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Abstract: The influence of protecting groups on the reactivity ofsu“n signalling process, we have prepared a variety of
: . 2. : . 14 s
glycosyl acceptors has been investigated through a series of Cdﬂ]QSItOI containing OhgosaCCha”dé]S' This work has

. . . 1
petitive glycosylation experiments using differently substituted c#volved SXIE_nS'V? studies on the glycosylatiomyit
symmetricb-chiro-inositol derivatives. It has been shown that, fo@nd chiro**=**inositol derivatives with 2-azido-2-deoxy-

a given glycosyl donor, the protective group pattern effectivelp-gluco and D-galactopyranosyl trichloroacetimidates.
modu_lates the reactivity of these derivatives in the glycosylationhis has offered a good opportunity to gain insight into
reaction. the influence of the nature of glycosyl acceptors on the
Key words: glycosylation, reactivity, stereoselectivity glycosylation reaction. We recently reported on the influ-

ence of steric and conformational features of the acceptor

on the stereoselectivity of glycosylatioisWe now
Oligosaccharides play an important role in many biologPresent some observations on the influence of the protect-
cal processe&In spite of recent progress in glycosylatioring group pattern on the reagtjvof glycosyl acceptors in
methods and strategies, oligosaccharide synthesis still #e coupling reaction.

quires considerable effort. The preparation and the coprthe course of our studies on putative insulin mediators,
pling of building blocks for oligosaccharide synthesighe synthesis of molecules containing the structural motif
often involve extensive protgcting group manip_uIationz_amino_g_deoxp_gmco andb-galactosaminyk(1—1)
The past two decades have witnessed an increasing un@efand -chiro-inositols! andl | (Figure 1) was carried out
standing of protecting group effects on the anomeric reagsing a variety ob- andL-chiro inositol derivatives and

tivity of glycosyl donors. As a consequence of thep_gluco and galactopyranosyl! trichloroacetimidates with
armed-—disarmed concept, the possibility of tuning the rgifferent protecting group patterns.

activity of glycosyl donors through protecting group ma-

nipulation has culminated with the ‘iterative one-po* . R2 OH
synthesis of oligosaccharidé8which has greatly simpli- | Og - o

fied the preparation of complex oligosaccharitles. Fﬁo ™~ HOA—T~
Nevertheless, much less attention has been paid to the R%Q 2o HO 2o
activity of glycosyl acceptors. The nature of the protectin Ho/w'?m Hagmo'*
groups of glycosyl acceptorsyebeen often proposed as OR* OH
a cause of glycosylation failuf@’ However, the influ- I I
ence of protecting groups on acceptor reactivity has nr!=H, R2=0OH or R = OH, R?= H; Rl=H, R2= OH
been systematically evaluated. It is generally agréved ~ R°=Hor Me, R*=H Rl= OH, RZ=H

the electron-donating or the electron-withdrawing effe(R"=OH, R?=H; R®=H R*=PO3H"

of protecting groups may, respectively, activate or deacp:il—gure 1 2-Amino-2-deoxyp-gluco and galactosaminyl—1]

vate glycosyl acceptors. This effect has been long ag0and. -chiro-inositols! andil

describe and more recently used to develop a chemo-

selective glycosylation stratedyin spite of this, no at-

tempt has been made to asses the effect of protect

groups on the relative reactivity of glycosyl accepto

through competitive experiments with the only exceptioH

of a recent study on the acceptor reactivity of the 4-h

gg;y gto?upcgi\g;(i:ﬁéygél\rl{\,p;;cggmldo_, and 2-azido-2- tri-O-acetylu-D-glucopyranosyl trichloroacetimidate
yb-9 ' (2)*° afforded a mixture ofi-(3) and p-(4) pseudodisac-

In the frame of an ongoing program on the synthesis eharides in 80% overall yieldd the reaction of with 6-

inositolphosphoglycans as putative mediators in the i®-acetyl-2,3,4,5-tetr&®-benzyli -chiro-inositol 6)1e

gave a mixture odi-(6) andp-(7) anomers in 25% overall

It was found that small changes in the protecting group
tern of the glycosyl acceptor had a dramatic effect on
e glycosylation yield under similar experimental condi-
ons. While glycosylation of ®-allyl-2,3,4,5-tetra®©-
Y)'enzyIL—chiro—inositoI (@) with 2-azido-2-deoxy-3,4,6-

