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The synthesis of 4,8-benzylidene-protected 2-deoxyarabino-, 3-deoxyarabino-, and 3-deoxyribothio-
glycosides is described and their glycosylation reactions, with activation by either 1-benzenesulfinyl
piperidine/trifluoromethansulfonic anhydride or diphenyl sulfoxide/trifluoromethanesulfonic anhydride,
studied. In contrast to the corresponding @®#enzylidene-protected glucosyl and mannosyl donors,
which area- andf-selective, respectively, poor diastereoselectivity is observed in all cases. The reasons
for this poor selectivity are discussed in terms of the interaction between th©®Z2and C3-O3 bonds

in the glucosyl and mannosyl donors and of the influence of this interaction on the ease of formation of
the intermediate glycosyl oxacarbenium ions.

Introduction

3,4-O-carbonate-protected 6-deoxymanno (rhamno) dértor
the corresponding gluco donér!!

One of the more intriguing aspects of the Q&enzylidene-

directed f-mannopyranosylation reactions developed in this OBn R
—6 ; . .. . ph/vo 0 ph/vo o
laboratory—© is the change in selectivity observed with the e %5 S.
corresponding glucopyranosyl and galactopyranosyl donors, &R ogn O
which area-selective*6° This contrast in selectivity, originally t:in=1 Ok 2:n=1
seen with donorg and2,” on activation with trifluoromethane- 3:n=0 4n=0
sulfonic anhydride in the presence of a hindered non-nucleo- OBn
philic base such as 2,4,6-tért-butylpyrimidine (TTBP).° and OWSP" /&/S%
subsequently observed with don@&sand4, on activation with O>/‘ O oen Y OBn
1-benzenesulfinyl piperidine (BSP) and triflic anhydridis s 6
reflected in the reducef-selectivity seen on going from the By
n /g
Ph~S=N NN
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SCHEME 1. Glycosylation Mechanism oS0 95% P RO QO
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jR"OH jR"OH FIGURE 1. Destabilizing interaction in the contact ion pair, illustrated
OB . ) ) :
Ph/%o on o /% o Ogn for the 4,60-benzylidene-protected glucosyl triflates.
Bno&/OR" BrO
B- o OR' . S . I .
i . contact ion pair is in turn in equilibrium with a solvent separated
(preferred in mannose) (preferred in glucose)

ion pair (SSIP)9, which we presume to be the source of the

However, it was recognized that the analysis was based ona-glycosides (Scheme 1). The function of the benzylidene acetal
thermodynamic considerations and might not be relevant to is to shift the series of equilibria betwe&rand the two ions as
kinetically determined stereoselectivity. It is well-known that far as possible toward the covalent triflatethereby minimizing
the anomeric effect is higher in mannopyranosides than in the population of the SSI®and, at least in the mannose series,
glucopyranosides, leading to a greater thermodynamic preferencéhe formation ofo-glycosides. The benzylidene acetal exerts
for the a-anomers in the mannose serlésand it is evident its influence through a combination of torsional factors that come
that the glycosylation stereochemistries obtained with donors into play as the covalent triflate chair conformer flattens to the
1—4 at reaction temperatures from78 to —60 °C are kinetic ~ 0xacarbenium ion i8'#!and by maintaining the C5C6 bond
in Origin_ According|y, while the geometries of the AB- in the most emCtrOﬂ-WithdraWing conformer?® On this basis,
benzylidene-protected oxacarbenium ions computed by thetheo-selective glucosylations arise through the SSdhd the
Nukuda and Whitfield groups are taken into account in the Problem is reduced to one of understanding the reasons for its
discussion below, the rationale for glycosylation stereochemistry greater population in the glucose series. There remains the
presented by these authors is not further considered. Differenceglternative possibility that the-glucosides are formed via the
in reactivity of mannopyranosyl and glucopyranosyl oxacarbe- intermediacy of a second contact ion pair, with the triflate
nium ions have also been discussed recenﬂy by Lucero andcounterion shleldlng thﬁ-face of the oxacarbenium ion, which
Woerpel'4 in the context of a broader investigation into the would necessarily be in equilibrium with a covalghglycosyl
synthesis of C-glycosides and the influence of substituents ontriflate, much as envisaged by Lemieux in his halide ion
the stereoselectivity of oxacarbenium ion trappthdn the promoted a-glucosylations! While we cannot exclude this
absence of a conformationally restricting group, such as the mechanism COI’]C|USiVG|y, we consider it unlikely on the grounds
benzylidene acetal, these authors considered the @etra- that our NMR experiments provided no evidence for the
benzylmannopyranosyl cation to exist predominantly in’te existence of g-glucosyl triflate’
conformer but to react via the less populatéty form, in a We considered that the shift toward the SSIEnplied by
typical Curtir—Hammett kinetic scheme to afford the-C- the change frong- to a-selectivity observed on going from
glycosides in high yield. The-selective C-glycosylation of the  the manno to the gluco series might be due to greater repulsion
tetraO-benzylglucopyranosyl cation was also considered to take between the O-2 substituent and the triflate counterion in the
place through théH; conformert* With the benzylidene acetal  CIP 8 in the gluco series, which would have the effect of
in place, and the®H, conformer of the oxacarbenium ion facilitating SSIP formation (Figure 1).
excluded from consideration, the problem is simplified and only  Alternatively, we were intrigued by the notion that the-©2
the“Hs conformer need be considered along with the somewhat C2—C3—03 torsional interaction plays a significant role in the
relatedB, s and “E conformers preferred by the benzylidene- observed differing selectivities between the manno and gluco
protected manno- and glucopyranosy! cations according to theseries. Effectively, as the mannosyl triflat8 collapses to the
calculations of Nukuda, Whitfield, and their co-workéts. ion pair, in either the*Hs chair 11 or the B, 5 conformer12

We currently view the mechanism of the 46benzylidene- preferred by Nukuda and Whitfield, the O2-C2—-C3—-03
directed glycosylations, which are preformed, operationally by torsion angle decreases (Table 1), whereas when the gluco
preactivation of the donor before addition of the acceptor, as triflate 13 is transformed into either thHs chair 14 or the*E
proceeding through the intermediacy of a covalent glycosyl conformerl5favored by the computatiodsthe corresponding
triflate 7, which has been demonstrated spectroscopically to havetorsion angle is increased (Table 2).
the a-configuration in both the manno and the gluco sefits. Examination of the change in the ©22—C1-05 torsion
This intermediate, which is formed rapidly and which is stable angle with formation of the oxacarbenium ion is also instructive.
for many hours at low temperature in @Cl;, acts as areservoir  In mannose (Table 1) there is an increase in this torsion angle
for a transient contact ion pa8 (CIP) that is the true actual  on going from the covalent triflat&0 to the*Hs oxacarbenium

glycosylating species in thd-mannosylation reactiott. This ion 11 and maximization of this torsion angle in tH& s
conformer12 of the oxacarbenium ion. On the other hand, in

{12\ Nukada, T.; Berces, A; Whitfield, D. NCarbohydr. Res2002  glucose the 02C2~C1-05 torsion angle, which begins at
(i3) Lemieﬁx, R. U. InMolecular Rearrangements, Part De Mayo,

P., Ed.; Wiley: New York, 1964; pp 769769. (18) Fraser-Reid, B.; Wu, Z. C.; Andrews, W.; Skowronski,JEAm.
(14) Lucero, C. G.; Woerpel, K. AJ. Org. Chem2006 71, 2641 Chem. Soc199], 113 1434-1435.

2647. (19) Andrews, C. W.; Rodebaugh, R.; Fraser-Reid JBOrg. Chem.
(15) Smith, D. M.; Woerpel, K. AOrg. Biomol. Chem2006 1195 1996 61, 5280-5289.

1201. (20) Jensen, H. H.; Nordstrom, M.; Bols, M. Am. Chem. So2004
(16) Crich, D.; Sun, SJ. Am. Chem. S0d.997 119, 1121711223. 126, 9205-9213.
(17) Crich, D.; Chandrasekera, N. Sngew. Chem., Int. EQR004 43, (21) Lemieux, R. U.; Hendriks, K. B.; Stick, R. V.; James, K.Am.

