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A series of C3-O-neoglycosides and C3-MeON-neoglycosides of digoxigenin were synthesized.
The SAR anaysis revealed that Cs-O-neoglycosides of digoxigenin exhibited stronger
cytotoxicity and induction of Nur77 expression of tumor cells than Cs;-MeON-neoglycosides.
Among them, 38-O-(S-L-fucopyranosyl)-digoxigenin (3i) showed the highest activity on
induction of Nur77 expression and transl ocation from the nucleus to cytoplasm, leading to cancer
cell apoptosis.
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ABSTRACT:

Cardiac glycosides exhibit significant anticanceifeas and the glycosyl
substitution at € position of digoxigenin is pivotal for their biajacal activity. In
order to study the structure-activity relationsf8AR) of cardiac glycosides toward
cancers and explore more potent anticancer agargsyies of gO-neoglycosides
and G-MeON-neoglycosides of digoxigenin were synthesizedheyKoenigs-Knorr
and neoglycosylation method, respectively. In addjtdigoxigenin bisdigitoxoside
and monodigitoxoside were prepared from digoxin doglium periodate (Nalp
oxidation and 6-aminocaproic acid hydrolysis. ThARSanalysis revealed that
Cs-O-neoglycosides of digoxigenin exhibited strongetotryxicity and induction of
Nur77 expression of tumor cells than 3-KBeON-neoglycosides. Also,
34-0O-glycosides exhibited stronger anticancer effelotst3-O-glycosides. Among
them, F-O-(FL-fucopyranosyl)-digoxigenin 3{) showed the highest activity on
induction of Nur77 expression and translocationmfrthe nucleus to cytoplasm,

leading to cancer cell apoptosis.

Key words: Digoxigenin©O-neoglycosylation, Me®-noeglycosylation, cytotoxicity,

Nur77 nuclear receptor, anticancer, apoptosis.



1. Introduction

Cardiac glycosides have been used for the treatimlenbngestive heart failure
(CHF) for centuries due to their strong inhibit@gtivity toward the ubiquitous cell
surface N&K'-ATPase [1-3]. Recent studies demonstrate thatia@arglycosides
exhibit potent antiproliferative and apoptotic etfeon cancer cells through complex
signal transduction mechanisms [4-6]. Our previstisdies showed that cardiac
glycosides exerted apoptotic effects through the/Rulependent apoptotic pathway,
a novel signaling pathway for them against caneéis,cwhich has great potential for
novel anticancer agent discovery [7-9]. Howeveeg, ¢tardiotoxicity and neurotoxity
of cardiac glycosides limit their extensive apgiica in clinical practice [10]. In
order to get more potent leading compounds withefeside effects, it is requisite to
study the structural—activity relationship (SAR)aafrdiac glycosides against cancers.
Preliminary SAR analysis showed that the sugartguben at the G of digoxigenin
(38,128,14-Trihydroxy-%,20(22)-cardenolide) is pivotal for their antican&dfects
[11-14]. Recent studies showed that subtle vanatibsugars for cardiac glycosides
dramatically affected their antiproliferative effeceven the mechanism of action
[15-17]. Herein, we report the synthesis of a semd# G-O-neoglycosides and
Cs-MeON-neoglycosides of digoxigenin by the Koenigs-Knofil7] and
neoglycosylation methods [15]. Meanwhile, digoxigenbisdigitoxoside and
monodigitoxoside were obtained from digoxin by smdiperiodate (Nalg) oxidation
and 6-aminocaproic acid hydrolysis. Also, the artaer effects of these new cardiac

glycosides were evaluated and discussed.

2. Resultsand discussion
2.1.Chemistry

2.1.1 Synthesis of C3-O-neoglycosides of digoxigenin by the Koenigs-Knorr method

The synthesis of £0-neoglycosides of digoxigenin was started fromaynathesis of
1-bromo glycosyl donors from commercially availalbéglucing sugars. The sugars
were firstly converted to their corresponding petglated derivatives under the

condition of AgO and anhydrous pyridine at @ The peracetylated derivatives of



sugars were then reacted with HBr (33%, w/w) in Alc& room temperature to yield
1-bromo glycosyl donorslé-10). On the other hand, the synthesis of digoxigenin
aglycones was initiated from commercially availallgoxin. Peracetylation of
digoxin (Dig) with Ac,O in pyridine and subsequent regioselective acidiyzed
hydrolysis of the sugar chain ag &d to digoxigenin aglyconelig-1a andDig-1b
[18]. In order to study the effects og Configuration on their anticancer bioactivity,
we prepare@a-OH-digoxigenin (Dig-3a) as well from intermediatBig-1a. Briefly,
intermediate Dig-la was oxidized to vyield ketondig-2a with Dess-Martain
periodinane in high vyield, which was subsequentlgduced to Vyield

3a-OH-digoxigenin Dig-3a) and343-OH-digoxigenin Dig-1b) with NaBH, (Scheme

o] o o
OH N\=
. -4 0. + Dig-1b
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o™ 1

Dig-3a

Digoxin (Dig) Dig-1a, R = Ac
Dig-1b, R=H

Scheme 1. Synthesis of 8 and F3>OH-digoxigenin. Reagents and conditions: a.
Ac,0, DMAP, CHCl,/pyr, r.t., 5 h; b. M H,SO;, MeOH, 90C, 3 h; c. Dess-Martin
Periodinane, CkCly, r.t., 13 h, 84%; d. [i] NaBH MeOH, CC, 2h, [ii] H0, r.t.

With the glycosyl donorsl@-10) and acceptorsDig-1a, Dig-1b, andDig-3a) in
hands, the €0-neoglycosides of digoxigenii34-3o and5a-5€) were synthesized by
the Koenigs-Knorr reaction method and subsequeateadglation of the acetyl groups
of Cy2 and sugars under the condition of LMa/CHOH (Scheme 2). We found that
when the aglycon®ig-1b was used as glycosyl acceptor, onl@neoglycosides
(3m-30) were obtained, indicating the regioselective gbydation of G-OH.
Therefore, the aglyconeig-3a was directly subjected to glycosylation with 1@
glycosyl donors to get 40-neoglycosides 5a-5¢). Overall, a series of
Cs-O-neoglycosides of pyranosides including ribose0s§l lyxose, arabose were
obtained in high yield [19-21]. The configuratiohgbycosidic bond was identified by
theJ value ofJyy.1> and ROESY or NOESY spectrum (Supporting Infornratitable
S1).
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Scheme 2. Synthesis of ¢&O-neoglycosides of digoxigenin by the Koenigs-Knorr
method.

2.1.2 Synthesis of C3-MeON-neoglycosides of digoxigenin by neoglycosylation

The synthesis of £MeON-neoglycosides was initiated by preparation of
MeON-digoxigenin as glycosyl acceptor. Briefly, the &t Dig-2a was reacted with
methoxyamine hydrochloride salt to produce corradpay methoxyimines at C-3
(Dig-3, ZIE), which was subsequently reduced by NaCNBIHd then deacetylation
of the GOAc with K;COs; to give a separable 1:1 mixture of Medigoxigenin
Dig-4/5 (B a, 1/1). Then, glycosyl acceptapsg-4/5 were reacted with reducing sugar
in DMF/AcOH (3:1) at 50 °C for 48 h to obtairs-™eON-neoglycoside$a-6d and
7a-7d (Scheme 3) [15]. It is interesting that furanosieesre obtained for ribose and
xylose [19-21]. The glycosidic bond configuratiohatl the G-MeON-neoglycosides
was characterized according to tHel NMR spectral analysis (see Support
Information Table 1). In addition, the digoxigenibisdigitoxoside 8a) and
monodigitoxoside 9b) were obtainedria sodium periodate (Nalp oxidation and

6-aminocaproic acid hydrolysis from digoxin (Sche¢22].



Scheme 3. Synthesis of &MeON-neoglycosides of digoxigenin by the
neoglycosylation method. Reagents and conditionstes®DNH,[HCI, MeOH/pyr, r.t.,
13 h; b. NaCNBH, MeOH, r.t.; c. KCO;, MeOH, r.t., 4h; d. DMF/AcOH (v/v 3:1),
50°C, 48 h.

D|i-|goxin (Dig)
Scheme 4. Synthesis of digoxigenin bisdigitoxosidga) and monodigitoxosidedb)
from Digoxin (Dig). Reagents and conditions: a.[i] NaJOMeOH, r.t., 3h; [ii]
6-Aminocaproic acid, MeOH, r.t., 4h.
2.2.Biology

Our previous study suggested that some cardiacogiijes showed strong
inhibitory effects on the proliferation of cancells [8,9]. Further study demonstrated

that induction of Nur77 expression and its subsefjtranslocation from the nucleus



to the cytoplasm are critical events in apoptosduction by cardiac glycosides in
cancer cells, which underlay the new mechanismctibma for cardiac glycosides
toward cancer cell [8,9,12]. In this study, theotgkicity of all new glycosides
toward NIH-H460 cancer cells was assessed by MTBhyadDigoxin was used as
positive control. As a result, glycosid&s, 3g, 3h and 3i showed significant
inhibitory activities on the proliferation of NIH460 cancer cells at a concentration
of 50 nM (Fig. 1). Also, SAR analysis revealed thabglycosides witlO-linkage
exhibited stronger cytotoxic activities than Me@eoglycosides, especially for the
330O-neoglycosides.

16

14

12

0.8
0.6
0.4

0.2

Sa |
Ob |
Dig-3a I
]
I
|

_A_ = e D A N~ e aa

C-ara’ |
D-gic)

D-all

Viability (%)
o =
CTL |

digoxin |

3a (C-glc)

C-gic)
D-xyl) |
Lerha) | —

D-gal)

= d =2 = —_— o o o = T

3b(C-man
3c(D-ga ) |

3d (C-ara) |

3e (Cxyl

30 (L-Xy/)

3f (D-lyx
C-rib
L-rh
D-fuc;
7c (Dxyl
7d (CHac

3l (2-deoxy-D-gic
5a
5b
5¢
5d
5e
6a
6b
6¢(
7a (C-glc

Fig. 1. Antiproliferative effects of neoglycosides on NHHE60 cancer cells.
NIH-H460 cells were incubated with neoglycoside8 (81) for 48h and cell viability
was assayed by the MTT method.

