred at r.t. for 30 min, then filtered
through a short pad of celite, the solvent was evaporated, and
the crude product was purified by flash chromatography.
Method B: as for method A, but with the addition of 0.1
equiv of TfOAg after the addition of NIS. In this case the
reaction mixture was stirred at —40 °C for 2 h, was left to
reach r.t. over a period of 12 h, and was then stirred at r.t. for
a further 4 h.

Method C: as for method A, but with the addition of 1 equiv
of TfOAg after the addition of NIS and stirring the reaction
mixture at 0 °C for 10 min.

Methyl O-(2',3,4’-tri-O-methyl-a-D-mannopyranosyl)-
(1-2)-6-O-tert-butyldiphenylsilyl-a-D-mannopyranoside-
3,6’-phthalate (10a): [a]p +43 € 0.21, CHC)). *H NMR

(300 MHz, CDC)): 6 = 7.88 (dd, 1 H) = 6.6, 2.2 Hz, Ar),
7.58-7.33(m, 13 H, Ar), 5.57 (d, 1 817 4.4, H,), 5.32 (dd,
1H,J=10.2,3.4 Hz, K, 4.78-4.74 (m, 2 H, Hand H,),

458 (m, 1 H, H), 4.43-4.33 (m, 2 H, Hand H), 4.12 (m,
2H,2H),3.83(m,1H,H),3.78 (dtJ=9.3,4.1 Hz, 1 H,
Hs), 3.53-3.51 (m, 1 H, §), 3.50 (s, 3 H, OMe), 3.45-3.35
(m,2H, H,and H), 3.41 (s, 3H, OMe), 3.37 (s, 3H, OMe),
3.36 (s, 3H, OMe), 2.82 (d, 1 Bi= 3.5 Hz, GOH), 1.08 (s,

9 H,t-Bu). 3C NMR (75 MHz, CDC)): 5 = 168.1 (CO),
168.0 (CO), 136.1 (4 CH), 133.5, 133.4, 132.9, 132.8, 132.0,
131.4,130.5, 130.1, 129.7, 128.8, 128.1 (2 CH), 128.0 (2
CH), 101.4 (G, Jc.y = 166 Hz), 98.0 (€, Je.y = 175 Hz),

80.6 (G), 78.9 (G), 77.6 (G), 76.0 (G), 74.6 (G), 73.0

(Cy), 71.8 (G), 66.8 (Q), 66.3 (G), 64.8 (G), 60.5 (OMe),
59.1 (OMe), 58.0 (OMe), 55.1 (OMe), 28.9 (C), 27.2 (3Me).
After treatment with pyridine—-A©: *H NMR (300 MHz,
CDCl,): 8 =5.55 (t, 1 HJ = 10.0 Hz, H). MS (ES):m/z

(%) = 809 (14) [M + 1], 826 (100) [M + 18], 831 (28) [M +
23].

Methyl O-(2',3,4’-tri-O-methyl-p-D-mannopyranosyl)-
(1-2)-4-O-acetyl-6-O-tert-butyldiphenylsilyl-a-D-
mannopyranoside-3,6'-phthalate (11a): [a], —19 € 1.07,
CHCL,). 'H NMR (300 MHz, CDC)): § = 7.78-7.62 (m, 5