5386-5389. Chem. Soc1975 97, 4056-4062.
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TABLE 1. Torsional Angle Values for Mannosyl! Triflate (10) and
the “Hs (11) and B2 5 (12) Conformers of the Mannosyl Catiorf?

OBn o
OBn OBE9 TfO
YO o — P\ %B o o7 o
BIO B> TO+ Ph/o’\ @ -0Bn
10 OTf 11 (*Hy) 12(Bys)
02-C2-C3-03 02-C2-C1-05
torsion angle (deg) torsion angle (deg)
10 60 60
11 45 135
A (10— 11) —15 +75
12 60 180
A (10— 12) 0 +120

TABLE 2. Torsional Angle Values for Glucosyl Triflate (13) and
the “H3z (14) and “E (15) Conformers of the Glucosyl Cation

e P N\o ©
P N0 o — Ph/voO O\@ O O 8 TfO
B BnO BnO
BnO

OBn OBn
13 OTf 14 (*Hs) 16 (*E)
02-C2-C3-03 02-C2-C1-05
torsion angle (deg) torsion angle (deg)
13 60 180
14 75 105
A (13— 14) +15 —75
15 90 120
A (13— 15) +30 —60

the maximum of 189in the covalent triflatel3, undergoes a
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Synthesis of the 2-Deoxy Donor ¥9

OAc
Q cd
aL Aﬁ%’o&/spn -
17

SCHEME 2.

AcO
N
16
Ph—<-0 e Ph/vog o
% ngqo _sPh — g% SPh
18 19
aReagents and conditions: (a) HCI, toluené() (b) PhSH, i-Pr)EtN,
toluene, rt, 47% over two steps; (c) NaOMe, MeOH; (d) PhCH(GQMe)
p-TsOH, DMF, 50°C, 60% over two steps; (e) NaH, BnBr, THF, reflux,
73%.

SCHEME 3. Preparation of the 3-Deoxy Ribo Donor 25

X
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a,b,c  AcO OAc AcO Q
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SPh
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24 s O

aReagents and conditions: (a) IR-120*H H.0, 80 °C; (b) Ac0,
pyridine, DMAP, rt, 85% for two steps; (c) B8nH, AIBN, toluene, reflux,
78%; (d) PhSH, BFELO, DCM, 0 °C, 97%, o/ = 1:4; () NaOMe,
MeOH; (f) PhCH(OMe), p-TsOH, DMF, 50°C, 96% for two steps; (g)
NaH, BnBr, THF, reflux, 93%.

Obvious routes to the 3-deoxy donors beginning with the

significant reduction regardless of whether the oxacarbenium Barton deoxygenation of 1,2;5,6-@-acetoneglucofuranose

ion exists in the!Hz or “E conformationsl4 and15, respectively
(Table 2). By analogy with Bols’ rationale for the benzylidene
effect?C it might be inferred that the higher GZ2—C1-05
torsion angle in the mannose oxacarbenium i@@sand 13
maximizes the electron-withdrawing effect of the-822 bond,
as compared to that in the glucosyl oxacarbenium ibhand
15. This in turn would contribute toward a destabilization of

and proceeding through 3-deokyp-ribo-hexopyranose and
1,2,4,6-tetra@-acetyl-3-deoxys-b-ribo-hexopyranose were not
satisfactory owing to formation of furanose isomers in significant
amounts” Eventually, a synthesis was devised in which 1,2;5,6-
di-O-acetoneglucofuranose was converted to the known 3-deoxy-
3-iodoallofuranose derivative0,282°which on deprotection in

acidic media and subsequent acetylation gave mainly the desired

the mannosy! oxacarbenium ions with respect to their glucosyl Pyranose form. Radical deiodination then affor@aéf in good
counterparts, which translates into a longer lived glucosyl yield. Treatment with thiophenol and boron trifluoride afforded

oxacarbenium ion and a concomitant loss of selectivity.
The effect of the O203 interaction on the rate of acid-

a 4:1 separable mixture of the anomeric thioglycos@zand
23, of which only the majos-isomer was processed through

catalyzed hydrolyses of methyl glycopyranosides was one of the subsequent routine steps of the synthesis to give the 3-deoxy

several factors considered by Edwafd;eather and Harri&,

and other® in some of the classical studies in the area, but has

ribo donor25 (Scheme 3).
Adapting a classical scheme for the formation®fman-

subsequently been overlooked. With a view to probing these Nopyranosides from th% correspondjiglucopyranoside¥;~*°
effects we have investigated the glycosylation stereoselectivity D€SS-Martin oxidatior¥® of 24 gave the corresponding ketone,

of a set of 4,60-benzylidene protected 2- and 3-deoxythiogly-
cosides and describe here the results of our investigations.

Results

Preparation of Donors. The synthesis of the 2-deoxy donor
19 was straightforward and followed the protocol outlined in
Scheme 2 starting from triacetyl glucal.

(22) Torsion angles were determined with ring conformations fixed
according to the parameters provided byrd&s and co-workers (http:/
www.sao.nrc.calibs/6ring.html). Bees, A.; Whitfield, D. M.; Nukuda, T.
Tetrahedron2001, 57, 477-491.

(23) Edward, J. TChem. Ind.1955 1102-1104.

(24) Feather, M. S.; Harris, J. B. Org. Chem1965 30, 153-157.

(25) Overend, W. G.; Rees, C. W.; Sequeira, JJ.8Chem. Socl962
3429-3440.

which was stereoselectively reduced with L-Selectride to give

(26) Barton, D. H. R.; McCombie, S. W. Chem. Soc., Perkin Trans.
11975 1574-1585.

(27) Withers, S. G.; Percival, M. D.; Street, |. ®arbohydr. Res1989
187, 43-66.

(28) Russell, R. N.; Weigel, T. M.; Han, O.; Liu, H.-&arbohydr. Res.
199Q 201, 95-114.

(29) Classon, B.; Liu, Z.; Samuelsson,BOrg. Chem1988 53, 6126~
6130.

(30) Theander, OActa Chem. Scand.958 12, 1883-1885.

(31) Barresi, F.; Hindsgaul, O. IModern Methods in Carbohydrate
Synthesiskhan, S. H., O'Neill, R. A., Eds.; Harwood Academic Publish-
ers: Amsterdam, 1996; p 25276.

(32) Pozsgay, V. Ii€arbohydrates in Chemistry and Bioladyrnst, B.,
Hart, G. W., SinayP., Eds.; Wiley-VCH: Weinheim, 2000; Vol. 1, p 319
343.

(33) Ito, Y.; Ohnishi, Y. InGlycoscience: Chemistry and Chemical
Biology, Fraser-Reid, B., Kuniaki, T., Thiem, J., Eds.; Springer-Verlag:
Berlin, 2001; Vol. 2, p 15891619.
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SCHEME 4. Preparation of the 3-Deoxy Arabino Donor 27
Ph—X-0 ap P Yo\ PH
O/%&/SPh — 0/%&/5%
OH
24 26

OBn

Ph—-

(o3

. 0%‘3/3%
27

aReagents and conditions: (a) Deddartin periodinane, DCM, rt; (b)
L-Selectride, THF;-78°C, 81% for two steps; (c) NaH, BnBr, THF, reflux,
94%.

the 3-deoxyarabino produ@6. Benzylation then afforded the
desired dono27 (Scheme 4).

