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ABSTRACT

Oleuropein is a glucosylated seco-iridoid presanplive fruits and leaves. Due to its broad
spectrum of biological activities, including antic&r properties, oleuropein has attracted
scientific attention for the past 20 years. Thenpeing antiproliferative activity of an olive
leaf extract enriched in oleuropein against a sesfehuman cancer cell lines, prompted us to
proceed with the semi-synthesis of 51 analogs @irolpein. Following their initial screening
against the estrogen receptor negative breast ceeltdine SKBR3, 7 analogs were shown to
display significant cytotoxicity and were furthessted against 6 additional solid tumor-
derived and leukemic cell lines. The analog witl thost promising antitumor activit24)
was selected for more detailed studi24.was non-toxic to peripheral blood mononuclear
cells derived from healthy blood donors when tesé¢dconcentrations close to its half
maximal inhibitory concentrationn vivo administration of24 in melanoma-bearing mice
resulted in reducing tumor size in a dose-depenad@mner and in inducing anti-melanoma-
reactive immune responses. Our results suggestathelbg24, emerging from the initial

structure of oleuropein, represents a promising steucture for further optimization.

Keywords
oleuropein;Olea europaea; semi-synthesis; cytotoxicity screening; in viveelanoma; innate

immune system

1. Introduction

Numerous epidemiological studies have demonstréded occurrence of cardiovascular
incidents, neurodegenerative diseases, diabetesarwr in the Mediterranean region [1].
This favorable outcome has been ascribed to theitbte@mhean diet and mostly to the

consumption of olive oil and table olives. Nevel#isg, the production of olive oil and edible



olives leads to the generation of tons of by-présluccluding leaves, olive pomace, table
olive wastewaters and olive processing wastewaldrsse by-products are highly toxic for
the environment and in general are abounded iddidHowever, they represent a source of
bioactive molecules [2,3] that could be furtherlexpd in medicinal chemistry studies or in
drug development. Phytochemical investigation @feobroducts and by-products revealed
the presence of several phenolic compounds, inududleuropein X), hydroxytyrosol,
ligstroside, oleocanthal and oleacein (Figure 15][4
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Figure 1: Chemical structures of natural phenolic compouredésdd from olive products.

Among them, oleuropeid (Figure 1) is a phenolic seco-iridoid glucosided ahe major

component of leaves and unprocessed olive drup&eafeuropaea (Oleaceae) responsible
for the bitterness of olives [4]. We recently shawtbat the huge amount of olive leaves
collected during the olive-harvest period can beduas starting material for the efficient

large-scale isolation of oleuropeiri6].

Many studies have reported a wide range of biokdgictivities for oleuropein [4,7] including
antioxidant [8], anti-hypertensive [9], anti-inflamatory [7], anti-atherogenic [10],
antimicrobial [11] and antiviral [12]. Additionaltiedies showed that oleuropein exerts

neuroprotective [13], anti-aging [14] and skin-gaiing effects [15], as well as potential



cardioprotective [16], anti-ischemic [17] and hyipaemic activities [18]. More recent
reports highlighted thén vitro anticancer activity of olive leaf extracts andithghenolic
compounds, notably towards human breast cancelireesl [19-23]. Specifically oleuropeih
and hydroxytyrosol have been shown to induce camedr apoptosis through various
mechanisms, such as decreasing HIF-d, upregulating the expression of p53 and of the
cyclin-dependent inhibitor p21, anda down-regulating NF-kappa B and cyclin D1.
Furthermore, both molecules act as inhibitors oflotimelial proliferation, hindering
angiogenesis [7].

Most reports conducted to date consider the phermdirt of the chemical structure of
oleuropeinl as the active moiety, however without implementingsistent structure-activity
relationship (SAR) studies. Moreover, no study f@sused on improving the biological
activity of oleuropeinl and reveal SARs through investigating an assemblstructurally
modified derivatives. Interestingly, olive leavag @ sustainable source of oleuropgiand
constitute an advantageous starting material ferstibsequent generation of semi-synthetic
analogs. In this report, we assessed the anticaaxtesdty of an oleuropein-enriched leaf
extract, already reported to possess antipargsibigerties [24]. Using oleuropelnextracted
from this leaf extract as starting material, weltiar designed and synthesized 51 new semi-
synthetic derivatives of oleuropein, assessed thaotoxicity against human cancer celbs
vitro, and the analog with the most remarkable anticqaactvity was evaluateth vivo, in a

mouse model of melanoma.

