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1. Introduction

Glycosides and polysaccharides are broadly prevaient
organisms. Their carbohydrate components are wellvknto be
closely associated with many physiological processkevant to
human life’ Synthetic access to amp@-glycosidically linked
carbohydrate units is often necessary to gain batsght in
their involvement into biologically significant presses.
Chemical glycosylation is a common strategy forcgkidic-
bond formation.

Currently the development of methods for accesding
glycosidic linkages has grown into a topic of infgasresearch
interest in the field of glycochemistry. The genienraof complex
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isolated yield in the presence of catalytic In(QTH.1 equiv)
(Entry 4, Tablel ), which increased to 62% when Wmhs used
as the catalyst (Entry 5, Table 1). We eventuabgalered that
the reaction was most efficient in the presencen(iTf,); (0.01
mmol) in CHCI, for 4h, which facilitated the isolation &1 in

96% vyield (Entry 6, Table 1). We were able to deseethe
catalyst loading to 0.05 equiv. with longer reactitmes or
under reflux with minimal effect on the yield (94%7 Entries 7
and 8, Table 1). Hence, the conditions listed inrfEGt were
taken as optimal.

Tablel. Optimizing the indium-catalyzed Koenigs-Knorr
reactiort

and diverse scaffolds from structurally simple giyy donors
affords the advantages of operational simplicityd aatom
economy. The Koenigs-Knorr reactfoprovides an attractive
pathway to glycosides because aldosyl halides anesedul

o o

category of building blocks, a consequence of tlosircosts and
ready accessibilities. Moreover, glycosyl bromides prone to

exist as single isomers, which make them relatieelsily isolate
and purify. Unfortunately, this named reaction elan the use
of stoichiometric halophilic reagents such as Hg(CNAgNQ;,,°
AgOTf, ® AgClO,, ” and AgO, ® as well as other.Recently a
remarkably modified version of the Koenigs-Knoragcgon was
reported by Ye and co-worker§ who found that a wide range of
alcohols could be converted into glycosides through

820 O(B)Z Inium salt
ZBZO + — = OBz
BzOg, o BZB?&%EZO
D1 G1
Indium salt o ) Isolated
Entry (equiv) T(C) Time(h) yield’(%6)
1 InBr;(0.1) 23 24 43
2 InBr;(0.1) 40 24 45
3 INnCk(0.1) 23 24 17
4 In(OTf)(0.1) 23 24 51
5 Inl3(0.1) 23 2 62
6 In(NTH,)3(0.1) 23 4 96
7 In(NTf,)3(0.05) 23 10 94
8 In(NTf,)3(0.05) 40 1 97

interactive process involving glycosyl chloride dom and a
catalytic amount of thiourea. In spite of these cemaging
results, large excess of additives in combinatioth hie reflux
conditions required to achieve the good yields ismajor
drawback of the method. Hence, the development obweln
catalyst that facilitates the easy formation ofcgkides under
mild condition is still important for continued amlwcements in
this area.

We also paid significant attention to substantidlemces
made in the transition-metal-catalyzed synthesegyabsides. In
general, the use of a transition-metal catalystiges a mild and

% Reaction conditionsD1 (0.1 mmol), epiandrosterone (0.12
mmol), and 4A molecular sieves, with stirring in £Hp (2 mL)
under Ar.” Isolated yield based dbi.

Having established the optimal reaction conditioms,turned
our attention to the scope of the reaction usimglkndonordD1-
7 (Figure 1) and acceptors. We first investigated glycosytatio
with readily accessible aldosyl bromid&d-5 including fully
acylated glucosyl[§1, D5), galactosylp2), mannosylp3), and
rhamnosylD4) donors, which they were successively treated
with a series of alcohols to construct glycoshtbads.

orthogonal alternative approach to traditional gkdation 0Bz BzO OBz BZO. g,
chemistry™™™ Recently, we reported the InBratalyzed BzO/é% Bzoéol BzO&]&'
syntheses of thioaldos&sthrough reactions of peracetylated B20 BzO g BzO 820 B
aldoses with arylthiols, and subsequently discovémedo be an ' Br '
effective glucosidation catalyst with a glucosylditide donor’ D1 D2 D3
Taking into account on the above advances about

glycochemistry, we wondered whether or not KoenigsiKn Br OAc AcQ _OAc OBz
glycosylation would proceed under indium catalysilthough Bzo@z Acoég\/Br Acoé% Béggé%
several glycosylation protocols using indium haides 820 0B A0 N Nag; Br
promoters have been reportetf, they suffer from narrow b4 05 b6 o7

substrate scope and relatively high promoter dosidgesin we
describe a new advance in the indium-catalyzedhsgig of
glycoside.

2. Result and discussion

To test reaction conditions, perbenzoylated glucbsymide
(D1) was initially exposed to with epiandrosterone (&ddiv)
and catalytic InBy (0.1 equiv) in CHCI, at 23C under argon
(Table 1). To our delight, our hypothesis was validated, v@th
obtained in 43% isolated yield after 24 h (EntryThble 1).
However, the subsequent use of the reflux condititicisiot help
to further increase the yield (45%, Entry 2, Tabjeand the use
of InCl; instead of InByresulted in a much lower yield (17%,
Entry 3, Table 1).These results, together with egent study on
the indium-catalyzed (thio)glycosidations suggesiatt the
activity of catalyst is significantly influenced lblye counterions,
consequently we further examine the effects of othe
commercially available indium salt§&s1 was formed in 51%

Figure 1. Glycosyl donors in In(NT)s-catalyzed glycosylation

As shown inFigure 1, primary, secondary, and tertiary
alcohols were readily accommodated in this transébion to
produce in corresponding glycosidé®2-18 in good yields and
with 1, 24irans stereocontrol. For instance, sterically bulky 1-
adamantanol was effectively glucosidated, with the
corresponding producG2 obtained in a good vyield (89%).
Especially interestingly, an intermediate of sigrahce to
potential pharmaceutical molecules was examinetktoonstrate
the synthetic potential of this protocol. Tyrosaiderwent the
regioselective glucosidation to provid& in a 90% yield; this
glucoside, bearing a free phenolic hydroxyl groigpa direct
precursor of salidroside, which is a significant dutive
component isolated frohodiola sachalinensi§ Consequently,
the natural product, which was cumbersome to prepare
Ipreviously using other methodologi€8,are now economically
obtained using our protocol and subsequent rowatapeotection.



Remarkably, this method was also applicable
azidogalactosyl bromideDg). D6 and bulky acceptors were
rapidly coupled to provide azide derivativdd9 and 20 in high
yields. In the case of a typical amino acid, tbepting of N-
Fmoc threonine ester witb6 delivered the glycosylation product

to 2-acceptor was sluggish and provided an unsatisfagtehy (46%)

of the desired producG23 even after 24 h. These results
demonstrated the hydroxyl groups of sugar are esteophilic
than those of the simple alcohols. Therefore, we \egaired to
slightly modify the reaction conditions in order &ficiently

G21 (88%,0/p = 6:1), which often serves as a pivotal synthon inglycosylating the alcohol moieties of sugars. Im attempts to

the syntheses of biologically important glycoprogetarryingN-
acetylgalactosamine unitsO-glycosidically linked to threonine
residues. Furthermore, 2-deoxyglycosid&22 could be

improve the yields, In(NTjz and Al dosages were screened.
An increase in the dosage of Al to onlyl.5 equivtted slightly
higher yield (52%; Entry 1, Table 2) after stirrifog 24h at room

efficiently and a-selectively prepared when 2-deoxy sugartemperature. Notably, when the catalyst loading waeased to
bromide D7) was used as the donor. Our results also showe@.15 equiv. and 1.5 equiv éf1 was used, a good conversion of

that the  In(NT)s;-promoted glycosylation reactions with
glycosyl bromide donors tolerated a wide range ofcfional
substituents, including azid8g, G19), phenolic hydroxylG4),
ketalG6), halideG7, GB8), silyl(G10), esterG17), and
carbamate 14, G21) groups; these coupling reactions
proceeded smoothly within about 4 h.

OBz

D1 was observed (76%; Entry 2, Table 2); further iasheg the
amount ofAl to 2.0 equiv led to a yield of 85% (Entry 3, Table
2), while subjecting the reaction to the reflux citinds resulted
in no significant change in yield (Entry 4, Table 2

Significantly, the yield dropped sharply when otlsetvents
were used instead of GBI, (Entries 5-7, Table2). Using these
modified conditions (Entry 3, Table 2), some ottimaccharides
G 24-29 (Figure 2) were obtained in synthetically useful yields

°] . .
ﬁWC’@ Bé?%%ovms Bzoo%%ow@w that ranged from 75 to 92%. Disaccharid€®3-28 were
obtained with uniform 1, 2Zrans stereoselectivity when donors
@ 8% & oo , G oo D1-5 were employed, whereas glycosyl donbfé afforded
820 o8 7 o8 exclusively the disaccharide29 as ano- anomer.
Co ,(H 0 o er
e e, 80N Table2. Optimization for the In(NT#s-catalyzed Koenigs-
20 Knorr reaction for disaccharide synthésis
G5 91% G6 89% G7  90%
OBz
BZO\OB BzO\OB Bzo/éﬁ AcoéFL N(NTfy)3 Béo&/
2 557 rxjoz BZOB @ BoAcO
B0 o~ BZEZO Qo= o st : &S/ @
BzO
o In(NTf2)3 . Isolated
s o . oo Entry (equiv Al(equiv) Solvent yields (96)°
N 1 0.1 15 CHCH, 52
o ~ “/? 2 0.15 15 ChCH, 76
OBZ
Bz0 osz Bz0- ,C& 3 0.15 2.0 ChCH, 85
%20 _d\* o/\/Br o 4 0.15 2.0 CHCH, 87
r0 2% 5 0.15 2.0 tol 61
BzO (g, . . oluene
G111 82% G12 87% G13 92% 0.15 2.0 THF 47
7 0.15 2.0 CHCN 40

OAC

[e] O
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Figure 2. List of glycosides accessed by the In(NFtatalyzed
glycosylation of common alcohols with donbi-6. Reagents
and conditions: donor (0.1 mmol), acceptor (0.12 afym
IN(NTf,)3(0.01 mmol), CHCI, (2 mL) at room temperature
under Ar. Isolated yields based on the donor motarivalent

and anomeric linkage as determined using the NMRtspe

Given the efficiencies of the indium-catalyzed glygations
of ordinary nucleophiles we decided to investigai éxtension
of this methodology to the synthesis of disacchemidrom
alcohol containing carbohydrate motifs. Unexpectedly
glycosylation using compounBl as the donor andl as the

® Reactions were run witB1 (0.1 mmol),Al and 4A MS in the
stirred solvent (2 mL) under Ar for 24 hisolated yields based
onDL. “The reaction was carried out under reflux.