Investigation of Key Intermediates. Exploratory experi-
ments conducted in CICl, by variable-temperaturtH NMR
spectroscopy revealed the 2-deoxy dot®to be fully activated
by the BSP/T4O combination within minutes at-60 °C.
However, only minor signals were observed in the region
anticipated?® (0 6.0—6.3) for the anomeric signal of the putative
glycosyl triflate intermediat@8. On warming to—30 °C, one
major compound, the glyc&9,:3” was formed, as determined
from key resonances ét6.38 (dd,J = 6.0, 1.2 Hz) and 4.86
(dd,J = 6.0, 2.0 Hz) indicative of the olefinic hydrogens, along
with other unidentified byproducts. The result suggested the
triflate 28to be too unstable for the glycosylations in the 2-deoxy

series. This behavior appears to be typical of the 2-deoxy series

as a parallel experiment with don86°8 also failed to afford

an observable glycosyl triflate but provided instead tribenzyl
glucal 31 on warming to—40 °C. Activation of thioglycoside
19with 2 equiv of diphenyl sulfoxid®4%and 1.1 equiv of triflic
anhydride was also rapid and provided a putative intermediate
glycosyl sulfonium ion32 of the type observed by Gin in his
studies on the activation of anomeric hemiacetals with diphenyl
sulfoxide and triflic anhydridé! On warming, decomposition

of this intermediate was complete by50 °C. In the 3-deoxy
series, the chemistry reverted to the more typical pattern
observed previously in our laboratdri1.16.42 with clean
activation of both25 and 27 by the BSP/TSO couple at—60

°C in CD,Cl; and the formation of the putative glycosyl triflates
33 and34, respectively, neither of which underwent decomposi-
tion until the temperature was raised+d.0 °C.

Glycosylation Reactionsln view of the variable-temperature
NMR experiments, couplings to the 2-deoxy dori® were
conducted at-60 °C with preactivation by a combination of 2
equiv of diphenyl sulfoxide and 1.1 equiv of triflic anhydride
in the presence of TTBP, before addition of the acceptor alcohol.

(34) Lichtenthaler, F. W.; Lergenitiar, M.; Peters, S.; Varga, Z.
Tetrahedron: Asymmetr®003 14, 727—736.

(35) Ekborg, G.; Lindberg, B.; Lonngren,Acta Chem. Scand. B972
26, 32873292.

(36) Dess, P. B.; Martin, J. d. Org. Chem1983 48, 4155-4156.

(37) Roush, W. R.; Sebesta, D. P.; Bennett, CTEtrahedron1997,

53, 8825-8836.

(38) Crich, D.; Ritchie, T. JJ. Chem. Soc., Perkin Trans199Q 945-
954.

(39) Code, J. D. C.; van den Bos, L. J.; Litjens, R. E. J. N.; Overkleeft,
H. S.; van Boeckel, C. A. A;; van Boom, J. H.; van der Marel, G. A.
Tetrahedron2004 60, 1057-1064.

(40) Code, J. D. C.; Litjens, R. E. J. N.; Van den Bos, L. J.; Overkleetft,
H. S.; Van der Marel, GChem. Soc. Re 2005 34, 769-782.

(41) Garcia, B. A.; Gin, D. YJ. Am. Chem. SoQ00Q 122, 4269
4279.

(42) Crich, D.; Hutton, T. K.; Banerjee, A.; Jayalath, P.; Picione, J.
Tetrahedron: Asymmetr005 16, 105-119.
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P2 PN Oié ° o Q.
BrO BN 856 Ph

oTf
28

OBn
(o]
A

31

30

29
P YO o
Bn
08. pPh
32 $
Ph

8y =6.51(d, J=2.4Hz),
decomp temp =-50 °C

OBn
Ph/%o/% ;o Ph/VOO/% Q
BnO (7 oTf
33 34
541 =6.15(d, J=24Hz), S, =609(s),

decomp temp =-20—> -10 °C decomp temp =-20—> -10°C

Satisfactory yields were obtained in this manner but selectivities
were poor, approaching a maximum of /b with a primary
alcohol (Table 3). As determined by NMR spectroscopy of the
crude reaction mixtures, comparable results were obtained when
diphenyl sulfoxide was replaced by BSP, but isolated yields
were reduced owing to difficulties in purification and are hence
not reported.

TABLE 3. Glycosylation of the 2-Deoxy Donor 19

Acceptor Product o/ Yield,
ratio” %
OMe Ph"-0 OMe 1:1.5 75
HO—ZL Bﬁ(&&'wow
S _o o _o
36 390,8
><° ><° 1:1.7 75
0 \_O. PA"Y-0 0\ 0.
36 O)< 400,B O)<
><° OH P Y Q 1:4 61
ogo BnO >0< 5
Q
X c&%
37 410, %
Ph~X-0 1:1.9 30
HO’@ ng%g\uwo/@
38 420,

aDetermined by'H NMR spectroscopy on the reaction mixture.

Glycosylation reactions with the 3-deoxy don@Sand?27
were conducted with preactivation by the BSBOftouple in
the presence of TTBP before addition of the acceptor and are
thought to proceed via the intermediacy of the glycosyl triflates
33and34, respectively, on the basis of the variable-temperature
experiments. The results of these experiments, all of which
proceeded with good yield but modest selectivity, are reported
in Tables 4 and 5.

While the assignment of stereochemistry in the 2-deoxy series
(Table 3) and in the 3-deoxy ribo series (Table 4) was
straightforward based on tRéy 12 coupling constants, that in
the 3-deoxy arabino series relies on the magnitude ofXhey;
coupling constant$344
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TABLE 4. Glycosylation of the 3-Deoxy Donor 25 TABLE 5. Glycosylation of the 3-Deoxy Donor 27

Acceptor Product oBf  Yield, Acceptor Product o/ Yield,
ratio’ % ratioc® %
M prvo\ o QOme 1.2:1 95 OMe oo\ 98" OMe  1.9:1 85
HO@# O%OW How 0%0@2
o} o) OBn [o} fo) g ]S
N < 2 e
36 430, 25 460,8
><° ><° 4.7:1 76 o 131 80
0. Ph~X- I
050&_?\0 o‘%&w% K??\ ><o o P Y0 Og"><o o
)< 0Bn g< HO. O \AJJQMMO
36 © 440, © og< Oo)<
36 4708
1:1.8 92

e\

38

OBn

Ph X0 o
it 181}
HO
450,B

38

Ph—0—\ 7B" 3.6:1 83
ENS AN
48,8

" Determined byH NMR spectroscopy on the reaction mixiure. aDetermined by*H NMR spectroscopy on the reaction mixture

Discussion ) . :
o ) Various 3-deoxyglycopyranosyl donors have been described in
The lack of stereoselectivity observed with the 2-deoxy donor the literature, but with rare exceptioffsall carried ester
19 (Table 3) is not surprising in view of the well-known  protecting groups on 02 to direct the glycosylation stereo-
difficulties in the stereoselective formation of 2-de0xyg|yco- Chemistr)55—58 and are not relevant to the present discussion.
pyranosidic linkages, in gener&*” and is somewhat antici-  |nterestingly, although the coupling was carried out under very
pated on the basis of the variable-temperature experiments andjifferent conditions to the ones employed here, the benzyl-
the manifest InStablhty of the intermediates. These prOb'emS protected 3_deoxyg|ucosy| chlorids® gave an approximate|y
obviously arise from the greater lability of the 2-deoxy systems, 1:1 mixture of two anomers on coupling to methyl 2,3,6Q¥i-
which is the result of the absence of the electron-withdrawing penzyl-p-glucopyranoside by the Lemieux chloride ion-
C2-02 bond and the greater facility of oxacarbenium ion catalyzed protocai:* Classical work on the acid-catalyzed
formation that this afford3?2>48=0 Accordingly, no further  hydrolysis of simple glycopyranosides revealed that removal
account is taken here of the results_ presented.m Table 3. Weof the C3-03 bond has only a relatively minor accelerating
do note, however, the reduceeselectivity seen with the donor  effect23-2559as might also be inferred from more recent work

19 as compared to the high-selectivity seen by Kahne and  on the disarming effect of ester protecting groups and their
co-workers with a series of 2,6-dideoxy glycosyl sulfoxides in |ocation on the pyranoside ring.

the course of their syntheses of ciclamyeht? evidently, the In the 3-deoxy ribo series (Table 4) there is a significant
4,6-0O-benzylidene acetal is not without influence over the course preference toward the formation of tieglycosides, away from

of these reactions. In a similar vein, we note fheelective  he o-selectivity previously observed with the glucosyl donors
glycosylations reported by Hashimoto on activation of the 3 5344, This does not accord with the hypothesis of Figure 1
2-deoxyglycosyl phosphitd9d, and related phosphates, with i, yhjch repulsion between the@-benzyl group and the triflate
trimethylsilyl triflate at—94°C, which were considered to take  ¢qynterion is responsible for a general loosening of the ion pair
place via intermediate gI_ycosyI trlflates! something that cannot ; the glucose series. Possibly, the move away foogelectivity

be excluded on the basis of the experiments presentedhere. yith donor25is a reflection of a minor change in conformation

oB of the oxacarbenium ion in the resulting CIP which facilitates
Q. OCB,“ p-face attack. As noted below, conformation effects have been
Bgr(])o BnO
BnOCI
49 50 . . . )
In the 3-deoxyarabino series (Table 5) there is a strong shift
The results obtained with the 3-deoxy don@S and 27 away from the higlfi-selectivity typically observed with donors

OP(OEH), shown to play a major role in the stereoselectivity of these
(Tab|es 4 and 5) are more germane to the question in handll and3. ObViOUSIy the absence of the electron'WithdraWingcs

glycosylation reactions.