H, Ar), 7.56-7.28 (m, 9 H, Ar), 5.45 (dd, 1 8= 16.0, 4.8

Hz, H;), 5.36 (t, 1 HJ=15.0, H), 5.07 (dd, 1 HJ = 16.0,

6.0 Hz, H), 4.77 (d, 1 HJ=2.7 Hz, H), 4.67 (d, 1 H,
J=1.6Hz, H), 4.49 (dd, 1 H) = 15.0, 2.7 Hz, i), 4.22
(dd,1HJ=16.0, 2.7 Hz, {), 3.88 (ddd, 1 H) = 13.3, 5.9,
3.8Hz, H),3.73(m,2H,2},3.71(dd, 1 H)=4.2,1.6
Hz, H,), 3.59 (s, 3 H, OMe), 3.53 (dd, 1 817 13.5, 13 Hz,
Hy), 3.46 (s, 3 H, OMe), 3.44 (s, 3 H, OMe), 3.43 (s, 3 H,
OMe), 3.44-3.37 (m, 1 H,H), 3.19 (dd, 1 HJ = 13.0, 4.2,
Hy), 1.96 (s, 3 H, Me), 1.02 (s, 9 HBu). 3C NMR (75
MHz, CDCL): § = 169.9 (CO), 168.8 (CO), 167.4 (CO),
136.0 (2 CH), 136.0 (2 CH), 134.2, 133.6, 131.9, 131.6,
130.6, 130.1, 128.5, 128.1 (2 CH), 128.0 (2 CH), 99,3 (C
Jo.n = 168 Hz), 98.6 (€, Iy = 156 Hz), 83.1 (§), 76.0
(C4, C), 73.3(G), 71.9,71.8, 71.6 (£C, and G), 67.6
(C,), 63.4 (G), 62.0 (&), 61.4 (OMe), 61.1 (OMe), 57.3
(OMe), 55.2 (OMe), 27.0 (3 Me), 21.1 (Me), 19.6 (C). MS
(ES):m/z (%) = 809(7) [M + 1], 826 (100) [M + 18], 831
(63) [M + 23].

Methyl O-(2,3",4-tri-O-methyl-a-d-mannopyranosyl)-
(1-4)-2-O-acetyl-6-O-tert-butyldiphenylsilyl-a-D-

mannopyr anoside-3,6’-phthalate (12a): *H NMR (300
MHz, CDCL): 6 = 7.96 (dd, 1 H) = 7.4, 1.1 Hz, Ar), 7.75—
7.35(m, 13 H, Ar), 5.89 (dd, 1 B~ 10.7, 3.6 Hz, i), 5.68
(t,1H,J=2.2Hz, H),5.19 (d, 1 HJ=3.7 Hz, H), 5.04
(d,1H,J=9.3Hz,HorHy), 472 (d, LH)=2.2 Hz, H),
5.58(t, 1HJ=10.3 Hz, H), 4.04 (dd, 1 H)=10.7,3.0,
or Hg), 3.96-3.85 (m, 5 H, 246r 2 Hy, Hy Hs; and H,), 3.51
(s, 3H, OMe), 3.42 (s, 3 H, OMe), 3.41 (s, 3 H, OMe), 3.30
(m,1H, H),3.27 (s, 3H, OMe), 3.19 (dd, 1H9.3,5.5
Hz, Hy), 2.17 (s, 3 H, Me), 1.05 (s, 9 HBu). 3C NMR (75
MHz, CDCL): 6 = 170.3 (CO), 168.2 (CO), 165.5 (CO),
135.7 (2 CH), 135.6 (2 CH), 135.2, 133.5, 133.3, 132.4,
131.2,130.0, 129.7, 129.6, 127.6 (2 CH), 127.6 (2 CH), 98.2
(Cy, Joy =172 Hz), 92.6 (€, Jc.y = 160 Hz), 79.2 (&),
77.1(G), 71.1, 69.8,69.7, 69.2, 68.8,(H64.9 (CH), 62.3
(CH,), 59.2 (OMe), 58.2 (OMe})7.9 (OMe), 55.3 (OMe),
26.7 (3 Me), 20.7 (Me), 19.4 (C). After desilylation1af
with TBAF and treatment with pyridine—4©: 1*C NMR

(75 MHz, CDCl): 6 = 98.6 (G, Jc.y = 177 Hz), 93.3 (G,
Jey = 166 Hz). MS (ES)m/z (%) =809 (2) [M + 1], 826
(100) [M + 18], 831 (40) [M + 23].

