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ABSTRACT

It has been discovered that 2-  O-benzyl-3,4,6-tri- O-acyl SBox glycosides are significantly less reactive than even “disarmed” peracylated derivatives.

This finding has been applied to the synthesis of various oligosaccharides, the monomeric units of which are connected via cis—cis, trans—
cis, and cis—trans sequential glycosidic linkages. Two-stage activation of the armed (benzylated) donor over moderately (dis)armed (acylated)
and, subsequently, over disarmed (2-O-benzyl-3,4- O-diacylated) acceptor has also proven to be feasible.

Carbohydrates are the most ubiquitous biomolecules oncancer, meningitis, hepatitis, etc. Elucidation of the exact
Earth, yet their chemistry and biology has been a “Cinder- mechanisms of carbohydrate involvement in disease progres-
ella” field. Our current knowledge about carbohydrates sion would be significantly facilitated if we could rely on
remains incomplete. However, thanks to the explosive growth the comprehensive knowledge of the structure, conformation,
of glycobiology in recent years, it is now recognized that and properties of the carbohydrate molecules. Although
these fascinating biomolecules are involved in many vital scientists have learned to selectively cleave, isolate, purify,
biological processes, such as fertilization, antiinflammation, and characterize certain classes of naturally occurring glyco-
immunoresponse, joint lubrication, antigenic determination, structures, their accessibility in pure form is still quite limited.
etc! Carbohydrates are also responsible for many damaginglt is critical to make complex carbohydrates more accessible
processes in our cells, such as bacterial and viral infections,to the general chemical, biochemical, and industrial audience
development and growth of tumors, metastasis, tissue rejecto keep in pace with the exploding area of glycobiology.
tion, etc? Many of these processes are directly associated This can only be achieved by the development of reliable
with various deadly diseases of the 21st Century: AIDS, methods for glycoside synthesis and convergent oligo-
saccharide assembly that are applicable to both laboratory
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Scheme 1. Fraser-Reid’s Armed—Disarmed Strategy Outline
19}

Table 1. Comparative Reactivity of the Differently Protected
SBox Glycosidesla—ein the Presence of 1 Equiv of Cu(O¥%f)
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BnO mild \\;ﬁ OR O _-OH ORy
Anmed >m Br\Oo\/\‘:/C%/LG Rﬁooﬁ o st +>g 0 Cu(OTHy, Ré{?o—éo
HOD’,,SO LG 0 7 Ro 0 0 ROS
AcO RO 1a: R,=R,=R,=R,=Bn >(°
Disarmed potent 1b: Ry=Bn, Ry=R;=R4=Ac 2 5 Q
fo) promoter 12 Féﬁgn, FR{2=EQ=§4=BZ 0. b
) i Ri=Rz=Rg=R4=Ac Box=—¢
BnooD_A;c%/o‘\\/O 1e: R: =R§=R§=R:=Bz o o} 3a,d,e>4
dis-lrans entry donor product yield (%) o/f ratio
o _ _ _ 1 la 3a 89 5.4/1
significantly shorten oligosaccharide assembly by reducing 2 1b no reaction
the number of additional synthetic steps associated with the 3 1lc no reaction
protecting group manipulations. One of the most efficient 4 1d 8d 69 B only
5 le 3e 70 p only

procedures, Fraser-Reid’s armed—disarmed approach, is

based on the chemoselectivity principfeAccording to this
principle, anO-benzylated (electronically activated, armed)
glycosyl donor is chemoselectively activated over an
O-acylated (electronically deactivated, disarmed) derivative
bearing the same type of LG in the presence of a mild
promoter (Scheme 1). 1@s-Linked disaccharides are
preferentially obtained when nonparticipatir@-2-ether-
arming substituents are employed as glycosyl donors. The
obtained disaccharide can be then used for 1,2-tgdyso-

(I trifluoromethanesulfonate seemed to be the most ap-
propriate. Thus, activation dfa over glycosyl accepto?
proceeded smoothly, and as a result, the pro@altwas
isolated in a good yield of 89% (entry 1, Table 1). When
essentially the same reaction conditions were applied to the
glycosidation of 20-benzyl-tri-3,4,60-acyl-protected SBox
glucosideslb® and 1c, no product formation was detected.
This result did not surprise us at first as we believed that

