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An as yet unknowrB-(1—3)-mannohexaose has been synthesized by a block route involving the coupling

of two trisaccharides. Comparison of three closely related attempted mannohexaose syntheses reinforces
the influence of subtle matching and/or mismatching interactions on the outcome of convergent
oligosaccharide synthesis.

Introduction by Mallet and co-worker$32° and the general approach to

B-mannosides has been applied widely to the synthesis of other
Insofar as thgg-mannopyranosides have traditionally been complex oligosaccharidés. 30

considered to be one of the more challenging classes of | this paper, we turn our attention to tfie(1—3)-mannan
glycosidic bond to synthesize in a stereocontrolled mahrfer,  which, to our knowledge, and in contrast to the closely related
the-mannans are the ultimate proving ground for methodology B-(1—3)-p-rhamnarg®3L has yet to be found in Nature. We do
development in this area. Over the course of the past decadeso because the synthesis and provision of samples to glycomics
we have developed in our laboratory a direct stereocontrolled databases should assist in the future identification of such
route to the synthesis of th&mannopyranosideshased on substances in Nature, and because of the challenge this particular
the in situ generation and coupling of £Balkylidene-protected ~ mannan presents to our chemistry, especially when considered

o-mannosyl triflate$; 11 and have applied it successfully to the
synthesis of thg-(1—2)-mannan fronCandida albicang? to
the 8-(1—4)-mannan from hard and soft woods, and guar gtim,
and to the alternating-(1—3)-3-(1—4)-mannan fronrRhodo-
torula glutinisandmucilaginosaandLeptospira biflexd®14An
analogous synthesis of tife(1—2)-mannan was also reported

(13) Crich, D.; Li, H.; Yao, Q.; Wink, D. J.; Sommer, R. D.; Rheingold,
A. L. J. Am. Chem. So@00], 121, 5826-5828.

(14) Crich, D.; Li, W.; Li, H.J. Am. Chem. SoQ004 126, 15081~
15086.

(15) Dromer, F.; Chevalier, R.; Sendid, B.; Improvisi, L.; Jouault, T.;
Robert, R.; Mallet, J. M.; Poulain, BAntimicrob. Agents Chemothe002
46, 3869-3876.

(16) For the synthesis gf-mannans by less direct routes, see refs 17
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from a convergent or block synthesis standpoint. In effect, the the coupling of the disaccharide dori® to acceptorll when

size and nature of the O-3 substituent in @&enzylidene- trisaccharidel2 was obtained in 80% vyield with 5.2f/a ratio3°
protected mannosyl donors has been found to influence critically
the stereochemical outcome of these reactions, with the benzyl N | |
ether being ideal and both smaller and larger groups detri- PhYQ o J J
mental14.32-38 Bn &R ggx ph/VO

Bnoég SPh phﬁ&/ % OMe
Results and Discussion Bno ©OBn 0 1

Background. The negative influence of sterically bulky Jl

protecting groups on O-3 of the mannosyl donors was first ~
noticed with the 30-tert-butyldimethylsilyl protected system Bnso h Yo
1, which was less selective than the corresponding regioisomer P“¢%:W‘&|¢°Me
2.36:38 Sybsequently, the phenomenon reared its head in the °
convergent synthesis of the alternatiffy(1—3)-6-(1—4)- 12 g
mannan when coupling &with 4 resulted in the formation of First Approach to the -(1—3)-MannohexaoseWith this
the tl’isaCChaI’idé, but with Only a 1:1,3/(1 ratio,l4 and that of in mind, we embarked on a Convergent Synthesis Oﬁ{m—vs)_
trisaccharidess and 7 to giVe hexasaccharid® with a dis- mannohexaose featuring extensive use of tr@_m’.opagr)”

appointing 067$0. ratio1* We rationalized the influence of ether protecting System_ According|y, pheny| Qa)enzy"dene_
the size of the O-3 protecting group in terms of a steric .p-thiomannopyranoside was converted first to théD-3-
buttressing effect between the O-2 and O-3 protecting groups, naphthylmethyl ethel3, by means of the stannylene acetal
which causes undue hindrance of thidace of the glycosyl formed in situ with dibutyltin oxide, and then to the corre-
donor and leads to the observed reduction in selectiity3° sponding 20-propargy! etherl4. Removal of the naphthylm-
ethyl ether froml4 with DDQ afforded the key building block

o ,s', Pho 15in 93% yield#2~44 Activation of 14 with BSP-*45and triflic
Ph/lvo‘%])% P e\ o ph/vwﬁ\ anhydride in the presence of TTEPat —60 °C in dichlo-
%si’ &h BnO BnO SPh

1 2 SPh But

Q

Bn 0 > 0 tNF
Ao 2 owe Ph\bo 65?*‘%20 ove BSP B TTBP B

4 s romethane followed by quenching with methanol afforded the

PohB’VO B-mannosidel6 in 85% vyield (Scheme 1). Removal of the
Bn~o . naphthylmethyl ether with DDQ then provided the accefifor
e BZRES, &w % phthylmethy p o

in 89% vyield (Scheme 1).

Bn~\?4\ /&/ SCHEME 1. Synthesis of 15 and 17
BnO %Bhn_g%no

H H
NpH,CO
HO ii) NpCH,Br, CsF Pr

SPh 94% ' 13 SPh

Ph"X 0 Bn~o

. o% on J8r ,
Phing %\ /gﬁ]/ B"_B%HO BTﬂ'D\g

Taking a hint from the highly-selective coupling observed g0 =S 0BSP.TTBP s
. . ph N0 TH0,60°C  pr N0 o
by the van Boom group with the 2-azido-2-deoxy doAaxe o) 0, OMe —————
developed the propargyl ethers as sterically minimal protecting RO ii) MeOH, 85% NpH,CO SPh
groups for O-2 capable of overcoming the influence of the bulky 16:R = NpCH 14
group on O-3%410n this basis, we were able to demonstrate Bonly - b DDQ, 93%
17:R=H 0 '
—
(32) Crich, D.; Vinogradova, QJ. Org. Chem2006§ 71, 8473-8480. 0 S
(33) Crich, D.; Li, L.J. Org. Chem2007, 72, 1681-1690. Ph o) (o}
(34) Crich, D.; Cai, W.; Dai, ZJ. Org. Chem200Q 65, 1291-1297. HO
(35) Crich, D.; Yao, QJ. Am. Chem. So@004 126, 8232-8236. 15 SPh
(36) Crich, D.; Dudkin, V.Tetrahedron Lett200Q 41, 5643-5646.
(37) Crich, D.; Jayalath, P.; Hutton, T. K. Org. Chem2006 71, 3064~
3070. (42) Xia, J.; Abbas, S. A.; Locke, R. D.; Piskorz, C. F.; L., A. J.; Matta,
(38) Code, J. D. C.; Hossain, L. H.; Seeberger, P.®tg. Lett.2005 K. L. Tetrahedron Lett200Q 41, 169-173.
7, 3251-3254. (43) Liptak, A.; Borbas, A.; Janossy, L.; Szilagyi, Letrahedron Lett.
(39) Crich, D.; Jayalath, FOrg. Lett.2005 7, 2277-2280. 200Q 41, 4949-4953.
(40) Code, J. D. C,; Litjens, R. E. J. N.; den Heeten, R.; Overkleeft, H. (44) Csaas, M.; SzaboZ. B.; Borba, A.; Liptak, A. In Handbook of
S.; van Boom, J. H.; van der Marel, G. Qrg. Lett.2003 5, 1519-1522. Reagents for Organic Synthesis: Reagents for Glycpsldeleotide and

(41) Code, J. D. C.; van den Bos, L. J.; Litjens, R. E. J. N.; Overkleeft, Peptide Synthesi<rich, D., Ed.; Wiley: Chichester, 2005; pp 45960.
H. S.; van Boeckel, C. A. A;; van Boom, J. H.; van der Marel, G. A. (45) Crich, D.; Banerjee, A.; Li, W.; Yao, Q. Carbohydr. Chen005
Tetrahedron2004 60, 1057-1064. 24, 415-424.
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SCHEME 2. Synthesis of Trisaccharide Donor 20 and Acceptor 22
— Pz —
— 2 =
-0 (o]
Ph le) (o] Ph/vo OOPh/%O (o)
NpH,CO r?o o
14 SPh SPh
19
i) BSP, TTBP,
Tf,0, 60 °C
i 15 DDQ, 94%
iii) (EtO)3P, 91%,
Bla=25:1 :
_ /
Z / i) BSP, TTBP, ph/V
o Tf,0, -60°C ph\/-o |o o2
ph S0 OOPh/EO 0 pn-20~7 10
o) o) ii) 15 \
NpHCO Sph iil) (E1O)sP, 88%, &
Blo=1:20
18p 20:R =NpCH;
/—__—
i) BSP, TTBP, \?ﬂ\ Ph/TOE E T
T,0, -60°C Ph~—4a0 W
..) 17 Ph-A
n \
iii) (EtO)sP, 84%, PBlo=7:1 N <\\
21: R = NpCH,
P RoN M2 1DoDQ 81%
[— i)BSP,TTBP, Ph/v
0,
o 0 oo Ti,0,-60 °C Ph\bo |o \%\
o] 0 !
NpH2CO i) 19 &
14 SPh i) (EtO)P, 82%, N\
B only

Activation of donorl4 with the BSP/triflic anhydride/TTBP
combination followed by addition of accept@b at —78 °C

and then, before warming to room temperature, triethyl phos-

20B: R = NpCH2

Synthesis of thes-(1—3)-Mannohexaoseln redesigning our
approach to the target mannan we elected to incorporate the
use of the naphthylpropargyl ethers, developed in the int&rim,

phite to quench any extraneous thiophiles and prevent prematureas sterically minimal protecting groups cleavable in a single

activation of the new thioglycoside*” afforded disaccharide
18in 91% yield and 25:B/a. selectivity (Scheme 2). Treatment
with DDQ then provided the alcoh@B (Scheme 2). In the same
manner, coupling of donat4 to acceptorl9 provided trisac-
charide20in 82% yield as a singlg-anomer (Scheme 2). Under
the same conditions coupling of dorit8 with acceptorl7 gave
the trisaccharid®1 in 84% vyield with 7:15:a ratio (Scheme
2), from which removal of the naphthylmethyl group afforded
acceptor22 (Scheme 2). In contrast, activation of dont8
followed by reaction with acceptdr5 gave trisaccharid20 in
88% vyield but with the unexpectegtla ratio of 1:20 (Scheme
2). The complete reversal of selectivity in going from acceptor
15 to acceptorl? in coupling to donorl8 is remarkable and
draws attention to the still poorly understood influence of
acceptor structure on the outcome of glycosylation reactfoRs.

Unfortunately, despite repeated attempts, we were unable to

realize the coupling of trisaccharid20 with trisaccharide

acceptor22 and, thus, were forced to reconsider our approach.

(46) Crich, D.; Smith, M.; Yao, Q.; Picione, $ynthesi001, 323—
326.

(47) Sliedregt, L. A. J. M.; van der Marel, G. A.; van Boom, J. H.
Tetrahedron Lett1994 35, 4015-4018.

(48) Paulsen, H. Iiselectiity a Goal for Synthetic Efficien¢yBartmann,
W., Trost, B. M., Eds.; Verlag Chemie: Weinheim, 1984; pp 1690.