Methyl O-(2,3',4-tri-O-methyl-p-D-mannopyranosyl)-
(1-4)-2-O-acetyl-6-O-tert-butyldiphenylsilyl-a-D-
mannopyr anoside-3,6'-phthalate (13a): [a], —15 € 0.17,
CHCL,), *H NMR (300 MHz, CDCJ): § = 7.70-7.30 (m, 14
H, Ar), 5.69 (dd, 1 H)=6.3, 3.7 Hz, i), 5.46 (t, 1 H,
J=3.7Hz,H),4.95(dd, 1 H) = 11.5, 2.7 Hz, i), 4.78 (d,
1H,J=4.7Hz, H),4.41(s,1H, k), 4.28 (dd, L H)=9.8,
6.3 Hz, H), 4.12 (dd, 1 HJ = 11.5, 6.6 Hz, H), 4.00-3.88
(m, 2 H, 2 H), 3.85-3.78 (m, 1 H, §}|, 3.52 (s, 3 H, OMe),
3.46 (s, 3H, OMe), 3.44 (s, 3 H, OMe), 3.43 (s, 3 H, OMe),
3.50-3.26 (m, 2 H, Hand H,), 3.34 (t, L HJ = 8.8 Hz, H),
3.01 (dd, 1 HJ=8.8, 2.9 Hz, H), 2.07 (s, 3 H, Me), 1.09
(s, 9 H, 3 Me)*3C NMR (75 MHz, CDC)): § = 170.7 (CO),
167.8 (CO), 167.1 (CO), 136.4 (2 CH), 136.1 (2 CH), 134.3,
133.6, 133.1, 131.8, 131.7, 131.3, 130.4, 129.6, 128.3 (2
CH), 128.2 (2 CH), 102.4 (G Jc.y = 157 Hz), 99.1 (G
Je.n =172 Hz), 83.8 (), 77.1 (G), 76.8 (G), 74.9 (Q),
74.0 (G), 73.8 (G), 72.1 (G), 70.2 (G), 64.1 (G), 63.7
(Cy), 61.8 (OMe), 61.2 (OMeR7.9 (OMe), 55.7 (OMe),
27.1 (3 Me), 21.4 (Me), 19.7 (C). MS (E®)z (%) = 809
(5) [M + 1], 826 (100) [M + 18], 831 (16) [M + 23].

Methyl O-(2',3 4'-tri-O-acetyl-a-d-mannopyr anosyl)-(1-
2)-a-D-mannopyranoside-3,6’-phthalate: formed by
treatment oflOb with TBAF.*H NMR (400 MHz, CDC)):
8=7.94-7.93 (m, 1 H, Ar), 7.55-7.50 (m, 3 H, Ar), 5.69 (d,
1H,J=4.7Hz, H),5.33(dd, 1 H)=10.6, 3.7 Hz, ),
5.24 (dd, 1 HJ=7.0, 3.8 Hz, H), 5.06-5.00 (m, 2 H, H
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(12)

(13)

H,), 4.78 (dd, 1 H) = 12.3, 5.0 Hz, &), 4.73 (d, 1 H,
J=1.3Hz, H), 4.46 (dd, 1 H) = 3.5, 1.2 Hz, 1), 4.28—
4.22 (M, 2 H, H, Hyy), 4.17-4.14 (m, 1 H, §), 3.82-3.78
(m, 2 H, H,and H,), 3.64 (ddd, 1 H) = 9.7, 6.7, 3.4 Hz,
H.), 3.34 (s, 3 H, OMe), 2.81 (d, 1 Bi= 5.3 Hz, GOH),
2.01 (s, 3 H, Me), 2.00 (s, 3 H, Me), 1.78 (s, 3 H, Nf§).
NMR (75 MHz, CDCY): § = 165.7 (CO), 165.5 (CO), 165.1
(CO), 163.7 (CO), 162.6 (CO), 128.7 (C), 127.7, 126.6,

126.4,124.7 (C), 123.4, 96.6, 89.1, 72.9, 72.7, 72.5, 72.1, (15)

68.8, 68.4, 68.3, 65.5, 64.4, 63.8, 60.6, 60.4, 57.4, 50.6
(OMe), 16.3 (2 Me), 15.9 (Me).