Next, the induction of Nur77 expression for the hesynthesized neoglycosides
was evaluated by western blot. As a result, mo€§kaD-neoglycosides, especially for
3c, 3g-3k, 5b and8a, Dig-3a exhibited significant induction of Nur77 expressiat a

concentration of 20 nM compared to digoxin (Fig. 2)
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Fig. 2. Induction of Nur77 expression by neoglycosides. f#60 cancer cells were
incubated with neoglycosides (20 nM) for 3 h, and™N expression was determined
by Western blotting using anti-Nur77 antibody.

Previous study suggested that subcellular locadizaif induced Nur77 determines
its biological function. We chosef30-neoglycosides3g, 3h, and 3i that showed
significant inhibitory effects on the proliferatiai NIH-H460 cancer cells to evaluate
their subcellular localization of the induced Nur¥Ve found that these compounds
could significantly induce the translocation of thduced Nur77 from the nucleus to
cytoplasm after 9 h treatment. Meanwhile, they dantluce the Nur77 expression of
cancer cells in a time dependent manner (Suppottiftgmation Fig. S3). Among
them, 3F-O-neoglycoside3h could significantly induce the translocation ofeth
induced Nur77 from the nucleus to cytoplasm aftér @-ig. 3). We then tested the
apoptotic level of NIH-H460 cells after treating twi3g, 3h and 3i by Flow
Cytometry after staining with Pl and Annixin V. Réts showed apoptotic ratio 8f
was about 14.79%3h was about 14.85% arfi was 34.03% (Fig. 4). These results

demonstrat@g, 3h and3i was good cancer cell apoptosis inducer.



Mitotracker

CTL

3h

6h

9h

Fig. 3. Effects of FO-neoglycosides3h on translocation of the induced Nur77
protein from the nucleus to the cytoplasm. NIH-H4@Mcer cells were treated with
33-0O-neoglycosidegh (20 nM) for 3, 6, and 9 h. Endogenous Nur77 exqoeswas
immunostained with anti-Nur77 antibody. Cells werestained with DAPI to

visualize the nuclei.
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Fig. 4. Pro-apoptotic effects of@B0O-neoglycosidesg, 3h, and3i toward NIH-H460
cancer cells. NIH-H460 cancer cells were treatetih \B+O-neoglycosides3g, 3h,

and3i (20 nM) for 12 h.

3. Conclusions

In conclusion, we have successfully synthesizecraes of G-O-glycosides of
digoxigenin by the Koenigs-Knorr reaction and aesenf G-MeON-neoglycosides
of digoxigenin by neoglycosylation. Their anticanegtivities were investigated by
examine the induction of Nur77 expression andraadiocation from the nucleus to
cytoplasm together with cytotoxicity toward NIH-H3&ancer cells. Overall, we
found that #O-neoglycosides showed the strongest cytotoxicityelifinary
structure-activity relationship (SAR) analysis ralesl that cardiac glycosides with
O-linkage exhibited stronger cytotoxic activitiesdamduction of Nur77 expression
than MeN-neoglycosides. Especially,58-neoglycosides exhibited the strongest
cytotoxic activity; which is consistent with theteiature [23]. Meanwhile,
3-0O-neoglycosides3g, 3h, and 3i could induce the Nur77 expression and its

translocation from the nucleus to cytoplasm, legdime apoptosis of cancer cells.



Their potential anticancer effects deserve futtweysin vivo.

4. Experimental

4.1. Chemistry

4.1.1 General materials

All reagents were obtained from commercial supplas follows. All reducing sugars,
N,N-dimethylformamide (DMF), pyridine (Pyr), 4-dimetayinopyridine (DMAP),
Dess-Martin periodinane, methoxylamine hydrochierfCHONH,HCI), Sodium
cyanoborohydride (NaCNB# Sodium borohydride (NaBfi 6-aminocaproic acid,
Sodiumperiodate (Nal{), Silver oxide (AgO), Silver carbonate (AGO;),
hydrogen bromide (33% in acetic acid) and sodiunthmede (CHONa) were
purchased from Shanghai Aladdin Bio-Chem Technology LTD (Shanghai, China).
Acetic anhydrides (A©), sulfuric acid (HSQO;), hydrochloric acid (HCI), acetic acid
(AcOH), were purchased from Tianjin Tie Xiang CommogeDevelopment Co., LTD
(Tianjin, China). Digoxin was purchased from ShamdgRaise Chemical Technology
Co., LTD (Shanghai, China).

4.1.2 General methods.

TLC analysis was performed on precoated silica @eR54 plates (Qingdao
Haiyang Chemical Group Corp., Qingdao). Reactioesewnonitored by UV and/or
by treatment with 5% Vanillin-sulfuric acid and salguent heating. Silica gel
(100-200, 300-400 mesh) for column chromatograplag Wwom Qingdao Haiyang
Chemical Group Corp., Qingdao, China. Optical rotet were measured on a P-1020
digital polarimeter (JASCO Corporation Tokyo, Jap&sV spectra were measured on
a Jasco V-550 UV/vis spectrophotometer. NMR spesttee measured on a Bruker
AV 300, 400, and 600 instruments. The chemicaltshafe expressed i& (ppm)
relative to the chemical shifts of solvent resomsncsing CDG| CD;OD, and
pyridine-ds with 0.05% v/v TMS (Cambridge Isotope Laboratarig®\, USA), and
coupling constantsJ] are given in hertz. All NMR spectra were recor@@dmbient
temperature. HRESIMS data was obtained on a Micssmt@aTOF mass spectrometer.

Analytical HPLC was performed on a Shimadzu LC-20Adgiid chromatography



system equipped with an SPD-M20A diode array detegsing a Luna C18column
(4.6 x 250 mm, xm, Phenomenex, Torrance, California, USA) by follagvmethods
at a wavelength of 220 nm, flow rate = 1 ml/minnts@reparative reverse-phase
HPLC was conducted on a Gemini C18 columnuafh, 10 x 250 mm, Phenomenex,
Torrance, California, USA) using the following metls at a wavelength of 220 nm,
flow rate =3 ml/min.

4.1.3. General procedure for preparation of 1-bromo-peracetylated glycosyl donors

To a solution of reducing sugars (4 mmol) in anbydr pyridine (10mL) was
added AgO (20 mL) and AcOH (3 mL) at room temperature. Al&rring at 90C
for 6h, the reaction was quenched with MeOH and bsulting mixture was
concentrated under reduced pressure. The residsedivaied with EtOAc and was
washed with M HCI, saturated NaHC{ and HO successively, dried over anhydrous
NaSO, and then concentrated under reduced pressurgéraeetylated sugars were
obtained and used without further purification.

To a solution of peracetylated sugars (1.28 mmoICHCI, (7 mL) was slowly
added a 33% (w/w) solution of HBr in AcOH and stirfor 3 h at room temperature.
The reaction mixture was diluted with @€, and washed with ice water, saturated
NaHCG; and water successively, dried over anhydrousSBaand then concentrated
under reduced pressure. The crude 1-bromo-peratadyiglycosyl donorslé-10)
was obtained and used without further purification.

4.1.4. General procedure for preparation of C3-O-neoglycoside library

Glycosylation of digoxigenin aglycones with 1-bronglycosyl donors was
accomplished following the Koenigs-Knorr reactionethod. To a solution of
digoxigenin aglyconesDig-1la, Dig-1b, and Dig-3a, 0.25 mmol) in CHCl, was
added a mixture solution of 1-bromo-peracetylatadjass (0.80 mmol) and
Ag>0/Ag,CO; (1:1 wiw) (1.2 mmol) in anhydrous G&l, (8 mL). The reaction
mixture was added molecular sieves (4A) and stinredierN, atmosphere for 72 h at
room temperature. The crude product was obtainddtesed and concentrated under
reduced pressure. The residue was purified by sepapative RP-HPLC (65%
MeOH-H,0) to obtain glycosylation product8a-20 and4a-4e).



The NaOMe solution was prepared by dissolving 10oiyaOMe (0.18mmol) in
10 mL of MeOH until thepH value was 9. The glycosylation produég{o and
4da-4e) was dissolved in the preparative NaOMe solutidml() and the reaction
mixture was stirred for 5 h at room temperaturee Tdaction solution was neutralized
with AcOH (pH = 7) and then concentrated under cedupressure. The residue was
purified by semipreparative RP-HPLC (35%-40% MeOOH to obtain
330-neoglycosides3a-30 and 3a-O-neoglycosidesba-5e. All compounds were
characterized by analyses’ef and**C NMR spectra as well as ESI-MS.
4.1.4.1. 33-O-(BD-glucopyranosyl)-digoxigenin (3a). Obtained as a white solid (12.8
mg, 61%) from F0-(2,3,4,6-tetrad-acetylFD-glucopyranosyljt2-O-acetyl
-digoxigenin (2a). [0]?® +19.6 € 0.70, MeOH):*H NMR (400 MHz, Pyridineds): &y
6.25 (1H, s, H-22) , 5.28 (1H, ddi= 18.1, 1.8 Hz, H-21a), 5.13 (1H, dbi= 18.0, 1.8
Hz, H-21b), 4.95 (1H, d] = 8.0 Hz, H-1'), 4.57 (1H, d = 10.0 Hz), 4.40 (1H, br s,
H-3), 4.26 (2H, d,J = 6.1 Hz), 4.01 (2H, m) 3.74 (1H, m, H-17), 3.7&(In, H-12),
2.11-1.76 (15H, m), 1.76-1.36 (4H, m), 1.23 (3HHs18), 0.83 (3H, s, H-19)°C
NMR (100 MHz, Pyridiness): ¢ 177.0 (C-20), 175.1 (C-23), 117.7 (C-22), 85.7
(C-14), 74.9 (C-12), 74.5 (C-3), 74.4 (C-21), 5{C213), 46.9 (C-17), 42.0 (C-8),
33.3 (C-9), 35.7 (C-10), 33.8 (C-15), 37.1 (C-5},2(C-6),31.2 (C-11), 30.8 (C-4),
28.2 (C-16), 27.5 (C-2), 31.2 (C-1), 24.1 (C-19,8(C-7), 10.5 (C-18), 103.3 (C-1)),
75.7 (C-2"), 78.8 (C-3"), 72.2 (C-4'), 78.8 (C-563.3 (C-6"); ESI-MSWz 575.5 [M +
Na]"; 1127.5 [2M+ Na]'.
4.1.4.2. 33-0O-(a-D-mannopyranosyl)-digoxigenin (3b). Obtained as a white solid (4.8
mg, 74%) from B0-(2,3,4,6-tetra@-acetyl-a-D-mannopyranosyl}2-O-
acetyl-digoxigenin (2b). [o]% +13.2 € 0.40, MeOH);:'H NMR (600 MHz,
Pyridineds): 8 6.26 (1H, s, H-22) , 5.49 (1H, d= 1.2 Hz, H-1'), 5.28 (1H, dd,=
18.1, 1.8 Hz, H-21a), 5.13 (1H, d#iF= 18.0, 1.8 Hz, H-21b), 4.66-4.60 (3H, m), 4.57
(1H, m), 4.44-4.39 (2H, m), 4.27 (1H, br s, H-3)7@(1H, m, H-17), 3.72 (1H, m,
H-12), 2.15-1.75 (11H, m), 1.68 (2H, m), 1.56 (1H), 1.46 (2H, m), 1.32 (3H, m),
1.25 (3H, s, H-18), 0.85 (3H, s, H-19YC NMR (150 MHz, Pyridineds): 5c177.0
(C-20), 175.2 (C-23), 117.8 (C-22), 85.7 (C-14),97€C-12), 74.4 (C-21), 72.1 (C-3),