(49) Spijker, N. M.; van Boeckel, C. A. AAngew. Chem., Int. EA.991
30, 180-183.
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step with DDQ. On the basis of the developmental work, it was
known that these ethers afford excellent selectivity when used
as O-3 protecting groups for donors in conjunction witkD2-
benzyl ethers. Additionally, because the more electron-rich
naphthylpropargyl system is susceptible to electrophilic attack
by the activated PisO/triflic anhydride combinatioPt the use

of glycosyl sulfoxide® 55 as donors was recommend@d.hus,

the previously described sulfoxi@s>! was activated with triflic
anhydride in the presence of TTBP and 1-octene Z8 °C in
dichloromethane before addition of methanol, resulting in the
formation of thef-mannoside?24 as a single anomer (Scheme
3). In this and subsequent coupling reactions 1-octene serves
as a sacrificial alkene for the trapping of electrophilic species
that otherwise diminish the overall yields by reaction with one
or other of the naphthylpropargyl ethers or the thioglycoside

(50) Fraser-Reid, B.; Leez, J. C.; Gmez, A. M.; Uriel, C.Eur. J. Org.
Chem.2004 13871395.

(51) Crich, D.; Wu, B.Org. Lett.2006 8, 4879-4882.

(52) For a previous use of sacrificial alkenes in sulfoxide glycosylations,
see: Kahne, D.; Walker, S.; Cheng, Y.; Engen, D.JVYAm. Chem. Soc.
1989 111, 6881-6882.

(53) Zhang, Y.; Fechter, E. J.; Wang, T.-S. A,; Barrett, D.; Walker, S.;
Kahne, D. E.J. Am. Chem. So2007, 129, 3080-3081.

(54) Taylor, J. G.; Li, X.; Oberthy M.; Zhu, W.; Kahne, D. EJ. Am.
Chem. Soc2006 128 15084-15085.

(55) Crich, D.; Lim, L. B. L.Org. React.2004 64, 115-251.
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SCHEME 3. Synthesis of Trisaccharide Acceptor 29
OBn iy TTBP, Tf,0, OBn
OMe
RO RO
s-;Ph ii) MeOH, 68%
[©) 8 B only

24: R =NpCCCH
DDQ 2
23: R =NpCCCH, |j’25: R=H,74%
23 TTBP, T1,0,
1-octene, 93%,
B only

Ph/%o o8 % OMe
RO

26: R = NpCCCH,

27°R=H, 83% pba

23 TTBP, T,0,

1-octene, 78%, R0 Ph/%O OOBn
Y e Lo, RTRT O ove
I
O~/ oBn

OBn
Ph—b

28: R = NpCCCH,
poal, 59 R - H, 77%

containing accepto®.Removal of the naphthylpropargyl group
from 24 with DDQ gave25 (Scheme 3) which, on coupling to
23 gave disaccharid@6 as a single anomer (Scheme 3). A
sequence of treatment with DDQ, coupling 28, and fur-
ther treatment with DDQ gave the trisaccharide mon@®l|
(Scheme 3).

JOC Article

SCHEME 4. Convergent Synthesis of Trisaccharide Donor
34 and Acceptor 29

Ph™\0 OBn
Bn
PIC]0  )TTBP TR0, o~ N0\ 9Bn 00&‘%
RO 1-octene o &
gPh———> RO SPh
Yo i) 30,76%,
® 8 B only ppa [, 31: R = NeCCCHy,

23: R =NpCCCH, 32:R=H,88%

23, TTBP, Tf,0,
1-octene, 78%,

Bn
Rbg?ﬂ\ Ph/%% B only
/ 10 O (o]
Ph 0 OBn_Aoa?g\ 2
Ph OBn R
33: R" = NpCCCHjy, R?= SPh
MCPBAL » 34. R1= NPCCCH,, R2= S(O)Ph, 98%
i) TTBP, Tf,0,
OBn 1-octene
ph N0 o ii) MeOH, 94%,
I(-)IO B only
29
30 SPh iii) DDQ, 77%

Structure of the 5-(1—3)-Mannohexaoselnspection of the
13C NMR spectrum o887 at 125 MHz revealed the presence of
only three anomeric carbon signalséal00.8 {Jcy = 157.9),

0 96.6 (Jcy = 158.6), and) 96.4 (Jcy = 159.4) indicative of
a highly regular open polymer. In thi7 resembles the

The second trisaccharide required for the convergent synthesig3-(1—~4)-mannohexaose synthesized previodsiyt is distinct

was assembled by activation of don28 in the presence of
1-octene, and introduction of the known acce@6/4 when
disaccharide&1 was obtained as a single anomer in 76% yield
(Scheme 4). Removal of the naphthylpropargyl group f&im
gave32, and coupling to a second aliquot 28 then afforded
the trisaccharid&3 as af only isomer in 78% yield (Scheme
4). Oxidation of33 with mCPBA gave sulfoxid&4 as a single
diastereomer at sulfur, which is assigned tRe¢onfiguration

on the basis of previous crystallographic wéfké Coupling

of 34 with methanol and subsequent removal of the naphthyl-

from the 3-(1—2)-mannooctaose in which all eight anomeric
carbons were discernible owing to its disordered, collapsed
helical structuré?5°The13C NMR of spectrum o8 exhibited
two well resolved anomeric carbon signalsdat02.1 fJcy =
165.0) and 100.8%cy = 155.0), indicative ofa and
configured anomeric positions respectively; the remaining four
anomeric signals resonated betwe&ef6.5 and 96.9 but were
insufficiently resolved to permit determination of the one bond
C—H coupling constants.

Influence of the 3-O-Naphthylpropargyl Protecting on

propargyl protecting group provided a second more convenient3-Mannosylation. In addition to the preliminary results de-

entry into the acceptor trisaccharid® (Scheme 4). The ability
to prepare the trisaccharide accep28rfrom the donor34 in

scribed previously! the coupling reactions summarized in
Schemes 3 and 4 highlight the excell@rselectivities obtained

this manner considerably enhances the efficiency of the overall With the mannosyl dono23, which are comparable to those

protocol.

Finally, activation of34 (1.2 equiv) with triflic anhydride in
the presence of 1l-octene and TTBP -af8 °C in dichlo-
romethane, followed by the addition 29 (1.0 equiv) smoothly
afforded the hexasacchari@b as an approximately 1:1 mixture
of anomers in 61% yield, Although the two anomer85tould
be separated with difficulty by reversed-phase HPLC, it was
found to be more convenient to process the mixture with DDQ,
giving the mono-ols36, which were much more amenable to

provided by corresponding @-benzyl and naphthylmethyl
ethers®®> More noteworthy, however, is the contrast between
the highly s-selective23 and the somewhat unselectiveO3-
propargyl systen89,37 which again highlights the sensitivity
of these coupling reactions to substitution at the 3-position.
By means of the standard low-temperature NMR metltéds,
we determined the sterfvalue of the 1-naphthylpropargyloxy
group in the cyclohexyl ethetOto be 1.21, which is somewhat
larger than of the simple propargyloxy group (1.20y0mpa-

separation. Hydrogenolysis of each anomer over Pearlman’sfable to the allyloxy group (1.25), a little smaller than the

catalysis gave the mannaB3 and 38, respectively (Scheme
5). In this manner the synthesis of tig1—3)-mannohexaose
37 was completed in 8% overall yield in a highly convergent
manner from two monosaccharide building blo&3and 30,
with only four glycosidic bond forming steps required, which,
with the exception of the joining o9 and 34 were all
completelys-selective.

(56) Gildersleeve, J.; Smith, A.; Sakurai, D.; Raghavan, S.; Kahne, D.
J. Am. Chem. S0d.999 121, 6176-6182.

(57) Crich, D.; Mataka, J.; Sun, S.; Lam, K.-C.; Rheingold, A. R.; Wink,
D. J.J. Chem. SocChem. Commurll998 2763-2764.

(58) Crich, D.; Mataka, J.; Zakharov, L. N.; Rheingold, A. L.; Wink, D.
J.J. Am. Chem. So@002 124, 6028-6036.

benzyloxy group (1.39¥ and substantially smaller than tteet-
butyldimethylsilylether group (1.5GY.Taking into account the
lack of selectivity seen with each of the 3-deoxy sys#h3?
the 3-deoxy-3-fluoro systerd2%3 (A value for fluoride =
0.27)59-65 and the 3-azido-3-deoxy syste#3%¢ (A value for
azide= 0.75)%167 but the excellent selectivity for the 3-ben-
zylideneimino-3-deoxy systed,%6 we are led to the conclusion
that there is a relatively narrow window for the steric bulk of
the group at the 3-position, centered around the benzyloxy group,
in which excellent-selectivity is observed. As we have
previously discusse#;33 groups that are significantly smaller
than the benzyloxy ether function result in a loss of selectivity
due to minimization of the developing torsional interaction

J. Org. ChemVol. 72, No. 18, 2007 6809
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SCHEME 5. Synthesis of the Mannans 37 and 38 and Completion of the Synthesis
B
R~ PO\ To"
Oo\?g\o 00
~la !
Ph~£0~/ 5pn _&%\ & i) TTBP, T,0,
Ph OBn ® 8 1-octene
34 i) 29, 61%
Np——= A Bn
pT— Ph (0] 0
OO o (0] /TO Bn
Ph—~£0~/ 5, 0%\0 o2 o 2 ome
Ph-=0~/ 0Bn =0/ I3 QL0
ph-=0~ 5@,
35a:358 = 1:1

|
70% h OBn

Pd(OH), H
RP HPLC

Pd(OH),,
36a 38
100%

between the O2 and O3 groups as the covalent trifléi@tens
to the oxacarbenium iof¥, thereby facilitating oxacarbenium

ion formation and ultimately leading to a loss of selectivity.

Bn
HO P N2 o
00 SIS ST o g
P Og”_boo\?g\ 0

H
HO H HO
0 H HO O
6p ——— HO [o
P oo Hﬁo&h,lo °
4

37

Experimental Section

Phenyl 4,60-Benzylidene-30-(2-naphthylmethyl)-1-thio-a-
p-mannopyranoside (13).A stirred solution of phenyl 4,8-

Larger groups than the benzyloxy ether result in the buttressing penzylidene-1-thiax-p-mannopyranosidé (5.25 g, 14.6 mmol) in
interaction discussed above, which also results in a loss of toluene (500 mL) was treated with BSnO (5.43 g, 21.8 mmol).

selectivity.

wpenly (O
— N
= 39 SPh 40 O

Bn 415 X - H
ph N0 o 42: X =F
9 43: X =N;

44; X = N=HCOCF3

Conclusion

Trisaccharide dono84 was successfully coupled to trisac-
charide accepta29 to give hexasaccharid#h in 61% yield as

The reaction mixture was refluxedrfd h followed by removal of

the solvent, affording a residue which was dissolved in DMF (50
mL). CsF (4.43 g, 29.1 mmol) and 2-bromomethylnaphthalene (4.83
g, 21.8) were then successively added into the reaction mixture,
which then was stirred at 95C for 6 h. DMF was then removed

by rotary evaporation under reduced pressure. The residue was
redissolved in CHCI, (200 mL), washed with saturated aq
N&CO; and brine, dried over anhydrous J$&©, and concentrated.
The crude product was purified by flash chromatography on silica
gel (hexane:ethyl acetate; 4:1) to git@ (6.76 g, 94%): ]
+176.5 € 1.0, CHC}); *H NMR (500 MHz, CDC}) 6 2.80 (br. s,

1H), 3.89 (t,J = 10.0 Hz, 1H), 4.04 (ddJ) = 3.5, 9.5 Hz, 1H),
4.23-4.27 (m, 2H), 4.33 (dd) = 1.0, 3.5 Hz, 1H), 4.37 (dg =

4.5, 9.5 Hz, 1H), 4.93 (d] = 12.0 Hz, 1H), 5.04 (d) = 12.5 Hz,

1H), 5.62 (d,J = 1.5 Hz, 1H), 5.66 (s, 1H), 7.267.37 (m, 13H),
7.76-7.86 (m, 4H);13C NMR (125 MHz, CDC}) 6 64.7, 68.6,
71.4,73.2,75.8,79.0,87.8,101.8,125.7, 126.1, 126.2, 126.3, 126.4,
127.7,128.0,128.3,128.4, 128.5,129.1, 129.2, 129.3, 131.7, 133.1,
133.3, 135.2, 137.5; ESIHRMS calcd fogfH250sSNa [M + NaJ*

a 1:15:a mixture of anomers, whereas the closely related pair 523.1555, found 523.1545.

of 20 and 22 failed to give any appreciable amount of

hexasaccharide under comparable conditions. As previously

reported.* trisaccharide dono8 was coupled to trisaccharide
acceptofr7 to give hexasaccharidein 88% yield but only 0.67:1

B:aratio. These three reactions, which all involved the attempted

coupling of closely related 8-glycosyl-4,60-benzylidene

protected mannopyranosyl donors to the non-reducing 3-OH of

(59) Nitz, M.; Ling, C.-C.; Otter, A.; Cutler, J. E.; Bundle, D. R.Biol.
Chem.2002, 277, 3440-3446.