2. Results and discussion

2.1 Screening of olive leaf extract against various cancer cell lines
The enriched olive leaf extract and oleuropkiisolated from this extract were evaluated for

their cytotoxic/cytostatic potency [(methyl-thiazetrazolium) MTT dye reduction assay]. A



panel of five human cancer cell lines was seleatedyprising FM3 (melanoma), HCT-116
(colon), HelLa (cervix), MCF-7 [breast, estrogeneqgor alpha positive (ERJ and SKBR3
[breast, ERa negative (ERaThe relative half maximal inhibitory conceniaats (1Go) were

calculated after 72 h of exposure to the extracieuropein (Table 1).

Table 1. Cytotoxic evaluation of an enriched in oleuropelivenleaf extract and oleuropein isolated
from the same leaf extract

ICso* SD (in pg/mL)*

Sample FM3 HCT-116 HelLa MCFE-7 SKBR3
Enriched
olive leaf 240.00+ 10.00 174.3@8.15 165.0&x5.00 120.0&5.00 104.3%6.03
extract

148.30+ 2.89 100.00+ 13.23 143.30t 15.28 91.67+ 14.43 86.67+ 15.28
(274.53uM)  (185.12uM)  (265.28uM)  (169.70uM)  (160.44uM)

Doxorubicin®  0.217+0.002  0.10& 0.001  0.22# 0.004  0.22@ 0.004  0.202 0.007

1 1Cso values are means + SD from 3 independent expetimen
2 Doxorubicin was used as a positive control. Valgiesn inuM

Oleuropein 1

As shown, the olive leaf extract and oleuropginvere similarly cytotoxic against Hela,
MCF-7 and SKBR3 cells, with the lowestsf3values recorded for SKBR3, suggesting that
oleuropeinl likely contributes to the overall cytotoxic actiiof the extract. However,
compared to the chemotherapeutic doxorubicin, ol@ein possessed an overall weak

cytotoxicity.

2.2 Chemical synthesis of new oleuropein analogs

To our knowledge, very few reports have udeas raw material for the generation of semi-
synthetic analogs [25]. Here, oleuropein derivatiwere synthesized following a simple, yet

efficient synthetic pathway, depicted in Scheme 1.
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Scheme 1:Schematic representation of the procedure follo@dthe synthesis of oleuropein

analogs.

The classical conditions suggested in the liteeattor the selective cleavage of the
hydroxytyrosol part of oleuropein involved the reaic with an aqueous solution of sodium
hydroxide at room temperature over several hous$. b order to considerably reduce the
reaction time, microwave-assisted saponificatiors weeferred. Under these conditions, the
oleoside 11-methylesteR)( was obtained in 10 min, with a yield of 68 % whe&rwas
dissolved with NaOH (0.1 M). Saponification 2tinder the same conditions caused cleavage
of the remaining methylester group forming the redtoleoside 4). The latter constitutes an
additional intermediate to enlarge the structuratisity of oleuropein analogs. The hydroxyl
groups of the glucose moiety @fand4 were then protected, hydroxyl groups were then

acetylated using anhydride acetic in pyridine toegate oleoside 11-methylester tetraacetate



(3 and oleoside tetraacetatb) (respectively. Esterification o8 and 5 was performed
according to the Hanessian protocol [26] implyingdnand non-acidic conditions. Thereby,
the acid function of oleosides tetraacetand5 was activated using the Yamaguchi reagent
(2, 4, 6, trichlorobenzoylchloride) to form the msponding anhydrides. Coupling with the
different alcohols/thiols/amines was achieved oot ip presence of 4-DMAP, enabling a
faster reaction with the diverse nucleophiles. €sterification yields ranged from 30% to
90%. The final selective deprotection of acetateigs was carried out using diethylamine in
MeOH. However, in the case of thioesters, the spwading deprotected compound was not
obtained and deprotection led to the formationhef dleoside 7,11-methylestdr8j. Indeed,
the use of diethylamine led to cleavage of thel ghéot followed by methoxylation of the acid
function, probably due to the increased electraghyl of the carbonyl in position 7 when a
sulfur atom is present. Overall, 51 new oleuro@alogs were synthesized, divided in two

subgroups of aryl and alkyl ester derivatives (€&l

Table 2: Chemical structure and yield of the synthesizedrolgeinl analogs

X
Ry \fo COOR;
n,.. \

Z (0]

OGIC(OR3)4

Comp. X Ry R, R Yield (%)