(43) Bock, K.; Pedersen, Q. Chem. Soc., Perkin Trans1®74 293— (50) Namchuk, M. N.; McCarter, J. D.; Becalski, A.; Andrews, T.;

297. Withers, S. GJ. Am. Chem. So@00Q 122, 1270-1277.
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4589-4614. (52) Gildersleeve, J.; Smith, A.; Sakurai, D.; Raghavan, S.; Kahne, D.
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O3 bond cannot be totally neglected here, but it seems apparennoside (3%) and Methyl 4-O-(3'-O-Benzyl-4,6'-O-benzylidene-
that the loss of the compression of the-622—C3—03 torsion 2'-deoxy3-p-arabino-hexopyranosyl)-2,30-isopropylidene-a-L-
angle seen in the mannose series (Table 1) on going from thefhamnopyranoside (3%). Prepared by method A and purified by
covalent triflate to the oxacarbenium ion leads to a higher Mmeans of radial chromatography, eluting consecutive plates with

population of CIP, and consequently of the SSIP, with an overall hexanes to 1:9 diethyl ether/hexanes, and then with hexanes to 1:19

N = . ethyl acetate/hexanes. Combined yield 94 mg (75%, 1o1/3%.
reduction inj-stereoselectivity. In support of this argument, we 3% [a]? +50.0 € 0.53, CHCH): 'H NMR (500 MHz, CDCh)

recall the ma_nnosyl dondsl and _its rhamnos_yl counterparts 5755 757 (m, 2H), 7.27-7.43 (m, 8H), 5.64 (s, 1H), 5.00 (d,

52 and53, which adopt a half-chair conformation in which the = 35 Hz, 1H), 4.87 (dJ = 11.9 Hz, 1H), 4.86 (s, 1H), 4.70 (d,

02-C2-C3-03 torsion angle is 2530°, as opposed to the = 11.9 Hz, 1H), 4.29 (ddJ = 10.0, 5.0 Hz, 1H), 4.074.15 (m,

60° in 1 and3, and which are highlg.-selective in homogeneous  3H), 4.03 (dddJ = 11.2, 9.1, 5.1 Hz, 1H), 3.75 (§, = 10.1 Hz,

glycosylation reaction&-62 subtle conformational effects play =~ 1H), 3.71 (t,J = 9.4 Hz, 1H), 3.65 (ddJ = 10.0, 6.3 Hz, 1H),

a major role in these glycosylation reactions, even to the point 3.37 (s, 3H), 3.3+3.36 (m, 1H), 2.27 (dd) = 13.2, 5.1 Hz, 1H),

of overriding powerful electronic effects. 1.82 (dddJ = 13.3, 11.2, 3.9 Hz, 1H), 1.52 (s, 3H), 1.34 (s, 3H),
1.26 (d,J = 6.4 Hz, 3H);13C NMR (125 MHz, CDC}) 6 138.7,
137.7,128.8,128.4,128.2,127.7,127.6, 126.1, 109.1, 101.3, 98.6,

Ph/%g%oo X,o@fsph 98.0, 84.0, 80.3, 76.9, 75.9, 73.0, 72.8, 69.1, 64.8, 63.0, 54.8, 36.6,
\( Q 6 28.2, 26.4, 17.5; ESIHRMS calcd fors@isNaO, [M + Nal*
o SPh o)f 565.2414, found 565.240893: white solid; mp 108-111 °C;
51 52: X = Bn [a]?4 —40.3 € 0.31, CHCY); *H NMR (500 MHz, CDC}) 6 7.49—
83X =Ac 7.54 (m, 2H), 7.277.42 (m, 8H), 5.61 (s, 1H), 5.04 (dd,= 9.9,

2.0 Hz, 1H), 4.86 (s, 1H), 4.81 (d,= 12.1 Hz, 1H), 4.72 (d) =

Finally, we return to the possibility of the formation of the 12.3 Hz, 1H), 4.28 (dd] = 10.5, 5.0 Hz, 1H), 4.134.18 (m, 1H),
a-glucosides via the intermediacy of coval@aglucosyl triflate 4.09 (d,J = 5.5 Hz, 1H), 3.83 (tJ = 10.3 Hz, 1H), 3.77 (ddd]
and an associated transighface contact ion pair. While this = 11.2,9.0, 5.1 Hz, 1H), 3.583.70 (m, 3H), 3.37 (s, 3H), 3.30
mechanism cannot be ruled out as a contributing factor to the 3.36 (m, 1H), 2.36 (ddd] = 12.9, 5.1, 2.1 Hz, 1H), 1.65 (ddd,
overall a-selectivity seen in the glucose serfés? the poor =12.8,11.2, 9.9 Hz, 1H), 1.51 (s, 3H), 1.35 (s, 3H), 1.28,

.. . . . 5.9 Hz, 3H);13C NMR (125 MHz, CDC}) 6 138.5, 137.6, 128.9,
selectivity seen with the 3-deoxy don@Sand27, irrespective 128.4, 128.2, 127.7, 127.6, 126.1, 109.3, 101.3, 98.7, 97.9. 83.2,

of the configuration at C2, suggests that it is not a major 7g 5 77,8, 76.1, 74.6, 72.4, 69.0, 66.6, 64.1, 54.8, 37.8, 27.9, 26.4

pathway. 17.5; ESIHRMS calcd for gHzgNaQy [M + NaJ* 565.2414, found
565.2411.
Experimental Section 3-0-(3'-0O-Benzyl-4,6'-O-benzylidene-2-deoxy-o-p-arabino-

hexopyranosyl)-1,2:5,6-diO-isopropylidene-o-p-glucofura-
nose (4@) and 3-O-(3'-O-Benzyl-4,6'-O-benzylidene-2-deoxy-
[-p-arabino-hexopyranosyl)-1,2:5,6-diO-isopropylidene-a-b-
glucofuranose (4@). Prepared by method A and purified by means

. of radial chromatography, eluting consecutive plates with hexanes
TTBP (114 mg, 0.46 mmol), and activelt8 A powderedomolecular to 1:9 ethyl acetate/hexanes and then with 7:13 or 1:4 diethyl ether:
sieves was added Z0 (42'65”" 0.25 f.“mO') at—60 °C under hexanes for0Oo and 400, respectively 40a yield 39 mg (29%),
argon atmosphere. After 5 min, a solution of acceptor (0.28 mmol) 408 yield 62 mg (46%) 400 [o]? +38.4 € 0.25, CHCY): H
in CH,Cl, (2.4 mL) was added, and the reaction mixture was stirred NMR (500 MHz CDCQ) 5 '750_7 57 (n.1 2H)' 7’2&7 45’ m
for an additional 2 min at—60 °C, then warmed to room 8H), 5.89 (d,J =37 Hz lH). 566'(5 1H’) 591 ('d = 3.7 Hz.
temperature, filtered, washed (saturated aqueous NaH&De), 1H), 4'87 (d’J _ 1'1 7 le 1I—’|) '4 69 (,dJ Z 1é 5 HZ’ 1H.) 4 5’6
and dried (NgSQy). The solvent was removed under reduced «d =37 Hz 1H) 4.33 ’(de’: 9.5. 4.4 Hz iH) 4.24 (d) —
pressure. The crude was filtered through a pad of silica gel (with 9 Hz iH) 4’094’ 1é (m, 2H), 3 '9é4'09 (rﬁ 3I—i) 3 783.90
ethyl acetate as an eluent) and chromatographed using SiO (rﬁ, 2H’), 3_7’3 ('t,] _ 8.8 Hz,’ 1H),’ 2.'29 (de _ 1’3_2’ F;.l.Hz, iH),