(60) Jensen, F. R.; Bushweller, C. H.; Beck, B. HAm. Chem. Soc.
1969 91, 344-351.

(61) Schneider, H.-J.; Hoppen, Y. Org. Chem1978 43, 3866-3873.

(62) Bugay, D. E.; Bushweller, C. H.; Danehy, C. T.; Hoogasian, S.;
Blersch, J. A.; Leenstra, W. R. Phys. Chem1989 93, 3908-3911.

(63) Subbotin, O. A.; Sergeyev, N. M. Am. Chem. Sod975 97,

mannotrioses, serve to highlight the continuing difficulty in  1080-1084.

predicting the outcome of block approaches to oligosaccharide
synthesis. As the molecular weight of the donors and acceptors

increase with chain length (e.g., the MW 89 and 34 are

(64) Chu, P.-S.; True, N. S. Phys. Chem1985 89, 5613-5616.
(65) Jensen, F. R.; Bushweller, C. Adv. Alicycl. Chem1971, 3, 139.
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(67) Siize, D.; Gatial, A.; Karlsson, A.; Klaeboe, P.; Nielsen, CJJ.

1053.15 and 1310.47 Da, respectively), and the concentrationMol. Struct.1988 174 207-214.

of the reaction mixture inevitably decreases, subtle steric and
matching/mismatching effects play increasingly important roles

and influence the outcome considerably.
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Corvergent Synthesis of g(1—3)-Mannohexaose

Phenyl 4,60-Benzylidene-30-(2-naphthylmethyl)-2-O-(prop-
2-ynyl)-1-thio-a-b-mannopyranoside (14).To a stirred solution
of compoundl3 (4.66 g, 9.3 mmol) in dry DMF (25 mL) at €C
was added NaH (60% in oil, 0.93 g, 18.6 mmol). The reaction
mixture was stirred for 15 min before propargyl bromide (1.97 mL,
18.6 mmol) was added dropwise to the mixture, and the stirring

JOC Article

NaHCQ; was added, and the mixture was extracted withpClH

The extract was washed several times with satd NaklC@ed
over NaSQ,, and concentrated on a rotary evaporator. The crude
product was purified by chromatography on silica gel (hexane/ethyl
acetate; 7:3) to givd7 (51 mg, 89%) as a white solid: mp 126
°C; [a]?"5 —119.9 € 1.0, CHC}); IH NMR (500 MHz, CDC}) 6

was continued for 3 h. The reaction mixture was then quenched by 2.5 (t,J = 2.4 Hz, 1H), 3.3+3.36 (m, 1H), 3.5 (s, 3H), 3.76

addition of methanol, diluted with C}€l, (75 mL), and washed
with satd NaHCQ. The organic layer was separated, dried over
anhydrous Nz50O, and concentrated under vacuum. The crude

3.83 (m, 2H), 3.87 (tJ = 10.3 Hz, 1H), 4.0 (ddJ = 0.5, 3.2 Hz,
1H), 4.3 (dd,J = 4.9, 10.5 Hz, 1H), 4.46 (dd] = 2.4, 16.1 Hz,
1H), 4.48 (s, 1H), 4.6 (dd) = 2.4, 16.1 Hz, 1H), 5.5 (s, 1H),

product was purified by chromatography on silica gel (hexane/ethyl 7.26-7.38 (m, 3H), 7.487.5 (m, 2H);13C NMR (125 MHz,

acetate; 5:1) to givel4 (5.01 g, 91%): §]*p +124.8 ¢ 2.0,
CHCly); *H NMR (500 MHz, CDC}) 6 2.45 (t,J = 2.3 Hz, 1H),
3.89 (t,J = 10.0 Hz, 1H), 4.07 (ddj = 3.1, 9.5 Hz, 1H), 4.22
4.32 (m, 3H), 4.35 (ddJ) = 1.4, 3.2 Hz, 1H), 4.4 (ddJ = 2.3,
16.1 Hz, 1H), 4.49 (dd) = 2.3, 16.1 Hz, 1H), 4.93 (ddl = 12.4
Hz, 1H), 5.03 (dJ = 12.4 Hz, 1H), 5.63 (d) = 1.4 Hz, 1H), 5.67
(s, 1H), 7.26-7.45 (m, 3H), 7.427.58 (m, 10H), 7.847.89 (m,
4H); 13C NMR (125 MHz, CDC}) 6 58.8, 65.4, 68.5, 73.2, 75.4,

CDCly) 6 57.5, 60.6, 67.0, 68.4, 70.3, 75.5, 77.2, 79.1, 79.7, 102.0,
103.0, 126.3, 128.2, 129.1, 137.2; ESIHRMS calcd fgiHz,06
[M + H]* 321.1338, found 321.1347.

Phenyl 4,60-Benzylidene-20-(prop-2-ynyl)-3-O-(2-naph-
thylmethyl)- 3-p-mannopyranosyl-(1—3)-4,6-O-benzylidene-20-
(prop-2-ynyl)-1-thio-a-b-mannopyranoside (18).To a stirred
solution of donorl4 (270 mg, 0.50 mmol), BSP (126 mg, 0.6
mmol), TTBP (187 mg, 0.8 mmol), @4 A molecular sieves in

76.2,77.5,79.1,79.4,87.3,101.6, 125.7, 125.0, 126.1, 126.2, 126.4,CH,Cl, (5 mL), at —60 °C under an Ar atmosphere, was added
127.7,128.0,128.2, 128.9, 129.2, 131.6, 133.0, 133.3, 133.6, 135.6,Tf,0 (110uL, 0.65 mmol). After 30 min, the temperature was

137.6; ESIHRMS calcd for gH300sSNa [M + Na]t 561.1712,
found 561.1722.

Phenyl 4,60-Benzylidene-20-(prop-2-ynyl)-1-thio-a-b-man-
nopyranoside (15).To a stirred solution of compourit# (1.25 g,
2.3 mmol) in CHCI, (40 mL) and water (2 mL) was added DDQ
(1.05 g, 4.6 mmol) at rt. After the reaction mixture was stirred for
3 h, satd NaHC@was added, and the mixture was extracted with
CH.Cl,. The extracts were washed several times with satd NaHCO
and dried over Ng5O,. Evaporation of the solvent in vacuo gave
an oil, which was chromatographed on silica gel (hexane/ethyl
acetate 4:1) to givd5 (852 mg, 93%) as a white solid: mp 128
°C; [a]?’p +119 (€ 1.0, CHCE); *H NMR (500 MHz, CDC}) o
2.49 (t,J = 2.4 Hz, 1H), 2.5 (bs, 1H), 3.84 (§,= 10.2 Hz, 1H),
3.9 (t,J = 9.6 Hz, 1H), 4.16 (ddJ = 3.6, 10.0 Hz, 1H), 4.2%
4.24 (m, 2H), 4.274.32 (m, 1H), 4.34 (dd) = 2.4, 16.1 Hz, 1H),
4.42 (dd,J = 2.4, 16.1 Hz, 1H), 5.59 (s, 1H), 5.68 (s, 1H), 7-32
7.53 (m, 10H);13C NMR (125 MHz, CDC}) 6 58.6, 64.7, 68.4,

brought down to—78 °C, and then acceptat5 (240 mg, 0.60
mmol) in CH,CI; (3 mL) was slowly added. The reaction mixture
was stirred fo 2 h at—78 °C and then quenched by the addition of
triethyl phosphite (25%L, 1.5 mmol) and stirred fol h at—78

°C before it was allowed to reach room temperature. The reaction
mixture was diluted with CKCl, (10 mL), and the molecular sieves
were filtered off and washed with saturated NaHCThe organic
layer was separated, dried, and concentrated. The crude product
was purified by column chromatography on neutral alumina
(hexane/ethyl acetate; 7:3) to gitd (380 mg,a:f; 1:25, 91%).

For s-anomer: §]?5 +51.1 € 2.0, CHC}); *H NMR (500 MHz,
CDCl3) 6 2.28 (t,J = 2.4 Hz, 1H), 2.56 (1) = 2.3 Hz, 1H), 3.24

3.29 (m, 1H), 3.67 (ddJ = 3.1, 9.8 Hz, 1H), 3.853.90 (m, 2H),
4.16-4.21 (m, 3H), 4.23 (t) = 4.8, 10.2 Hz, 1H), 4.274.31 (m,

3H), 4.34 (dd,J = 1.5, 3.0 Hz, 1H), 4.37 (dd] = 2.4, 16.3 Hz,
1H), 4.47 (ddJ = 2.4, 16.3 Hz, 1H), 4.65 (ddl = 2.4, 16.0 Hz,
1H), 4.69 (dd,J = 2.4, 16.0 Hz, 1H), 4.80 (s, 1H), 4.95 (@,=

68.9, 75.7, 78.9, 79.3, 79.4, 86.4, 102.2, 126.3, 127.7, 128.3, 129.2,12.8 Hz, 1H), 4.98 (dJ = 13.7 Hz, 1H), 5.57 (s, 2H), 5.63 (s,

131.7, 133.8, 137.2; ESIHRMS calcd fop#,,0sSNa [M + NaJ*
421.1086, found 421.1095.