Donors D1-5 bearing acyl groups at their C-2 position benefit
from neighboring -group participation effect, andacted to
generate only the 1, tPans glycosidesG1-18, 23-28. In contrast,
D6 benefits from the anomeric effect, resulting theelectivity
during 2-azidogalactosylation. In addition, an gcgtoup at C-6

of D6 becomes involved in remote neighboring-group
participation, which is also helpful for the forrwat of
glycosides with the highu-anomeric selectivities; henc&6
exhibits the strong preference of the formatiorpafductsG19-

21, 29 in a 1, 2eis-selective manner. As for 2-deoxysugar donor
D7, the anomeric effect of 2-deoxyglycosides favore t
formation ofG22 as a singler-isomer. All of the synthesizeO-
glycosides were structurally characterized'dlyand** C NMR
spectroscopies. Additionally, the-anomeric configuration of
mannosides was further confirmed by NOE-based NMR
spectroscopy (see Supporting Information). NMR asegy
confirmed that excepG21 other glycosylation products were
formed as single anomers in these reactions. Theswable
results are encouraging, as they demonstrate uwbflity of
facilitating Koenigs-Knorr reaction with catalytiomaunts of
indium and bode well for future synthetic applicasoin
carbohydrate chemistry.
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additive is required, which is an important featof¢his method.
Finally, mechanistic investigations using NMR spestopy
suggest that the reaction proceeds via the formatd@n alkoxy-
indium adduct that displays enhanced oxygen-ceditere

OAc o nucleophilicity relative to a free alcohol. Thispresents an
G23 85% G24 79% interesting example of a Koenigs-Knorr glycosylatiprocess
mediated by acceptor activation. Further invesiiget into the
application of indium catalysts to glycosidationacdons are
B20- OBz B“@f&me underway in our laboratory.
Bé(z)o&g 0Bn 4. Experimental section
o) (e}
Axgogowsph Bzoﬁ 4.1 General inforamation
AcO OBz _ i _ ) i
All operations were carried out in a nitrogen-fillgbve box
G25 7% G268 2% or by using standard high vacuum and Schlenk tegiesi unless
otherwise noted. Dichloromethane was dried over aalciu
hydride prior to use. In(NEf; was purchased from Aldrich. All
other reagents, obtained from commercial sourcese wesed
OAc Ph AcO _OAc

OBZ % AcO g o without further purification. Flash column chromataghy was
$ /c\:cO oy o9 Aco% OBn carried out on Silica Gel 60 (230-400 mesh). Thetieas were
OohN E2010 Bsooé% monitored by TLC. Spots were visualized by irradiatiwith a
z BzOOMe UV lamp at 280 nm or by spraying with 10%34®, in ethanol
. . , and subsequently heating on a hot plate. NMR spegé&@e
| G2 w2% . G628 75% 629 83% obtained on a Bruker AVANCE DMX 400 spectrometer
Figure 3. List of disaccharides accessed by the IngNTf operating at 400 MHz fotH-NMR and NOE spectra, 100 MHz

catalyzed glycosyla.ti.on of sugar alcohols with aioD1-6. for ®C-NMR. The following abbreviations were used to ddseri
Reagents and conditions: donor (0.1 mmol), accept@rmmol), peak splitting patterns when appropriate: s = sigl = doublet,

IN(NTf2)5(0.015 mmol), CKCl, (2 ml) at room temperature ¢ _ "y q=quatet, dd = doublet of doublets,=mmultiplet.

under Ar, |s_ola_1ted yields based_ on th? donor motarvalent Coupling constantd were reported in hertz unit (Hz). Chemical
and anomeric linkage as determined using the NMRtspe shifts (in ppm) were referenced to tetramethylsil@he 0 ppm)

To gain direct insight into the progress of thectiea, we in CDCkL as an internal standard. HRMS determinations were
elected to perform contrdH NMR experiments in CDGI First, ~made with the use of JOEL MStation (JMS-700) Mass
D1 was dissolved in CDGhlt room temperature and treated with Spectrometer. Optical rotations were acquired on &CIABIP-
an equimolar amount of In(NJ)%. No changes in the chemical 370 digital polarimeter. Analytical and spectral adaff all the
shifts of signals of the mixture relative to thageD1 alone were known compounds are consistent with the reportedegalu
detected by NMR spectroscopy (see Figure 4 in tingp&ting
Information), andD1 was almost quantitatively recovered by the
chromatography. Schmidt et al. showed that AuCitalyst
interacts with 2-propanol as an acceptor to give ROs-H To a solution of glycosyl bromide (0.1 mmol) in gdhous
adduct during glycosylatiod™ In a similar manner, we also CH,Cl, (2 mL) containing In(NT#; (9 mg, 0.01mmol ) and 4 A
found In(NT%); interacted with 2-propanol, as evidenced bymolecular sieves (5 mg), alcohol (0.12mmol) was dddeder
NMR spectroscopy. Our spectrum (Figure 5 in the Sttpp  Ar. The mixture was allowed to stir for 2 h at roormpeerature.
Information) fully corresponded with that of Schmidthe The reaction mixture was evaporated under reducedspre.
presence of In(NTJ; in CDCL caused the chemical shift of the The resultant residue was rapidly eluted througlomiatograph
OH group in isopropanol to the downfield. It is worth on silica gel with toluene or hexane in EtOAc to yighe title
mentioning that in addition to Au, In and Pd areoa#ble to compound.
interact with alcohols to initiate glycosylation. lihe study
reported by Galan the glycosylation reaction proededia an (G1)
alkoxy-palladium intermediate that increased thetqr acidity
of the alcohol and the nucleophilicity of its oxyge Therefore,  Yield 96% (83mg); White solid; mp 221-228 ; [aly
we reasonably surmise that a shift in the OH signas wa+63.7(c=1.0, CHG); R, =0.30(Ethyl acetate/toluene, 1/10).

ibable t dduct fi d by the bondi Tifip)5 t
gﬁ:cglhoa}iceh;d?gx;a/l 'llj'ﬁe O;Lnoeve ?lesuelts Ogeg]r?yo?:b;gtg t?]r:a "H NMR (400 MHz, CDCJ) § 8.01 (d.J = 7.6 Hz, 2H), 7.96 (dJ
Lo - . ot - = 7.6 Hz, 2H), 7.91(d) = 7.6 Hz, 2H), 7.83 (d] = 7.6 Hz, 2H),
indium-mediated acceptor activation mechanism of oavel

. ; e i 7.56-7.46 (m, 3H), 7.39 (ddd,= 11.9, 7.9, 4.1 Hz, 6H), 7.33 (d,
Koenigs-Knorr glycosylation system, which is diffeteto the - 738 29 -7 5 90 (1] = 9.6
donor activation mechanism involved in thioureaabated il—?) 75 egz(fjlﬁ)é ;.Hz ((liJH)_ ;.52H52,45I-(|2]% 51'H) (2*19_4 a'j_ ?Zg
Koenigs-K ti tl ted by Y dnorkers. r e ~ o ' ' v S
[8]oen|gs norr reaction recently reported by Ye andnorkers Hz, 1H), 4.64-4.50 (M. 2H) 4.16 (s, 1H), 3.60 @t 11.2, 6.2

Hz, 1H), 2.48-2.31 (m, 2H), 2.05 (dt= 18.9, 9.0 Hz, 1H), 1.90
(s, 2H), 1.80-1.66 (m, 3H), 1.58 (@= 13.8 Hz, 2H), 1.48 (dl =
12.1 Hz, 2H), 1.24-1.15 (m, 5H), 0.98 (s, 2H), 0.83B), 0.71
An efficient glycosylation protocol has been develdphat (s, 3H), 0.61 (dJ = 10.6 Hz, 1H)>*C NMR (100 MHz, CDGJ) &
employs indium-promoted  Koenigs-Knorr ~ reaction  with 166.0, 165.8, 165.2, 165.0, 133.4, 133.2, 133.B.013129.8,
In(NTf,); at low catalytic loadings. The reactions proceededi29.7, 129.7, 129.6, 129.5, 129.0, 128.8, 128.8.412128.3,
smoothly at room temperature to afford a varietglgtosides in 128.3, 128.2, 128.2, 125.3, 100.0, 79.9, 73.0,,72210, 70.1,
the satisfactory yields and with the good steretobnAn 634, 51.4, 47.7, 44.6, 36.7, 35.8, 35.6, 34.95331.5, 30.8,

4.2 Procedures for the In(NJ)g-catalyzed glycosidation of the
common alcohols

4.2.1 Pregnenolonyl 2, 3, 4, 6-tetra-O-Bzb-glucopyranoside

3. Conclusion



29.2, 28.2, 21.7, 20.4, 13.8, 12.1. HRMS (ESI): Mz +H]"
calcd for G3Hss0,; 867.3744; found: 867.3750.