Aryl esters

6 H 30
@] Me
6a AcC 50

7 MeO H 60
O Me
7a Meojg/v Ac 58




9 H 71

Me /@/\/

9a HO AcC 23

10 H 40
Me /@/\/

10a MeO Ac 89

11 H 43
Me /@/\/

1lla OaN Ac 96

12 H 48
Me /©/\/

12a F Ac 60

13 H 60
ve (0

13a Ac 40

14 MeO H 76

14a MeO Ac 69

15 o H 74
Me

15a [Oj@/\ Ac 36

16 MeO H 26
Me

16a MeOD/V\ Ac 32

17a Me @N Ac 70

Alkyl Esters

18 H 57
Me CH-

18a AcC 31

19 H 45
Me CHCH,-

19a Ac 31

20 M CHCH,CH 3 8

e -

20a 2 Ac 34

21 Me CH3CH,CH,CH H 67

2la 2 Ac 87

22 H 17
Me

22a \(\/ Ac 47

23 H 33
Me

23a \"/\/ Ac 63




24
O Me \Mjs
24a AcC 30
25 H 42
0 Me Ohd
25a Ac 67
26 o M S H 63
e X
26a S Ac 67
27a @] Me A~ Ac 42
28 A H 48
0] Me
28a @\/ Ac 71
29a S Me CHCH,CH,- Ac 70
30 H 52
NH Me CH,CH,CH,-
30a Ac 90
31 H 54
O H CHs-
3la Ac 17
32 H 38
o H ™
32a Ac 30

2.3 Some semi-synthetic oleuropein analogs effectively inhibited cancer cell proliferation

Based on previous studies highlighting the antieanaroperties oflL on breast tumors,
particularly on ERbreast cancer cell lines [27], a first screeniras witiated against SKBR3
cells, including the new semi-synthetic analogsneadntermediates, and doxorubicin as a
positive control. Inhibition of cell proliferatiowas assessed by the MTT dye reduction assay

after 72 h of SKBR3 exposure to each analog agghi@lues were calculated (Table 3).

Table 3.Screening of oleuropein analogs against the humeasbcancer cells SKBR3

Comp. SKBR.3 Comp. SKBR.?’
IC 50+ SD' (in uM) ICsc + SD' (in pM)
2 >15 19 >15
3 >15 19a >15
4 >50 20 >15
5 >20 20a 6.60 +0.57
6 11.02+0.71 21 >15




6a 11.50+1.06 2la >15

7 >15 22 9.02+0.71
7a >15 22a >15

8 >20 23 >15

8a >15 23a >15

9 >20 24 1.60+0.42
10 >20 24a 3.81 £0.56
10a >20 25 2.00+£0.71
11 >20 25a >15

1la >20 26 >15

12 >20 26a >15

12a >20 27a >20

13 >15 28 >15

13a >15 28a >15

14 >15 29a >15

14a >15 30 >20

15 >15 31 >20

15a >15 3la >20

16 >20 32a >20

16a >20 Oleuropein 1 160.44 + 1.50
17a >15 Hydroxytyrosol 201.10+9.18
18 >15 Doxorubicin 0.202 + 0.001
18a >15

1|Cso values are means + SD from 3 independent expetimen

Interesting results and SAR information emergedfthis first screening. Specifically and in
agreement with the data shown in Table 1, oleuropaind hydroxytyrosol displayed a weak
cytotoxicity compared to the control compound datkicin. Compounds possessing methoxy
(7, 7a, 10, 104 14, 144 16, 163), phenol 9), 1,4-dioxane§, 8a, 15, 15a), fluorine (12, 123
and nitro (1, 118) substitutions were less active against SKBR3calll the aryl esters were
also less active with the exception of compoufidand 6a (ICso= 11.02 and 11.5@M,
respectively), lacking the catechol moiety, whicasweplaced by a phenyl group. Analogs of
6 and6a with shortened carbon chait3 138 and the corresponding thioesté7g were
marginally cytotoxic, highlighting the importancé the nature of the ester for displaying
anticancer activity. The most active molecules idie belonged to alkyl esters. The length
of the carbon chain played an important role inré@rded cytotoxic potency of the semi-
synthetic analogs. Thus, compounds with meth$ (8a 31, 31a), ethyl (19, 193, butyl

(21, 219 or unsaturated2@, 23a, 26, 26a 27a, 28, 28achains were less active. However,
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compounds with propyl20a), isopentyle 22) and cyclohexyled5) groups displayed potent
cytotoxicity, with 1G values ranging between 2 and 9;04. Analogs of compoun@0a,
namely29a and30, were less active, confirming the prevalence efdkter upon thioester or
amide for displaying cytotoxicity. The highest aamcer activity (IG= 1.60 uM) was
recorded for compoun@4 possessing a cetyl group (sixteen carbons). Theegmonding
acetylated derivative24a possessed also significant cytotoxicity € 3.81 pM).
Interestingly, the presence of a free acid in pmsitll 3238 abrogated the activity of the
compounds, highlighting the importance of the mietster in position 11. Overall, the SAR
data generated could be summarized as depictagunef2.