General Coupling Protocol for S-Phenyl 2-O-Benzyl-4,6O- 1.78-1.86 (m, 1H), 1.50 (s, 3H), 1.41 (s, 3H), 1.33 (s, 3H), 1.32

benzylidene-3-deoxys-p-ribo-thiohexopyranoside (25) andS- (s, 3H):13C NMR (125 MHz, CDCY) 6 138.6, 137.4, 129.0, 128.4
Phenyl 20-Benzyl-4,60-benzylidene-3-deoxys-n-arabinothio- 159 3%157 6 1260, 112.1, 109.3, 105.3, 101.3, 99.2, 84.1, 83.8,

hexopyranoside (27) Using BSP (Method B)To a stirred solution .
of 250r 27 (50 mg, 0.12 mmol) in ChCl, (3 mL) containing BSP 81.4,80.2,73.1,72.6,72.4,69.0, 67.9, 63.9+, 36.1, 26.9, 26.3, 25.4;
. ESIHRMS calcd for GH4NaO, [M + NaJt 607.2519, found
'(&24 mg, 0.12 mmol), TTBP (57 mg, 0.23 mmol), and activated 3 607.2524408: [a]?% —15.8 € 0.36, CHCY); IH NMR (500 MHz,
powdered molecular sieves was addegOr§21.3uL, 0.13 mmol) CDCl) & 7.47-7.54 (m, 2H), 7.27-7.44 (m, 8H), 5.92 (dJ =

at —60 °C under argon atmosphere. After 5 min, a solution of 3.7 Hz. 1H). 5.61 (s. 1H). 4.83 (d.= 12.1 Hz. 1H). 4.674.73
acceptor (0.14 mmol) in Ci€l, (1.2 mL) was added, and the (r;"l, 2H’), 419 (d,] =( 39 I—)lz .1H),(4’.2&4.38 (m’, 4H))l, 4.064.07

{ﬁaction mixgurte was stitrred for tan adf(.jlittiongl 2 miﬁ—zﬁo °C;, t d(m' 2H), 3.82 (t,) = 10.3 Hz, 1H), 3.673.77 (m, 2H), 3.34 (td,
en warmed to room temperature, filtered, washed (saturate J=13.9, 5.0 Hz, 1H), 2.26 (ddd,= 13.2, 4.8, 2.2 Hz, 1H), 1.69

aqueous NaHC®) brine), and dried (N&0O,). The solvent was (ddd,J = 13.2, 10.2 Hz, 1H), 1.50 (s, 3H), 1.44 (s, 3H), 1.38 (s,

removed under reduced pressure. The crude was filtered through aSH) 1.32 (s, 3H)3C NMR (125 MHz, CDC}) 6 138.4, 137.4
pad of silicr_:l gel _(with ethyl acetate as an eluent) and chromato- 129’0 .128 4’ 128’3 127.7. 126.0 111’9 108.5. 105 '1’101 3 l98 1
graphed using Si© 82.84, 82.76, 80.3, 79.4, 74.2, 73.4, 72.6, 68.8, 66.8, 66.0, 37.5,

Methyl 4-O-(3-O-Benzyl-4,6-O-benzylidene-2-deoxyacd- 565 96 6, 6.3, 25.5; ESIHRMS calcd fopBaNaOio [M + Nal*
arabino-hexopyranosyl)-2,30-isopropylidene-o.-L-rhamnopyra- 60.7 ‘251'9 ' foﬁna 607 2524

General Coupling Protocol for S-Phenyl 3-O-Benzyl-4,6O-
benzylidene-2-deoxys-p-arabino-thiohexopyranoside (19) Using
Ph,SO (Method A). To a stirred solution ofLl9 (100 mg, 0.23
mmol) in CHCl, (6 mL) containing PS5O (93 mg, 0.46 mmol),

6-O-(3'-O-Benzyl-4,6'-O-benzylidene-2-deoxy-o.-p-arabino-

(60) Crich, D.; Cai, W.. Dal, ZJ. Org. Chem200Q 65, 1291-1297. hexopyranosyl)-1,2:3,4-diO-isopropylidene-a-p-galactopyra-

(61) Crich, D.; Vinod, A. U.; Picione, J.; Wink, D. ARKIVOC2005

(vi), 339-344. nose (4 and 6-O-(3'-O-Benzyl-4,6'-O-benzylidene-2-deoxy-
(62) Crich, D.; Vinod, A. U.; Picione, .. Org. Chem2003 68, 8453~ p-p-arabino-hexopyranosyl)-1,2:3,4-diO-isopropylidene-o.-p-
8458. galactopyranose (48). Prepared by method A and purified by
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means of radial chromatography, eluting consecutive plates with (ddd,J = 11.0, 4.3, 4.1 Hz, 1H), 2.04 (ddd; = J, = J; =11.7
hexanes to 3:17 ethyl acetate/hexanes and then with 1:3 to 3:7Hz, 1H), 1.52 (s, 3H), 1.37 (dl = 6.2 Hz, 3H), 1.35 (s, 3H}3C

diethyl ether/hexanes. Combined yield 82 mg (61%, &/A).
41a: [0]%% +16.9 € 0.14, CHCH); 1H NMR (400 MHz, CDC})
0 7.48-7.54 (m, 2H), 7.237.41 (m, 8H), 5.62 (s, 1H), 5.53 (d,
= 5.3 Hz, 1H), 4.97 (dJ = 3.5 Hz, 1H), 4.85 (d) = 12.0 Hz,
1H), 4.68 (d,J = 12.0 Hz, 1H), 4.63 (dd) = 7.9, 2.3 Hz, 1H),
4.32 (dd,J =5.0, 2.3 Hz, 1H), 4.234.29 (m, 2H), 4.05 (ddd] =
11.1, 9.1, 5.3 Hz, 1H), 3.97 (td,= 6.6, 1.8 Hz, 1H), 3.87 (tdJ
= 9.9, 4.7 Hz, 1H), 3.643.79 (m, 4H), 2.32 (ddJ = 13.2, 5.3

Hz, 1H), 1.80 (dddJ = 13.4, 11.1, 3.8 Hz, 1H), 1.55 (s, 3H), 1.45

(s, 3H), 1.35 (s, 3H), 1.34 (s, 3HFC NMR (100 MHz, CDC}) 6

NMR (125 MHz, CDC}) 6 137.8, 137.5, 129.1, 128.5, 128.4, 127.9,
127.7,126.3,109.1, 101.8, 97.9, 81.1, 76.1, 74.3, 71.1, 69.5, 64.9,
64.3, 54.7, 29.81, 29.75, 28.2, 26.5, 17.3; FABHRMS calcd for
CaHagNaQy [M + NaJ* 565.2414, found 565.239@38: [0]%
—43.9 € 0.098, CHCY); H NMR (500 MHz, CDC}) & 7.45-