4.2.2 Adamantyl 2, 3, 4, 6-tetra-O-B#-glucopyranoside (G2)

Yield 89% (65 mg); White solid; mp 206-208 ; [a]7
+57.4(c=1.0, CHG); R; =0.18(Ethyl acetate/toluene, 1/60M
NMR (400 MHz, CDCJ) & 8.02 (d,J = 7.5 Hz, 2H), 7.94 (dd] =
15.7, 7.6 Hz, 4H), 7.83 (d, = 7.3 Hz, 2H), 7.55-7.47 (m, 3H),
7.44-7.32 (m, 8H), 7.29 (d,= 7.7 Hz, 1H), 5.93 (t) = 9.6 Hz,
1H), 5.59-5.47 (m, 2H), 5.13 (d,= 7.9 Hz, 1H), 4.59 (dd] =
11.9, 3.0 Hz, 1H), 4.49 (dd,= 11.9, 7.1 Hz, 1H), 4.18 (d,=
7.0 Hz, 1H), 2.02 (s, 3H), 1.82 (@= 11.3 Hz, 3H), 1.66 (d] =
11.5 Hz, 3H), 1.58-1.46 (m, 6HYC NMR (100 MHz, CDG)) §
166.0, 165.8, 165.3, 164.9, 133.4, 133.1, 133.®.812129.7,
129.7, 129.6, 129.5, 129.0, 128.9, 128.8, 128.4.312128.3,
128.2, 128.2, 94.3, 75.8, 73.2, 72.1, 71.9, 70337,642.3, 36.0,
30.5. HRMS (ESI): m/z [M +H] calcd for G,H,50, 731.2856;
found: 731.2859.

4.2.3 2-Azidoethyl 2, 3, 4, 6-tetra-O- B#-D-glucopyranoside
(G3)

Yield 88% (59 mg); Colorless oilg]%’ +10.2(c=1.0, CHG); Ry
=0.21(Ethyl acetate/hexane, 17#). NMR (400 MHz, CDC)) &
8.03 (d,J = 7.8 Hz, 2H), 7.96 (d] = 7.8 Hz, 2H), 7.91 (d] = 7.8

4.42 (ddJ=11.3, 6.3 Hz, 1H), 4.29 @,= 6.5 Hz, 1H), 3.48 (id,
J=10.7, 4.2 Hz, 1H), 2.36 (s, OH), 1.94 (d= 12.0 Hz, 1H),
1.59 (s, 3H), 1.24 (d] = 13.9 Hz, 3H), 0.87 (d] = 7.1 Hz, 3H),
0.74 (dd,J = 11.9, 6.7 Hz, 7H)’C NMR (100 MHz, CDGC)) &

166.1, 165.7, 165.6, 165.2, 133.5, 133.2, 133.0.013129.8,
129.8, 129.7, 129.6, 129.5, 129.2, 128.9, 128.®.412128.3,
99.9, 79.9, 72.1, 71.2, 70.0, 68.4, 62.3, 47.32,434.1, 31.4,
25.1, 23.0, 22.0, 20.9, 15.7. HRMS (ESI): m/z [M %ilcd for
C44H4704 735.3169; found: 735.3165.

4.2.6 Diosgenyl 2, 3, 4, 6-tetra-O-Bzb-galactopyranoside
(G6)

Yield 89% (87mg); Colorless 0|[,a']Zd +40.9(c=1.5, CHQG); R
=0.36 (Ethyl acetate/toluenel/2®). NMR (400 MHz, CDC)) 5
8.10 (d,J = 7.5 Hz, 2H), 8.02 (d] = 7.5 Hz, 2H), 7.96 (A= 7.6
Hz, 2H), 7.79 (dJ = 7.2 Hz, 2H), 7.60 (d] = 7.5 Hz, 1H), 7.56
(s, 2H), 7.52-7.47 (m, 3H), 7.40 (dt= 15.5, 7.6 Hz, 6H), 5.98
(d,J =3.0 Hz, 1H), 5.77 (dd] = 10.2, 8.0 Hz, 1H), 5.59 (dd,=
10.4, 3.4 Hz, 1H), 5.22 (s, 1H), 4.91 M= 8.0 Hz, 1H), 4.68
(dd,J=11.2, 6.8 Hz, 1H), 4.46-4.38 (m, 2H), 4.32)(t 6.6 Hz,
1H), 3.56 (s, 1H), 3.48 (d,= 10.1 Hz, 1H), 3.37 (1] = 10.9 Hz,
1H), 2.19 (s, 2H), 1.97 (s, 2H), 1.89-1.84 (m, 1H)41(dd,J =
14.8, 5.1 Hz, 4H), 1.66-1.59 (m, 4H), 1.46 (s, 3H),61(2,
3H),1.08 (s,1H), 0.97 (d, = 6.9 Hz, 4H), 0.93 (s, 4H), 0.80- 0.76

Hz, 2H), 7.83 (dJ = 7.8 Hz, 2H), 7.59 -7.46 (m, 3H), 7.44 -7.38 (M, 6H).

(m, 4H), 7.38-7.33 (m, 3H), 7.28 (@= 7.7 Hz, 2H), 5.92 () =
9.6 Hz, 1H), 5.69 (t) = 9.7 Hz, 1H), 5.56 (}=9.6, 1H), 4.94 (d,
J = 7.8 Hz, 1H), 4.67 (dd) = 12.1, 3.0 Hz, 1H), 4.51 (dd,
J=12.1, 5.1Hz,1H), 4.18 (dl = 9.1, 4.0 Hz, 1H), 4.05 (df =
10.4, 4.5 Hz, 1H), 3.75 (ddd, = 11.2, 7.9, 3.7 Hz, 1H), 3.44
(ddd,J = 11.8, 7.8, 3.8 Hz, 1H), 3.30 (dt= 13.2, 4.3 Hz, 1H).

*C NMR (101 MHz, CDG)) & 166.1, 165.8, 165.1, 165.1, 133.4,

133.2, 133.2, 133.2, 129.8, 129.8, 129.7, 129.B.5,2129.2,
128.7, 128.4, 128.3, 128.2, 101.2, 72.8, 72.4,,789/6, 68.4,
63.0, 50.6.HRMS (ESI): m/z [M +H]calcd for GgHzN3O4
666.2088; found: 666.2084.

4.2.4 (4-hydroxyphenyl)ethyl
glucopyranoside (G4)

Yield 90% (64mg); Colorless 0|[,a']Zd +27.1(c=1.0, CHG); R
=0.33 (Ethyl acetate/hexane, 118). NMR (400 MHz, CDC)) &
8.03 (d,J = 7.4 Hz, 2H), 7.98-7.92 (m, 4H), 7.87 (M= 7.4 Hz,
2H), 7.54 (ddJ = 13.1, 5.7 Hz, 2H), 7.48 (d,= 7.5 Hz, 1H),
7.43-7.35 (m, 6H), 7.28 (dd, = 14.2, 6.6 Hz, 3H), 7.07 (d,=
8.3 Hz, 2H), 6.65 (dJ = 8.4 Hz, 2H), 6.15 (1) = 9.8 Hz, 1H),
5.63 (t,J = 9.9 Hz, 1H), 5.32 (dJ = 3.5 Hz, 1H), 5.27 (dd] =
10.1, 3.6 Hz, 1H), 4.49 (dd,= 12.2, 2.5 Hz, 1H), 4.33 (dd,=
12.2, 5.0 Hz, 1H), 3.99 (ddd,= 9.6, 4.5, 2.7 Hz, 1H), 3.95-3.88
(m, 1H), 3.69 (dt,J) = 9.4, 6.1 Hz, 1H), 2.86 (8 = 6.4 Hz, 2H).

2, 3, 4, 6-tetra-O-BD-

*C NMR (100 MHz, CDG)) & 166.2, 165.9, 165.8, 165.3, 154.2,

133.4, 133.4, 133.1, 130.7, 130.2, 129.9, 129.9.712129.7,
129.6, 129.1, 129.0, 128.8, 128.4, 128.4, 128.3,21B5.5, 72.0,
70.5, 69.4, 68.9, 67.6, 62.9, 35.0.

HRMS (ESI): m/z [M +H]J calcd for G,Hz/0,, 717.2336; found:
717.2340.

4.25 (L)-Mentyl 2, 3, 4, 6-tetra-O-Bzb-galactopyranoside
(G3)

Yield 91% (67mg); Colorless oila]%’ +46.5(c=1.0, CHG); R;
=0.47(Ethyl acetate/hexane, 176). NMR (400 MHz, CDC)) &
8.09 (d,J = 7.2 Hz, 2H), 8.02 (d] = 7.2 Hz, 2H), 7.97 (d] = 7.3
Hz, 2H), 7.80 (d,J = 7.3 Hz, 2H), 7.62 () = 7.4 Hz, 1H), 7.58-
7.46 (m, 5H), 7.40 (df) = 18.7, 7.7 Hz, 6H), 5.98 (d,= 2.8 Hz,
1H), 5.74 (ddJ = 10.3, 8.0 Hz, 1H), 5.58 (dd,= 10.4, 3.4 Hz,
1H), 4.87 (d,J = 7.9 Hz, 1H), 4.62 (dd] = 11.2, 6.7 Hz, 1H),

*C NMR (100 MHz, CDG)) & 166.0, 165.6, 165.6, 165.2, 140.3,
133.5, 133.2, 133.1, 130.2, 130.1, 129.8, 129.8.5/2129.5,
129.0, 128.8, 128.7, 128.6, 128.4, 128.4, 128.8.312121.7,
109.3, 100.7, 80.8, 80.7, 71.9, 71.3, 67.0, 68138,662.1, 56.5,
50.0, 41.6, 40.2, 39.7, 38.9, 37.1, 36.8, 32.08,331.4, 30.3,
29.6, 28.8, 20.8, 19.3, 17.1, 16.2, 14.5. HRMS (EBlg M
+H]" calcd for GoHs/01,979.4633; found: 979.4635.