sylation directly with the assistance of the neighboring the high stability of partially benzoylated derivatives was
0O-2-acyl substituent. This can be achieved in the presencedue to the remote disarming effect of the acyl substituents
of a more potent promoter, capable of the activation of the at C-3, -4, and -6. In fact, we have previously reported that
disarmed LG, to afford a&is—trans-linked trisaccharide. In  Cu(OTf), is unable to promote the glycosidation db.°
this context, the synthesis ais—cis-linked derivatives is  Unexpectedly, we discovered that supposedly “disarmed”
also possible (after reprotection OAe OBnN). peracylated SBox glycosidesd® and 1e/ which were
The central theme in our research is the invention of new anticipated to be even less reactive than eithieror 1c,
techniques for the chemical synthesis of biologically impor- actually reacted readily in glycosylations. Although these
tant glycostructures and glycomimetics and investigation of glycosylations were marginally slower in comparison to that
the driving forces of the glycosylation process. We have of the “armed” perbenzylateth, they nevertheless smoothly
already demonstrated that high stability of the SBox glyco- proceeded, yet never went to completion. As a result,
sides along with high stereoselectivity make these glycosyl disaccharide8d'® and 3€'* were isolated in 69 and 70%
donors suitable for both single-step stereoselective glyco-yield, respectively.
sylations and for the use as building blocks in sophisticated These interesting observations called for further studies,
convergent oligosaccharide synthe%esThe heart of this as Lemieux’s halide stability theoty Fraser-Reid's armed
communication is the investigation of the chemoselective disarmed concept rationaté® and Wong's programmable
activation of SBox glycosides and their application to oligosaccharide synthesis concéptall predicted that
oligosaccharide synthesis. Our studies were initiated in order2-O-benzylated.b or 1¢c would be more reactive than their
to investigate the reactivity pattern of differently protected peracylated counterparisl andle. Initially, we anticipated
SBox glycosides. Having decided to explore the armed that the disarming effect of the protecting groups on the
disarmed properties of the SBox glycosides, we performed anomeric center could be rationalized by comparison of the
the activation ofla in the presence of various promoters. chemical shift of H-1 intH NMR spectra. Thus, H-1 would
To distinguish between armed and disarmed glycosides, weappear at the lower field if the electron-withdrawing groups
needed to employ a mild promoter. In this respect, copper- were attached to the nearby atoms of the molecule. Indeed,
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the H-1 signal forlb is more shielded than that fdkre onm BSEHOR ] Bé?&&/%%ox
. a: Ry = B-SBox, Ry = Bn
(6 5.54 vs 6.10 ppm). In addition, X-ray data suggested that 11a: R, = p-SBox, R; = Bz 820
11b: R, = o, 3-NBox, R, = Bz 12a

1b should be more reactive thdre as the C*+S bond for
the latter is somewhat shorter and, therefore, expected to beFigure 2.
stronger (1.819 vs 1.803 A}. Overall, the above data
suggested thdtb should be more reactive thde. However,
these predictions were not borne out by the preliminary
activation experiments (Table 1).

Therefore, further experiments related to a direct com- » ) . .
parison of these derivatives in chemoselective glycosylations2 Table 2). In addition, around $®0% disaccharides with
were deemed necessary. We obtained a variety of partlaIIyNBOX anomeric moiety9b, 11b) (Figure 2) were formed

protected SBox glycosides suitable for the use as glycosyl in some cases (see entries 2 and 5, Table 2). Prolonged
acceptors (4—6, Figure 1). Glycosylation of the glycosyl reaction times for the seemingly incomplete processes did

acceptors with armeda or moderately disarmed glycosyl not result in increased yields. Instead, the increased formation

donor 1e was proven to be feasible (Table 2). While of 9b or 11b was detected. Since investigation of the
' recovered acceptor has shown no traces of the NBox isomer,

we believe that a post-glycosylation isomerization took place.
_ In this context, reaction between the very reactive glycosyl

Table 2. Chemoselective Activation of SBox Glycosyl Donors  donor 1a and the fairly unreactivé did not result in the

by the competing anomeric SBox LG isomerization of the
glycosyl donorlainto the stable NBox moiety (7a) (Figure
2), resulting in the compromised yields (see Entries 1 and

over SBox S'yfosw Acceptors . expected disaccharide formation (see entry 6, Table 2).
. . Sucosvslon - FosL e aton Instead, 1a was rapidly hydrolyzed to the hemiacetal
Nengox —— N smox derivative, 2,3,4,6-tetr®-benzylp-glucopyranose, which
7a Glycosyl Donor t\} H . [T 5
could be an evidence for donor/acceptor “mismatéhat

1a,8 )Promoter
E ¢ E é soox é o are the driving forces responsible for this unusual reactivity
NBox SBox

pattern? Although direct evidence is not available yet, our

Glycosyt Acceptor 8a-12a $b, 11b
48 . hypothesis is as follows. In the case Id, the LG at C-1
”B°‘=S=<”© can be readily ejected because the O-5 lone pair is not
. electronically deactivated by the adjacent oxygen substituents
SBox

disacch NBox isomerized
GEEE d ChRt

no. donor acceptor promoter o/ ratio) (yield, %) (yield, %) 3 3 3
Scheme 2. 0-2/0-5 Cooperative Effect in Glycosylation