i 17
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presence of an electron-withdrawing substituent at C6. We had already prepared di8land9 and had investigat-
order to gain some further insight into the factors govered their glycosylation withi2.132Diol 10 was obtained by
ing glycosyl acceptor reactivity, we now have performepartial benzoylation ofb-chiro-inositol in 22% vyield

a comparative study of the behavior of the C2 symmetri§cheme 2, a). By contrast, partial benzylation-chiro-
D-chiro-inositol acceptor8-11 (Figure 2), with electron- inositol was not a practical route for the preparation of
donating and electron-withdrawing protecting groups idiol 11. This diol was prepared fro@ through the se-

the glycosylation with 2-azido-2-deoxy-3,4,6-@tben-
zyl-a-D-glucopyranosyl trichloroacetimidate 12

Table 1).
OAc
OAc
AcO o OAc .
AcO AcO Q  AcO
N3 ACO&' AcO ? oBn
2 “otca N3 L s OBn
OH + OBn OBn
OBn OBn OR OBn
OBn OBn
OBn OR OBn
or OBn o(1—1) B(1—1)
R=Al 1 i 3 65% 4 15% Ref10d
R=Ac 5 i 617% 7 8% Refl4

Scheme 1l Glycosylation reactions of trichloroacetimid&andL-
chiro-inositols acceptors and5. Reagents and conditiong 2 (3.0
equiv), 1 (1.0 equiv), TMSOTf (0.1 equiv), C&l,, r.t.; ii) 2 (1.0
equiv),5 (1.0 equiv), TMSOTf (0.04 equiv), GBI, r.t.

OMe

guencel3—14—15 (Scheme 2, b}

HO. T gaci py, DMaP B0 Q"
a) HO~— ™ zL Y BzO
HO 12 h, 22% B20
HO on hi2h.22% BzO OH
D-chiro-inositol 10
BnQ OBz Bno OBz Bno  OH
a c d
—> RO —» BnO s BnO
b) 9 RO BnO BnO
BnO OBz BnO OBz BnO OH
( 13 R-R = BDA 15 11
14R=R=H

Scheme 2 Preparation ofb-chiro-inositol acceptorslO and 11.
Reagents and conditiona) BzCl, pyridine, DMAP, r.t.,12 h, 100%;
b) TFA-H,0 9:1, r.t., 86%; c) BnTCA, TfOH cat. ¢8,~CH,H, 2:1;
r.t., 87%; d) NaOMe—-MeOH 1.0 M, MeOH-THF 5:1, r.t., 100%

Table 1 shows the results obtained in the glycosylation of

)ﬁ/o o Me oo OH g0 OH  pgho OH 10 and 11 with trichloroacetimidatel2 and those previ-
Mo&m oﬁr_/ko Bzé)gﬁ/rk B%o/& ously reported by us for the glycosylation&&nd9.132
¢ Sy o T e 0T L, Diols 8 and9 showed similar reactivity towards dorits
ome ~ OH Ome affording 2:1¢:B mixtures of the corresponding pseudo-
8 9 10 1 disaccharides16 and20 from 8 and17 and21 from 9)
Figure2 D-Chiro-inositols acceptorg-11 and a small amount of the:-trisaccharide®24 (from 8)
Tablel Glycosylation Reactioris
OBnN
OBn OBn BnO Q
BnO
BnO O Q
OBn Rl OH E?no&' F Q R0,
BnO Q ., RO a N3 + N3 1 OR?
BnO—T R20 RIQ § RIQ * R Owom
*otca RO OH R20 R20 0N
R20 R20 Ry
12 8-11 OBn
o(1-1) 16-19 B(1—1) 20-23 Zg((i:ﬂ::)) 22‘25
Entry Acceptor Yield (%)
a(1-1) B(1—-1) Trisaccharides Overall
1 R!= R2=BDA (g)!!12 43 (16) 20 (20) 724) 0,0 70
2 R!=Bn, R =BDA (9)ltall 42 (17) 18 (21) 725) 0,0 67
3 R! = R?= Bz (10) 18 (18) 7(22) - 2%
4 R!=R2=Bn (11) 60 (19) 14 (23) 12 (26) o,p 86