57.1 (C-13), 47.0 (C-17), 42.0 (C-8), 33.2 (C-9,L(C-10), 33.9 (C-15), 37.8 (C-5),
27.4 (C-6), 31.1 (C-11), 32.7 (C-4), 28.3 (C-16),62(C-2), 31.2 (C-1), 24.3 (C-19),
22.6 (C-7), 10.5 (C-18), 103.8 (C-1, 73.1 (C-23,6 (C-3'), 69.8 (C-4"), 76.0 (C-5),
63.7 (C-6'); ESI-MS1/z553.3 [M+ H] ";1127.4 [2M+ Na]'.

4.1.4.3. 33-O-(B-D-galactopyranosyl)-digoxigenin (3c). Obtained as a white solid
(22.5 mg, 75%) from
33-0-(2,3,4,6-tetrad-acetyl$-D-galactopyranosyl}2-O-acetyl-digoxigenin (2¢). [a]

2 452 € 0.80, MeOH);"H NMR (400 MHz, Pyridineds): 84 6.25 (1H, s, H-22) |
5.28 (1H, ddJ = 18.1, 1.8 Hz, H-21a), 5.13 (1H, d#i= 18.0, 1.8 Hz, H-21b), 4.86
(1H, d,J = 7.8 Hz, H-1'), 4.60 (1H, d] = 3.0 Hz), 4.50-4.45 (3H, m), 4.40 (1H, br s,
H-3), 4.18 (1H, ddJ = 9.8, 3.6 Hz), 4.09 (1H, f] = 5.8 Hz), 3.75(1H, m, H-17),
3.71(1H, m, H-12), 2.18-1.68 (15H, m), 1.64-1.281(4n), 1.23 (3H, s, H-18), 0.81
(3H, s, H-19);"*C NMR (100 MHz, Pyridinags): 6¢c 177.1 (C-20), 175.1 (C-23),
117.7 (C-22), 85.7 (C-14), 74.9 (C-12), 74.6 (CB},4 (C-21), 57.1 (C-13), 46.9
(C-17), 41.9 (C-8), 33.2 (C-9), 35.7 (C-10), 33BIL5), 37.0 (C-5), 27.3 (C-6), 31.1
(C-11), 30.7 (C-4), 28.3 (C-16), 27.5 (C-2), 31CtY), 24.0 (C-19), 22.8 (C-7), 10.6
(C-18), 104.1 (C-1Y), 73.0 (C-2Y), 75.8 (C-3"), &d@C-4"), 77.3 (C-5"), 63.3 (C-6";
ESI-MSm/z575.7 [M+ Na]"; 1127.8 [2M+ Na]".

4.1.4.4. 3-0O-(a-D-arabinopyranosyl)-digoxigenin (3d). Obtained as a white solid
(28.3 mg, 76%) from
33-0-(2,3,4-tri-0-acetyla-p-arabinopyranosyl}2-O-acetyl-digoxigenin (2d). [a]?
+24.5 € 0.80, MeOH):*H NMR (400 MHz, Pyridineds): 814 6.25 (1H, s, H-22) , 5.28
(1H, dd,J = 18.1, 1.8 Hz, H-21a), 5.13 (1H, db+ 18.0, 1.8 Hz, H-21b), 4.73 (1H, d,
J=7.2 Hz, H-1), 4.34 (1H, br s, H-3), 4.32 (1H, @29 (1H, m), 4.16 (1H, m), 3.76
(1H, m, H-17), 3.72 (1H, m, H-12), 2.16-1.68 (15H), 1.61-1.31 (4H, m), 1.23 (3H,
s, H-18), 0.80 (3H, s, H-19}*C NMR (100 MHz, Pyridines): éc 177.1 (C-20),
175.1 (C-23), 117.7 (C-22), 85.8 (C-14), 74.8 (§;IT2.3 (C-3), 74.4 (C-21), 57.0
(C-13), 46.8 (C-17), 41.9 (C-8), 33.1 (C-9), 35C710), 33.8 (C-15), 37.3 (C-5), 27.4
(C-6), 31.1 (C-11), 32.8 (C-4), 28.1 (C-16), 25107), 31.1 (C-1), 24.0 (C-19), 22.5
(C-7), 10.5 (C-18), 103.8 (C-1), 75.0(C-2), 72®B-3"), 69.9 (C-4), 67.3 (C-5" ;



ESI-MSm/z523.6 [M+ H]*; 1067.6 [2M+ Na]".

4.1.4.5. 33-O-(S-D-xylopyranosyl)-digoxigenin (3e). Obtained as a white solid (18.8
mg, 67%) from B0-(2,3,4-tri-O-acetyl5-D-xylopyranosyl)12-O-acetyl-digoxigenin
(2e). [0]® +20.3 € 0.70, MeOH);'H NMR (400 MHz, Pyridineds): 84 6.25 (1H, s,
H-22) , 5.28 (1H, ddjJ = 18.1, 1.8 Hz, H-21a), 5.13 (1H, db= 18.0, 1.8 Hz, H-21b),
4.82 (1H, dJ = 7.4 Hz, H-1'), 4.34 (1H, br s, H-3), 4.33 (1H, m)29-4.14 (2H, m),
4.03 (1H, tJ = 6.4 Hz), 3.74 (1H, m, H-17), 3.72 (1H, m, H-12)16-1.68 (15H, m),
1.57-1.34 (4H, m), 1.24 (3H, s, H-18), 0.85 (3H,Hs19); *C NMR (100 MHz,
Pyridineds): 5¢c 177.1 (C-20), 175.2 (C-23), 117.7 (C-22), 85.7143, 75.0 (C-12),
74.9 (C-3), 74.4 (C-21), 57.1 (C-13), 46.9 (C-1R.0 (C-8), 33.3 (C-9), 35.7 (C-10),
33.8 (C-15), 37.1 (C-5), 27.3 (C-6), 31.1 (C-11),(B(C-4), 28.2 (C-16), 27.5 (C-2),
31.0 (C-1), 24.1 (C-19), 22.6 (C-7), 10.5 (C-1802 (C-1'), 75.5 (C-2"), 78.9 (C-3),
71.6 (C-4'), 67.5 (C-5"); ESI-MBVz523.4 [M+ H]"; 1067.6 [2M+ Na]".

4.1.4.6. 33-O-(a-D-lyxopyranosyl)-digoxigenin (3f). Obtained as a white solid (10.7
mg, 56%) from B0O-(2,3,4-tri-O-acetyl-a-D-lyxopyranosyl)12-O-acetyl-digoxigenin
(2f). [a]¥ +17.8 € 0.55, MeOH);'"H NMR (400 MHz, Pyridineds): &y 6.26 (1H, s,
H-22) , 5.42 (1H, dJ = 1.2 Hz, H-1'), 5.28 (1H, ddl = 18.1, 1.8 Hz, H-21a), 5.13
(1H, dd,J = 18.0, 1.8 Hz, H-21b), 4.67 (1H, s), 4.56 (1HsbH-3), 4.25 (2H, m),
4.14 (1H, m), 3.75 (1H, m, H-17), 3.73 (1H, m, H;1218-1.69 (13H, m), 1.64-1.35
(6H, m), 1.26 (3H, s, H-18), 0.86 (3H, s, H-18%¢ NMR (100 MHz, Pyridines): 5c
177.0 (C-20), 175.1 (C-23), 117.8 (C-22), 85.7 &);774.9 (C-12), 72.8 (C-3), 74.4
(C-21), 57.1 (C-13), 47.0 (C-17), 42.0 (C-8), 3829), 35.8 (C-10), 33.9 (C-15),
37.7 (C-5), 27.3 (C-6), 31.2 (C-11), 32.9 (C-4),28C-16), 24.7 (C-2), 31.0 (C-1),
24.3 (C-19), 22.7 (C-7), 10.5 (C-18), 100.5 (C-19,5 (C-2"), 73.8 (C-3'), 69.3 (C-4"),
65.4 (C-5'); ESI-MSWz523.4 [M+ H]"; 1067.7 [2M+ Na]".