4.2.7Bromoethyl 2, 3, 4, 6-tetra-O-BzD-galactopyranoside
(G7)

Yield 90% (63mg); Colorless oila]%’ -15.4(c=1.0, CHG); Ry
=0.48(Ethyl acetate/hexane, 1/8). NMR (400 MHz, CDC)) 5
8.09 (d,J = 7.5 Hz, 2H), 8.03 (d] = 7.5 Hz, 2H), 7.98 (d] = 7.5
Hz, 2H), 7.79 (d) = 7.5 Hz, 2H), 7.62 (t) = 7.4 Hz, 1H), 7.56
(t, J = 7.4 Hz, 1H), 7.49 (d] = 7.7 Hz, 2H), 7.47-7.41 (m, 4H),
7.38 (t,J = 7.7 Hz, 2H), 7.27-7.22 (m, 2H), 6.00 (b5 3.4 Hz,
1H), 5.82 (ddJ = 10.4, 7.9 Hz, 1H), 5.62 (dd,= 10.4, 3.4 Hz,
1H), 4.92 (d,J = 7.9 Hz, 1H), 4.67 (dd] = 11.3, 6.7 Hz, 1H),
4.44 (dd,J = 11.3, 6.4 Hz, 1H), 4.35 (,= 6.5 Hz, 1H), 4.23 (dt,
J=11.6, 5.9 Hz, 1H), 3.93 (di,= 11.2, 7.1 Hz, 1H), 3.49-3.42
(m, 2H).C NMR (100 MHz, CDG)) & 166.0, 165.5, 165.5,
165.3, 133.6, 133.3, 133.3, 133.2, 123.0, 129.8.712129.3,
128.9, 128.7, 128.6, 128.5, 128.3, 128.3, 101.&,7111.5, 69.9,
69.5, 68.0, 62.0, 29.6. HRMS (ESI): m/z [M +Hgalcd for
CseH3,BrO, 703.1179; found 703.1173.

4.2.8 Chloroethyl 2, 3, 4, 6-tetra-O-Bzb-mannopyranoside
(G8)

Yield 94% (67mg); Colorless oila]%’ +61.7(c=1.0, CHG); Ry
=0.34(Ethyl acetate/hexane, 17#). NMR (400 MHz, CDC)) &
8.11 (d,J = 7.6 Hz, 2H), 8.05 (d] = 7.7 Hz, 2H), 7.97 (d] = 7.6
Hz, 2H), 7.84 (dJ = 7.6 Hz, 2H), 7.62-7.55 (m, 2H), 7.51 &=
7.4 Hz, 1H), 7.45-7.34 (m, 8H), 7.28 (= 7.7 Hz, 1H), 6.13 (t,
J =10.1 Hz, 1H), 5.93 (dd] = 10.1, 3.2 Hz, 1H), 5.75 (s, 1H),
5.16 (s, 1H), 4.71 (dd, = 12.0, 2.0 Hz, 1H), 4.57 (d,= 10.1 Hz,
1H), 4.50 (ddJ = 12.0, 4.4 Hz, 1H), 4.07 (di,= 11.6, 5.9 Hz,
1H), 3.94 (dtJ = 10.9, 5.3 Hz, 1H), 3.78 (§,= 5.6 Hz, 2H)'°C
NMR (100 MHz, CDC)) 6 166.1, 165.5, 165.4, 133.5, 133.4,
133.2, 133.0, 129.8, 129.7, 129.3, 129.1, 129.8.612128.4,
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128.3, 97.9, 70.4,70.0, 69.3, 68.8, 66.8, 62.85.4HHRMS

(ESD): m/z [M +HJ calcd for GgH3,ClO;, 659.1684; found:

659.1689.

4.2.9 Cholesteryl 2, 3, 4, 6-tetra-O-BZ>-mannopyranoside

(G9)

Yield 88% (85mg); Colorless oila]’’ -29.9(c=1.0, CHG); Ry
=0.56(Ethyl acetate/hexane, 176). NMR (400 MHz, CDC)) &
8.08 (t,J = 7.5 Hz, 4H), 7.98 (d] = 7.8 Hz, 2H), 7.84 (d] = 7.8
Hz, 2H), 7.62-7.54 (m, 2H), 7.50 &= 7.4 Hz, 1H), 7.39 (df =

17.4, 8.2 Hz, 7TH), 7.29-7.24 (m, 2H), 6.05Jt= 9.9 Hz, 1H),
5.95 (dd,J = 10.1, 3.1 Hz, 1H), 5.66 (s, 1H), 5.26 (s, 2H), 4.68

(d,J=11.7 Hz, 1H), 4.58-4.46 (m, 2H), 3.63 (s, 1H), Add =
6.1 Hz, 2H), 2.06-1.80 (m, 6H), 1.60 (s, 3H), 1.49Jd; 10.6
Hz, 4H), 1.35 (dJ) = 8.1 Hz, 3H), 1.26 (s, 2H), 1.13 @z= 6.3

Hz, 5H), 1.02 (d)) = 8.8 Hz, 5H), 0.93 (d] = 6.4 Hz, 4H), 0.87

(d, J = 6.6 Hz, 6H), 0.69 (s, 3HJC NMR (100 MHz, CDG)) &

166.2, 165.6, 165.5, 140.2, 133.4, 133.1, 133.8.8,2129.8,
129.7, 129.4, 129.1, 129.0, 128.6, 128.4, 128.48.312122.2,
96.0, 78.6, 71.2, 70.1, 68.9, 67.2, 63.3, 56.82,560.1, 42.3,
40.0, 39.8, 39.5, 36.9, 36.7, 36.2, 32.0, 31.92,288.0, 27.8,

24.3, 23.8, 22.8, 22.6, 21.0, 19.3, 18.7, 11.9. HRHESI): m/z
[M +H] " calcd for G;H75040 965.5204; found: 965.5213.

4.2.10 (2-Trimethylsilyl) ethyl 2, 3, 4, 6-tetra-O-BD-
mannopyranoside (G10)

Yield 71% (49mg); Colorless oila]%’ +14.5(c=1.5, CHG); Ry
=0.55(Ethyl acetate/hexane, 17#). NMR (400 MHz, CDC)) &
8.12 -8.05 (m, 4H), 7.97 (d,= 7.8 Hz, 2H), 7.84 (d] = 7.8 Hz,

2H), 7.62-7.54 (m, 2H), 7.51 (3, = 7.4 Hz, 1H), 7.47-7.30 (m,

8H), 7.26 (tJ = 7.7 Hz, 2H), 6.09 (1) = 9.9 Hz, 1H), 5.94 (dd]
=10.1, 3.2 Hz, 1H), 5.67 (s, 1H), 5.13 (s, 1H), 46(= 10.1

Hz, 1H), 4.54-4.43 (m, 2H), 3.94 (td= 10.2, 6.2 Hz, 1H), 3.68
(td, J = 10.3, 6.2 Hz, 1H), 1.09 (td,= 13.8, 7.7 Hz, 2H), 0.07 (s,
9H).°C NMR (101 MHz, CDGJ) 5 166.2, 165.5, 160.7, 133.4,
133.1, 133.0, 129.8, 129.8, 129.7, 129.4, 129.8.(1,2128.6,
128.4, 128.3, 97.1, 70.8, 70.1, 68.8, 67.1, 66311,618.0, -1.4.
HRMS (ESI): m/z [M +H] calcd for GgH0:0Si 697.24609;

found: 697.2476.

4211 Epiandrosteronyl 2, 3,
mannopyranoside (G11)

Yield 82% (67mg); White solid; mp 105-10C ; [a]?
+35.4(c=1.0, CHG); R; =0.39(Ethyl acetate/hexane 1}&1)
NMR (400 MHz, CDC}) & 8.08 (t,J = 8.0 Hz, 4H), 7.98 (d] =

4, 6-tetra-O-8D-

7.3 Hz, 2H), 7.84 (d] = 7.3 Hz, 2H), 7.63-7.54 (m, 2H), 7.51 (t,
J=7.4Hz, 1H), 7.40 (] = 8.4, 7.1 Hz, TH), 7.30-7.24 (m, 2H),
6.06 (t,J = 10.0 Hz, 1H), 5.95 (dd, = 10.1, 3.2 Hz, 1H), 5.65 (s,

1H), 5.26 (s, 2H), 4.68 (dl = 10.1 Hz, 1H), 4.52 (dd] = 18.0,
11.6 Hz, 2H), 3.62 (s, 1H), 2.59-2.43 (m, 3H), 2.20)(¢, 10.9

Hz, 1H), 2.13 (s, 2H), 2.07 (d, = 9.8 Hz, 1H), 2.02-1.85 (m,
4H), 1.66 (dd,) = 21.7, 10.5 Hz, 4H), 1.52-1.43 (m, 3H), 1.26 (s,

3H), 1.04 (s, 5H), 0.65 (s, 3HYC NMR (100 MHz, CDG)) &

209.5, 166.2, 165.6, 165.5, 140.2, 133.4, 133.B.013129.8,
129.8, 129.7, 129.4, 129.1, 129.0, 128.6, 128.48.412128.3,
121.9, 96.1, 78.6, 71.2, 70.1, 69.0, 67.2, 63.72,636.9, 49.9,
44.0, 40.0, 38.8, 36.9, 36.7, 31.8, 31.5, 27.85,232.8, 21.0,

19.3, 13.2. HRMS (ESI): m/z [M
Cs5H5401:895.4057; found: 895.4069.