aReagents and conditiona) 12 (1.6 equiv),1Dc-f (1.0 equiv), TMSOTT (0.1 equiv), Ci&l,, —25 °C, 1 h.
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and 25 (from 9) in approximately 70% overall yield choice of protecting groups. In general terms, electron-
(Table 1, entries 1 and 2). Under the same experimentathdrawing protecting gnaps clearly decrease the reac-
conditions, the glycosylation dD (entry 3) led to a mix- tivity of the chiro-inositol diols as glycosyl acceptors,
ture of o(l—1) and B(1—1) pseudodisaccharidescompoundlO being by far the less reactive derivative. The
(18:22=72:28) in a poor 25% vyield. On the other handjeactivating effect of benzoyl groups is much more pro-
the glycosylation ol1 (entry 4) afforded a 70:16:14 mix- nounced than that observed for the bisacetal protected
ture of thea(1—1) (19) and thep(1—1) (23) pseudo- compound or the monoacetal protect@davith respect to
disaccharides and the,-psedoditrisaccharide2§) in the most reactive tetrabenzylated di@l By contrast, it
60%, 14% and 12% yield, respectively. has been reported that bisacetal substituents such as BDA

A semi-quantitative evaluation of the difference of rea@nL-rhamnose and-mannose thioglycosides give rise to
tivity of these glycosyl acceptors was then attempted (& Qgreater deactivation of these derivatives as'glyco.syl do-
ing a series of competitive glycosylation experiments. TH!S than benzoyl groups on the same positibiis
results are summarized in Table 2. Equimoleculdffferent effect of BDA on the reactivity of glycosyl
amounts of two glycosyl acceptors were reacted with gi§ionors and glycosyl acceptors could be attributed to the
cosyl donor12 and the ratio of reaction products deterdifficulty imposed by the bisacetalic substituent for the
mined after isolation from the reaction mixtures. pyranoid ring of the glycosyl donor to flatten during oxo-
. ) nium ion formation. The relative reactivities observed for
Competitive glycosylation of accept@andl0 (entry 1) g 4nd9 indicate that these acetal systems may also be
gave a ratio of oligosaccharides frd@8 = 1:3.7, com- sefy| auxiliaries for the fine-tuning of the reactivity of
pounds8 and9 displayed S|mllar reactivity (e;ntry 2) a”dglycosyl acceptors.
compoundLl was almost 3 times more reactive than com-
pound9 (entry 3). Figure 3 illustrates the order of reactiv-
ity of acceptor8-11. It would be expected thai should

be at least 10 times more reactive than 2.3,4.5 Tetr a-O-benzoyl-o-chiro-inosital (10)

[a]p2° +32.0 € 0.5, CHC)). *H NMR (500 MHz, CDC}): § = 7.96
(2 Hortho 4 H), 7.85 (2 By 4 H), 7.50-7.20 (m, 12 H, 4 Bz), 6.21
(m, 2 H, Hand H), 5.84 (m, 2 H, Hand H), 4.58 (s, 2 H, Kland
OMe He). Anal. Calcd for GH g0, (%): C, 68.45; H, 4.73%. Found: C,

o OH PMeo o OH/]ﬁ/O OH Bzo OH 68.05; H, 4.63. FAB-HRMSm/z calcd for G,H,40,, 596.1682;
BnB?]gﬁ \> o5 ﬁ \> MQM> BZBC;g found: 596.1686.
% BzO OH
BnO OH  Gye  BNO OH Sy O OH 2,3,4,5-Tetra-O-benzyl-D-chiro-inositol (11)
P L NN [0]p2°+17.5 € 0.6, CHCY). *H NMR (500 MHz, CDCJ): & = 7.36—
7.20 (M, 20 H, 4 Bn), 4.85-4.65 (4 AB syst, 8 H), 4.17 (s, 2H, H
2.7 13 37 and H), 3.85 (m, 2 H, Hand H), 3.80 (m, 2 H, Hand H), 2.50

(s, 2 H, OH). Anal. Calcd for gH,,05 + 2 HO (%): C, 70.81; H,
6.90. Found: C, 70.54; H, 6.50. FAB-HRM®&yz calcd for
CyiHaOg: 540.6525; found: 540.6529.