7.49 (m, 2H), 7.277.39 (m, 8H), 5.49 (s, 1H), 5.03 (d,= 7.5

Hz, 1H), 4.87 (s, 1H), 4.82 (dl = 12.1 Hz, 1H), 4.65 (dJ = 12.1

Hz, 1H), 4.23-4.29 (m, 2H), 4.11 (d) = 5.7 Hz, 1H), 3.63-3.76

(m, 3H), 3.51 (dddJ = 11.7, 8.9, 4.3 Hz, 1H), 3.313.43 (m,

5H), 2.40 (dt,J = 12.0, 4.7 Hz, 1H), 1.79 (dddy = J, = Js =

138.8, 137.6, 128.9, 128.3, 128.2, 127.6, 127.5, 126.1, 109.4, 108.6,11.7 Hz, 1H), 1.53 (s, 3H), 1.36 (s, 3H), 1.30 Jd= 5.9 Hz, 3H);
101.3,98.1, 96.4, 83.9, 73.0, 71.0, 70.6, 69.1, 65.9, 65.8, 63.1, 36.5,13C NMR (125 MHz, CDC}) 6 138.6, 137.4, 129.1, 128.4, 127.7,

26.2, 26.0, 25.0, 24.6; FABHRMS calcd forfEl,NaOio [M +
Na]* 607.2519, found 607.2515413: [a]*p —51.4 € 0.21,
CHCL); 'H NMR (500 MHz, CDC}) 8 7.48-7.53 (m, 2H), 7.26
7.42 (m, 8H), 5.59 (s, 1H), 5.55 (d,= 5.0 Hz, 1H), 4.79 (dJ =
12.3 Hz, 1H), 4.71 (dJ = 12.1 Hz, 1H), 4.66 (ddJ = 9.8, 2.1
Hz, 1H), 4.60 (dd] = 8.0, 2.5 Hz, 1H), 4.294.34 (m, 2H), 4.21
(dd,J = 7.9, 1.8 Hz, 1H), 3.974.05 (m, 2H), 3.82 (tJ = 10.3
Hz, 1H), 3.64-3.77 (m, 3H), 3.35 (tdJ = 9.6, 5.0 Hz, 1H), 2.44
(ddd,J = 13.0, 5.0, 2.1 Hz, 1H), 1.691.78 (m, 1H), 1.54 (s, 3H),
1.45 (s, 3H), 1.34 (s, 3H),1.31 (s, 3H3C NMR (125 MHz, CDC})

127.6, 126.2, 109.3, 103.1, 101.7, 98.1, 78.2, 77.9, 77.6, 76.3, 76.0,
75.5,72.8,70.0, 69.3, 64.2,55.0, 34.9, 27.9, 26.4, 17.7; FABHRMS
calcd for GoHzgNaQy [M + NaJ* 565.2414, found 565.2398.
3-0-(2'-O-Benzyl-4,6'-O-benzylidene-3-deoxy-o.-b-ribo-hex-
opyranosyl)-1,2:5,6-diO-isopropylidene-a-p-glucofuranose (44)
and 3-O-(2'-O-Benzyl-4,6'-O-benzylidene-3-deoxy{3-b-ribo-hex-
opyranosyl)-1,2:5,6-diO-isopropylidene-a-p-glucofuranose (44).
Prepared by method B. Purified by means of radial chromatography,
eluting with hexanes to 1:4 diethyl ether/hexanes, followed by
normal-phase HPLC, eluting with hexanes to 3:2 ethyl acetate/

0 138.7, 137.7 129.1, 128.6, 128.4, 127.9, 127.8, 126.3, 109.6, haxanes. Combined yield 51 mg (76%, 4.%/B). 440 [0]?%p
108.9, 101.5, 101.3, 96.5, 83.2, 74.6, 72.5, 71.7, 70.9, 70.6, 69.4,+38.7 (€ 0.20, CHC}); *H NMR (400 MHz, CDC}) 6 7.45-7.52
69.1, 68.0, 66.8, 37.7, 26.3, 26.2, 25.2, 24.6; ESIHRMS calcd for (m, 2H), 7.277.41 (m, 8H), 5.96 (dJ) = 3.5 Hz, 1H), 5.52 (s,

CaHigNaOyo [M + Na]t 607.2519, found 607.2521.
1-Adamantyl 3-O-Benzyl-4,60-benzylidene-2-deoxy-o-p-ara-

bino-hexopyranoside (42) and 1-Adamantyl 3-O-Benzyl-4,6-

O-benzylidene-2-deoxy3-p-arabino-hexopyranoside (42). Pre-

1H), 5.21 (d,J = 3.2 Hz, 1H), 4.66-4.67 (m, 3H), 4.53 (dt) =
8.6, 5.4 Hz, 1H), 4.274.34 (m, 2H), 4.10 (ddJ = 8.5, 2.6 Hz,
1H), 4.06 (d,J = 5.6 Hz, 2H), 3.75-3.83 (m, 1H), 3.70 (1) =
10.2 Hz, 1H), 3.61 (ddd) = 11.7, 4.2, 3.9 Hz, 1H), 3.493.57

pared by method A and purified by means of radial chromatography, (m, 1H), 2.29 (dddJ = 11.3, 4.2, 4.1 Hz, 1H), 2.04 (ddd, = J,
eluting consecutive plates with hexanes to 1:39 ethyl acetate/hexanes= J; = 11.7 Hz, 1H), 1.51 (s, 3H), 1.43 (s, 3H), 1.33 (s, 3H), 1.28
and then with 1:9 diethyl ether/hexanes. Combined yield 33 mg (s, 3H);'3C NMR (100 MHz, CDC}) ¢ 137.9, 137.2, 129.2, 128.5,

(30%, 1:1.90Up). 420.: white solid; mp 166-162°C; [a]?>%p +54.7
(c 0.086, CHC}); *H NMR (500 MHz, CDC}) 6 7.50—-7.55 (m,
2H), 7.22-7.42 (m, 8H), 5.63 (s, 1H), 5.35 (d,= 3.3 Hz, 1H),
4.87 (d,J = 11.7 Hz, 1H), 4.69 (d) = 11.7 Hz, 1H), 4.22 (dd)
= 10.3, 5.0 Hz, 1H), 4.034.15 (m, 2H), 3.73 (tJ = 10.4 Hz,
1H), 3.67 (,J = 9.3 Hz, 1H), 2.08-2.18 (m, 4H),1.73-1.86 (m,
7H), 1.56-1.68 (m, 6H);13C NMR (125 MHz, CDC}) 6 139.0,

128.4,127.8, 127.4, 126.1, 112.0, 109.2, 105.2, 101.7, 97.5, 84.1,
81.4,80.1, 73.9, 72.1, 70.9, 69.3, 67.3, 65.0, 29.8, 27.1, 26.9, 26.4,
25.4; FABHRMS calcd for HsoNaOy, [M + NaJ* 607.2519,
found 607.2524448. [0]?% —50.0 € 0.042, CHCY); 'H NMR
(500 MHz, CDC}) &: 7.45-7.49 (m, 2H), 7.28:7.40 (m, 8H),
5.84 (d,J = 3.7 Hz, 1H), 5.49 (s, 1H), 4.66 (d,= 11.7 Hz, 1H),
4.63 (d,J = 12.1 Hz, 1 H), 4.544.58 (m, 2H), 4.33-4.39 (m,

137.8, 128.8, 128.3, 128.2, 127.6, 127.5, 126.0, 101.2, 91.2, 84.4,3H), 4.29 (ddJ = 10.5, 5.0 Hz, 1H), 4.044.09 (m, 2H), 3.72 (t,
74.2,73.4,73.0,69.2,62.7, 42.5, 38.1, 36.3, 30.6; ESIHRMS calcd J = 10.3 Hz, 1H), 3.54 (ddd) = 16.2, 4.6, 4.5 Hz, 1H), 3.31

for CgoHzegNaGs [M + NaJt 499.2461, found 499.2472425:
slightly yellow solid; mp 86-88°C; [0]?p —11.5 € 0.19, CHC});
1H NMR (400 MHz, CDC}) 6 7.47-7.55 (m, 2H), 7.247.43 (m,
8H), 5.59 (s, 1H), 4.89 (ddl = 9.9, 2.3 Hz, 1H), 4.80 (] = 12.0
Hz, 1H), 4.72 (dJ = 12.0 Hz, 1H), 4.27 (ddJ = 10.5, 5.0 Hz,
1H), 3.83 (t,J = 10.4 Hz, 1H), 3.76:3.79 (m, 1H), 3.67 (tJ =
8.9 Hz, 1H), 3.35 (tdJ = 14.0, 5.0 Hz, 1H), 2.142.22 (m, 4H),
1.71-1.88 (m, 7H), 1.56-1.70 (m, 6H);3C NMR (100 MHz,

3.43 (m, 2H), 2.47 (dtJ = 12.0, 4.7 Hz, 1H), 1.75 (ddd; = J,
= J;=11.9 Hz, 1H), 1.50 (s, 3H), 1.45 (s, 3H), 1.38 (s, 3H), 1.28
(s, 3H);13C NMR (125 MHz, CDC}) o: 137.9, 137.2,129.2,128.5,
128.4,127.9,127.5,126.1, 111.9, 108.6, 105.1, 103.1, 101.6, 82.6,
80.5,80.2, 75.7, 75.3, 73.4, 72.6, 70.4, 69.0, 66.0, 34.6, 26.7, 26.6,
26.2, 25.6; FABHRMS calcd for £HsNaOy [M + NaJ*
607.2519, found 607.2509.