+HA] calcd for

4.2.12 Bromoethyl 2, 3, 4, 6-tetra-O-B#4>-galactopyranoside

(G12)

Yield 87% (61mg); Colorless 0|[,a']Zd +42.4(c=1.0, CHG); R
=0.59(Ethyl acetate/hexane, 178). NMR (400 MHz, CDC))
$8.13-8.03 (M, 4H), 7.97 (d,= 7.7 Hz, 2H), 7.85 (d] = 7.7 Hz,

2H), 7.59 (qJ = 7.4 Hz, 2H), 7.51 (t) = 7.4 Hz, 1H), 7.47-7.33

(m, 8H), 7.28 (dJ = 7.7 Hz, 1H), 6.13 () = 10.1 Hz, 1H), 5.94
(dd,J =10.2, 3.2 Hz, 1H), 5.74 (s, 1H), 5.17 (s, 1H), 4dd, J

=12.1, 2.2 Hz, 1H), 4.59 (d,= 10.1 Hz, 1H), 4.51 (dd,= 12.1,
4.4 Hz, 1H), 4.13 (dt) = 12.6, 6.3 Hz, 1H), 4.01 (di,= 11.3,
5.7 Hz, 1H), 3.61 (tJ = 6.0 Hz, 2H).”*C NMR (100 MHz,
CDCl) & 166.1, 165.4, 165.4, 133.5, 133.5, 133.2, 1330,1],

129.9, 129.8, 129.8, 129.7, 129.2, 129.0, 128.8.812128.6,
128.6, 128.4, 128.4, 128.3, 97.8, 70.3, 69.9, 66816, 66.7,
62.8, 29.7. HRMS (ESI): m/z [M +H] calcd for
CseH3,Br0;,703.1179; found : 703.1175.

4.2.13 Stigmasterol 2, 3, 4-tri-O-Bzb-rhamnoside (G13)

Yield 92% (80mg); Colorless oilar]%’ +70.4(c=1.0, CHG); Ry
=0.56(Ethyl acetate/hexane, 1/&)1 NMR (400 MHz, CDCJ) &
8.11 (d,J = 7.7 Hz, 2H), 7.98 (d] = 7.8 Hz, 2H), 7.83 (d] = 7.8
Hz, 2H), 7.60 (tJ = 7.4 Hz, 1H), 7.49 (q) = 7.9 Hz, 4H), 7.39
(dt,J = 15.3, 7.6 Hz, 4H), 5.87 (dd= 10.1, 3.3 Hz, 1H), 5.67 (t,
J = 10.0 Hz, 1H), 5.63 (s, 1H), 5.38 (s, 1H), 5.20-5113 2H),
5.02 (dd,J = 15.1, 8.6 Hz, 1H), 4.28 (dd,= 9.6, 6.3 Hz, 1H),
3.59 (s, 1H), 2.44 (d] = 10.1 Hz, 1H), 2.35 (] = 12.0 Hz, 1H),
2.01 (d,J = 11.9 Hz, 5H), 1.91 (d] = 13.3 Hz, 1H), 1.74 (d =
14.6 Hz, 3H), 1.57-1.49 (m, 6H), 1.35 @z 6.2 Hz, 3H), 1.26
(t, J = 11.3 Hz, 3H), 1.19 (s, 1H), 1.16 @= 9.3 Hz, 2H), 1.12
(s, 1H), 1.07 (s, 3H), 1.03 (d,= 6.5 Hz, 3H), 0.85 (d] = 6.2
Hz, 3H), 0.83 (s, 1H), 0.80 (d,= 6.6 Hz, 6H), 0.72 (s, 3HJC
NMR (100 MHz, CDC)) 6 165.8, 165.6, 165.5, 140.1, 138.3,
133.4, 133.2, 133.0, 129.9, 129.7, 129.7, 129.9.312129.3,
129.2, 128.5, 128.4, 128.2, 122.1, 95.8, 78.0,,72115, 70.1,
66.7, 56.8, 55.9, 51.2, 50.2, 42.2, 40.5, 39.75,387.3, 36.7,
31.9, 31.9, 29.5, 28.9, 254, 24.3, 21.2, 21.11,219.4, 19.0,
17.7, 12.2, 12.0. HRMS (ESI): m/z [M +Hgalcd for GgH7,0s
871.5149; found : 871.5153.

4.2.14 0-(2, 3, 4-tri-O-Bz-D-rhamosyl)- N-Cbz-L-threonine
methyl ester(G14)

Yield 92% (67mg); Colorless 0|[,a']Zd +38.9(c=1.0, CHQG); R
=0.31 (Ethyl acetate/hexane, 1/ NMR (400 MHz, CDC)) 5
8.09 (d,J = 7.2 Hz, 2H), 7.95 (d] = 7.2 Hz, 2H), 7.81 (d] = 7.2
Hz, 2H), 7.61 (tJ) = 7.4 Hz, 1H), 7.50 (dt] = 15.4, 7.5 Hz, 4H),
7.39 (dgJ = 12.7, 7.5 Hz, 8H), 7.32 (d,= 7.0 Hz, 1H), 5.79 (d,
J = 8.5 Hz, 1H), 5.66 (g] = 10.5 Hz, 4H), 5.18 (s, 2H), 5.02 (s,
1H), 4.69 (dJ = 8.5 Hz, 1H), 4.28 (d] = 7.2 Hz, 1H), 4.06-4.00
(m, 1H), 3.91-3.80 (m, 5H), 1.36 (d,= 6.2 Hz, 3H).°*C NMR
(100 MHz, CDCJ) 6 170.2, 165.7, 165.5, 165.4, 155.9, 136.1,
133.5, 133.3, 133.1, 129.9, 129.6, 129.2, 129.3.112128.6,
1285, 128.4, 128.2, 128.2, 128.1, 128.1, 97.5,710.4, 69.7,
68.1, 67.2, 67.1, 54.2, 52.7, 17.6. HRMS (ESI): Mz +H]*
calcd for GgH,oNO,, 726.2551; found: 726.2549.

4.2.15Epiandrosteronyl 2, 3, 4-tri-O-Bzb-rhamnoside (G15)

Yield 95% (71mg); Colorless oilar]%’ +59.1(c=1.0, CHG); Ry
=0.53(Ethyl acetate/hexane, 1/3) NMR (400 MHz, CDCJ) &
8.11 (d,J = 7.2 Hz, 2H), 7.98 (d] = 7.2 Hz, 2H), 7.83 (d] = 7.2
Hz, 2H), 7.61 (tJ = 7.4 Hz, 1H), 7.50 (q] = 8.2, 7.7 Hz, 3H),
7.40 (dt,J = 15.2, 7.5 Hz, 3H), 7.27-7.23 (m, 2H), 5.86 (dd
10.1, 3.3 Hz, 1H), 5.67 (8,= 10.0 Hz, 1H), 5.59 (s, 1H), 5.18 (s,
1H), 4.26 (dd,J = 9.7, 6.3 Hz, 1H), 3.66 (s, 1H), 2.44 (dd=
19.2, 8.7 Hz, 1H), 2.07 (df, = 18.9, 9.0 Hz, 1H), 1.92 (s, 2H),
1.81 (d,J = 12.1 Hz, 2H), 1.77-1.75 (m, 1H), 1.68 &5 9.6 Hz,
2H), 1.60 (dd,J = 10.6, 3.6 Hz, 1H), 1.54 (dd,= 8.6, 3.2 Hz,
1H), 1.49 (ddJ = 9.4, 3.1 Hz, 1H), 1.44 (d = 12.8 Hz, 1H),
1.35 (d,J = 6.2 Hz, 4H), 1.29 (d] = 5.4 Hz, 1H), 1.25 (d] = 3.8
Hz, 1H), 1.14 (dJ = 12.4 Hz, 1H), 1.03 (td] = 13.4, 4.1 Hz,
2H), 0.88 (dJ = 7.8 Hz, 6H), 0.75-0.67 (m, 1HYC NMR (100
MHz, CDCk) é 165.8, 165.7, 165.5, 133.4, 133.2, 133.0, 129.8,
129.7, 129.6, 129.5, 129.3, 129.2, 128.5, 128.4.21295.6,



77.15, 72.01, 71.6, 70.1, 66.6, 54.4, 51.4, 47483,437.0, 35.8,
35.9, 35.0, 34.0, 31.5, 30.9, 29.2, 28.4, 21.75,207.7, 13.8,
12.3. HRMS (ESI): m/z [M+H] calcd for GgHs:0y 747.3533;
found: 747.3528.