4.1.4.7. 33-O-(4-D-ribopyranosyl)-digoxigenin (3g). Obtained as a white solid (8.6
mg, 57%) from F0O-(2,3,4-tri-O-acetyl5D-ribopyranosyl)12-O-acetyl-digoxigenin
(29). [a]Z +7.8 € 0.60, MeOH);'H NMR (400 MHz, Pyridineds): &y 6.26 (1H, s,
H-22), 5.39 (1H, dJ = 4.2, H-1), 5.27 (1H, dd] = 18.0, 1.8 Hz, H-21a), 5.13 (1H,
dd,J = 18.0, 1.8 Hz, H-21b), 4.47 (1H, m), 4.28 (1H, hP1 (1H, m), 4.21 (1H, br s,



H-3, overlap), 4.16 (2H, s), 3.76 (1H, m, H-17){8(1H, m, H-12), 2.16-2.09 (3H,
m), 2.02 (1H, m), 1.94 (2H, m), 1.89-1.76 (6H, M6 (2H, m), 1.59 (3H, m), 1.35
(2H, m), 1.25 (3H, s, H-18), 1.18 (1H, m), 0.89 (3H H-19);"*C NMR (100 MHz,
Pyridineds): 5c 177.1 (C-20), 175.2 (C-23), 117.7 (C-22), 85.7143, 74.9 (C-12),
73.5 (C-3), 74.4 (C-21), 57.2 (C-13), 46.9 (C-14D),0 (C-8), 33.3 (C-9), 35.8 (C-10),
33.9 (C-15), 37.4 (C-5), 27.3 (C-6), 31.2 (C-110,63(C-4), 28.3 (C-16), 27.5 (C-2),
31.4 (C-1), 24.3 (C-19), 22.7 (C-7), 10.5 (C-18)0B (C-1"), 73.3 (C-27), 69.0 (C-3,
70.9 (C-4'), 65.6 (C-5'); ESI-M8/z523.5 [M+ Na]';1067.4 [2M+ Na] .

4.1.4.8. 3(-0O-(a-L-rhamnopyranosyl)-digoxigenin (3h). Obtained as a white solid
(20.4 mg, 60%) from
33-0-(2,3,4-tri-0-acetyla-L-rhamnopyranosyl}2-O-acetyl-digoxigenin (2h). [o]5
+11.6 € 0.70, MeOH):*H NMR (400 MHz, Pyridineds): & 6.26 (1H, s, H-22) , 5.41
(1H, br s, H-1, 5.28 (1H, dd,= 18.1, 1.8 Hz, H-21a), 5.13 (1H, db= 18.0, 1.8 Hz,
H-21b), 4.54 (1H, br s, H-3), 4.53 (1H, m), 4.28{(2n), 4.16 (1H, s), 3.76 (1H, m,
H-17), 3.73 (1H, m, H-12), 2.16-1.73 (13H, m), 1(8HA, d,J = 5.2 Hz), 1.58 (4H, m),
1.36 (1H, m), 1.25 (3H, s, H-18), 1.18 (1H, m),D@H, s, H-19)°C NMR (100
MHz, Pyridineds): 5c 177.1 (C-20), 175.2 (C-23), 117.7 (C-22), 85.714), 74.8
(C-12), 73.3 (C-3), 74.4 (C-21), 57.1 (C-13), 46C917), 41.9 (C-8), 33.2 (C-9), 35.7
(C-10), 33.8 (C-15), 37.4 (C-5), 27.1 (C-6), 312211), 30.5 (C-4), 28.2 (C-16), 27.5
(C-2), 31.4 (C-1), 24.3 (C-19), 22.6 (C-7), 10.548), 100.2 (C-1'), 72.5 (C-2'), 73.3
(C-3"), 74.4 (C-4'), 70.4 (C-5'), 19.0 (C-6'); B85 m/z537.3 [M+ H]"; 1095.7 [2M
+Na]".

4.1.4.9. 3(-O-(fL-fucopyranosyl)-digoxigenin (3i). Obtained as a white solid (26.6
mg, 65%) from FO-(2,3,4-tri-O-acetylS-L-fucopyranosyl)i2-O-acetyl-digoxigenin
(2i). [0]? +16.2 € 0.70, MeOH);'H NMR (400 MHz, Pyridineds): oy 6.26 (1H, s,
H-22), 5.28 (1H, ddj = 18.1, 1.8 Hz, H-21a), 5.13 (1H, dbi= 18.0, 1.8 Hz, H-21b),
4.72 (1H, dJ = 7.8, H-1), 4.36 (2H, m,), 4.11 (1H, m), 4.08 (b1 s, H-3), 3.81 (1H,
m, H-17), 3.74 (1H, m, H-12), 2.16-1.71 (15H, mpB6&.(1H, m), 1.55 (3H, dl = 6.4
Hz), 1.43 (3H, m), 1.28 (1H, m), 1.23 (3H, s, H-18)80 (3H, s, H-19)**C NMR
(100 MHz, Pyridineds): ¢ 177.1 (C-20), 175.1 (C-23), 117.7 (C-22), 85.7143,



74.9 (C-12), 74.4 (C-3), 74.4 (C-21), 57.1 (C-118),9 (C-17), 42.0 (C-8), 33.2 (C-9),
35.7 (C-10), 33.8 (C-15), 37.2 (C-5), 27.4 (C-6),13(C-11), 32.9 (C-4), 28.2 (C-16),
25.2 (C-2), 30.9 (C-1), 24.0 (C-19), 22.6 (C-7),5.(C-18), 103.7 (C-1'), 73.1 (C-2"),
75.9 (C-3)), 72.8 (C-4), 71.6 (C-5), 17.8 (C-®SI-MS m/z 537.5 [M + NaJ;
1095.4 [2M+ Na]'.

4.1.4.10. 33-O-(5-D-cellobiosyl)-digoxigenin (3)). Obtained as a white solid (8.0 mg,
51%) from
34-0-(2,3,6,2',3',4',6'-hept@-acetyl5D-cellobiosyl)12-O-acetyl-digoxigenin  (2)).
[a]? +7.2 € 0.50, MeOH):*H NMR (400 MHz, Pyridineds): 8y 6.25 (1H, s, H-22) ,
5.28 (1H, ddJ = 18.1, 1.8 Hz, H-21a), 5.13 (1H, d#iF 18.0, 1.8 Hz, H-21b), 5.43
(1H, br s), 5.22 (1H, dJ = 7.8, H-1), 4.90 (1H, dJ = 7.8, H-1"), 4.53 (3H, m),
4.40-4.20 (5H, m), 4.15-3.99 (3H, m), 3.93 (1H, BY6 (1H, m, H-17), 3.72 (1H, m,
H-12), 2.16-1.65 (13H, m), 1.55 (2H, m), 1.45-1(2A, m), 1.24 (3H, s, H-18), 0.84
(3H, s, H-19);*C NMR (100 MHz, Pyridineds): 5c 177.0 (C-20), 175.1 (C-23),
117.8 (C-22), 85.7 (C-14), 75.0 (C-12), 74.8 (C-B},4 (C-21), 57.2 (C-13), 46.9
(C-17), 42.0 (C-8), 33.3 (C-9), 35.8 (C-10), 33315), 37.1 (C-5), 27.3 (C-6), 31.2
(C-11), 30.7 (C-4), 28.2 (C-16), 27.5 (C-2), 312X), 24.1 (C-19), 22.7 (C-7), 10.6
(C-18), 105.3 (C-1),75.2 (C-2), 76.8 (C-3), 81®B-4), 77.3 (C-5), 62.3 (C-6",
103.2 (C-1"), 75.2 (C-2"), 78.6 (C-3"), 71.940); 78.8 (C-5"), 62.8 (C-6"); ESI-MS
m'z737.5[M+ Na]";1451.5 [2M+ Na]'".

4.1.4.11. 33-O-(B-D-lactobiosyl)-digoxigenin (3k). Obtained as a white solid (3.5 mg,
27%) from
330-(2,3,6,2',3',4',6'-hept@-acetylD-lactobiosyl)12-O-acetyl-digoxigenin  (2k).
[a]® +5.2 € 0.50, MeOH):'H NMR (400 MHz, Pyridiness): 54 6.25 (1H, s, H-22) ,
5.44 (1H, s), 5.28 (1H, dd,= 18.1, 1.8 Hz, H-21a), 5.13 (1H, d#i= 18.0, 1.8 Hz,
H-21b), 5.13 (1H, dJ = 8.2, H-1'), 4.89 (1H, dJ = 8.0, H-1"), 4.58-4.45 (5H, m),
4.42-4.29 (4H, m), 4.15 (2H, m), 4.07 (1H, m), 3@&1, m), 3.76 (1H, m, H-17),
3.72 (1H, m, H-12), 2.14-1.51 (15H, m), 1.45-1.361(m), 1.24 (3H, s, H-18), 0.84
(3H, s, H-19);"*C NMR (100 MHz, Pyridinags): 6¢c 177.1 (C-20), 175.2 (C-23),
117.8 (C-22), 85.7 (C-14), 75.0 (C-12), 74.8 (CB},4 (C-21), 57.2 (C-13), 47.0



(C-17), 42.0 (C-8), 33.3 (C-9), 35.8 (C-10), 333 15), 37.1 (C-5), 27.3 (C-6), 31.2
(C-11), 30.7 (C-4), 28.3 (C-16), 27.5 (C-2), 31C2), 24.1 (C-19), 22.7 (C-7), 10.8
(C-18), 106.2 (C-1'), 75.2 (C-2), 76.8 (C-3), BIC-4), 77.2 (C-5), 62.4 (C-6"),
103.2 (C-1"), 72.9 (C-2"), 75.6 (C-3"), 70.540); 77.8 (C-5"), 62.8 (C-6"); ESI-MS
m/z737.7 [M+ Na]".