1-Adamantyl 2-O-Benzyl-4,60-benzylidene-3-deoxya-D-ribo-

CDCl3) 6 138.6, 137.6, 128.9, 128.4, 128.2, 127.63, 127.56, 126.1, hexopyranoside (45) and 1-Adamantyl 2-O-Benzyl-4,60-
101.3,93.1, 82.9,75.0,74.9, 72.3, 69.1, 66.5, 42.5, 39.1, 36.2, 30.6;benzylidene-3-deoxys-p-ribo-hexopyranoside (4B). Prepared by

ESIHRMS calcd for GoHzeNaGOs [M + NaJt 499.2461, found
499.2452.

Methyl 4-O-(2'-O-Benzyl-4,6'-O-benzylidene-3-deoxy-o.-D-
ribo-hexopyranosyl)-2,30-isopropylidene-a-L-rhamnopyrano-
side (43x) and Methyl 4-O-(2'-O-Benzyl-4,6'-O-benzylidene-3-
deoxy{3-p-ribo-hexopyranosyl)-2,30-isopropylidene-a-L-

rhamnopyranoside (43). Prepared by method B. Purified by

method B. Purified by means of radial chromatography, eluting
consecutive plates with hexanes to 1:19 diethyl ether/hexanes, and
then with hexanes to 1:39 ethyl acetate/hexanes. Combined vyield
50.4 mg (92%, 1:1.8Up). 450 white solid; mp 119-122 °C;
[0]?% +43.6 € 0.078, CHCY); 'H NMR (400 MHz, CDC}) 6
7.45-7.53 (m, 2H), 7.2#7.43 (m, 8H), 5.50 (s, 1H), 5.28 (d,=

3.5 Hz, 1H), 4.62 (dJ = 12.3 Hz, 1H), 4.58 (d) = 12.3 Hz, 1H),

means of radial chromatography, eluting with hexanes to 3:17 4.20 (dd,J = 10.2, 4.7 Hz, 1H), 4.00 (td] = 9.9, 4.8 Hz, 1H),

diethyl ether/hexanes to givia (33 mg, 53%) andt35 (26 mg,
42%).43a: white solid; mp 138-142°C; [a]?% +31.1 € 0.074,
CHCly); 'H NMR (500 MHz, CDC}) 6 7.48-7.52 (m, 2 H) 7.28&
7.40 (m, 8H), 5.50 (s, 1H), 4.93 (d,= 3.3 Hz, 1H), 4.86 (s, 1H),
4.67 (d,J = 12.1 Hz, 1H), 4.56 (dJ = 12.3 Hz, 1H), 4.2+4.28
(m, 2H), 4.12 (dJ = 5.5 Hz, 1H), 4.06 (tdJ = 9.8, 5.0 Hz, 1H),
3.75-3.82 (m, 1H), 3.573.67 (m, 2H), 3.49 (ddd] = 11.6, 9.5,

4.0 Hz, 1H), 3.39 (ddJ = 10.1, 7.5 Hz, 1H), 3.36 (s, 3H), 2.31

3.63 (t,J = 10.4 Hz, 1H), 3.533.59 (m, 1H), 3.49 (ddd) =
11.4, 9.4, 4.4 Hz, 1H), 2.082.26 (m, 5H), 1.82.1.96 (m, 6H),
1.59-1.70 (m, 6H):13C NMR (100 MHz, CDC}) 6 138.3, 137.5,
129.0, 128.5, 128.3, 127.7, 127.6, 126.2, 101.7, 89.7, 74.5, 74.0,
70.6, 69.6, 63.7, 42.6, 36.3, 30.7, 30.1; FABHRMS calcd fakgs

NaQs; [M + NaJ* 499.2461, found 499.244258: [a]?%p —19.2

(c 0.052, CHCJ); 'H NMR (500 MHz, CDC}) & 7.43-7.51 (m,

2H), 7.27-7.41 (m, 8H), 5.47 (s, 1H), 4.85 (d,= 12.1 Hz, 1H),
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4.78 (d,J = 7.5 Hz, 1H), 4.68 (dJ = 12.1 Hz, 1H), 4.26 (dd] =
10.5, 5.0 Hz, 1H), 3.74 (f] = 10.3 Hz, 1H), 3.51 (ddd] = 11.7,
8.9, 4.3 Hz, 1H), 3.353.44 (m, 2H), 2.40 (dt) = 12.0, 4.6 Hz,
1H), 2.15-2.22 (m, 3H), 1.96-1.97 (m, 3H), 1.8+1.88 (m, 3H),
1.76 (ddd,J, = J, = J; = 11.7 Hz, 1H), 1.66-1.71 (m, 6H);13C
NMR (125 MHz, CDC}) 6 138.6, 137.4, 129.1, 128.3, 127.8, 127.6,

Crich and Vinogradova

= 2.4 Hz, 1H), 4.284.31 (m, 1H), 4.08-4.15 (m, 5H), 3.8%

3.89 (M, 2H), 3.743.75 (m, 1H), 2.24 (dt) = 13.0, 3.3 Hz, 1H),
1.96 (td,J = 12.5, 3.0 Hz, 1H), 1.51 (s, 3H), 1.42 (s, 3H), 1.33 (s,
6H); 3C NMR (125 MHz, CDC}) ¢ 137.7, 137.5, 129.1, 128.5,
128.4, 127.9, 127.6, 126.1, 112.1, 109.4, 105.3, 101.9, 98, (
=172.0), 84.1, 81.5, 79.9, 74.5, 74.1, 72.5, 71.3, 69.3, 67.9, 66.0,

126.2, 101.6, 98.2, 76.2, 75.43, 75.37, 73.0, 70.0, 69.3, 42.8, 36.3,29.4, 26.9, 26.3, 25.5; EIHRMS calcd fogl40010 [M] T 584.2622,

35.3, 30.7; FABHRMS calcd for gH3sNaOs [M + NaJ* 499.2461,
found 499.2447.

Methyl 4-O-(2'-O-Benzyl-4,6'-O-benzylidene-3-deoxy-o-p-
arabino-hexopyranosyl)-2,30-isopropylidene-o-L-rhamnopyra-
noside (4@) and Methyl 4-O-(2'-O-Benzyl-4,6'-O-benzylidene-
3'-deoxy{3-p-arabino-hexopyranosyl)-2,30-isopropylidene-a.-L -
rhamnopyranoside (46¢5). Prepared by method B. Purified by

found 584.2659478: [a]?% —30.3 € 0.330, CHCY); 'H NMR
(400 MHz, CDC}) 6 7.44-7.51 (m, 2H), 7.27-7.40 (m, 8H), 5.92
(d,J = 3.8 Hz, 1H), 5.56 (s, 1H), 4.72 (d,= 12.6 Hz, 1H), 4.69
(s, 1H), 4.64 (dJ = 12.6 Hz, 1H), 4.46-4.47 (m, 2H), 4.33-4.38
(m, 2H), 4.28 (ddJ = 10.4, 4.8 Hz, 1H), 4.154.20 (m, 1H), 4.02
4.11 (m, 2H), 3.87 (t) = 10.4 Hz, 1H), 3.7+3.75 (m, 1H), 3.46
(td, J = 9.6, 5.0 Hz, 1H), 2.33 (dt) = 13.2, 4.2 Hz, 1H), 1.68

means of radial chromatography, eluting with hexanes to 3:17 1.78 (m, 1H), 1.51 (s, 3H), 1.45 (s, 3H), 1.36 (s, 3H), 1.32 (s, 3H);

diethyl ether/hexanes. Combined yield 53.0 mg (85%, 1095).