Methyl 4,6-O-Benzylidene-30-(2-naphthylmethyl)-2-O-(prop-
2-ynyl)-3-p-mannopyranoside (16)To a stirred solution of donor
14 (122 mg, 0.23 mmol), BSP (57 mg, 0.27 mmol), TTBP (84.6
mg, 0.34 mmol), ad 4 A molecular sieves in Ci€l, (6 mL), at
—60 °C under an Ar atmosphere, was addedOr{50 «L, 0.29
mmol). After 30 min of stirring at-60 °C, dry methanol (2L,

0.68 mmol) was added. The reaction mixture was stirred for further
2 h at—60 °C, and then allowed to warm to room temperature.
The reaction mixture was diluted with G&l, (10 mL), the

molecular sieves were filtered off and washed with saturated

1H), 7.26-7.53 (m, 18H), 7.867.86 (m, 4H):3C NMR (125 MHz,
CDCl) 6 58.3, 59.8, 65.2, 67.7, 68.4, 68.6, 72.5, 75.0, 75.2, 75.5,
77.9,78.4,79.3,80.5, 86.6, 100.0, 101.3, 101.7, 125.7, 125.9, 126.1,
126.2,126.4,127.7,127.8,127.9,128.1, 128.2, 128.3, 128.9, 129.1,
129.3, 131.7, 132.9, 133.5, 137.3, 137.6; ESIHRMS calcd for
CuoH46010SNa [M + NaJ* 849.2710, found 849.2729

Phenyl 4,60-Benzylidene-20-(prop-2-ynyl)-/3-pD-mannopy-
ranosyl-(1—3)-4,6-0-benzylidene-20-(prop-2-ynyl)-1-thio-o.-b-
mannopyranoside (19).To a stirred solution 0185 (72 mg, 0.09
mmol) in CHCI, (10 mL) and water (0.5 mL) was added DDQ
(49.4 mg, 0.22 mmol) at room temperature. After 3 h, satd NafiCO
was added, and the mixture was extracted withClH The extracts

NaHCG;. The organic layer was separated, dried, and concentrated.were washed several times with satd NaHCihd dried over

The crude product was purified by chromatography on silica gel
(hexane/ethyl acetate; 5:1) to gité (89 mg, 85%) as a colorless
oil: [a]?"> —29.8 € 2.0, CHCE); *H NMR (500 MHz, CDC}) ¢
2.53 (t,J = 2.4 Hz, 1H), 3.36-3.35 (m, 1H), 3.52 (s, 3H), 3.67
(dd,J = 3.1, 9.9 Hz, 1H), 3.93 () = 10.3 Hz, 1H), 4.17 (1) =

9.6 Hz, 1H), 4.21 (dJ = 3.0 Hz, 1H), 4.34 (ddJ = 4.9, 10.4 Hz,
1H), 4.39 (s, 1H), 4.61 (dd] = 2.4, 16.1 Hz, 1H), 4.65 (dd] =
2.4,16.1 Hz, 1H), 4.98 (d] = 12.9 Hz, 1H), 5.0 (dJ = 12.9 Hz,
1H), 5.64 (s, 1H), 7.487.54 (m, 8H), 7.747.87 (m, 4H);13C

NaSQO,. Evaporation of the solvent in vacuo gave an oil, which
was chromatographed on silica gel (hexane/ethyl acetate; 3:2) to
give 19 (55 mg, 94%): @] +27.8 € 1.0, CHC}); *H NMR

(500 MHz, CDC}) ¢ 2.5 (t,J = 2.4 Hz, 1H), 3.3%+3.34 (m, 1H),

3.78 (t,J = 10.0 Hz, 1H), 3.82-3.89 (m, 3H), 4.19-4.26 (m, 2H),
4.31-4.37 (m, 3H), 4.36 (dd) = 2.5, 16.5 Hz, 1H), 4.47 (dd,=

2.5, 16.5 Hz, 1H), 4.55 (ddl = 2.0, 16.0 Hz, 1H), 4.58 (dd] =

2.0, 16.0 Hz, 1H), 4.94 (s, 1H), 5.37 (s, 1H), 5.57 (s, 1H), 5.66 (s,
1H), 7.26-7.41 (m, 9H), 7.447.52 (m, 6H);3C NMR (125 MHz,

NMR (125 MHz, CDC}) 6 50.5, 60.0, 67.5, 68.6, 72.5, 74.9, 75.0, CDCl) ¢ 57.8, 59.9, 65.3, 67.1, 68.5, 70.2, 74.1, 75.6, 75.8, 76.1,
78.4,80.0, 101.5, 102.9, 125.7, 125.9, 126.0, 126.4, 127.7, 127.9,76.5, 77.4, 79.0, 79.5, 79.8, 86.1, 98.9, 101.8, 126.2, 126.3, 127.9,
128.1, 128.2, 128.9, 132.9, 133.2, 135.7, 137.6; ESIHRMS calcd 128.3, 129.1, 129.3, 131.7, 133.5, 137.2, 137.3; ESIHRMS calcd
for CogHog06Na [M + Na]* 483.1784, found 483.1805. for CagHzg010SNa [M + Na]* 709.2084, found 709.2068.

Methyl 4,6-O-Benzylidene-20-(prop-2-ynyl)-3-p-mannopy- Phenyl 4,60-Benzylidene-20-(prop-2-ynyl)-3-O-(2-naph-
ranoside (17).To stirred solution ofl6 (82 mg, 0.18mmol) in thylmethyl)- 3-p-mannopyranosyl-(1—3)-4,6-O-benzylidene-20-
CHCI; (5 mL) and water (0.1 mL) was added DDQ (81 mg, 0.36 (prop-2-ynyl)-5-pD-mannopyranosyl-(+—3)-4,6-O-benzylidene-2-
mmol) at rt. After the reaction mixture was stirred for 3 h, satd O-(prop-2-ynyl)-1-thio-a-p-mannopyranoside (2@). To a stirred
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solution of donorl83 (179 mg, 0.22 mmol), BSP (54.4 mg 0.26
mmol), TTBP (80.5 mg, 0.32 mmol), d® A molecular sieves in
CH,CI; (3 mL), at—60 °C under an Ar atmosphere, was added
Tf,0 (47 uL, 0.28 mmol). After 30 min, the temperature was
brought down to—78 °C, and then acceptat5 (103 mg, 0.26
mmol) in CH,Cl, (2 mL) was slowly added. The reaction mixture
was stirred fo 2 h at—78 °C, quenched by the addition of triethyl  allowed to reach room temperature. The reaction mixture was
phosphite (72:L, 0.43 mmol), and stirred fal h at—78 °C before diluted with CHCI, (10 mL), and the molecular sieves were filtered

it was allowed to reach room temperature. The reaction mixture off and washed with saturated NaHg&O he organic layer was
was diluted with CHCI, (10 mL), and the molecular sieves were separated, dried, and concentrated. The crude product was purified
filtered off and washed with saturated NaHE@he organic layer by chromatography on silica gel (toluene/ethyl actatefCly 7:2:

was separated, dried, and concentrated. The crude product wad) to give21 (130 mg,o.3; 1:7, 84%). Fo3-anomer: §]%p —82.2
purified by column chromatography on neutral alumina (hexane/ (c 1.0, CHCE); *H NMR (500 MHz, CDC}) 6 1.94 (t,J = 2.3 Hz,

ethyl acetate; 3:1) to givR0 (210 mg, a3; 20:1, 88%). For 1H), 2.48-2.52 (m, 2H), 3.29-3.40 (m, 3H), 3.55 (s, 3H), 3.61
o-anomer: §]%% +37.6 € 1.0, CHCL); 'H NMR (500 MHz, (dd,J = 3.0, 10.0 Hz, 1H), 3.843.93 (m, 3H), 3.97 (tJ = 10.0
CDCl) 0 1.62 (t,J = 2.0 Hz, 1H), 2.53 (tJ = 2.5 Hz, 1H), 2.57 Hz, 1H), 4.0-4.05 (m, 2H), 4.08 (dd) = 3.0, 10.0 Hz, 1H), 4.17

(t, 3= 2.0 Hz, 1H), 3.2+3.26 (m, 1H), 3.64 (dd) = 3.5, 10.0 (t, 3 = 10.0 Hz, 1H), 4.21 (dJ) = 3.0 Hz, 1H), 4.23-4.28 (m,

Hz, 1H), 3.81-3.89 (m, 3H), 4.6-4.07 (m, 1H), 4.09-4.31 (m, 3H), 4.35 (ddJ = 4.5, 10.0 Hz, 1H), 4.47 (ddl = 2.5, 16.0 Hz,
15H), 4.41 (ddJ = 2.5, 16.0 Hz, 1H), 4.63 (dd, = 2.5, 16.0 Hz, 1H), 4.49 (s, 1H), 4.55 (dd]l = 2.5, 17.0 Hz, 1H), 4.61 (dd] =

1H), 4.68 (dd,J = 2.5, 16.5 Hz, 1H), 4.73 (s, 1H), 4.94 @~= 2.5, 16.5 Hz, 1H), 4.65 (dd] = 2.5, 16.0 Hz, 1H), 4.93 (s, 1H),
12.5 Hz, 1H), 4.98 (dJ = 13.0 Hz, 1H), 5.31 (s, 1H), 5.50 (s, 4.97 (s, 2H), 5.03 (s, 1H), 5.48 (s, 1H), 5.54 (s, 1H), 5.59 (s, 1H),
2H), 5.65 (s, 1H), 7.267.53 (m, 23H), 7.867.89 (m, 4H);13C 7.26-7.46 (m, 18H), 7.627.71 (m, 4H);13C NMR (125 MHz,

NMR (125 MHz, CDC}) 6 57.9, 58.6, 59.8, 64.2, 64.5, 65.2, 67.7, CDCl) 6 57.6, 59.4, 59.5, 60.0, 67.5, 67.8, 68.5, 72.0, 72.1, 72.8,
68.5,68.7,72.2,72.4,74.9,75.1,75.2,75.3,76.6, 77.2,77.8, 78.4,73.7, 73.8, 74.7, 74.8, 75.2, 75.3, 76.2, 76.4, 76.6, 78.2, 80.4, 80.6,
79.0,79.1, 79.2, 80.5, 86.4, 99.6, 100.5, 101.5, 101.6, 102.0, 125.7,97.6, 97.8, 101.4, 101.5, 103.4, 125.8, 125.9, 125.99, 126.0, 126.1,
125.9,126.2,126.3, 126.5, 127.7, 127.9, 128.2, 128.3, 128.4, 128.9126.5, 127.6, 127.8, 128.1, 128.2, 128.3, 128.9, 129.9, 132.9, 133.1,

of donor183 (124 mg, 0.15 mmol), BSP (37.6 mg 0.18 mmol),
TTBP (55.8 mg, 0.23 mmol), ahd A molecular sieves in Ci€l,

(3 mL), at—60°C under an Ar atmosphere, was addegr{32.8
uL 0.19 mmol). After 30 min of stirring at-60 °C, acceptorl?
(72 mg, 0.23 mmol) in CkCl, (2 mL) was added slowly. The
reaction mixture was stirred for a furth2 h at—60 °C, and then

129.0, 129.3,129.4, 131.7, 133.0, 133.2, 133.4, 134.5, 134.6, 135.7135.6, 137.2, 137.5; ESIHRMS calcd fogflscO16Na [M + Na]"

137.3, 137.5, 137.6; ESIHRMS calcd fogsHs:0:5SNa [M + Na]*
1137.3702, found 1137.3699.

Phenyl 4,60-Benzylidene-20-(prop-2-ynyl)-3-O-(2-naph-
thylmethyl)- S-p-mannopyranosyl-(1—3)-4,6-O-benzylidene-20-
(prop-2-ynyl)-3-b-mannopyranosyl-(+-3)-4,6-0-benzylidene-2-
O-(prop-2-ynyl)-1-thio-o-p-mannopyranoside (2@). To a stirred
solution of donorl4 (400 mg, 0.074 mmol), BSP (18.6 mg 0.09
mmol), TTBP (27.6 mg, 0.11 mmol), dré A molecular sieves in
CH,CI; (2.5 mL), at—60 °C under an Ar atmosphere, was added
Tf,0 (16 uL, 0.65 mmol). After 30 min, the temperature was
brought down to-78°C, and then acceptd9 (55 mg 0.081 mmol)
in CH,Cl, (2 mL) was slowly added. The reaction mixture was
stirred fa 2 h at—78 °C and then quenched by the addition of
triethyl phosphite (24:L, 0.15 mmol) and stirred fol h at—78

1059.3779, found 1059.3792.