1 1a 4  Cu(OTH, Ba(64,3/1) 7a (30)
2 1a 5a  Cu(OTP, 9a(51,3/1) 9b(10) 7a(35)
3 1le 5a Cu(OThs/ none R,QO SBOX—- &97 Sonsitive
TfOH nature of R
4 1a 5b  Cu(OTf, 10a (92, 7a (5) @—’
3.5/1)
5 1le 5b  Cu(OTf)y 1la (65, 11b (20) 1 RIAe
TfOH S only) TeR= 5 f;
6 1la 6 Cu(OTf); none R OGOR
7 1le 6  Cu(OTfy 12a (80, R&é’é’&&safx; Ré’&?&ﬁ@ Mot o son.
TfOH p only) —Q 0 Y= sitive to the
R 5 —&O" nature of R
1d: R = Me 8
1e: R =Ph

glycosidation ofla could be accomplished in the presence
of 1 equiv of Cu(OTH), efficient glycosidation olLerequired
more powerful activation conditions. Cu(OT{R equiv) in
combination with TfOH (0.2 equiv) was found to be suitable
for this purpose. In our opinion, these results serve as direct
confirmation of the preliminary observation obtained in
model glycosidations of the SBox glycosyl donors. It should
be noted that some of these glycosylations were complicated

(R = Bn, Scheme 2). The O-5 lone pair is therefore able to
very effectively assist in the departure of the LG, and stabilize
the resulting glycosyl catiorX;, R = Bn). Although, in1d

and le the O-5 lone pair is much less able to assist in LG

departure and subsequent stabilization of the C-1 glycosyl
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Spijker, N. M.; van Boeckel, C. A. AAngew. Chem., Int. Ed. Engl991,
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Scheme 3. Convergent Synthesis of this—cis—trans-Linked
Tetrasaccharidé6
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cation (because of the C-3, C-4, and C-6 electron-withdraw-
ing O-acyl groups), the C-®-acyl group can nevertheless
stabilize the catioB (Scheme 2).

Scheme 4. Convergent Synthesis of the
trans—cis—trans-Linked Tetrasaccharid8
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Presumably, neither O-5 nor O-2 moieties can effectively
stabilize the glycosyl cations derived from 3,4,6@xiacyl-
2-O-benzyl derivativedb or 1c, making the energy barrier
for their formation prohibitively high.

To test the applicability of this interesting observation to
useful oligosaccharide construction, we obtained two tetra-
saccharide derivatives6 and 18 via convergent activation

pathways as shown in Schemes 3 and 4. For this purpose,

SBox disaccharides0aand1lawere selectively activated
over S-ethyl glycoside acceptdt3'’ in the presence of

3218

Scheme 5. Synthesis otis—transand Potentiatis Linkage
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AgOTTf to afford the trisaccharidebs4 and17, respectively.
The obtainedl4 and 17 were then reacted with5' in the
presence of NIS/TMSOTf to afford the tetrasaccharide
derivatives16 and 18, respectively, in high overall yields.

The ultimate demonstration of the advantages of these
findings was the synthesis of the trisacchat@ewhich was
accomplished by sequential two-step activation pathway with
the use of three SBox building blocks. For this purpose,
disaccharide3a, obtained fromla and4, was then chemo-
selectively activated ovesb to afford 19 (Scheme 5).

In conclusion, we have demonstrated that perbenzylated
SBox glycosides are more reactive than their peracylated
counterparts and, therefore, can be chemoselectively activated
in accordance with the “armedlisarmed” strategy. Ad-
ditional, and perhaps the most valuable, input was the
discovery that 3,4,6-tri-O-acyl-2-O-benzyl SBox glycosides
are significantly less reactive than even “disarmed” per-
acylated derivatives. This interesting observation has allowed
us to obtain various oligosaccharides, the monomeric units
of which are connected viais—cis, trans—¢cis, andcis—
trans sequential glycosidic linkages. Two-stage activation
of the armed (benzylated) donor over moderately (dis)-
armed(acylated) acceptor and, subsequently, owdisarmed
(3,4-di-O-acyl-2-O-benzyl) acceptor, all three with the same
type of leaving group (SBox), was also proven to be feasible.
It is quite possible that this phenomenon is independent of
the nature of the leaving group and, therefore, is of general
character. Further investigation of the driving forces of this
reaction and its application to glycosyl donors of other series
is underway in our laboratory.
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