Thioester
Amide
Ester needed

| ...7

]- Both detrimental to the activity

Methylester needed

Ry~ COOFR;
Aryl X
Detrimental { Phenol 5
Furfuryl 2
OG'C(OR3)4
Contribute to | Alkyl
the activity Long alkyl chain l
R;=H Both contribute
R;=Ac to the activity

Figure 2: Summary of the SAR data of the oleuropein analogs.

7 compounds showed potent anticancer activity {€ig®). These results suggest that the
hydroxytyrosol moiety ofl cannot be considered the active part of the mtdedndeed,
compounds6 and 6a possessing unsubstituted phenyl groups displagtigrbcytotoxicity
compared to oleuropein. Moreover, the 7 active sgmihetic analogs were mostly lipophilic
and the most active did not possess aryl estersalyt esters with long carbon chains.
Replacement of the ester in position 7 by thioesteamide was likely detrimental for the

activity. The same profile was observed with th@daeement of the methylester in position 11

11



by a free acid. Indeed, the 11-methylester cowtikte the overall structure compared to the
free-acid. It is known that deglycosylation folloavby 11-decarboxymethylation (chemical or
enzymatic) of oleuropein could open the seco-iddum oleacine (Figure 1) [25,28]. Thus,
similar modifications of the semi-synthetic oleueop analogs could eventually lead, in

cellulo, to inactive open metabolites.

O-#° coome 00 0._0
Ej/v \f § \f COOMe YV \f C\OOMe

X
¥ 0 Pz o % o
OGIc(OR)4 OGic(OAc), OGlc
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6a: R = OAc 20a 22

0._0 0_0
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OGIc(OR), OGlc
24:R=H
24a: R = OAc 25

Figure 3: Chemical structure of the 7 semi-synthetic analtafgsleuropein with improved anticancer

activity against SKBR3 cells.

Unexpectedly, the introduction of a flexible alipibaester was beneficial for improving the
anticancer activity of the analogs (e2p compared to6). In this line, the most active
molecule 24 possessed a cetyl ester, highlighting the negegsit also increase the
lipophilicity of the seco-iridoid skeleton in ordéo improve cytotoxicity. This enhanced
lipophilic character of compoun@4 could have resulted in a better balance between
hydrophilicity (glucose) and lipophilicity (cetybalance compared th eventually leading to
an increased ability to cross the cancer cell mam#arHowever, this hypothesis should be

confirmed with further experiments and identificatiof the cellular target.
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To further evaluate the cytotoxic activity of themdst promising analogs, the screening was
extended to the four solid tumor-derived cancer logds initially used to assess the activity
of the oleuropein-enriched extract (Table 1) commaeted with two additional leukemic cell
lines, HL-60 (promyelocytic leukemia) and K562 (#rpleukemia). Doxorubicin was used
as a positive control, while compoudd previously identified as inactive (Table 3), as a
negative control. Induction of cell death was deiaed by the MTT dye reduction assay

after 72 h of exposure to the compounds ang V&lues were calculated (Table 4).

Table 4: 1Cs, values (inuM) of the most active semi-synthetic analogs olum@ein against human
cancer cell lines.

ICs0+ SD' (in pM)

Comp. FM3 HCT-116  Hela  MCF-7 SKBR3 HL-60 K562
. 2800+ 2533+ 1851: 1933+ 11.02¢ 1033+ 2004%
2.00 2.89 4.04 4.04 071 076  1.20
2600+ 2102+ 1867+ 1150¢ 10.00% 16.03%
6a 29.33£1.53 549 1.85 2.08 106 1.00 125
20 2900+ 2567+ 1751+ 1500% 660 £ 1067+ 850+
a 1.00 1.53 2.41 2.00 0.57 058  0.78
i 2767+ 2667+ 1950% 2133+ 002+ 083+ 18.00%
252 2.08 2.24 2.89 071 076  0.89
1233+ 2.70t  200: 160+ 038+ 070%
24 883+161 ", 0.23 0.00 042 004 008
. 2700+  21.00: 1700:¢ 966+ 381+ 800+ 7.00+
1.00 1.00 1.02 0.58 056  1.00 0.5
1367+ 560f 500:f 200+ 048+ 085+
25 933+153 "5 0.60 1.00 071 004 007
. 268.82% 18186t 27560+ 16157+ 16044 54.26+ 64.73¢
351 2.89 2.41 208  +150 404  3.02
4 50 50 >50 >50 >50  >50  >50
covorupan  02L7F 0100 0221 0220+ 0202% 0.017% 0018+
0.002 0.001 0004 0004 0001 00004 0.0004