4.1.4.12. 330-(2,3-dideoxy->D-glucal)-digoxigenin (3I). Obtained as a white solid
(5.2 mg, 53%) from
33-0-(4,6-di-O-acetyl-2,3-dideoxy3-D-glucal)-12-O-acetyl-digoxigenin  (2). [a] &
+32.8 € 0.65, MeOH):*H NMR (400 MHz, Pyridineds): 514 6.26 (1H, s, H-22) , 5.28
(1H, dd,J = 18.1, 1.8 Hz, H-21a), 5.13 (1H, db= 18.0, 1.8 Hz, H-21b), 4.71 (1H, d,
J=17.8, H-1), 6.33 (1H, d) = 9.2, H-3"), 5.97 (1H, dJ = 9.2, H-2), 5.47 (1H, s),
5.38 (1H, s), 4.73 (1H, m), 4.40 (3H, m), 4.27 (bd,s, H-3), 3.78 (1H, m, H-17),
3.76 (1H, m, H-12), 2.15-1.72 (13H, m), 1.57 (3H, t42-1.30 (3H, m), 1.26 (3H, s,
H-18), 0.92 (3H, s, H-19)*C NMR (100 MHz, Pyridines): 5¢ 177.1 (C-20), 175.2
(C-23), 117.7 (C-22), 85.7 (C-14), 75.0 (C-12),674C-3), 74.4 (C-21), 57.2 (C-13),
47.0 (C-17), 42.0 (C-8), 37.8 (C-9), 35.8 (C-1(3,B(C-15), 33.9 (C-5), 27.5 (C-6),
31.2 (C-11), 32.9 (C-4), 28.2 (C-16), 25.7 (C-2),23(C-1), 24.3 (C-19), 22.6 (C-7),
10.6 (C-18), 94.0 (C-1'), 127.5 (C-2), 135.5 (§-33.6 (C-4), 64.4 (C-5'), 63.1
(C-6') ; ESI-MSm/z519.5 [M+ H]": 1059.7 [2M+ Na]".

4.1.4.13. 33-O-(fL-glucopyranosyl)-digoxigenin (3m). Obtained as a white solid
(12.6 mg, 63%) from B-0O-(2,3,4,6-tetra@-acetyl3L-glucopyranosyldigoxigenin
(2m). [0]Z +7.4 € 0.60, MeOH);'H NMR (600 MHz, Pyridineds): &y 6.25 (1H, s,
H-22) , 5.43 (1H, s), 5.27 (1H, dd= 18.0, 1.8 Hz, H-21a), 5.13 (1H, dii= 18.0,
1.8 Hz, H-21b), 4.93 (1H, d,= 7.8 Hz, H-1'), 4.55 (1H, m), 4.41(1H, m), 4.3%(1
br s, H-3), 4.28 (2H, m), 4.06 (1H, m) 3.95 (1H, )4 (2H, m), 2.16-1.96 (9H, m),
1.84 (2H, m), 1.76 (2H, m), 1.55 (3H, m), 1.24 (3HH-18), 0.83 (3H, s, H-19)°C
NMR (150 MHz, Pyridineds): 8¢ 177.1 (C-20), 175.1 (C-23), 117.8 (C-22), 85.7
(C-14), 75.0 (C-12), 74.4 (C-3), 74.3 (C-21), 5{Ct13), 47.0 (C-17), 42.0 (C-8),
33.3 (C-9), 35.8 (C-10), 33.9 (C-15), 37.3 (C-5},2(C-6),31.2 (C-11), 32.9 (C-4),
28.3 (C-16), 25.1 (C-2), 30.9 (C-1), 24.1 (C-19),8(C-7), 10.6 (C-18), 103.3 (C-1)),



75.7 (C-2Y), 79.1 (C-3'), 72.2 (C-4"), 78.8 (C-53.3 (C-6'); ESI-MSWz 575.5 [M+
Na]"; 1127.5 [2M+ Na]'.

4.1.4.14. 33-O-(a-L-arabinopyranosyl)-digoxigenin (3n). Obtained as a white solid
(7.0 mg, 56%) from B-O-(2,3,4-tri-O-acetyl-a-L-arabinopyranosylligoxigenin (2n).
[0]® +16.2 € 0.60, MeOH)*H NMR (600 MHz, Pyridiness): 54 6.25 (1H, s, H-22) ,
5.40 (1H, s), 5.27 (1H, dd,= 18.0, 1.8 Hz, H-21a), 5.13 (1H, d#i= 18.0, 1.8 Hz,
H-21b), 4.76 (1H, dJ = 7.0 Hz, H-1'), 4.44 (1H, t, d = 7.6 Hz), 4.34 (1t s, H-3),
4.32 (2H, m), 4.17 (1H, m), 3.75 (1H, m, H-17),B(1H, m, H-12), 2.16-1.68 (13H,
m), 1.56 (2H, m), 1.40 (1H, m), 1.24 (3H, s, H-18B4 (3H, s, H-19}*C NMR (150
MHz, Pyridineds): 5c 177.1 (C-20), 175.1 (C-23), 117.8 (C-22), 85.814), 75.1
(C-12), 75.0 (C-3), 74.3 (C-21), 57.2 (C-13), 4{017), 42.1 (C-8), 33.3 (C-9), 35.8
(C-10), 33.9 (C-15), 37.2 (C-5), 27.6 (C-6), 31CkX1), 31.3 (C-4), 28.3 (C-16), 27.4
(C-2), 31.0 (C-1), 24.2 (C-19), 22.7 (C-7), 10.6-18), 104.4 (C-1'), 73.0 (C-2,
75.0(C-3"), 70.0 (C-4"), 67.4 (C-5'); ESI-M$z523.6 [M+ H]"; 1067.6 [2M+ Na]".
4.1.4.15. 36-O-(FL-xylopyranosyl)-digoxigenin (30). Obtained as a white solid (6.0
mg, 72%) from B-O-(2,3,4-tri-O-acetyl3L-xylopyranosyl)digoxigenin (20). [a]5
+9.2 € 0.74, MeOH):*H NMR (600 MHz, Pyridineds): 8y 6.25 (1H, s, H-22) , 5.43
(1H, s), 5.27 (1H, dd] = 18.0, 1.8 Hz, H-21a), 5.13 (1H, db= 18.0, 1.8 Hz, H-21b),
4.82 (1H, dJ = 7.5 Hz, H-1), 4.37 (1H, br s, H-3), 4.36 (1H, ®)27 (1H, m), 4.17
(1H, t, d = 8.5 Hz), 4.04 (1H, §,= 8.2 Hz), 3.75 (1H, m, H-17), 3.73 (1H, m, H-12),
2.18-1.77 (15H, m), 1.62-1.53 (3H, m), 1.41 (1H, P4 (3H, s, H-18), 0.85 (3H, s,
H-19); *C NMR (150 MHz, Pyridinegs): 8¢ 177.1 (C-20), 175.1 (C-23), 117.8
(C-22), 85.8 (C-14), 75.0 (C-12), 74.5 (C-3), 74C421), 57.2 (C-13), 47.0 (C-17),
42.1 (C-8), 33.3 (C-9), 35.8 (C-10), 33.9 (C-15},43(C-5), 27.5 (C-6), 31.2 (C-11),
33.0 (C-4), 28.3 (C-16), 25.2 (C-2), 31.0 (C-1),24C-19), 22.7 (C-7), 10.6 (C-18),
104.0 (C-1'), 75.5(C-2"), 79.0 (C-3'), 71.7 (C-87,7 (C-5'); ESI-MSWz523.4 [M+
H]": 1067.6 [2M+ Na]".

4.1.4.16. 3a-O-(-D-glucopyranosyl)-digoxigenin (5a). Obtained as a white solid
(24.0 mg, 70.2%) from

3a-0-(2,3,4,6-tetra@-acetyl#D-glucopyranosyhdigoxigenin (4a). [a]y +19.5 €



0.70, MeOH)*H NMR (600 MHz, Pyridineds): 54 6.25 (1H, s, H-22) , 5.26 (1H, dd,
J=18.0, 1.8 Hz, H-21a), 5.13 (1H, dbF 18.0, 1.8 Hz, H-21b), 5.05 (1H, 8= 7.6
Hz, H-1Y, 4.60 (1H, dJ = 10.0 Hz), 4.43 (1H, m), 4.30 (2H, m), 4.07 (1H, A02
(1H, qd, H-3), 3.72 (1H, m, H-17), 3.59 (1H, m, B}11.22 (3H, s, H-18), 0.83 (3H,
s, H-19);*C NMR (150 MHz, Pyridiness): 8¢ 177.0 (C-20), 175.1 (C-23), 117.8
(C-22), 85.6 (C-14), 74.9 (C-12), 78.3 (C-3), 74C421), 57.1 (C-13), 46.9 (C-17),
42.1 (C-8), 33.7 (C-9), 35.5 (C-10), 33.9 (C-13),4(C-5), 27.9 (C-6), 30.9 (C-11),
35.1 (C-4), 28.2 (C-16), 35.6 (C-2), 27.9 (C-1),82@-19), 22.8 (C-7), 10.5 (C-18),
102.7 (C-1"), 75.8 (C-2"), 79.1 (C-3"), 72.2 (C-78.9 (C-5'), 63.3 (C-6'); ESI-M&/z
553.3 [M+ H]"; 1127.3 [2M+ Na]".

4.1.4.17. 3a-O-(B-D-galactopyranosyl)-digoxigenin (5b). Obtained as a white solid
(35.3 mg, 70.1%) from
3a-0-(2,3,4,6-tetrad-acetyl#D-galactopyranosyliligoxigenin (4b). [a]? +30.2 €
0.85, MeOH):*H NMR (300 MHz, Pyridineds): & 6.24 (1H, s, H-22) , 5.25 (1H, dd,
J=18.0, 1.8 Hz, H-21a), 5.11 (1H, diiF 18.0, 1.8 Hz, H-21b), 4.94 (1H, 8= 7.5
Hz, H-1Y, 4.58 (1H, dJ = 10.0 Hz), 4.46 (2H, m), 4.22 (1H, m), 4.11 (1H), B.98
(1H, qd, H-3), 3.70 (1H, m, H-17), 3.54 (1H, m, B}11.20 (3H, s, H-18), 0.80 (3H,
s, H-19); ®C NMR (75 MHz, Pyridineds): 6¢ 177.0 (C-20), 175.1 (C-23), 117.6
(C-22), 85.5 (C-14), 74.7 (C-12), 78.2 (C-3), 74C321), 56.9 (C-13), 46.7 (C-17),
41.9 (C-8), 33.6 (C-9), 35.3 (C-10), 33.7 (C-15),24(C-5), 27.7 (C-6), 30.8 (C-11),
35.0 (C-4), 28.0 (C-16), 35.5 (C-2), 27.7 (C-1),828C-19), 22.6 (C-7), 10.4 (C-18),
103.2 (C-1'), 73.0 (C-2"), 75.7 (C-3"), 70.5 (C-77].2 (C-5'), 62.8 (C-6'); ESI-M&/z
575.7 [M+ Na]'; 1127.8 [2M+ Na]".