Methyl O-(2',3 4'-tri-O-acetyl-a-d-mannopyr anosyl)-(1-
4)-a-D-mannopyranoside-3,6’-phthalate: formed by
treatment ofl2b with TBAF.*H NMR (400 MHz, CDC)):
§=7.98(m,1H,Ar),7.62(dt,1d=7.5,1.5Hz, Ar), 7.55
(dt, 1 H,J=7.5, 1.5 Hz, Ar), 7.43 (m, 1 H, Ar), 5.70 (dd, 1
H,J=10.7,3.5Hz, K, 5.33 (dd, 1 H) = 10.0, 3.3 Hz, H)),
5.33 (s, 1 H, H), 5.24 (t, 1 HJ=10.0 Hz, H), 5.01 (dd, 1
H,J=3.3,1.5Hz,H),4.83(dd, 1 H)=11.5, 1.2 Hz, H,),
4.75 (d, 1 HJ=2.0 Hz, H), 4.41-4.34 (m, 2 H, I H,),

4.20 (brt, 1 H)=10.0 Hz, H), 3.95-3.87 (m, 3 H, &,

Hga Hep), 3.83—3.77 (m, 1 H, }, 3.38 (s, 3 H, OMe), 2.16
(s, 3 H, Me), 2.10 (s, 3 H, Me), 2.08 (s, 3 H, Me), 2.07 (s, 3
H, Me), 2.11 (s, 3 H, Me), 2.06 (s, 3 H, Me), 1.96 (s, 3 H,
Me). 3C NMR (75 MHz, CDCJ): § = 166.0 (CO), 165.8
(CO), 165.3 (CO), 164.2 (CO), 160.7 (CO), 130.5 (C),
128.3,125.8,125.6, 123.1, 122.9 (C), 95.8, 87.5, 66.5, 66.4,
66.2, 66.0, 64.4, 64.2, 63.5, 61.7, 59.2)(67.3 (G), 51.1
(OMe), 16.4 (Me), 16.2 (Me), 16.1 (Me). After treatment
with pyridine—A¢O: *H NMR (300 MHz, CDC]J): § = 5.56
(m, 1 H, H). ®C NMR (75 MHz, CDC})): § =98.2 0c , =
170 Hz), 91.7 3., = 167 Hz).
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Methyl 30-benzoyl-60-tert-butyldimethylsilyl-u-D-
mannopyranosidelf) was prepared starting from methuyl-
D-mannopyranoside by silylation of the C6 hydroxyl group
followed by benzoylation of the dialkylstannylene derivative
formed by microwave irradiation. This compound had been
prepared previously by: Chung, S.-K.; Yu, S.Biborg.

Med. Chem. Lett. 1996, 6, 1461.

Intermolecular glycosylations were carried out following
procedure B, previously described for an intramolecular
glycosylation reaction using 1 equiv each of the
corresponding glycosyl donor and acceptor, at the
temperature and for the reaction times specified in the text.
The structures of all oligosaccharides were assigned by
means of 2D NMR spectroscopy (COSY, HMQC) and mass
spectrometry. Regioisomers were identified based on
variations in théH chemical shift of the free hydroxyl
groups after acetylation. The assignment of the
configuration ¢ or ) was based on the CH coupling
constant at the anomeric centéy (= 160Hz forp-
mannosides andk, = 170 Hz fora-mannosides).
Compound9 was synthesized from methyib-
mannopyranoside under standard benzoylation conditions in
the presence of two equivalents of benzoyl chloride. This
methylmannosid&9 had been previously prepared by:
Meyers, H. V.; Ojika, M.; Wiesler, W. T.; Nakanishi, K.
Carbohydr. Res. 1990, 197, 15.
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