4.2.16 Borneolyl 3, 4, 6-tri-O-acetyl-2-deoxy-2-pdtmido4-D-
glucopyranoside (G16)

Yield 92% (53mg); Colorless 0|[,a']Zd +9.8(c=1.0, CHG); R
=0.63(Ethyl acetate/hexane, 1/ NMR (400 MHz, CDCJ) &
7.87 (dd,J = 5.4, 3.0 Hz, 2H), 7.75 (dd, = 5.4, 3.1 Hz, 2H),
5.86 (dd,J = 10.8, 9.1 Hz, 1H), 5.29 (d,= 8.4 Hz, 1H), 5.21-
5.14 (m, 1H), 4.38-4.30 (m, 2H), 4.16 (dds 12.1, 2.4 Hz, 1H),

3.95 (d,J = 8.7 Hz, 1H), 3.84 (d] = 8.0 Hz, 1H), 2.11 (s, 3H),
2.04 (s, 4H), 1.88 (s, 3H), 1.66 (= 13.3 Hz, 1H), 1.45 (s, 2H),

1.04 (d,J = 12.3 Hz, 1H), 0.82 (s, 3H), 0.76 = 7.7 Hz, 6H),
0.59 (dd,J = 13.2, 2.9 Hz, 1H), 0.52 (s, 1HJC NMR (100

36.0, 28.1, 26.7, 20.7, 20.6, 19.8, 18.9, 13.4. HRHESI): m/z
[M +H]™ calcd for G,H3,N;05 468.2346; found: 468.2350.

4.2.20 (L)-Mentyl 3, 4, 6-tri-O-acetyl-2-deoxy-2-&zu-D-
galactopyranoside (G20)

Yield 81% (40mg); Colorless 0|[,a']“+102 5(c=1.0, CHG); R
=0.55(Ethyl acetate/hexane, 1/3) NMR (400 MHz, CDC)) &
5.31 (d,J = 2.9 Hz, 1H), 4.76 (dd] = 10.9, 3.3 Hz, 1H), 4.42 (d,
J = 8.0 Hz, 1H), 4.13 (dd] = 11.1, 6.8 Hz, 1H), 4.06 (dd,=
11.2, 6.7 Hz, 1H), 3.82 (§,= 6.6 Hz, 1H), 3.62 (dd} = 10.7, 8.1
Hz, 1H), 3.47 (td) = 10.7, 4.2 Hz, 1H), 2.32-2.26 (m, 1H), 2.16
(s, 3H), 2.04 (dJ = 9.9 Hz, 6H), 1.67 (d] = 11.2 Hz, 2H), 1.33-
1.24 (m, 2H), 1.11-1.02 (m, 2H), 0.93 (dds 15.0, 6.8 Hz, 8H),
0.75 (d,J = 6.8 Hz, 3H)*C NMR (100 MHz, CDCJ) 5 170.4,
170.2, 169.9, 100.0, 79.2, 71.2, 70.4, 66.5, 63058, 47.6, 40.2,
34.2, 31.5, 25.1, 23.0, 22.2, 20.9, 20.7, 20.65.18RMS (ESI):

MHz, CDCL) & 170.7, 170.2, 169.5, 134.3, 131.4, 123.5, 96.9m/z [M +H]" calcd for G,HseNs03470.2502; found: 470.2495.

83.6, 71.7, 70.7, 69.4, 62.2, 54.9, 49.1, 47.77485.8, 27.9,
26.3, 20.7, 20.6, 20.5, 19.6, 18.8, 13.2. HRMS (EBlg M
+H]" calcd for GoHzgNO, 572.2496; found: 572.2502.

4.2.17 Ethyl O- (3, 4, 6-tri-O-acetyl-2-deoxy-2-pHimédo-4-D-
glucopyranosyl)-L-lactate (G17)

Yield 80% (43mg); Colorless oila]’’ -19.3(c=1.0, CHG); Ry

=0.26(Ethyl acetate/hexane, 1/ NMR (400 MHz, CDC)) &

7.87 (dd,J = 5.4, 3.1 Hz, 2H), 7.74 (dd, = 5.4, 3.0 Hz, 2H),
5.90 (dd,J = 10.6, 9.2 Hz, 1H), 5.35 (d,= 8.5 Hz, 1H), 5.17 (t,
J = 9.6 Hz, 1H), 4.40-4.29 (m, 3H), 4.17 (dti= 12.3, 2.1 Hz,
1H), 4.02-3.83 (m, 3H), 2.12 (s, 3H), 2.03 (s, 3H)8LS 3H),
1.35 (d,J = 6.9 Hz, 3H), 1.02 () = 7.1 Hz, 3H)**C NMR (100

4.2.21 O-(2-deoxy-2-azido- 3, 4, 6-tri-O-Add-
galactopyranosyl)- N-Fmoc-L-threonine methyl esteri@p

Yield 75% (50mg); Colorless 0|La]“+ll 2(c=1.0, CHQG); R
=0.64(Ethyl acetate/hexane, 1H). NMR (400 MHz, CDC)) &
7.77 (d,J = 7.4 Hz, 2H), 7.67-7.62 (m, 2H), 7.41 Jt= 7.3 Hz,
2H), 7.34 (dd,) = 6.8, 3.5 Hz, 2H), 5.64 (d,= 9.5 Hz, 1H), 5.46
(s, 1H), 5.29 (ddJ = 11.1, 3.1 Hz, 1H), 5.04 (d,= 3.5 Hz, 1H),
4.46 (d,J = 10.1 Hz, 3H), 4.42-4.34 (m, 2H), 4.32-4.24 (m, 2H),
4.10 (d,J = 6.4 Hz, 2H), 3.81 (s, 2H), 3.69 (dbiz 11.2, 3.6 Hz,
1H), 2.15 (s, 3H), 2.06 (d,= 12.2 Hz, 6H), 1.35 (d] = 6.3 Hz,
3H).”*C NMR (100 MHz, CDG))  170.6, 170.3, 170.0, 169.8,
156.7, 143.8, 143.8, 141.3, 127.7, 127.1, 125.2,00 9.4, 68.2,

MHz, CDCk) 6 171.8, 170.7, 170.1, 169.5, 134.1, 123.4, 97.267.6, 67.5, 67.1, 61.8, 58.7, 57.8, 52.7, 47.16,2R0.6, 20.6,

72.7, 71.7, 70.4, 69.0, 62.0, 60.9, 54.5, 20.76,2R0.5, 18.6,
13.9. HRMS (ESI): m/z [M +H]calcd for GsHsgNO,, 536.1768;
found: 536.1772.

4.2.18 Cholesteryl 3, 4, 6-tri-O-acetyl-2-deoxy-2katimidoS-
D-glucopyranoside (G18)

Yield 93% (75mg); White solid; mp 85-8T ; [al?
+125.5(c=1.0, CHG); R; =0.49(Ethyl acetate/hexane 1}20
NMR (400 MHz, CDCY) § 7.87 (dd,J = 5.2, 3.0 Hz, 2H), 7.75
(dd,J = 5.4, 3.0 Hz, 2H), 5.83-5.74 (m, 1H), 5.48 J& 8.5 Hz,
1H), 5.23 (s, 1H), 5.17 (f = 9.6 Hz, 1H), 4.30 (dJ = 10.7 Hz,
2H), 4.15 (dJ = 12.1 Hz, 1H), 3.87 (dl = 12.2 Hz, 1H), 3.48 (s,
1H), 2.11 (s, 3H), 2.03 (s, 3H), 2.00-1.91 (m, 3H)6LS 3H),
1.79 (d,J = 10.1 Hz, 2H), 1.54-1.40 (m, 6H), 1.32 {ds 8.0 Hz,
4H), 1.24 (d,J = 13.0 Hz, 2H), 1.09 (dd] = 18.3, 8.8 Hz, 6H),
1.00 (dd,J = 19.5, 7.0 Hz, 5H), 0.90 (d,= 6.5 Hz, 3H), 0.86 (d,
J = 7.4 Hz, 9H), 0.63 (s, 3H)"*C NMR (100 MHz, CDGC)) 5
170.7,170.2, 169.5, 140.2, 134.2, 131.4, 123.8,1126.8, 79.5,
71.7, 70.9, 69.2, 62.2, 56.7, 56.1, 54.9, 50.13,429.7, 39.5,
38.6, 37.1, 36.6, 36.2, 35.7, 31.9, 31.8, 29.32,288.0, 24.2,
23.8, 22.8, 22.5, 21.0, 20.8, 20.6, 20.4, 19.37,181.8. HRMS
(ESI): m/z [M +HJ calcd for G;Hs NO,804.4687; found:
804.4690.