Methyl 4,6-O-Benzylidene-20-(prop-2-ynyl)-/3-pD-mannopy-
ranosyl-(1—3)-4,6-0O-benzylidene-20-(prop-2-ynyl)-3-p-man-
nopyranosyl-(1—3)-4,6-0-benzylidene-20-(prop-2-ynyl)-/3-p-
mannopyranoside (22)To a stirred solution 0215 (72 mg, 0.069
mmol) in CHCI, (10 mL) and water (0.5 mL) was added DDQ
(40 mg, 0.18 mmol) at room temperature. After 3 h, satd NakICO
was added, and the mixture was extracted withClKH The extracts
were washed several times with satd NaHCahd dried over
N&SO,. Evaporation of the solvent in vacuo gave an oil, which
was purified by column chromatographed on neutral alumina
(hexane/ethyl acetate; 2:1) to gigé (51 mg, 81%): §]%% —116.1
(c 1.0, CHCE); *H NMR (500 MHz, CDC¥) 6 2.05 (t,J = 2.0 Hz,
1H), 2.48-2.50 (m, 2H), 2.59 (br. s, 1H), 3.38.45 (m, 3H), 3.56

°C before it was allowed to reach room temperature. The reaction (s, 3H), 3.76-3.86 (m, 3H), 3.91 (tJ = 10.0 Hz, 1H), 4.0 (tJ) =

mixture was diluted with CkCl, (10 mL) and molecular sieves
were filtered off and washed with saturated NaHCThe organic

10.0 Hz, 1H), 4.6-4.05 (m, 2H), 4.09-4.13 (m, 2H), 4.254.30
(m, 4H), 4.36 (ddJ = 4.5, 10.5 Hz, 1H), 4.50 (s, 1H), 4.53 (dd,

layer was separated, dried, and concentrated. The crude productl = 2.5, 16.0 Hz, 1H), 4.55 (dd]l = 2.5, 16.0 Hz, 1H), 4.57 (dd,
was purified by column chromatography on neutral alumina J= 2.5, 16.0 Hz, 1H), 4.63 (dd] = 2.5, 16.0 Hz, 1H), 4.69 (dd,

(hexane/ethyl acetate; 7:3) to gi265 (69 mg, 82%): §]?’> —10.7
(c 1.0, CHC}); *"H NMR (500 MHz, CDC}) 6 2.08 (t,J = 2.5 Hz,
1H), 2.47 (tJ = 2.5 Hz, 1H), 2.51 (tJ = 2.5 Hz, 1H), 3.25-3.34
(m, 2H), 3.62 (ddJ = 3.0, 10.0 Hz, 1H), 3.84 () = 11.0 Hz,
1H), 3.86 (t,J = 10.0 Hz, 1H), 3.90 (tJ = 10.0 Hz, 1H), 4.03
4.04 (m, 2H), 4.14 (t) = 10.0 Hz, 1H), 4.17 (tJ = 10.0 Hz, 1H),
4.21-4.25 (m, 5H), 4.36-4.35 (m, 2H), 4.36-4.37 (m, 2H), 4.46
(dd,J = 2.5, 16.5 Hz, 1H), 4.51 (dd] = 2.5, 16.0 Hz, 1H), 4.62
(dd,J = 3.0, 15.0 Hz, 1H), 4.65 (dd] = 2.5, 16.5 Hz, 1H), 4.87
(s, 1H), 4.91 (s, 1H), 4.95 (d,= 13.5 Hz, 1H), 4.99 (dJ = 14.0
Hz, 1H), 5.43 (br. s, 1H), 5.58 (s, 1H), 5.59 (s, 1H), 5.64 (d,
J = 1.5 Hz, 1H), 7.26-7.54 (m, 23H), 7.767.87 (m, 4H);3C
NMR (125 MHz, CDC}) ¢ 57.1, 59.5, 60.0, 65.3, 67.8, 68.5,

J =25, 16.0 Hz, 1H), 4.70 (dd] = 2.5, 16.0 Hz, 1H), 5.07 (s,
2H), 5.47 (s, 1H), 5.49 (s, 1H), 5.57 (s, 1H), 7-2648 (m, 15H);
13C NMR (125 MHz, CDC}) ¢ 57.7, 59.4, 59.5, 60.5, 67.2, 67.7,
68.4, 68.5,70.2,72.1,72.8,73.8,73.9, 75.1, 75.2, 76.6, 77.2, 79.3,
80.0, 80.4, 80.6, 97.6, 97.8, 101.4, 101.6, 101.9, 103.4, 126.0, 126.2,
128.1, 128.18, 128.2, 128.3, 128.9, 129.0, 129.1, 137.1, 137.2;
ESIHRMS calcd for GoHs,O6Na [M + Na]t 919.3148, found
919.3143.

Standard Procedure for Coupling Reactions of the Sulfoxide
Donor 23 with the Corresponding Sugar Acceptors Using TTBP
and Tf,0. To a stirred solution of sulfoxide don@3 (0.05 M in
mixed solvent, 1.2 equiv), TTBP (1.6 equiv),cad A molecular
sieves in a mixed solvent of GBI, and 1-octene (v/v, 4/1), at

68.6,72.2,73.2,73.9,74.8,74.9,75.2,75.3,75.8, 75.9, 76.5, 76.9,—78 °C under argon atmosphere, was adde®Tfl.2 equiv). After
77.6, 78.3, 79.3, 80.3, 80.7, 86.2, 98.6, 99.1, 101.5, 101.8, 125.8,the reaction mixture was stirred a{78 °C for 30 min, a solution
125.9,126.1, 126.2, 126.5, 127.7, 127.9, 128.2, 128.2, 128.3, 128.9pf sugar acceptors (0.1 M, 1.0 equiv) in &, was added. Stirring
129.2, 129.3, 131.7, 132.9, 133.2, 133.4, 135.7, 137.3, 137.6; was maintained for another 30 min-a¥8 °C before the reaction
ESIHRMS calcd for GHs015SNa [M + NaJt 1137.3702, found  temperature was allowed to warm 20 °C slowly. The reaction
1137.3698. mixture was poured into ag NaHGG@olution, diluted with CH
Methyl 4,6-O-Benzylidene-20-(prop-2-ynyl)-3-O-(2-naph- Cl,, and filtered through Celite. The organic layer was separated
thylmethyl)- 8-p-mannopyranosyl-(1—3)-4,6-O-benzylidene-20- from the filtrate, washed with brine, dried over anhydrous
(prop-2-ynyl)-3-b-mannopyranosyl-(+-3)-4,6-O-benzylidene-2- N&SO,, and concentrated. The residue was purified by chroma-
O-(prop-2-ynyl)-B-p-mannopyranoside (21)To a stirred solution tography on silica gel to give the coupled products.
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Methyl 4,6-O-Benzylidene-20-benzyl-3-O-[3-(haphthalen-1-

yl)prop-2-ynyl]- /-0 mannopyranoside (24)To a stirred solution

of sulfoxide23 (0.15 g, 0.23 mmol), TTBP (0.094 g, 0.38 mmol),
and 4 A molecular sieves in a mixed solvent of £ and 1-octene

(5 mL, viv, 4:1), at—78 °C under argon atmosphere, was added
Tf,0 (48uL, 0.28 mmol). After the reaction mixture was stirred at
—78°C for 30 min, 1 mL of anhydrous methanol was added. The
reaction mixture was stirred at78 °C for another 30 min before
being poured into aq NaHCGOsolution and then diluted with

JOC Article

Removal of the naphthylpropargyl protecting group fr@610.135

g, 0.15 mmol) by the standard protocol gave deprotected compound
27 (0.091 g, 1.28 mmol) in 77% yield: of?, —113.4 € 1.0,
CHCls); 'H NMR (500 MHz, CDC}) 6 7.41-7.46 (m, 6H), 7.2%
7.7.38 (m, 10H), 7.177.20 (m, 4H), 5.05 (dJ = 11.0 Hz, 1H),

5.00 (d,J = 12.5 Hz, 1H), 4.53 (d, 11.0 Hz, 1H), 4.52 (s, 1H),
4.38 (dd,J = 4.5, 10.5 Hz, 1H), 4.18 (dd] = 5.0, 10.5 Hz, 1H),
4.07-4.15 (m, 3H), 4.02 (dJ = 2.5 Hz, 1H), 3.96 (tJ = 10.5

Hz, 1H), 3.7:-3.76 (m, 2H), 3.62 (s, 3H), 3.57 (d,= 4.0 Hz,

CH,ClI, and filtered through Celite. The organic layer was washed 1H), 3.41-3.48 (m, 2H), 2.98 (dt]) = 4.5, 9.5 Hz, 1H)13C NMR

with brine, dried over Ns&5Oy, and concentrated. The residue was

(125 MHz, CDC}) 6 138.2, 137.4, 137.2, 129.1, 129.0, 128.5,

purified by chromatography on silica gel (hexane/ethyl acetate; 4:1) 128.4, 128.2, 127.8, 126.2, 103.8, 101.84, 101.80, 97.0, 79.5, 77.6,

to give thep-coupled producg4 (0.087 g, 68%): ¢]%°> —33.8 €
1.0, CHC}); *H NMR (500 MHz, CDC}) ¢ 8.30 (d,J = 8.0 Hz,
1H), 7.85 (t,J = 8.0 Hz, 2H), 7.64 (dJ = 7.0 Hz, 1H), 7.48-7.54
(m, 6H), 7.41-7.44 (dd,J = 7.0, 8.0 Hz, 1H), 7.337.36 (m, 5H),
7.28-7.29 (m, 1H), 5.65 (s, 1H), 5.03(d,= 12.0 Hz 1H), 4.91
(d,J = 12.0 Hz, 1H), 4.66-4.68 (m, 2H), 4.48 (s, 1H), 4.36 (dd,
J =45, 105 Hz, 1H), 4.24 (t) = 9.5 Hz, 1H), 4.09 (d]J =
3.0 Hz, 1H), 3.95-4.00 (m, 2H), 3.56 (s, 3H), 3.44 (d1,= 5.0,
10.0 Hz, 1H);:3C NMR (125 MHz, CDC}) ¢ 138.5, 137.5, 133.4,

75.1,74.4,73.3,72.6,70.2,68.7, 68.5, 67.8, 67.0; ESIHRMS calcd
for C41H44011Na [M + Ni:'l]Jr 735.2782, found 735.2761.

Methyl 4,6-O-Benzylidene-20-benzyl-3-O-3-(naphthalen-1-
yl)prop-2-ynyl]- f-p-mannopyranosyl-(+—3)-4,6-O-benzylidene-
2-0O-benzyl-5-p-mannopyranosyl-(1—3)-4,6-O-benzylidene-20-
benzyl$-p-mannopyranoside (28). Method 1Coupling of sulfoxide
23(0.095 g, 0.15 mmol) with dond&7 (0.09 g, 0.13 mmol) by the
standard coupling protocol gave trisacchari2i (0.12 g, 0.10
mmol) in 78% yield.Method 2. Coupling of sulfoxide donoB4

133.1, 130.7, 129.0, 128.9, 128.4, 128.32, 128.25, 128.2, 127.5,(0.07 g, 0.05 mmol) with methanol (1 mL, excess) by standard
126.9, 126.5, 126.2, 126.1, 125.2, 120.2, 103.3, 101.6, 90.2, 84.5,coupling protocol gave trisacchari@s (0.061 g, 0.05 mmol) in

78.6, 76.3, 75.1, 68.7, 67.6, 59.0, 57.5; ESIHRMS calcd for
Cs4H3,06Na [M + Na]™ 559.2097, found 559.2094.