4.1.4.18. 3a-O-(a-D-arabinopyranosyl)-digoxigenin (5c¢). Obtained as a white solid
(11.5 mg, 62.7%) from &0O-(2,3,4-tri-O-acetyl-a-D-arabinopyranosyliligoxigenin
(4c). [0]?® +15.2 € 0.70, MeOH);*H NMR (300 MHz, Pyridineds): 84 6.25 (1H, s,
H-22), 5.28 (1H, ddJ = 18.1, 1.8 Hz, H-21a), 5.13 (1H, db= 18.0, 1.8 Hz, H-21b),
4.85 (1H, dJ = 7.4 Hz, H-1'), 4.46 (1H, m), 4.35 (2H, m), 4.23( m), 3.95 (1H, qd,
H-3), 3.87 (1H, m), 3.74 (1H, m, H-17), 3.65 (1H, A+12), 2.16-1.96 (4H, m),
1.94-1.64 (10H, m), 1.53 (1H, m), 1.29 (1H, m),3L(3H, s, H-18), 0.98 (1H, m),



0.85 (3H, s, H-19)**C NMR (75 MHz, Pyridineds): 8¢ 177.0 (C-20), 175.1 (C-23),
117.8 (C-22), 85.6 (C-14), 74.9 (C-12), 78.4 (CB},4 (C-21), 57.1 (C-13), 47.0
(C-17), 42.1 (C-8), 33.7 (C-9), 35.5 (C-10), 33BILS), 42.3 (C-5), 27.9 (C-6), 31.0
(C-11), 33.5 (C-4), 28.2 (C-16), 36.0 (C-2), 29C7X), 23.8 (C-19), 22.8 (C-7), 10.6
(C-18), 103.6 (C-1'), 73.0 (C-2Y), 75.1(C-3), 7@®-4"), 67.3 (C-5"; ESI-MSn/z
523.6 [M+ H]"; 1067.6 [2M+ Na]".

4.1.4.19. 3a-O-(4-D-xylopyranosyl)-digoxigenin (5d). Obtained as a white solid (11.0
mg, 68.3%) from &-0-(2,3,4-tri-O-acetyl3D-xylopyranosyl)digoxigenin (4d). [a]5
+20.2 € 0.80, MeOH):*H NMR (600 MHz, Pyridiness): 8y 6.25 (1H, s, H-22), 5.27
(1H, dd,J = 18.0, 1.8 Hz, H-21a), 5.12 (1H, db= 18.0, 1.8 Hz, H-21b), 4.91 (1H, d,
J= 7.4 Hz, H-1), 4.42 (1H, dd,= 11.1, 5.2 Hz), 4.28 (1H, m), 4.19 (1HJt= 8.5
Hz), 4.03 (1H, tJ = 8.2 Hz), 3.96 (1H, qd, H-3), 3.78 (1HJt 11.1 Hz, H-17), 3.73
(1H, m, H-12), 3.59 (1H, m), 2.13-1.98 (5H, m), 2873 (8H, m), 1.60 (1H,m), 1.52
(1H, m), 1.39-1.29 (3H, m), 1.23 (3H, s, H-18),®(@H,m), 0.86 (3H, s, H-19}°C
NMR (175 MHz, Pyridineds): 8¢ 177.0 (C-20), 175.1 (C-23), 117.8 (C-22), 85.6
(C-14), 74.9 (C-12), 78.9 (C-3), 74.4 (C-21), 5{Ct13), 47.0 (C-17), 42.1 (C-8),
33.8 (C-9), 35.5 (C-10), 33.9 (C-15), 42.5 (C-,®(C-6), 31.0 (C-11), 35.4 (C-4),
28.2 (C-16), 35.7 (C-2), 27.9 (C-1), 23.8 (C-19),8(C-7), 10.6 (C-18), 103.8 (C-1)),
75.6 (C-2'), 79.0 (C-3'), 71.6 (C-4"), 67.7 (C-EBI-MSm/z523.4 [M+ H]*; 1067.6
[2M + Na]".

4.1.4.20. 3a-O-(a-L-rhamnopyranosyl)-digoxigenin (5e). Obtained as a white solid
(10.4 mg, 51.2%) from &O-(2,3,4-tri-O-acetyl-a-L-rhamnopyranosiligoxigenin
(4e). [0]® +8.2 € 0.60, MeOH);'"H NMR (600 MHz, Pyridineds): 81 6.25 (1H, s,
H-22), 5.53 (1H, br s, H-1), 5.28 (1H, db= 18.0, 1.8 Hz, H-21a), 5.13 (1H, dbi=
18.0, 1.8 Hz, H-21b), 4.57 (2H, m), 4.35 (2H, mBB(1H, qd, H-3), 3.75 (1H, m,
H-17), 3.70 (1H, m, H-12), 2.09 (3H, m), 1.95-1(B61, m), 1.60-1.27 (6H, m), 1.25
(3H, s, H-18), 0.91 (1H, m), 0.86 (3H, s, H-19C NMR (150 MHz, Pyridineds): 5c
177.1 (C-20), 175.1 (C-23), 117.8 (C-22), 85.6 @);774.8 (C-12), 76.1 (C-3), 74.4
(C-21), 57.1 (C-13), 47.0 (C-17), 42.1 (C-8), 38C+9), 35.5 (C-10), 33.8 (C-15),
42.5 (C-5), 27.9 (C-6), 31.0 (C-11), 34.9 (C-4),28C-16), 35.6 (C-2), 27.2 (C-1),



23.8 (C-19), 22.8 (C-7), 10.6 (C-18), 99.5 (C-13,2 (C-2), 73.3 (C-3), 74.6 (C-4),
70.3 (C-5'), 19.1 (C-6"); ESI-M8Vz537.3 [M+ H]*; 1095.7 [2M+ Na]'.
4.1.5. General procedure for preparation of C3-MeON-neoglycosideslibrary
3-MeON-digoxigenin Dig-4/5) or 3a-MeON-digoxigenin Dig-5/a) (0.07-0.14
mmol) and free reducing sugar (2.0-2.5 eq) wersalied in DMF/AcOH (3: 1,
600—-1500 pL) and stirred at 50 °C for 48 h, andh thvas neutralized with AcOH until
pH = 7. The crude product was obtained by filtemed concentrated under reduced
pressure. The residue was purified by semiprepar&P-HPLC (45% MeOH-4D)
to obtainCz-MeON-neoglycosides of digoxigeni®d-6d and7a-7d). All compounds
were characterized by analysesidfand*C NMR spectra as well as ESI-MS.
4.1.5.1. 33N-(5-D-glucopyranosyl)-N-(O-methyl)-digoxigenin (6a). Obtained as a
white solid (6.2 mg, 17.9%) fromBN-(O-methyl)-digoxigenin (Dig-4). [o]5 +8.2 €
0.70, MeOH):*H NMR (300 MHz, CROD): 8, 5.91 (1H, s, H-22) , 4.99 (1H, ddi=
18.0, 1.8 Hz, H-21a), 4.91 (1H, d#i= 18.0, 1.8 Hz, H-21b), 4.10 (1H, 3= 8.6 Hz,
H-1Y, 3.80 (1H, m), 3.73 (3H, s), 3.70-3.57 (3H), B.16 (1H, m), 2.17-1.52 (15H,
m), 1.29 (6H, m) 1.00 (3H, s, H-18), 0.79 (3H, s19); °C NMR (75 MHz, CROD)
5c 178.6 (C-20), 177.4 (C-23), 117.7 (C-22), 86.814); 75.5 (C-12), 71.7 (C-21),
62.7 (OMe), 58.5 (C-13), 57.3 (C-3), 47.0 (C-11,34(C-8), 37.8 (C-5), 36.7 (C-10),
34.0 (C-15), 33.5 (C-9), 31.7 (C-11), 30.9 (C-1),3(C-6), 28.4 (C-16), 28.2 (C-4),
24.5 (C-19), 24.1 (C-2), 22.5 (C-7), 9.9 (C-18),®(C-1'),75.7 (C-2), 79.6 (C-3),
71.1 (C-4"), 79.8 (C-5'), 64.5 (C-6'); ESI-M$z582.6 [M+ H]"; 1185.7 [2M+ Na]".
4.1.5.2. 33N-(3D-allopyranosyl)-N-(O-methyl)-digoxigenin (6b). Obtained as a
white solid (8.0 mg, 23.1%) from/N-(O-methyl)-digoxigenin (Dig-4). [a]5 +12.2
(c 0.73, MeOH):*H NMR (400 MHz, Pyridiness): 8y 6.26 (1H, s, H-22), 5.30 (1H,
dd,J = 18.0, 1.8 Hz, H-21a), 5.15 (1H, db= 18.0, 1.8 Hz, H-21b), 5.15 (1H, 3=
8.5 Hz, H-1), 4.82 (2H, m), 4.44 (2H, m), 3.92 (1H, br s, H-3)87 (1H, br s, H-3),
2.17-1.77 (10H, m), 1.68-1.53 (5H, m) 1.25 (3HHs18), 0.79 (3H, s, H-19)*°C
NMR (100 MHz, Pyridineds): 5 177.1 (C-20), 175.2 (C-23), 117.8 (C-22), 86.7
(C-14), 75.0 (C-12), 74.4 (C-21), 63.8 (OMe), 5{3®3), 57.2 (C-13), 47.0 (C-17),
42.2 (C-8), 37.3 (C-5), 36.3 (C-10), 34.0 (C-15,683(C-9), 31.7 (C-11), 31.3 (C-1),



30.5 (C-6), 28.3 (C-16), 27.8 (C-4), 24.4 (C-19),2(C-2), 22.4 (C-7), 10.6 (C-18),
88.1 (C-1'),74.0 (C-2), 69.8 (C-3'), 69.7 (C-ZY,.4 (C-5'), 64.0 (C-6'); ESI-M8Vz
582.5 [M+ H]"; 1185.5 [2M+ Na]".