4.2.19 Borneolyl 3, 4, 6-tri-O-acetyl-2-deoxy-2-azigD-
galactopyranoside (G19)

Yield 82% (38mg); Colorless 0|[,a']Zd +88.1(c=1.0, CHG); R
=0.56(Ethyl acetate/hexane, 1/3) NMR (400 MHz, CDC)) &
5.31 (d,J = 2.8 Hz, 1H), 4.73 (ddl = 10.9, 3.3 Hz, 1H), 4.34 (d,
J = 8.0 Hz, 1H), 4.19 (dd] = 11.1, 6.4 Hz, 1H), 4.06 (dd,=
17.8, 6.9 Hz, 2H), 3.80 (8,= 6.7 Hz, 1H), 3.66 (ddl = 10.8, 8.0
Hz, 1H), 2.16 (s, 3H), 2.04 (d,= 6.8 Hz, 6H), 1.69 (d) = 4.4
Hz, 3H), 1.27 (dJ = 9.5 Hz, 3H), 1.14 (dd| = 13.2, 2.9 Hz, 1H),
0.90-0.85 (m, 9H)**C NMR (100 MHz, CDGJ)  170.4, 170.2,
169.8, 101.4, 85.0, 70.8, 70.5, 66.4, 61.3, 61921,448.1, 44.8,

18.5. HRMS (ESI): m/z [M +H] caled for GH3N,Oi,
669.2408; found: 669.2413.

4.2.210-(2-deoxy-2-azido- 3, 4, 6-tri-O-Bd-
galactopyranosyl)- N-Fmoc-L-threonine methyl ester(8p

Yield 13% (9mg); Colorless oila]% -31.4(c=1.0, CHG); R
=0.53(Ethyl acetate/hexane, 11H). NMR (400 MHz, CDC)) 5
7.77 (d,d = 7.5 Hz, 2H), 7.62 () = 7.3 Hz, 2H), 7.40 () = 7.4
Hz, 2H), 7.31 (tJ = 7.4 Hz, 2H), 5.60 (d] = 9.4 Hz, 1H), 5.32-
5.29 (m, 1H), 4.75 (ddl = 10.9, 3.2 Hz, 1H), 4.53 (d,= 6.3 Hz,
1H), 4.46 (dJ = 9.5 Hz, 1H), 4.41 () = 6.6 Hz, 3H), 4.28 (q]
= 7.2 Hz, 2H), 4.09 (dd] = 6.6, 2.6 Hz, 2H), 3.81 (§,= 6.6 Hz,
1H), 3.77 (s, 2H), 3.66 (dd,= 10.7, 8.1 Hz, 1H), 2.15 (s, 3H),
2.07-2.04 (m, 6H), 1.35 (d,= 6.3 Hz, 3H)"*C NMR (100 MHz,
CDCly) 6 170.5, 170.4, 170.0, 169.8, 156.6, 143.9, 143#1,3]
141.3, 127.7, 127.1, 125.2, 125.1, 120.0, 100.2,78.6, 67.3,
66.1, 61.7, 60.9, 60.6, 58.4, 58.0; 52.6, 47.17,200.6, 20.6,
16.8. HRMS (ESI): m/z [M +H] caled for G,H3/N,O;,
669.2408; found: 669.2410.

4.2.22 Borneolyl 3, 4, 6-tri-O-Bz-2-deoxyb-glucopyranoside
(G22)

Yield 91% (39mg); Colorless oila]%’ +37.4(c=1.0, CHG); Ry
=0.55(Ethyl acetate/hexane, 176). NMR (400 MHz, CDC)) &
8.05 (d,J = 7.2 Hz, 2H), 7.99 (d] = 7.2 Hz, 2H), 7.95 (d] = 7.2
Hz, 2H), 7.53 (dJ = 7.5 Hz, 1H), 7.48 (dd] = 7.4, 3.5 Hz, 2H),
7.41 (d,J = 7.8 Hz ,2H), 7.39-7.34 (m, 4H), 5.81-5.72 (m, 2H),
5.55 (t,J = 9.5 Hz, 1H), 5.08 (d] = 2.9 Hz, 1H), 4.56 ( = 7.1
Hz, 1H), 4.48-4.41 (m, 1H), 3.89 (d= 8.7 Hz, 1H), 2.55 (dd]
=12.6, 5.1 Hz, 1H), 2.25-2.15 (m, 1H), 2.14-2.06 {id), 2.01
(td, J = 12.5, 3.8 Hz, 1H), 1.77-1.69 (m, 1H), 1.59( 4.3 Hz,
1H), 1.37-1.31 (m, 1H), 1.23 (td, = 14.3, 13.4, 4.6 Hz, 2H),
0.86 (d,J = 7.9 Hz, 6H), 0.81 (s, 3H}*C NMR (100 MHz,
CDCl,) 6 166.2, 165.8, 165.6, 133.3, 133.0, 133.0, 12928,8,
129.7,129.6, 129.6, 129.2, 128.4, 128.3, 128.8,21D8.6, 84.9,
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70.5, 70.2, 68.5, 63.7, 49.5, 47.5, 45.0, 37.07,388.3, 26.7,
19.7, 18.7, 13.9. HRMS (ESI): m/z [M +Hgalcd for G;H40g
613.2801; found: 613.2802.

4.3 Procedures for the

disaccharide

In(N}4-catalyzed synthesis of

To a solution of glycosyl bromide (0.1 mmol) in gdihous
CH,CI, (2 mL) containing In(NTf); (14 mg, 0.015mmol ) and
4A molecular sieves(5 mg), alcohol (0.12mmol) waseaddnder
Ar. The mixture was allowed to stir for 12h at roc@mperature.
The suspension was filtered through a pad of Ceditel

concentrated irvacua The crude product was purified by flash CHCL); Ry

column chromatography to yield the product.

4.3.1 Phenyl 6-O-(2, 3, 4, 6-tetra-O-BD-glucopyranosyl)-
(1—6)-2, 3, 4-tri-O-Acs-D-thioglucopyranoside (G23)

Yield 83% (67mg); White solid; mp 79-8L [a]%’+12.9(c=1.0,
CHCly); Ry =0.13(Ethyl acetate/toluene, 1/f®$ NMR (400
MHz, CDCk) & 8.04 (d,J = 7.6 Hz, 2H), 7.97-7.87 (m, 4H), 7.83
(d, J = 7.6 Hz, 2H), 7.59-7.47 (m, 4H), 7.43 Jt= 7.6 Hz, 5H),
7.36 (d,J = 4.2 Hz, 5H), 7.32-7.28 (m, 2H), 7.17 (0= 7.0 Hz,
1H), 5.84 (tJ = 9.6 Hz, 1H), 5.63 (t) = 9.7 Hz, 1H), 5.53-5.44
(m, 1H), 5.13 (tJ = 9.3 Hz, 1H), 4.84 (ddd} = 39.7, 20.6, 8.8
Hz, 3H), 4.67-4.58 (m, 2H), 4.46 (d#i= 12.2, 5.4 Hz, 1H), 4.06

1H), 2.08 (d,J = 10.7 Hz, 6H), 2.02 (s, 3H}*C NMR (100
MHz, CDCL) & 170.1, 169.5, 169.3, 166.0, 165.4, 165.3, 133.5,
133.3, 133.2, 133.0, 132.9, 131.6, 129.8, 129.8.812129.7,
129.3, 129.2, 129.1, 128.8, 128.6, 128.5, 128.4.312128.3,
128.1, 97.4, 86.2, 76.41, 73.9, 70.1, 69.9, 69809,667.1, 66.5,
62.6, 20.8, 20.6, 20.6. HRMS (ESI): m/z [M +Hgalcd for
Cs,H4047S 977.2690; found: 977.2687.

4.3.4 Methyl 4-O-(2, 3, 4-tri-O-Bz-D-rhamosyl)-(3-4)-2, 3, 6-
tri-O-Bn-a-D-glucopyranoside (G26)

Yield 82% (76mg); White solid; mp 68-70; [a]%’ +63.8(c=1.2,
=0.55(Ethyl acetate/toluene, 1/fm NMR (400
MHz, CDClL) 6 8.06 (d,J = 7.3 Hz, 2H), 7.87 (dd] = 16.0, 7.3
Hz, 4H), 7.59 (tJ = 7.4 Hz, 1H), 7.53 () = 7.4 Hz, 1H), 7.49-
7.44 (m, 2H), 7.40 (o) = 7.7, 7.1 Hz, 5H), 7.32 (s, 3H), 7.30-
7.26 (m, 6H), 7.21-7.16 (m, 3H), 7.16-7.11 (m, 3Hy85(dd,J =
10.2, 3.3 Hz, 1H), 5.63-5.54 (m, 2H), 5.21 Jck 11.7 Hz, 2H),
4.85 (d,J = 11.1 Hz, 1H), 4.76 (d] = 12.1 Hz, 1H), 4.66-4.60
(m, 2H), 4.59 -4.51 (m, 2H), 4.37 (ddi= 9.9, 6.1 Hz, 1H), 3.99
(9, J = 8.9 Hz, 2H), 3.92-3.87 (m, 1H), 3.84 (tz 9.1 Hz, 1H),
3.73 (d,J = 10.9 Hz, 1H), 3.65 (dd} = 9.0, 3.5 Hz, 1H), 3.41 (s,
3H), 0.89 (d,J = 6.1 Hz, 3H)C NMR (100 MHz, CDG)) &
165.7, 165.7, 138.7, 137.9, 137.7, 133.4, 133.3.113129.7,
129.7, 129.6, 129.4, 129.2, 128.5, 128.5, 128.48.312128.2,

(s, 1H), 3.79 (ddJ = 16.4, 9.4 Hz, 2H), 3.73-3.65 (m, 1H), 2.05 128.2, 128.1, 128.1, 128.0, 127.6, 127.4, 127.4,3.28.0, 97.0,

(s, 3H), 1.94 (dJ = 8.6 Hz, 6H)°C NMR (100 MHz, CDGC)) &
170.0, 169.5, 169.2, 166.1, 165.7, 165.2, 165.B.513133.2,
132.9, 131.6, 129.8, 129.8, 129.7, 129.5, 129.3.012128.8,
128.8, 128.5, 128.4, 128.4, 128.3, 128.3, 128.0,81®5.4, 77.9,
73.8, 72.9, 72.3, 71.7, 69.9, 69.6, 68.8, 68.00,630.7, 20.5,
20.5. HRMS (ESI): m/z [M +H]calcd for GH,404;S 977.2690;
found: 977.2694.