Standard Procedure for Removal of the 1-Naphthylpropargyl
Protecting Group with DDQ. To a stirred solution of the
1-naphthylpropargyl-protected saccharide (0.06 M) in,Clland
water (CHCly/water, v/v, 20:1) was added DDQ (1.5 equiv). The
resulting mixture was stirred at rt for-28 h. When the reaction

94% yield: [a]? —100.8 € 1.0, CHCE); 'H NMR (500 MHz,
CDCL) 6 8.35 (d,J = 8.0 Hz, 1H), 7.84 (tJ = 8.0 Hz, 2H),
7.64 (d,J = 7.0 Hz, 1H), 7.287.53 (m, 25H), 7.177.20 (m,
5H), 7.11-7.12 (m, 3H), 5.60 (s, 1H), 5.57 (s, 1H), 5.51 (s, 1H),
5.04 (d,J = 12.5 Hz, 1H), 5.01 (dJ = 12.0 Hz, 1H), 4.92 (d,
12.0 Hz, 1H), 4.80 (dJ = 13.0 Hz, 1H), 4.77 (dJ = 12.0 Hz,
1H), 4.60-4.70 (m, 3H), 4.524.54 (m, 1H), 4.38 (dd] =

was over as monitored by TLC, the reaction mixture was quenched 4.5, 10.0 Hz, 1H), 3.724.25 (m, 17H), 3.62 (s, 3H), 3.44 (dt=

by adding aqg NaHC®solution and then diluted with Gi€l, The

4.5,9.5 Hz, 1H), 3.12 (dt] = 4.5, 9.5 Hz, 1H), 3.02 (dt] = 4.5,

organic layer was separated, and the aqueous layer was extracted.5 Hz, 1H);*3C NMR (125 MHz, CDC}) 6 138.8, 138.3, 138.2,

twice with CH,Cl,. The combined organic layer was washed with

brine, dried and concentrated. The residue was purified by chro-

matography on silica gel to give the deprotected product.
Methyl 4,6-O-Benzylidene-20-benzyl{3-p-mannopyranoside
(25). Removal of the naphthylpropargyl protecting group frash
(0.42 g, 0.78 mmol) by the standard protocol gave compdfd
(0.21 g, 0.56 mmol) in 74% vyield: o] %> —122.3 ¢ 1.0, CHC});
1H NMR (500 MHz, CDC}) 6 7.48-7.50 (m, 2H), 7.36-7.42 (m,
8H), 5.55 (s, 1H), 5.08 (d] = 12.0 Hz, 1H), 4.65 (dJ = 12.0 Hz,
1H), 4.49 (s, 1H), 4.34 (ddl = 5.0, 10.5 Hz, 1H), 3.763.93 (m,
4H), 3.59 (s, 3H), 3.35 (dij = 5.0, 9.5 Hz, 1H), 2.31 (br. s, 1H);
13C NMR (125 MHz, CDC}) 6 138.3, 137.3, 129.1, 128.6, 128.3,

137.5, 137.43, 137.38, 133.4, 133.2, 130.7, 129.0, 128.9, 128.6,
128.44, 128.39, 128.2, 128.11, 128.08, 127.8, 127.3, 126.9, 126.5,
126.23, 126.18, 126.15, 125.2, 120.3, 103.8, 101.72, 101.67, 101.5,
97.7, 97.3, 90.4, 84.4, 78.4, 76.97, 76.93, 76.2, 74.9, 74.2, 74.1,
73.8,73.3,73.0,72.7,68.7, 68.6, 67.8, 58.7, 57.7; ESIHRMS calcd
for C74H7201eNa [M + Na]* 1239.4713, found 1239.4680.

Methyl 4,6-O-Benzylidene-20-benzyl-3-pD-mannopyranosyl-
(1—3)-4,6-0-benzylidene-20-benzyl5-p-mannopyranosyl-(H3)-
4,6-O-benzylidene-20-benzyl-3-p-mannopyranoside (29).Re-
moval of protecting group from compou@8 (0.094 g, 0.08 mmol)
by the standard deprotection protocol gave trisacch&@d@.065
g, 0.06 mmol) in 77% yield: ¢]?®> —120.8 ¢ 1.0, CHC}); H

128.24, 128.15, 128.0, 126.3, 103.5, 102.0, 79.4, 78.4, 75.7, 70.8,NMR (500 MHz, CDC}) 6 7.43-7.47 (m, 9H), 7.19-7.36 (m,

68.6, 67.1, 57.6; ESIHRMS calcd for,E1,40sNa [M + Na]*
395.1471, found 395. 1486.

Methyl 4,6-O-Benzylidene-20-benzyl-3-O{3-(naphthalen-1-
yl)prop-2-ynyl]- f-p-mannopyranosyl-(+—3)-4,6-O-benzylidene-
2-O-benzyl3-p-mannopyranoside (26) Coupling of sulfoxide23
(0.16 g, 0.25 mmol) with dono25 (0.08 g, 0.21 mmol) by the
standard coupling protocol gave disaccha@6€0.17 g, 0.19 mmol)
in 93% vyield: []*% —81.8 € 1.0, CHC}); *H NMR (500 MHz,
CDCl) 6 8.34 (d,J = 8.0 Hz, 1H), 7.85 (tJ = 7.5 Hz, 2H), 7.65
(d,J = 7.0 Hz, 1H), 7.187.54 (m, 23H), 5.62 (s, 1H), 5.53 (s,
1H), 4.98 (d,J = 12.0, Hz, 1H), 4.93 (d) = 12.5 Hz, 1H), 4.74
(t, J = 12.5 Hz, 2H), 4.584.66 (m, 2H), 4.48 (s, 1H), 4.36 (dd,
J=4.5,10.5 Hz, 1H), 4.20 (dd,= 5.0, 10.5 Hz, 1H), 4.074.15
(m, 4H), 3.94-3.98 (m, 2H), 3.86 (tJ = 10.5 Hz, 1H), 3.76 (dJ
= 3.0 Hz, 1H), 3.60 (s, 4H), 3.41 (di,= 5.0, 10.0 Hz, 1H), 3.02
(dt, J = 5.0, 9.5 Hz, 1H)}C NMR (125 MHz, CDC}) ¢ 138.8,

21H), 5.60 (s, 1H), 5.47 (s, 1H), 5.37 (s, 1H), 507 (m, 2H),
4.97 (d,J=12.0 Hz, 1H), 4.81 (dJ = 12.5 Hz, 1H), 4.72 (d) =
11.0 Hz, 1H), 4.55 (dJ = 12.5 Hz, 1H), 4.54 (s, 1H), 4.38 (dd,
= 5.0, 10.5 Hz, 1H), 4.30 (s, 1H), 4.3@.23 (m, 5H), 4.06-4.04
(m, 2H), 3.96 (tJ = 10.0 Hz, 1H), 3.753.86 (m, 5H), 3.70 (dJ
= 4.0 Hz, 1H), 3.63 (s, 3H), 3.668.63 (m, 1H), 3.42-3.48 (m,
1H), 3.013.12 (m, 2H), 2.47 (dJ = 9.0 Hz, 1H);3C NMR (125
MHz, CDCk) ¢ 138.3, 138.2, 137.4, 137.4, 129.1, 129.0, 128.60,
128.55, 128.4, 128.2, 128.1, 127.9, 127.8, 126.3, 126.22, 126.16,
103.8, 101.80, 101.75, 101.7, 97.4, 97.2, 79.6, 77.6, 77.3, 75.1,
74.3, 73.6, 73.3, 72.9, 72.7, 70.2, 68.7, 68.6, 67.8, 67.1, 57.7,
ESIHRMS calcd for GHesO16Na [M + Na]t 1075.4087, found
1075.4090.

Phenyl 4,60-Benzylidene-20-benzyl-3-O-[3-(naphthalen-1-
yl)prop-2-ynyl]- f-p-mannopyranosyl-(+—3)-4,6-O-benzylidene-
2-O-benzyl-1-thio-o-p-mannopyranoside(31).Coupling of sul-

138.1, 137.5, 137.4, 133.4, 133.2, 130.7, 129.1, 128.9, 128.8, 128.4foxide donor23 (0.105 g, 0.17 mmol) with thioglycosid& (0.050
128.3,128.2,128.1, 127.3, 127.0, 126.5, 126.3, 126.2, 125.2, 120.3g, 0.11 mmol) by the standard coupling protocol gave disaccharide
103.7, 101.8, 101.5, 97.4, 90.5, 84.4, 78.3, 77.0, 76.0, 74.8, 74.3,31(0.081 g, 0.085 mmol) as a colorless syrup in 76% yietd}?%

73.5, 72.9; ESIHRMS calcd forggHs,01:Na [M + Na]* 899.3408,
found 899.3444.

Methyl 4,6-O-Benzylidene-20-benzyl-3-p-mannopyranosyl-
(1—3)-4,6-0-benzylidene-20-benzyl{5-p-mannopyranoside (27).

+37.6 € 2.0, CHCB); 'H NMR (500 MHz, CDC}) 6 8.35 (d,J =
8.5 Hz, 1H), 7.85 (t) = 7.5 Hz, 2H), 7.67 (dJ = 7.0 Hz, 1H),
7.20-7.53 (m, 28H), 5.64 (s, 1H), 5.63 (s, 1H), 5.56 (s, 1H), 5.02
(d,J = 11.5 Hz, 1H), 4.83 (dJ = 11.5 Hz, 1H), 4.654.72 (m,
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3H), 4.48 (d,J = 12.5 Hz, 1H), 4.41(dd) = 3.0, 10.0 Hz, 1H),
4.24-4.36 (m, 5H), 4.18 (t) = 9.5 Hz, 1H), 4.07-4.08 (m, 1H),
3.95 (d,J = 3.0 Hz, 1H), 3.91 (tJ = 10.0 Hz, 2H), 3.77 (ddJ =

3.5, 10.0 Hz, 1H), 3.12 (dt] = 4.5, 9.5 Hz, 1H)13C NMR (125
MHz, CDCl) 6 138.8, 137.6, 137.5, 137.1, 133.8, 133.4, 133.2,

Crich et al.

J=5.0, 10.0 Hz, 1H)}*C NMR (125 MHz, CDC}) 6 141.6, 138.8,

138.3, 137.5, 137.1, 136.6, 133.4, 133.2, 131.9, 130.7, 129.6, 129.2,
129.0, 128.9, 128.7, 128.5, 128.3, 128.23, 128.19, 128.1, 127.8,
127.4,127.0, 126.5, 126.3, 126.2, 125.2, 124.4, 120.3, 101.9, 101.7,
101.5,98.4,97.9,96.3,90.4,84.4,78.4,77.3,77.0, 76.4, 76.1, 74.9,

131.8, 130.7, 129.3, 129.1, 129.0, 128.9, 128.61, 128.55, 128.4,74.3, 73.9, 73.7, 72.7, 72.1, 70.7, 70.2, 68.6, 68.2, 67.8, 58.6;
128.2,128.1, 127.9, 127.3, 127.0, 126.5, 126.3, 126.2, 126.1, 125.2 ESIHRMS calcd for GgH740:6SNa [M + Na]* 1333.4590, found
120.3, 101.9, 101.5, 98.4, 90.5, 86.0, 84.5, 78.4, 77.4, 76.6, 75.7,1333.4589.