4.1.5.3. 33N-(B-D-xylofuranosyl)-N-(O-methyl)-digoxigenin (6¢). Obtained as a white
solid (6.1 mg, 18.6%) from/3N-(O-methyl)-digoxigenin (Dig-4). [o]5 +15.6 € 0.48,
MeOH); *H NMR (400 MHz, Pyridineds): 84 6.27 (1H, s, H-22) , 5.30 (1H, dd=
18.0, 1.8 Hz, H-21a), 5.15 (1H, dii= 18.0, 1.8 Hz, H-21b), 4.62 (1H, 3= 8.5 Hz,
H-1%), 4.46 (2H, m), 4.28 (1H, m), 4.20 (1H, m)98.(3H, s), 3.87 (1H, br s, H-3),
3.78-3.73 (2H, m), 2.17-1.94 (10H, m), 1.86 (2H, My3-1.36 (6H, m) 1.27 (3H, s,
H-18), 1.14 (1H, m), 0.87 (3H, s, H-19¥C NMR (100 MHz, Pyridinegk): 5c 177.1
(C-20), 175.2 (C-23), 117.8 (C-22), 85.7 (C-14).07%C-12), 74.4 (C-21), 64.1
(OMe), 57.9 (C-3), 57.2 (C-13), 47.0 (C-17), 422§), 37.7 (C-5), 36.3 (C-10), 33.9
(C-15), 33.7 (C-9), 31.6 (C-11), 31.3 (C-1), 3034), 28.3 (C-16), 27.9 (C-4), 24.5
(C-19), 24.4 (C-2), 22.5 (C-7), 10.6 (C-18), 9251),71.5 (C-2"), 72.2 (C-3), 81.0
(C-4"), 69.6 (C-5'); ESI-M®Vz574.5 [M+ Na] .

4.1.5.4. 3-N-(D-ribofuranosyl)-N-(O-methyl)-digoxigenin (a/f, 1:1) (6d). Obtained
as a white solid (7.3 mg, 22.2%) fronB-Bl-(O-methyl)-digoxigenin (Dig-4). [a]5
+6.2 (€ 0.52, MeOH):*H NMR (600 MHz, Pyridineds): 54 6.26 (2H, s, H-22) , 5.28
(2H, dd,J = 18.0, 1.8 Hz, H-21a), 5.14 (2H, db= 18.0, 1.8 Hz, H-21b), 5.42 (1H, d,
J= 4.0 Hz, H-1), 5.39 (1H, s, H-1'), 4.46 (2H, M)88 (2H, m), 4.79 (2H, m), 4.71
(1H, m), 4.68 (1H, m), 4.03 (3H, s), 3.86 (1H, biHs3), 3.74 (3H, s), 1.26 (6H, s,
H-18), 0.90 (3H, s, H-19), 0.80 (3H, s, H-18J¢ NMR (150 MHz, Pyridiness): 5
177.1 (C-20), 177.1 (C-20), 175.2 (C-23), 175.12@%); 117.8 (C-22), 117.8 (C-22),
85.7 (C-14), 85.7 (C-14), 74.9 (C-12), 74.4 (C-283,1 (OMe), 64.0 (OMe), 58.6
(C-3), 57.9 (C-3), 57.2 (C-13), 57.1 (C-13), 471017), 47.0 (C-17), 42.2 (C-8), 42.1
(C-8), 37.7 (C-5), 37.4 (C-5), 36.3 (C-10), 36.31@), 33.9 (C-15), 33.9 (C-15), 33.7
(C-9), 33.6 (C-9), 31.7 (C-11), 31.6 (C-11), 313 1), 31.3 (C-1), 30.6 (C-6), 30.5
(C-6), 28.3 (C-16), 28.3 (C-16), 27.9 (C-4), 27TCF4), 24.5 (C-19), 24.4 (C-19), 24.4
(C-2), 24.4 (C-2), 22.4 (C-7), 22.4 (C-7), 10.6 18), 10.5 (C-18), 97.4 (C-1, 88.1
(C-1Y), 69.4 (C-2'), 69.0 (C-2"), 73.6 (C-3'), 73Q-3"), 85.8 (C-4'), 85.0 (C-4'), 66.4



(C-5'), 64.6 (C-5'); ESI-M®Vz574.5 [M+ Na]'; 1125.5 [2M+ Na] .

4.1.5.5. 3a-N-(#-D-glucopyranosyl)-N-(O-methyl)-digoxigenin (7a). Obtained as a
white solid (12.0 mg, 28.8%) froma3N-(O-methyl)-digoxigenin (Dig-5). [o]> +18.5
(c 0.60, MeOH)*H NMR (300 MHz, CROD): 44 5.91 (1H, s, H-22) , 5.00 (1H, dd,
J=18.0, 1.8 Hz, H-21a), 4.91 (1H, db= 18.0, 1.8 Hz, H-21b), 4.17 (1H, 3= 8.6
Hz, H-1'), 3.81 (1H, m), 3.70 (3H, s), 3.66 (1H, )67 (1H, m), 3.36 (3H, m), 3.18
(2H, m), 2.17-1.52 (15H, m), 1.44-1.24 (6H, m),a(RH, m), 0.96 (3H, s, H-18),
0.79 (3H, s, H-19)**C NMR (75 MHz, CROD): § 178.5 (C-20), 177.3 (C-23), 117.7
(C-22), 86.8 (C-14), 75.5 (C-12), 71.3 (C-21), 6@23), 62.7 (OMe), 57.3 (C-13),
47.1 (C-17), 43.1 (C-8), 36.7 (C-5), 35.9 (C-1(,B(C-15), 34.0 (C-9), 33.5 (C-11),
32.6 (C-1), 30.6 (C-6), 28.4 (C-16), 28.3 (C-4),R6C-19), 23.8 (C-2), 23.0 (C-7),
9.9 (C-18), 91.0 (C-1),75.7 (C-2"), 79.7 (C-3"..77 (C-4'), 79.8 (C-5'), 64.6 (C-6");
ESI-MSm/z582.6 [M+ H]*; 1185.7 [2M+ Na]".

4.1.5.6. 3a-N-(B-Dp-allopyranosyl)-N-(O-methyl)-digoxigenin (7b). Obtained as a
white solid (19.5 mg, 28.1%) froma3N-(O-methyl)-digoxigenin (Dig-5). [o]> +17.2
(c 0.75, MeOH);*H NMR (400 MHz, Pyridiness): 8 6.26 (1H, s, H-22), 5.28 (1H,
dd,J = 18.0, 1.8 Hz, H-21a), 5.14 (1H, db= 18.0, 1.8 Hz, H-21b), 5.24 (1H, 3=
8.5 Hz, H-1), 4.83 (1H, br s), 4.53-4.40 (3H, m), 4.04 (1HsbH-3), 3.80-3.69 (3H,
m), 2.15-1.70 (15H, m) 1.25 (3H, s, H-18), 0.83 (3HH-19);**C NMR (100 MHz,
Pyridineds): § 177.1 (C-20), 175.1 (C-23), 117.8 (C-22), 85.714); 75.0 (C-12),
74.4 (C-21), 62.7 (OMe), 63.5 (C-3), 57.2 (C-13),0{C-17), 42.4 (C-8), 42.2 (C-5),
36.4 (C-10), 35.6 (C-15), 34.0 (C-9), 33.8 (C-BD,7 (C-1), 30.9 (C-6), 30.4 (C-16),
28.3 (C-4), 25.6 (C-19), 24.0 (C-2), 23.0 (C-7),6.(C-18), 88.3 (C-1'), 73.9 (C-2),
69.5 (C-3"), 69.3 (C-4'), 77.4 (C-5), 64.4 (C-@®SI-MS m/z 604.7 [2M + Na]';
1185.7 [2M+ Na]".

4.1.5.7. 3a-N-(B-D-xylofuranosyl}N-(O-methyl)-digoxigenin (7c). Obtained as a
white solid (12.7 mg, 38.6%) froma3N-(O-methyl)-digoxigenin (Dig-5). [o]> +16.1
(c 0.65, MeOH);*H NMR (400 MHz, Pyridineds): 54 6.26 (1H, s, H-22) , 5.28 (1H,
dd,J = 18.0, 1.8 Hz, H-21a), 5.14 (1H, db= 18.0, 1.8 Hz, H-21b), 4.68 (1H, 3=
8.8 Hz, H-1, 4.45 (1H, m), 4.39 (1H, m), 4.24 (1H), 4.18 (1H, m), 3.96 (3H, s),