These results constitute an experimental semi-quantitative

evaluation of the influence of some of the protecting4,6-Tri-O-benzyl-2-azido-2-deoxy-D-glucopyr anosyl-a(1—1)-
groups usually employed in carbohydrate chemistry (acy3:4.5-tetra-O-benzoyl-p-chiro-inositol (18) and 3,4,6-Tri-O-
alkyl, acetal) on the reactivity of a given hydroxyl groupyen2y!-2-azido-2-deoxy-b-glucopyranosyl-f(1-—1)-2,34,5-tet-
as glycosyl acceptor. As previously shown for glycos;{i[;o‘benzoyl‘D‘Ch'ro"nosml (22)

. 7, mixture of12 (66 mg, 0.107 mmol) antD (40 mg, 0.067 mmol)
donors, the above results indicate that the reactivity of@s co-evaporated 3 times with toluene, 4 A MS was added and the

given glycosyl acceptor can also be tuned by a carefdkidue dried under vacuum overnight. The mixture was dissolved

Figure3 Order of reactivity of glycosyl acceptdss1l

Table2 Competitive Experiments with Acceptdsll

Entry Donorl2 Glycosylation products (%) Ratic®
Acceptors a(1l-1) B(1-1) Trisaccharides Overall
1 10 188 22 4 - 12 10:8
8 16 29 2014 242 45 1:3.7
2 8 16 16 20 9 243 28 8:9
9 17 22 2113 252 37 1:1.3
3 9 1710 21 4 252 16 9:11
11 1923 2313 268 44 1:2.7

2 Relative reactivity of accepto8s-11.
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in 2 mL of CHCI, under argon and stirred at r.t. for 30 min, thert.30-4.20 (m, 3 H, Hor H;, H,, Hg), 4.18 (t, 1 HJ=9.9 Hz, H,),

0.1 equiv (6QuL of a 0.1 M solution) of TMSOTf were added at

3.97(t,1HJ=9.9Hz H,,), 3.73-3.38 (M, 8 H, 241, 2 Hyy, Hygr,

—25 °C. After stirring the reaction mixture for 1 h, it was quencheld,., Hyy, Hgp-), 3.17 (dd, 1 HJ = 10.0, 3.5 Hz, ).
with EGN, concentrated and purified by flash chromatography,mnetitive experiments of acept@sll with trichloroacetimi-

(hexane—EtOAc, 4:1 to 2:1) to yield 13 mg (18%)18fand 5 mg
(7%) of 22.

Data of a(1—1) pseudodisaccharid&8: [a]p?° +70.6 € 0.6,
CHCl,). *H NMR (500 MHz, CDCJ): 6 =7.96 (d, 2 HJ=8.0 Hz,
Hona), 7.91 (d, 2 HJ=8.0 Hz, H40), 7.87 (d, 2 HJ=8.0 Hz,
Horna), 785 (d, 2 HJ=8.0 Hz, H,40), 7.50-7.00 (m, 15 H, 3 Bn
and 12 H, 4 Bz), 6.23 (t, 1 §,=9.9 Hz, H), 6.16 (t, 1 H)=9.9
Hz, Hy), 5.90-5.85 (m, 2 H, Hand H), 5.05 (d, 1 HJ=3.6 Hz,
H,), 5.00-4.07 (3 AB syst., 6 H), 4.63 (br s, 1 H),H.57 (t, 1 H,
J=3.8Hz, H),4.13 (t, 1 HJ = 9.6 Hz, H), 3.91 (M, 1 H, K), 3.69
(t, 1H,J=9.6 Hz, H), 3.53 (dd, 1 H) = 9.6, 3.6 Hz, H), 2.96 (br
d, 1 H,J=10.8 Hz, H,), 2.82 (br d, 1 HJ = 10.7 Hz, H,), 2.67
(br s, 1 H, GOH). Anal. Calcd for Hss0,.N5; + 3 H,O (%): C,
66.11; H, 5.50; N, 3.79. Found: C, 66.22; H, 5.30; N, 3.57

Data of p(1—1) pseudodisaccharid@2: [a]p?° +14.0 € 0.2,
CHCl,). *H NMR (500 MHz, CDCJ): 6 =8.02 (d, 2 HJ=8.0 Hz,
Hortnds 7.93 (d, 2 HJ=8.0 Hz, H4,0), 7.87 (d, 2 HJ=8.0 Hz,
Horhd), 7.85 (d, 2 HJ=8.0 Hz, H,4,9, 7.50-7.00 (m, 15 H, 3 Bn
and 12 H, 4 Bz), 6.24 (t, 1 H=9.7 Hz, H), 6.17 (t, 1 HJ=9.7
Hz, H,), 5.87 (dd, 1 HJ)=9.7, 3.1 Hz, H), 5.80 (dd, 1 HJ=9.7,
2.9 Hz, H), 4.87-4.42 (m, 6 H, 3 AB syst.), 4.68 (br s, 1 H),H
456(s,1H,H),4.38(d, 1 H)=8.2 Hz, H), 3.65-3.57 (m, 4 H,
2Hg, Hg, Hy), 3.34-3.28 (m, 2 H, H Hy), 2.47 (br s, 1 H, §OH).
Anal. Calcd for G,Hs:0.4,N5 + 3 HO (%): C, 66.11; H, 5.50; N, 3.7.
Found: C, 66.34; H, 5.58; N, 3.38.