75.0, 72.7, 72.1, 68.64, 68.56, 67.7, 65.5, 58.8; ESIHRMS calcd

for CsgHs540:0SNa [M + Nt'il]+ 977.3336, found 977.3380.
Phenyl 4,60-Benzylidene-20-benzyl5-p-mannopyranosyl-
(1—3)-4,6-0-benzylidene-20-benzyl-1-thio-a-pD-mannopyrano-
side (32).Removal of the naphthylpropargyl group from compound
31(1.30 g, 1.36 mmol) by the standard protocol gave pro@act
(0.95 g, 1.20 mmol) in 88% yield: o] ?%5 —2.2 (¢ 1.0, CHC}); *H
NMR (500 MHz, CDCk) 6 7.45-7.49 (m, 6H), 7.247.38 (m,
19H), 5.68 (s, 1H), 5.64 (s, 1H), 5.33 (s, 1H), 5.06 Jd= 11.0
Hz, 1H), 4.77 (dJ = 12.0 Hz, 1H), 4.62 (dJ = 12.0 Hz, 1H),
4.55 (d,J = 12.0 Hz, 1H), 4.42 (dd] = 3.0, 10.0 Hz, 1H), 4.35
4.40 (m, 2H), 4.224.30 (m, 3H), 4.12-4.13 (m, 1H), 3.92 (tJ =
10.0 Hz, 1H), 3.83 (tJ = 9.0 Hz, 1H), 3.74-3.78 (m, 2H), 3.58
3.66 (m, 1H), 3.10 (dt) = 4.5, 9.5 Hz, 1H), 2.53 (d] = 9.5 Hz,
1H); 13C NMR (125 MHz, CDC}) ¢ 138.1, 137.44, 137.36, 137.1,

Methyl 4,6-O-Benzylidene-20-benzyl-3-O-{3-(naphthalen-1-
yl)prop-2-ynyl]- 5-p-mannopyranosyl-(+—3)-4,6:0-benzylidene-
2-0O-benzyl5-p-mannopyranosyl-(+—3)-4,6-O-benzylidene-20-
benzyl-a-p-mannopyranosyl-(1-3)-4,6 O-benzylidene-20-benzyl-
B-b-mannopyranosyl-(+—3)-4,6-0O-benzylidene-20-benzyl-5-p-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl-4-b-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl-3-b-
mannopyranoside (3®) and Methyl 4,6-O-Benzylidene-20-
benzyl-3-O-[3-(naphthalen-1-yl)-prop-2-ynyl]-3-b-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl-3-b-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl--b-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl-3-b-
mannopyranosyl-(1—3)-4,6-0-benzylidene-20-benzyl-3-b-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl-3-b-
mannopyranosyl-(1—3)-4,6-O-benzylidene-20-benzyl-3-b-

133.7, 131.8, 129.3, 129.08, 129.05, 128.7, 128.6, 128.5, 128.4,mannopyranoside (3B). To a stirred solution of sulfoxide donor
128.2, 127.9, 127.8, 126.3, 102.0, 101.8, 97.8, 86.1, 79.8, 77.5,34 (120 mg, 0.09 mmol), TTBP (40 mg, 0.16 mmol), and 4 A

77.30, 77.25, 75.4, 74.9, 72.4, 72.2, 70.2, 68.7, 68.6, 67.0, 65.6;

ESIHRMS calcd for GeHs6010SNa [M + NaJ+ 813.2704, found
813.2694.

Phenyl 4,60-Benzylidene-20-benzyl-3-0O-[3-(naphthalen-1-
yl)-prop-2-ynyl]- f-b-mannopyranosyl-(+—3)-4,6-O-benzylidene-
2-O-benzyl5-pD-mannopyranosyl-(+—3)-4,6-O-benzylidene-20-
benzyl-1-thio-o-p-mannopyranoside (33) Coupling of sulfoxide
donor 23 (0.063 g, 0.10 mmol) with thioglycosidg2 (0.062 g,

molecular sieves in a mixed solvent of @k, and 1-octene (7.5
mL, viv, 4:1), at—78 °C under argon atmosphere, was adde®Tf
(15uL, 0.09 mmol). After the reaction mixture was stirred-at8

°C for 30 min, a solution of accept@9 (80 mg, 0.075 mmol) in
CH.CI, (1.5 mL) was added. The stirring was maintained for
30 min at—78 °C, and the reaction temperature was allowed to
warm to —20 °C slowly over 30 min. The resultant mixture
was stirred for another 30 min at20 °C before it was quenched

0.08 mmol) by the standard coupling protocol gave trisaccharide by pouring into aq NaHC@solution. The mixture was diluted

33(0.074 g, 0.06 mmol) as a colorless syrup in 73% yield}?],
—40.5 € 1.0, CHCE); 'H NMR (500 MHz, CDC4) ¢ 8.33 (d,J =

8.0 Hz, 1H), 7.84 (tJ = 7.5 Hz, 2H), 7.63 (dJ = 7.0 Hz, 1H),
7.44-7.52 (m, 10H), 7.287.40 (m, 20H), 7.187.23 (m, 5H),
7.11-7.12 (m, 3H), 5.66 (s, 1H), 5.60 (s, 1H), 5.56 (s, 1H), 5.49
(s, 1H), 4.99 (d) = 12.0 Hz, 1H), 4.93 (dJ = 12.0 Hz, 1H), 4.77

(t, J = 12.0 Hz, 2H), 4.53-4.70 (m, 4H), 4.43 (ddJ = 3.0, 10.0
Hz, 1H), 4.06-4.35 (m, 10H), 3.853.94 (m, 6H), 3.71 (dd) =
3.0, 10.0 Hz, 1H), 3.083.14 (m, 2H):33C NMR (125 MHz, CDC})

0 138.8, 138.2, 137.5, 137.4, 137.0, 133.7, 133.4, 133.2, 131.9,

with CH,CI, and filtered through Celite. The organic layer was
washed with brine, dried over N&O;,, and concentrated. The
residue was purified by chromatography on silica gel (hexane/ethyl
acetate; 2:+ 1.5:1) to give a mixture of hexasaccharidgs,

356 (103 mg, 61%) in 1:1 ratio as estimated Byl NMR
spectroscopy of the mixture. Separation of 30 mg of the mixture
by RP HPLC using a gradient of 90% A to 100% A over 144 min
(A: CH3CN, B: H;O; Varian Microsorb Gg 250 x 21.4 mm;
flow rate: 5 mL/min; UV detection: 215 nm) gave pure samples
of 35a, 355.

130.7,129.3,129.0, 128.9, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, Hexasaccharide 3&: [o]?*°; —127.7 € 0.5, CHC}); *H NMR
127.9,127.8,127.3, 126.9, 126.5, 126.3, 126.2, 125.2, 120.3, 101.8(500 MHz, CDC}) ¢ 8.33 (d,J = 8.5 Hz, 1H), 7.82 (tJ = 8.0
101.7, 101.5, 98.0, 90.4, 85.8, 84.4, 78.4, 76.1, 75.4, 74.9, 74.2,Hz, 2H), 7.62 (dJ = 7.0 Hz, 1H), 7.057.50 (m, 61H), 6.97 (d,

73.9,73.4,72.3,71.9, 68.6, 67.8, 65.5, 58.7; ESIHRMS calcd for
CyH74015SNa [M + Na]t 1317.4641, found 1317.4630.

Phenyl 4,60-Benzylidene-20-benzyl-3-O-[3-(naphthalen-1-
yl)-prop-2-ynyl]- 5-p-mannopyranosyl-(1-3)-4,6-O-benzylidene-
2-O-benzyl5-p-mannopyranosyl-(+—3)-4,6-O-benzylidene-20-
benzyl-1-thio-a-p-mannopyranoside S-Oxide (34).To a stirred
solution 0f33(0.98 g, 0.76 mmol) in CECl, (40 mL) was added
a solution ofm-CPBA (77%, 0.17 g, 0.76 mmol) in GE&l, (2
mL) dropwise at—78 °C. The resultant mixture was stirred for 1
h during which time the temperature was allowed to warm up to
—20°C slowly. The reaction mixture was then quenched by pouring
into aq NaHCQ@ solution and was diluted with Ci&l,. The organic
layer was separated, washedwitM agNaOH solution and brine,
dried over anhydrous N8O, and concentrated. The residue was
purified by chromatography on silica gel (hexane/ethyl acetate;
1.5:1) to give the title compour@4 (0.98 g, 98%): {]*>> —103.9
(c 1.0, CHC}); 'H NMR (500 MHz, CDC}) 6 8.34 (d,J = 8.0
Hz, 1H), 7.84 (tJ = 8.0 Hz, 2H), 7.1+7.65 (m, 39H), 5.58 (s,
2H), 5.48 (s, 1H), 5.01 (d] = 12.0 Hz, 1H), 4.93 (dJ = 12.0 Hz,
1H), 4.58-4.77 (m, 7H), 4.43-4.52 (m, 2H), 4.1+4.31 (m, 8H),
4.08 (t,J = 9.5 Hz, 1H), 3.94 (tJ = 10.0 Hz, 1H), 3.853.88 (m,
4H), 3.71-3.78 (m, 2H), 3.15 (dt) = 5.0, 10.0 Hz, 1H), 3.08 (dt,
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J=7.5Hz, 2H), 5.63 (s, 1H), 5.57 (s, 1H), 5.56 (s, 1H), 5.55 (s,
1H), 5.45 (s, 1H), 5.39 (s, 1H), 4.4%.07 (m, 15H), 4.39 (dd] =
3.5, 9.0 Hz, 2H), 3.684.25 (m, 33H), 3.63 (s, 3H), 3.6(8.65
(m, 1H), 3.45 (dtJ = 4.5, 9.0 Hz, 1H), 3.053.12 (m, 3H), 3.01
(dt, J = 4.5, 9.5 Hz, 1H)13C NMR (125 MHz, CDC}) 6 138.8,
138.29, 138.27, 138.2, 137.9, 137.7, 137.5, 137.4, 137.3, 133.4,
133.2,130.7, 129.5, 129.00, 128.96, 128.91, 128.85, 128.7, 128.6,
128.47, 128.45, 128.4, 128.34, 128.29, 128.24, 128.21, 128.16,
128.1, 128.0, 127.88, 127.85, 127.8, 127.3, 126.9, 126.5, 126.3,
126.2, 125.2, 120.3, 103.9, 102.2, 101.8, 101.69, 101.65, 101.5,
98.8,98.5,97.6, 97.3,90.4, 84.4, 78.8, 78.3, 77.3, 76.9, 76.1, 76.0,
75.1, 74.8, 74.24, 74.16, 74.1, 73.9, 73.8, 73.7, 73.5, 73.3, 73.2,
72.6,72.4,72.1,71.8,68.7,68.6, 67.8,67.7, 67.5, 64.6, 58.6, 57.7,
ESIHRMS calcd for GH1303:Na [M + Na]t 2259.8645, found
2259.8513.