Analytical samples of both isomers were obtained by reversed-

phase HPLC separation, eluting with 1:1 water/acetonitrile to
acetonitrile.460: white solid; mp 152155 °C; [0]?% +54.6 €
0.108, CHCY); 'H NMR (400 MHz, CDC}) 6 7.48-7.54 (m, 2H),
7.27-7.41 (m, 8H), 5.59 (s, 1H), 4.84 (s, 1H), 4.79 (s, 1H), 4.67
(d, J = 12.3 Hz, 1H), 4.56 (dJ = 12.3 Hz, 1H), 4.23 (ddJ =
10.1, 4.8 Hz, 1H), 4.064.15 (m, 3H), 3.984.06 (m, 1H), 3.78

(t, J=9.9 Hz, 1H), 3.65-3.69 (m, 1H), 3.543.63 (m, 1H), 3.33
3.41 (m, 4H), 2.23 (dt) = 13.1, 3.3 Hz, 1H), 1.922.01 (m, 1H),
1.52 (s, 3H), 1.34 (s, 3H), 1.13 (d,= 6.4 Hz, 3H);3C NMR
(100 MHz, CDC}) 6 137.8, 137.7, 129.0, 128.5, 128.3, 127.9,
127.8, 126.2, 109.2, 102.0, 98.5, 98'0c(; = 166.5), 80.3, 76.9,

13C NMR (125 MHz, CDCH4) 6 138.0, 137.4, 129.1, 128.43, 128.36,
127.8,126.1,112.0, 108.6, 105.1, 101.8, 108124(= 155.4), 82.7,
80.5, 80.2, 73.8, 73.6, 73.3, 72.6, 71.0, 69.0, 66.1, 32.8, 26.8, 26.6,
26.3, 25.5; EIHRMS calcd for £H40010 [M] ™ 584.2622, found
584.2602.

1-Adamantyl 2-O-Benzyl-4,60-benzylidene-3-deoxya-p-ara-
bino-hexopyranoside (48) and 1-Adamantyl 2-O-Benzyl-4,6-
O-benzylidene-3-deoxys-p-arabino-hexopyranoside (48). Pre-
pared by method B. Purification by means of radial chromatography,
eluting with hexanes to 1:19 ethyl acetate/hexanes, gave crude
products. Further purification of crudBa. and483 by means of
normal-phase HPLC, eluting with hexanes to 3:2 ethyl acetate/
hexanes, afforded puésSo. (35.4 mg, 65%) and85 (9.6 mg, 18%).

76.0,74.6,74.2,71.3,69.4,65.1, 64.8, 54.8, 29.3, 28.2, 26.5, 17.3;48a: white solid; mp 116-114°C; [0]?% +61.9 € 0.690, CHC));

ESIHRMS calcd for GoH3g09 [M + H]™ 543.25886, found
543.25986.463: white solid; mp 158-162 °C; [a]% —67.1 €
0.082, CHCY); *H NMR (500 MHz, CDC}) 6 7.46—7.51 (m, 2H),
7.26-7.42 (m, 8H), 5.56 (s, 1H), 5.10 (d,= 0.9 Hz, 1H), 4.88
(s, 1H), 4.84 (dJ = 12.5 Hz, 1H), 4.68 (dJ = 12.5 Hz, 1H), 4.25
(dd,J = 10.5, 5.0 Hz, 1H), 4.144.18 (m, 1H), 4.10 (dJ = 5.5
Hz, 1H), 4.04 (dddJ = 11.8, 9.2, 4.5 Hz, 1H), 3.91 (= 10.4
Hz, 1H), 3.80-3.82 (m, 1H), 3.63-3.73 (m, 2H), 3.45 (td] =
9.7, 4.9 Hz, 1H), 3.40 (s, 3H), 2.31 (di,= 13.1, 3.9 Hz, 1H),
1.72-1.79 (m, 1H), 1.54 (s, 3H), 1.33L.37 (m, 6H);13C NMR
(125 MHz, CDC¥}) ¢ 138.7, 137.6, 129.0, 128.32, 128.28, 127.7,
127.6,126.1, 109.3, 101.9, 100194, = 160.0), 97.9, 78.5, 77.7,

1H NMR (500 MHz, CDC4) 6 7.49-7.53 (m, 2H), 7.287.41 (m,
8H), 5.59 (s, 1H), 5.15 (s, 1H), 4.67 @ = 12.1 Hz, 1H), 4.59 (d,
J=12.1Hz, 1H), 4.19 (ddJ = 10.3, 4.8 Hz, 1H), 3.964.10 (m,
2H), 3.78 (t,J = 10.2 Hz, 1H), 3.543.57 (m, 1H), 2.21 (dt] =
12.8, 3.5 Hz, 1H), 2.132.17 (m, 3H), 2.06 (tdJ = 12.2, 2.9 Hz,
1H), 1.74-1.83 (m, 6H), 1.571.68 (m, 6H):13C NMR (125 MHz,
CDCl) ¢ 138.1, 137.8, 129.0, 128.5, 128.3, 127.8, 127.7, 126.2,
101.9, 91.0{)cy = 166.5), 76.7, 74.6, 74.5, 71.2, 69.5, 64.9, 42.5,
36.3, 30.6, 29.2; FABHRMS calcd fors@HzeNaGs [M + Na*
499.2461, found 499.249283: [a]?% —33.2 € 0.196, CHCY);

1H NMR (400 MHz, CDC4) 6 7.41—7.50 (m, 4H), 7.257.40 (m,
6H), 5.55 (s, 1H), 4.88 (d] = 13.1 Hz, 1H), 4.85 (dJ = 0.9 Hz,

76.1,74.6,74.1,73.3,71.2,69.1, 64.3,54.9, 33.9, 27.9, 26.5, 17.7;1H), 4.79 (d,J = 12.9 Hz, 1H), 4.24 (ddJ = 10.4, 4.8 Hz, 1H),

FABHRMS calcd for GoHzgNaQy [M + Na]* 565.2414, found
565.2408.
3-0-(2'-0O-Benzyl-4,6'-O-benzylidene-3-deoxy-o-p-arabino-
hexopyranosyl)-1,2:5,6-di©-isopropylidene-a-b-glucofura-
nose (47) and 3-O-(2-O-Benzyl-4,6'-O-benzylidene-3-deoxy-
[-p-arabino-hexopyranosyl)-1,2:5,6-diO-isopropylidene-o-bp-
glucofuranose (47). Prepared by method B. Purification by means
of radial chromatography, eluting with hexanes to 1:3 diethyl ether/
hexanes, gave crude products. Further purification of ceite

4.02 (ddd,J = 11.8, 9.2, 4.4 Hz, 1H), 3.88 (§ = 10.4 Hz, 1H),
3.57-3.62 (m, 1H), 3.45 (tdJ = 9.6, 5.0 Hz, 1H), 2.30 (dddl =
13.0, 3.8, 3.7 Hz, 1H), 2.142.20 (m, 3H), 1.581.91 (m, 13H);
13C NMR (100 MHz, CDC}) ¢ 138.8, 137.7, 129.0, 128.3, 128.2,
127.9, 127.4, 126.2, 101.9, 958 = 152.6), 75.4, 74.9, 74.0,
73.0,70.9, 69.3, 42.4, 36.3, 34.1, 30.6; FABHRMS calcd fakgs
NaOs; [M + NaJ* 499.2461, found 499.2413.
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