4.3.2 Methyl 4-O-(2, 3, 4, 6-tetra-O-Bzb-glucopyranosyl)-
(1—4)-2, 3, 6-tri-O-Bza-D-mannopyranoside (G24)

Yield 79% (85mg); Colorless 0|[,a']Zd +58.1(c=1.0, CHG); R
=0.42 (Ethyl acetate/toluene, 1/16). NMR (300 MHz, CDC)) 6
8.03 (d,J = 7.2 Hz, 2H), 7.93 (ddl = 12.7, 7.2 Hz, 4H), 7.80 (d,
J=7.2 Hz, 4H), 7.74 (d) = 7.2 Hz, 2H), 7.54 (q) = 7.4 Hz,
3H), 7.48-7.43 (m, 5H), 7.41-7.36 (m, 5H), 7.32 (dd 8.2, 3.6
Hz, 4H), 7.22 (dJ = 7.5 Hz, 2H), 7.16 (td] = 7.8, 2.6 Hz, 4H),
5.76 (dd,J = 9.7, 3.4 Hz, 1H), 5.67 (8, = 9.7 Hz, 1H), 5.56 (dd,
J=3.3, 1.9 Hz, 1H), 5.49-5.40 (m, 2H), 4.88-4.79 @), 4.62
(t, J=9.7 Hz, 1H), 4.40 (d] = 12.1 Hz, 1H), 4.09 (dl = 3.7 Hz,
2H), 3.87 (ddJ = 10.9, 2.5 Hz, 1H), 3.80 (d,= 9.7 Hz, 1H),
3.72 (d,J = 9.9 Hz, 1H), 3.58 (d] = 11.3 Hz, 1H), 3.37 (s, 3H).

*C NMR (100 MHz, CDGCJ) & 165.8, 165.7, 165.4, 165.1, 164.9,

164.7,
129.7,

138.4, 133.3, 133.3, 133.1, 133.0, 132.8.812129.7,
129.6, 129.6, 129.5, 129.3, 129.1, 128.8.712128.7,
128.5, 128.4, 128.3, 128.2, 128.1, 128.0,127.7,.71008.5,
73.49, 73.2, 72.9, 72.0, 71.0, 70.7, 69.8, 69.69,683.0, 55.3.
HRMS (ESI): m/z [M +H] calcd for GHs:O;7 1071.3439;
found: 1070.3442.

4.3.3 Phenyl 6-O-(2, 3, 4, 6-tetra-O-B#>-mannopyranosyl)-
(1—6)-2, 3, 4-tri-O-AcB-D-thioglucopyranoside (G25)

Yield 87% (85mg); Colorless 0|[,a']Zd -39.31(c=2.0, CHG); R
=0.38(Ethyl acetate/hexane, 1/ NMR (400 MHz, CDCJ)) &
8.11 (d,J = 7.7 Hz, 2H), 8.04 (d] = 7.7 Hz, 2H), 7.87 (d] = 7.7
Hz, 2H), 7.77 (dJ = 7.7 Hz, 2H), 7.62-7.54 (m, 4H), 7.44Jt=
7.0 Hz, 4H), 7.39 (tdJ = 7.8, 3.0 Hz, 4H), 7.30 (d,= 7.7 Hz,
1H), 7.24 (ddJ = 11.6, 3.7 Hz, 4H), 6.11 (8 = 10.1 Hz, 1H),
5.91 (dd,J = 10.1, 3.3 Hz, 1H), 5.75 (s, 1H), 5.29Jt 9.3 Hz,
1H), 5.10 (s, 1H), 5.03-4.94 (m, 2H), 4.82 {d= 10.2 Hz, 1H),
4.71-4.66 (m, 1H), 4.54 (d,= 10.3 Hz, 1H), 4.45 (dd} = 12.1,
4.4 Hz, 1H), 3.94 (dg] = 16.8, 7.5 Hz, 2H), 3.67 (d,= 10.2 Hz,

80.3, 79.7, 75.5, 74.8, 73.3, 73.3, 71.7, 71.30,700.0, 68.3,
67.0, 55.3, 17.1. HRMS (ESI): m/z [M +Hgalcd for GgHssO15
923.3643; found: 923.3639.

435 6-O- (3, 4, 6-tri-O-acetyl-2-deoxy-2-phthalimjgid®-
glucopyranosyl)- (6)-1, 2: 3, 4-di-O-isopropylidene-D-
galactopyranose (G27)

Yield92% (62mg); White solid; mp 220-22% ; [a]%
+113.2(c=1.0, CHG); R =0.45(Ethyl acetate/hexane, 1/im
NMR (400 MHz, CDCY) 5 7.84 (s, 2H), 7.71 (dd] = 5.3, 3.0
Hz, 2H), 5.84 (tJ = 9.9 Hz, 1H), 5.45 (d] = 8.5 Hz, 1H), 5.16
(t, J= 9.6 Hz, 1H), 5.10 (d] = 5.0 Hz, 1H), 4.40 (dd}= 7.9, 2.1
Hz, 1H), 4.37-4.28 (m, 2H), 4.20-4.14 (m, 1H), 4.09, (iid 4.9,
2.2 Hz, 1H), 3.99 (dJ = 8.0 Hz, 1H), 3.94 (dJ = 8.1 Hz, 1H),
3.89 (d,d = 10.1 Hz, 1H), 3.69 (d] = 7.8 Hz, 2H), 2.11 (s, 3H),
2.03 (s, 3H), 1.86 (s, 3H), 1.39 (s, 3H), 1.23 (s, A3 (d,J =
3.1 Hz, 6H)C NMR (100 MHz, CDCJ) 5 170.7, 170.1, 169.5,
133.7, 123.4, 109.3, 108.0, 99.3, 95.9, 71.6, 7087, 70.6,
70.1, 69.4, 69.0, 67.4, 62.0, 54.5, 25.8, 25.36,224.2, 20.8,
20.6, 20.5. HRMS (ESI): m/z [M +H]calcd for GHsNO;s
678.2398; found: 678.2393.

4.3.6 Methyl 3-O- (3, 4, 6-tri-O-acetyl-2-deoxy-24pditmidos-
D-glucopyranosyl)- (36)- 4, 6-benzylidene-2-O- Bzb-
glucopyranoside (G28)

Yield 75% (60mg); Colorless oilar]%’ +22.1(c=1.0, CHG); Ry
=0.24(Ethyl acetate/hexane, 1/2\ NMR (400 MHz, CDCI3)%
7.83 (d,J = 7.3 Hz, 2H), 7.57 (1) = 7.4 Hz, 1H), 7.49-7.41 (m,
5H), 7.36 (t,J = 7.8 Hz, 3H), 7.31 (d] = 6.9 Hz, 3H), 5.73-5.67
(m, 1H), 5.62 (dJ = 8.4 Hz, 1H), 5.55 (s, 1H), 5.13-5.07 (m,
1H), 5.02 (dd, J = 9.8, 3.9 Hz, 1H), 4.90 ¢ 3.9 Hz, 1H), 4.41
(t, J = 9.4 Hz, 1H), 4.30 (dd] = 10.6, 8.5 Hz, 1H), 4.24 (dd,=
9.4, 3.8 Hz, 1H), 4.11 (dd, = 12.2, 3.6 Hz, 1H), 3.92 (dd,=
12.3, 2.1 Hz, 1H), 3.87-3.81 (m, 1H), 3.77 (dc; 17.4, 8.4 Hz,
2H), 3.67 (d,J = 9.9 Hz, 1H), 3.29 (s, 3H), 1.94 @= 11.2 Hz,
6H), 1.75 (s, 3H)."*C NMR (100 MHz, CDCI3) 170.7, 170.0,
169.4, 165.6, 137.2, 133.9, 133.1, 130.8, 130.®.112129.0,
128.3, 128.2, 126.0, 123.2, 101.3, 97.3, 96.9,,79908, 72.7,
71.4, 70.6, 68.9, 68.6, 62.2, 61.6, 55.3, 54.76,200.6, 20.3.
HRMS (ESI): m/z [M +HJ caled for G;H,,NO,s 804.2504;
found: 804.2508.



4.3.7 Methyl 4-O-(2-deoxy-2-azido- 3, 4, 6-tri-O-Ag-D- 8.
galactopyranosyl)- (H4)- 2, 3-di-O-Bz-6-0O-Br-D-
glucopyranoside (G29)

Yield 83% (67mg); White solid; mp 75-%7; [a]%' +50.2(c=1.0,

CHCly); R; =0.4(Ethyl acetate/hexane, 1/2 NMR (400 MHz,  1o0.

CDCl) § 7.98 (d,J = 7.5 Hz, 4H), 7.49 () = 7.3 Hz, 2H), 7.41-

7.35 (m, 9H), 6.07 (t) = 9.6 Hz, 1H), 5.32 (s, 1H), 5.25 @=  11.

3.5 Hz, 1H), 5.21-5.14 (m, 2H), 5.10 (diz 10.2, 3.6 Hz, 1H),
4.68 (d,J = 4.9 Hz, 2H), 4.20 (d) = 9.5 Hz, 1H), 4.14 (dd] =
12.4, 6.1 Hz, 1H), 4.06-3.98 (m, 1H), 3.92 (@it 10.0, 4.1 Hz,
3H), 3.79 (d,J = 11.1 Hz,1H), 3.53 (dd] = 11.2, 3.6 Hz, 1H),
3.44 (s, 3H).2.07 (s, 3H), 1.99 (d,= 13.3 Hz, 6H)*C NMR
(100 MHz, CDCJ) 5 170.2, 169.8, 169.5, 166.0, 165.3, 138.0,
133.2, 132.9, 130.0, 129.9, 129.9, 129.6, 129.%.112128.7,
128.5, 128.4, 128.3, 128.1, 127.8, 127.5, 98.83,965.7, 73.3,
72.3, 69.5, 68.7, 68.4, 67.2, 61.4, 57.4, 55.55.28RMS (ESI):
m/z [M +H]" calcd for GoH4N3zO,5 806.2772; found: 806.2776.
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