3.80-3.56 (5H, m), 2.16-2.05 (4H, m), 1.98-1.73 (&1}, 1.62-1.51 (3H, m), 1.39 (2H,
m), 1.26 (3H, s, H-18), 1.04 (1H, m), 0.89 (3H,Hs19); °*C NMR (100 MHz,
Pyridineds): 8¢ 177.1 (C-20), 175.1 (C-23), 117.8 (C-22), 86.6143, 74.9 (C-12),
74.4 (C-21), 62.8 (OMe), 64.4 (C-3), 57.2 (C-13),04(C-17), 42.6 (C-8), 42.2 (C-5),
36.5 (C-10), 35.6 (C-15), 34.0 (C-9), 33.9 (C-13),8 (C-1), 31.0 (C-6), 28.3 (C-16),
28.3 (C-4), 25.6 (C-19), 24.1 (C-2), 23.0 (C-7),6L(C-18), 92.6 (C-1'), 71.4 (C-2Y),
71.7 (C-3"), 81.0 (C-4"), 69.5 (C-5'); ESI-M$z552.3 [M+ H]"; 1125.5 [2M+ Na]'.
4.1.5.8. 3a-N-(S-D-lactosyl}N-(O-methyl)-digoxigenin (7d). Obtained as a white solid
(3.0 mg, 6.8%) from &-N-(O-methyl)-digoxigenin (Dig-5). [a]> +28.2 € 0.40,
MeOH); 'H NMR (600 MHz, Pyridineds): oy 6.26 (1H, s, H-22) , 5.28 (1H, dd=
18.0, 1.8 Hz, H-21a), 5.14 (2H, d#i= 18.0, 1.8 Hz, H-21b), 5.12 (1H, 3= 6.9 Hz,
H-1"), 4.73 (1H, dJ = 8.3 Hz, H-1'), 4.57-4.46 (6H, m), 4.42 (1H, mB% (2H, m),
4.17 (2H, m), 3.97 (3H, s), 3.83 (1H, m), 3.76 (2h), 3.51 (1H, m), 2.18-2.08 (4H,
m), 2.01-1.75 (8H, m), 1.67 (1H, m), 1.56-1.48 (3h), 1.41-1.30 (3H, m), 1.26 (3H,
s, H-18), 0.93 (1H, m), 0.85 (3H, s, H-19YC NMR (150 MHz, Pyridinegs): Sc
177.1 (C-20), 175.2 (C-23), 117.8 (C-22), 85.7 );774.9 (C-12), 74.4 (C-21), 62.7
(OMe), 64.3 (C-3), 57.2 (C-13), 47.0 (C-17), 4289), 42.2 (C-5), 36.5 (C-10), 35.6
(C-15), 34.0 (C-9), 33.8 (C-11), 32.6 (C-1), 31MK), 28.3 (C-16), 28.3 (C-4), 25.6
(C-19), 24.0 (C-2), 23.0 (C-7), 10.6 (C-18), 91&B1(), 71.5 (C-2"), 78.7 (C-3"), 82.9
(C-4"), 78.9 (C-5), 62.5 (C-6"), 106.3 (C-1"),.92C-2"), 75.6 (C-3"), 70.5 (C-4"),
77.7 (C-5"), 62.9 (C-6"); ESI-MBVz 766.7 [2M+ Na]".

4.1.6. Synthesis of digoxigenin bisdigitoxoside (8a) and digoxigenin monodigitoxoside
(9b)

To a solution of digoxin (2.0g, 2.56 mmol) in Me860 mL) was added a solution
of NalO, (2.0g, 9.39 mmol) in kD (20 mL). The reaction mixture was stirred at room
temperature for 3 h and was filtered to remove Nagif@cipitation. The filtrate was
concentrated under reduced pressure and was dilutdd EtOAc followed by
washing with HO. The resulting solution was dried over anhydidasSO, and then
concentrated to give dialdehyde intermediate ahigevamorphous powder (1.95 g,

97.5%), which was subjected to next reaction withtwrther purification. The



dialdehyde intermediate (1.95 g, 2.51 mmol) wasalised in MeOH (60mL) and was
added aminocaproic acid (420 mg, 3.21 mmol) in brpattions. The reaction
mixture was stirred for 4 h and then quenched W#HCG;. The mixture solution
was concentrated at 4 under reduced pressure and was extracted witiA&ELO
followed by washing with BD. The resulting solution was dried over anhydrous
NaSO, and was evaporated to dryness under reduced peesBoe residue was
purified by silica gel column chromatography (Pktumn ether/EtOAc, 1:3) to give
34-0-(2,6-dideoxyg-D-ribopyranosyl-(1- 4)-O-2,6-dideoxy#-D-ribopyranosyl)-digo
xigenin (digoxigenin bisdigitoxoside3a) as white solidg1.20 g, 74%).XH NMR
(400 MHz, Pyridineds): & 6.24 (1H, s, H-22), 5.27 (1H, ddli= 17.8, 1.8 Hz, H-21a),
5.12 (1H, dd,) = 17.8, 1.8 Hz, H-21b), 4.41 (1H, dbi= 7.1, 2.0 Hz, H-1"), 4.69 (1H,
dd,J=7.1, 2.0 Hz, H-1"), 4.26 (1H, br s), 4.27 (2B, 8175 (1H, m, H-17), 3.72 (1H,
m, H-12), 3.54 (2H, m), 2.40 (2H, m), 2.11 (4H, h)97-1.51 (15H, m), 1.49 (3H, d,
J=6.1 Hz), 1.43 (3H, dJ = 6.1 Hz), 1.23 (3H, s, H-18), 0.89 (3H, s, H-18¢
NMR (100 MHz, Pyridineds): 8¢ 177.0 (C-20), 175.1 (C-23), 117.8 (C-22), 85.8
(C-14), 74.9 (C-12), 74.4 (C-3), 74.3 (C-21), 5{Ct13), 46.9 (C-17), 42.0 (C-8),
33.3 (C-9), 35.8 (C-10), 33.9 (C-15), 37.4 (C-5),2(C-6), 31.2 (C-11), 31.2 (C-4),
28.2 (C-16), 27.3 (C-2), 30.8 (C-1), 24.3 (C-192.72 (C-7), 10.6 (C-18), 96.9
(C-1",39.5 (C-2, 67.9 (C-3", 83.8 (C-4"), 6915, 19.1 (C-6'), 100.3 (C-1"), 39.8
(C-2"), 68.9 (C-3"), 73.6 (C-4"), 70.8 (C-519.3 (C-6"); ESI-MSn/z673.7 [M+ Na]

7. 1323.5 [2M+ Na]".

Following the procedure for preparation of compounda,
330-(2,6-dideoxyfD-ribopyranosyl)-digoxigenin (digoxigenin monodigituside,
9b) was obtained as white solid (690 mg, 71.9 %) llcas gel column
chromatography eluted with Petroleum ether/EtOAS)(1'*H NMR (300 MHz,
Pyridineds): 84 6.24 (1H, s, H-22), 5.27 (1H, dd= 17.8, 1.8 Hz, H-21a), 5.12 (1H,
dd,J =17.8, 1.8 Hz, H-21b), 4.45 (1H, dbi= 7.1, 2.0 Hz, H-1'), 4.30 (1H, br s, H-3),
4.31 (1H, m), 3.73 (1H, m, H-17), 3.70 (1H, m, H;12.65 (1H, m), 2.45 (1H, m),
2.13 (4H, m), 1.98-1.66 (10H, m), 1.59 (3HJ& 6.1 Hz), 1.39 (2H, m), 1.23 (3H, s,
H-18), 0.90 (3H, s, H-19):*C NMR (75 MHz, Pyridineds): 8¢ 177.0 (C-20), 175.1



(C-23), 117.7 (C-22), 85.7 (C-14), 74.9 (C-12),674C-3), 74.4 (C-21), 57.1 (C-13),
46.9 (C-17), 42.0 (C-8), 33.3 (C-9), 35.8 (C-1(3,8(C-15), 37.4 (C-5), 27.5 (C-6),
31.2 (C-11), 31.2 (C-4), 28.2 (C-16), 27.4 (C-2),8(C-1), 24.3 (C-19), 22.7 (C-7),
10.6 (C-18), 97.0 (C-1'),40.4 (C-2"), 69.1 (C-33.4 (C-4"), 70.7 (C-5'), 19.5 (C-6');
ESI-MSm/z521.4 [M+ H]"; 1063.5 [2M+ Na]".

4.2. Biology assay

4.2.1 Cdll Culture.

The NIH-H460 cell line was purchased from the Aroani Type Culture Collection
and maintained in RPMI 1640 medium containing 1B& And 1% -glutamine, 100
units/mL penicillin, and 100 mg/mL streptomycin.

4.2.2 3-(4,5-Dimethylthiazol -2-yl)-2,5-diphenyltetr azolium bromide (MTT) assay

MTT assay was performed according to the methodrteg previoushj24]. The
cells were seeded in 96-well plates at 3446l in the complete medium and then
substituted by the medium containing 50 nM glycesitbr 48 h incubation. Next, 10
pL of 5 pg/mL MTT was directly added to each welile the cells continue to
incubate at 37C for 4 hr. At the end of experiments, 100 puL of B®I was used to
dissolve formazan and measured at 560 nm on VaXowhich is a multiwall plate
reader from Perkin Elmer.

4.2.3. \estern blotting analysis for Nur77 expression

Equal amounts of the lysates were electrophoreseano8% SDS-PAGE gel and
transferred onto polyvinylidene difluoride (PVDF)embranes, which were then
blocked with5% nonfat milk in TBST [50 mmol/L Tri8€l (pH 7.4), 150 mmol/L
NaCl, and 0.1% Tween 20] for 1 h, incubated withrioiss primary antibodies
overnight at 4 °C, and incubated with secondarybadtes for 1 h. Immunoreactive
products were detected by using chemiluminescencéh van enhanced
chemiluminescence system (ECL, Amersham BioscigncElse dilution of the
primary antibody was anti-Nur77 (Cell Signal, 3960) 1:1000. The blots were
reprobed with antp-actin antibody (Sigma, A3854) in 1:10000 for laaglicontrol.
4.2.4. Immunof|uorescence microscopy

Cells mounted on glass slides were permeabilizéld RBS containing 0.1% Triton



X-100 for 15 min, and blocked with 1% bovine seralibbumin (BSA) in PBS for 30
min at room temperature, followed with incubationhaNur77 antibodies at 37°C for
1 h and detected by Cy3-labeled anti-rabbit IgGef@icon International) at room
temperature for 30 min. Cells were co-stained witle'-diamidino-2-phenylindole
(DAPI) (Sigma) to visualize nuclei. The images weaken under an LSM-510
confocal laser scanning microscope system (CadgsZ€berkochen, Germany).
4.2.5 Flow cytometry assay

Apoptosis was determined by dual staining usingedm V: FITC and propidium
iodide (Invitrogen). Briefly, cells were seededairt4-well cell culture plates (1x10
cells/well) and treated with glycosides. Cells wdigsociated from wells with 0.25%
trypsin, spun at 1,500 rpm for 5 min, resuspendedrnnexin V binding buffer, and
stained with Annexin V: FITC for 15 min and propidi iodide for 5 min. Cells were
analyzed using the FACS Calibur System (BD Biosmsn San Jose, CA, USA). The
relative proportion of Annexin V-positive cells,presenting apoptotic cells, was

determined using FlowJo software (FlowJo LLC, AsdlaOR, USA).
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