Hexasaccharide 3B: [0]?% —132.2 € 0.5, CHCE); 'H NMR
(500 MHz, CDC}) ¢ 8.33 (d,J = 8.0 Hz, 1H), 7.83 (tJ = 7.5
Hz, 2H), 7.63 (dJ = 7.0 Hz, 1H), 7.09-7.51 (m, 63H), 5.62 (s,
1H), 5.55 (s, 1H), 5.53 (s, 1H), 5.51 (s, 1H), 5.50 (s, 1H), 5.48 (s,
1H), 4.98-5.08 (m, 5H), 4.89 (dJ = 12.0 Hz, 1H), 4.66-4.83
(m, 7H), 4.59-4.63 (m, 2H), 4.53-4.54 (m, 1H), 4.39 (ddJ =
4.5, 10.5 Hz, 2H), 3.784.24 (m, 30H), 3.68 (dd] = 3.0, 9.5 Hz,
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1H), 3.63 (m, 4H), 3.45 (dtJ = 5.0, 9.5 Hz, 1H), 3.13 (dt) =
5.0, 9.5 Hz, 1H), 3.023.08 (M, 4H)3C NMR (125 MHz, CDC})

JOC Article

pB-D-mannopyranosyl-(+—3)-3-p-mannopyranosyl-(1—3)--b-
mannopyranoside (37) A mixture of hexasaccharidggs (19 mg,

0 138.8, 138.3, 138.2, 138.1, 137.5, 137.43, 137.37, 137.3, 133.4,0.01mmol) and 10% Pd(OHYE (30 mg) in a mixed solvent of
133.2, 130.6, 128.99, 128.95, 128.91, 128.8, 128.7, 128.5, 128.42 methanol (2.0 mL) and ethyl acetate (0.5 mL) was shaken under
128.35, 128.3,128.21, 128.19, 128.1, 127.93, 127.87, 127.3, 126.950 psi of H, for 40 h. The mixture was filtered through Celite,
126.5, 126.24, 126.17, 126.1, 125.2, 120.3, 103.9, 101.8, 101.70,followed by removal of the solvent under reduced pressure to give
101.63, 101.5, 97.5, 97.3, 90.4, 84.4, 78.4, 76.9, 76.1, 74.9, 74.2,mannohexos&7 (10 mg, 100%): ¢]*°% —68.9 € 0.25, MeOH:
73.9,73.8,735,73.3,73.2,72.5,72.4,72.1,72.0, 68.7, 68.5, 67.8,H,0, 1:1);'H NMR (500 MHz, D,O) 6 4.65-4.74 (m, 6H), 4.42

58.6, 57.7; ESIHRMS calcd for fgHi13,03:Na [M + Na]*
2259.8645, found 2259.8560.

Methyl 4,6-O-Benzylidene-20-benzyl-3-p-mannopyranosyl-
(1—3)-4,6:0-benzylidene-20-benzyl-b-mannopyranosyl-(1-3)-
4,6-0O-Benzylidene-20-benzyl-o-p-mannopyranosyl-(1—3)-4,6-
O-benzylidene-20-benzyl3-p-mannopyranosyl-(1—3)-4,6-O-
benzylidene-20-benzyl-$-p-mannopyranosyl-(1+3)-4,6-O-
benzylidene-20-benzyl-$-p-mannopyranosyl-(++3)-4,6-O-
benzylidene-20-benzyl$-p-mannopyranoside (36) and Methyl
4,6-0O-Benzylidene-20-benzyl-5-p-mannopyranosyl-(1—3)-4,6-
O-benzylidene-20-benzyl3-p-mannopyranosyl-(1—3)-4,6-O-
benzylidene-20-benzyl5-p-mannopyranosyl-(1—3)-4,6-O-ben-
zylidene-2-0O-benzyl-3-p-mannopyranosyl-(1—3)-4,6-O-
benzylidene-20-benzyl-$-p-mannopyranosyl-(+3)-4,6-O-
benzylidene-20-benzyl-5-p-mannopyranosyl-(1+3)-4,6-O-
benzylidene-20-benzyl-5-b-mannopyranoside (3®). Removal
of the naphthylpropargyl group from a 1:1 mixture 6o and
355 (85 mg, 0.038 mmol) by the standard deprotection pro-
tocol gave36 as a mixture of anomers (55 mg, 70%). Separation
by RP HPLC using a gradient of 80% A to 100% B over 144 min
(A: CH3CN, B: H,O; Varian Microsorb G 250 x 21.4 mm;
flow rate: 10 mL/min; UV detection: 215 nm) gave pure samples
of 360, 368 respectively.Hexasaccharide 36: [0]?p —122.7
(c 1.0, CHC}); 'H NMR (500 MHz, CDC}) 6 7.43-7.52 (m,
11H), 7.12-7.41 (m, 47H), 7.01 (dJ = 7.5 Hz, 2H), 5.64 (s, 1H),
5.59 (s, 1H), 5.55 (s, 2H), 5.41 (s, 1H), 5.36 (s, 1H), 48108
(m, 7H), 4.76 (d,J = 3.5 Hz, 1H), 4.73 (dJ = 3.5 Hz, 1H),
4.48-4.55 (m, 2H), 4.41 (dt) = 4.5, 10.0 Hz, 2H), 3.744.32
(m, 30H), 3.70 (d, 3.5 Hz, 1H), 3.663.68 (m, 1H), 3.64 (s,
3H), 3.573.58 (m, 1H), 3.45 (dtJ = 5.0, 10.0 Hz, 1H), 3.06
3.16 (m, 4H), 2.47 (s, 1H)}:3C NMR (125 MHz, CDC}) ¢ 138.3,

138.2, 138.1, 137.9, 137.7, 137.4, 137.34, 137.30, 137.2, 129.5,

(s, 1H), 4.13 (s, 3H), 4.04 (s, 1H), 3.92 (s, 1H), 3285 (m,
11H), 3.40-3.43 (m, 1H), 3.40 (s, 3H), 3.263.29 (m, 6H);°C
NMR (500 MHz, D,O) 6 100.8 {Jcy = 157.9), 96.6 {Jcy = 158.6),
96.4 (Jcyn = 159.4), 81.7, 78.9, 78.8, 78.7, 76.3, 76.0,
75.8, 72.8, 70.7, 67.7, 67.6, 67.1, 66.8, 65.2, 65.1, 61.0, 56.8;
ESIHRMS calcd for GHgsOs31Na [M + Na]™ 1027.3324, found
1027.3334.

Methyl [(-b-Mannopyranosyl-(1—3)-5-b-mannopyranosyl-
(1—3)-a-p-mannopyranosyl-(1—3)-3-p-mannopyranosyl-(1—3)-
B-D-mannopyranosyl-(+—3)-4-p-mannopyranosyl-(1—3)--b-
mannopyranoside (38) A mixture of hexasaccharidg6o (23 mg,
0.01mmol) and 10% Pd(OH (30 mg) in a mixed solvent of
methanol (2.0 mL) and ethyl acetate (0.5 mL) was shaken under
50 psi of K, for 21 h until the reaction was over as monitored by
TLC. The mixture was filtered through Celite followed by removal
of the solvent under reduced pressure to give mannoh8&ge?
mg, 100%): {]*% —40.0 € 0.5, MeOH/HO, 1:1);'H NMR (500
MHz, D;0) 6 5.03 (s, 1H), 4.43 (s, 1H), 4.65.12 (m, 5H), 3.93
(s, 1H), 3.86-3.81 (m, 7H), 3.53-3.68 (m, 12H), 3.393.44 (m,
4H), 3.20-3.30 (m, 7H);*3C NMR (500 MHz, }O) ¢ 102.1 {Jcn
= 165.0), 100.8%Jch = 155), 96.9, 96.7, 96.54, 96.49, 80.2, 79.0,
77.2,76.4,76.2,76.1,76.0,75.9,73.1,72.9,72.1, 70.8, 70.5, 67.83,
67.78,67.2,66.9, 66.3, 65.3, 65.2, 62.5, 61.1, 61.0, 57.4, 56.9, 48.9;
ESIHRMS calcd for GHgsO31Na [M + Na]™ 1027.3324, found
1027.3338.

1-Naphthylpropargylcyclohexyl Ether (40). A mixed solution
of propargyl cyclohexyl ethé? (0.94 g, 6.8 mmol) and 1-bro-
monaphthalene (1.05 mL, 7.5 mmol) in triethylamine (20 mL) was
degassed by bubbling Ar gas for 30 min, and then R&Eh),
(0.24 g, 0.34 mmol) and Cul (0.064 g, 0.34mmol) were successively
added into the reaction mixture. The resulting mixture was stirred

129.1. 128.94 128.90 128.7 128.6. 128.43 128.38 128.3 At 50-55 °C overnight under Ar and then was filtered through

128.23,128.18, 128.15, 128.1, 128.0, 127.94, 127.90, 127.8, 126.24C¢€lite- The filter cake was washed with g, and the filtrate

126.21 126.1. 103.8. 102.1. 101.8. 101.7. 101.6. 98.8. 98.2 975Was concentrated under vacuum and residue was purified by
97.3 79.6. 78.7. 77.6. 77.2. 76.9. 76.0. 75.0 74.23 74.19. 74.1 chromatography on silica gel (hexane/ethyl acetate; 20:1) to afford

"the title compound!O (0.80 g, 44%) as a colorless oitH NMR
73.9, 73.72, 73.67, 73.5, 73.1, 72.5, 72.3, 72.0, 71.8, 70.2, 68.7,
68.6,68.5, 67.7, 67.6, 67.5, 67.0, 64.6, 64.2, 57.7; ESIHRMS calcd (300 MHz, COCl) ¢ 1.25-1.42 (m, SH), 1.551.60 (m, 1H),

for Ci2iH1240sNa [M + Na]* 2095.8019, found 2095.7938.
Hexasaccharide 38: [a]?, —152.5 € 1.0, CHC}); 'H NMR
(500 MHz, CDC}) 6 7.44-7.47 (m, 14H), 7.227.36 (m, 49H),
5.63 (s, 1H), 5.495.53 (m, 4H), 5.37 (s, 1H), 4.975.08 (m, 6H),
4.75-4.84 (m, 5H), 4.534.55 (m, 2H), 4.40 (ddJ = 4.5, 10.0
Hz, 1H), 3.76-4.26 (m, 33H), 3.64 (s, 3H), 3.58.58 (m, 1H),
3.45 (dt,J = 4.5, 9.0 Hz, 1H), 3.0%3.17 (m, 5H), 2.47 (br. s,
1H); 13C NMR (125 MHz, CDC}) 6 138.3, 138.22, 138.16, 137.4,

1.78-1.79 (m, 2H), 2.06-2.03 (m, 2H), 3.623.66 (m, 1H), 4.55
(d,J=2.5Hz, 2H), 7.43-7.47 (m, 1H), 7.547.61 (m, 2H), 7.6%

7.70 (m, 1H), 7.86-7.90 (m, 2H), 8.33 (dJ = 8.0 Hz, 1H):13C

NMR (125 MHz, CDCl,) 6 24.1, 25.8, 32.1, 55.8, 76.7, 83.0, 91.4,
91.4,120.5, 125.2, 126.0, 126.4, 126.8, 128.3, 128.8, 130.5, 133.2,
133.3; ESIHRMS (EI) calcd for gH,cO[M]* 264.1514, found
264.1521.

137.3, 129.1, 129.0, 128.72, 128.66, 128.5, 128.4, 128.3, 128.2, Acknowledgment. We thank the NIH (GM57335) for
128.1, 128.0, 127.8, 126.3, 126.2, 126.1, 103.9, 101.81, 101.79,support of this work and Professors Shin-ichiro Nishimura and
101.7, 101.6, 97.5, 97.4, 97.3, 79.6, 77.7, 75.1, 74.2, 74.0, 73.9,Masaki Kurogochi, Hokkaido University, for mass spectrometry
73.5,73.3,73.2,725,72.4,72.0,70.2,68.7, 68.6, 67.8, 67.7, 67.1,0f the hexaose.

57.7; ESIHRMS calcd for G1H124031Na [M + Na]* 2095.8019,
found 2095.7932.

Methyl [(-p-Mannopyranosyl-(1—3)-5-b-mannopyranosyl-
(1—3)-B-p-mannopyranosyl-(+—3)-4-b-mannopyranosyl-(1—3)-

(70) Wardrop, D. J.; Fritz, JOrg. Lett.2006 8, 3659-3662.

Supporting Information Available: Copies of spectra of all
compounds. This material is available free of charge via the Internet
at http://pubs.acs.org.
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