3,4,6-Tri-O-benzyl-2-azido-2-deoxy-D-glucopyr anosyl-a(1—1)-
2,3,4,5-tetra-O-benzyl-D-chiro-inositol (19), 3,4,6-Tri-O-benzyl-
2-azido-2-deoxy-D-glucopyranosyl-p(1—1)-2,3,4,5-tetr a-O-ben-
zyl-D-chiro-inositol (23) and Di(3,4,6-tri-O-benzyl-2-azido-2-
deoxy-D-glucopyr anosyl)-a,a-(1—1:1—6)-2,3,4,5-tetr a-O-ben-
zyl-D-chiro-inositol (26)

These compounds were prepared fit#hf55 mg, 0.088 mmol) and
11 (30 mg, 0.055 mmol) as described in the preparatic8 afind
22, adding 0.1 equiv (5pL of a 0.1 M solution) of TMSOTf at —25

°C, in CHCI, (2 mL) and stirring the reaction mixture for 1 h, yield-
ing after flash chromatography (hexane—EtOAc, 6:1 to 2:1), 33 mg

(60%) of19, 8 mg (14%) o23, and 10 mg (12%) of the pseudo-
trisaccharide: 26.

Data of a(1—1) pseudodisaccharid&9: [a]p?° +37.3 € 1.6,
CHCL,). 'H NMR (500 MHz, GDy): 8 = 7.50-7.10 (m, 35 H, 7 Bn),
5.10-4.32 (7 AB syst., 14 H), 4.56 (d, 13 3.5 Hz, H.), 4.49 (m,
1H, Hy), 431 (brt, 1 H) = 3.3 Hz, H), 4.25-4.03 (M, 5 H, Hs,
Hy, Hs, Hy), 3.99 (brt, 1 H, B, 3.95 (t, 1 H) = 9.6 Hz, H,), 3.58
(dd, 1 H,J=10.1, 2.8 Hz, i), 3.39 (d, 1 HJ = 10.0 Hz H,), 3.22
(dd, 1 HJ=10.1, 3.5 Hz, Kl), 2.55 (br s, 1 H, §OH). Anal. Calcd
for C4HezO10N3 + H,O (%): C, 72.74; H, 6.40; N, 4.17. Found: C,
72.81; H, 6.45; N, 4.50.

Data off(1—1) pseudodisaccharids: [a],?° +2.0 € 0.6, CHC}).

IH NMR (500 MHz, GD): § = 7.50~7.10 (m, 35 H, 7 Bn), 5.28—
4.55 (7 AB syst, 14 H), 4.66 (d, 1 Bi= 8.0 Hz, H,), 4.53-4.40 (m,
3H, Hy, Hy, Hy 0r Hy), 4.25 (dd, 1 H) = 9.5, 2.6 Hz, Hor Hy), 4.14
(dd, 1 H,J=9.5, 2.6 Hz, Hor Hy), 4.09 (t, 1 HJ=9.5 Hz, H or
H,), 3.65 (M, 3 H, |, 2 H,), 3.44 (dd, 1 H)=9.0, 8.0 Hz, H),
3.35(t, 1HJ=9.0 Hz H), 3.28 (M, 1 H, H), 2.45 (br s, 1 H, OH).
Anal. Calcd for GHeO:Ns (%): C, 73.40; H, 6.36; N, 4.21.
Found: C, 73.73; H, 6.69; N, 4.13.

Data ofap pseudotrisaccharidg6: *H NMR (500 MHz, GDg):

date donorl0 were carried out from a equimolecular mixture of
trichloroacetimidate (0.024 mmol) and acceptors (0.024 mmol) as
described in the preparation &8 and 22, adding 0.1 equiv of
TMSOTf at —25 °C, in CKCI, (1 mL) and stirring the reaction
mixture for 1 h.
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Whenb-chiro-inositol was submitted to standard basic
benzylation conditions a complex mixture of products, from
which 11 could not been isolated, was obtained. When the
tetraol27 precursor 0B was treated with BnBr compound
28, resulting from benzylation of the axially oriented
hydroxyl groups, was observed (Scheme 3).
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