!C5o values are means + SD from 3 independent expetinparformed

As shown in Table 4, the most promising compoundegevanalog24 (ICso= 0.38-12.33uM)
and25 (ICse= 0.48-13.67uM), having a cetyl group (sixteen carbons) and a tyotgl ethyl
group (eight carbons) in position 7 and a methykresh position 11, respectively. Their
anticancer effect was more evident against the petooytic leukemic cell line HL-60,

presenting the lowest recordedsd¢@alues (0.38 and 0.48 uM, respectively). Regarthege

13



findings, compound®4 and25 were further evaluated vitro, prior to their administration in

mice.

2.4. The semi-synthetic oleuropein analog 24 is non-toxic to normal cells

Assessing the cytotoxicity of potential drugs agticancer cell lines is substantial when
selecting the most potent anticancer moleculesgelew experiments of comparative toxicity
on tumor and normal cells are of ultimate imporggras these will define the toxicity profile
of the molecule. Theoretically, normal cells, likeeripheral blood mononuclear cells
(PBMCs), can withstand toxicity and higher concatndns of active compounds are required
for their lysis [29]. Nevertheless, on the wayumbr target, the majority of anticancer drugs
used in the clinic pass through the systemic catoo to the body, as, in principle, they are
administered intravenously. PBMCs are usually thest fcells encountering high
concentrations of the drug and, consequently, tecakitool for evaluating drug toxicity that
may cause severe adverse events, such as lymphppenitropenia and susceptibility to
infections [30]. Thus, PBMCs were used to deterntimeeconcentrations df, 24 and25 that
induce acceptable toxicity. Freshly isolated PBMI©Os healthy blood donors were cultured
for 24 h with 1, 24 and 25, and were analyzed by flow cytometry, followingnarin
V/propidium iodide (PI) staining. The results showtbat PBMCs incubated in plain culture
medium (negative control) exhibited <2% annexinnd/ar PI positivity, while, as expected,

25 pg/mL doxorubicin led >50% of PBMCs to necrosis (Fig4).
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Figure 4: Toxicity assessment of oleuropein and at@y 24 against peripheral blood mononuclear
cells (PBMCs).After exposure to increasing concentrations ofatkapounds for 24 h, PBMCs were
stained with annexin V (which labels apoptotic £ednd propidium iodide (PI; which stains necrotic
cells), and immediately analyzed by flow cytomet@ells in quadrants were characterized as
apoptotic (annexin V+ PI-; lower right) and neccofPl+; upper right and upper left). Numbers in
each quadrant indicate the percentage of totad eeljuired. One representative experiment out of 5
performed with PBMCs from different donors is show®ontrol, PBMCs incubated in culture

medium.

Oleuropeinl induced death in <10% of PBMCs at concentratioesveen 150 and 400
ug/mL. However, when incubated with higher concdiares (500 and 60Qg/mL), 3-6.5%
of PBMCs were phenotypically characterized as agaptand ~17-29% acquired
characteristics of necrotic cells. Based on thalte®f Table 4, analog4 was tested at much
lower concentrations thah from 0.5 to 8ug/mL. As shown24 was marginally cytotoxic at
0.5ug/mL (0.8% apoptotic, 2.9% necrotic cells), cauleed PBMC toxicity at 1 and ag/mL

(~16 and ~30%, respectively), while 24 h exposurd?’BMCs to 4 and dig/mL of 24

15



resulted in driving ~28% and 39% cells to necrosspectively, and 10-12% to apoptosis.
Although 24 was more toxic to PBMCs thdn at least 50% of the cells still remained viable
(Fig. 3, lower left quadrant) even at the highestaentration tested. Moshportantly,1 and

24 at concentrations close to theirs¢gainst cancer cells (~200 ang@mL, respectively;
Table 4) induced low PBMC toxicity, in the range5e15% (Figure 4). Analog5 tested at its
ICs0 (~2 ng/mL) induced much higher cytotoxicity (>30%) to MBs compared t@4 (data

not shown).

2.5. In vivo administration of analog 24 retarded mouse melanoma growth

Next, the seven most active oleuropein analogs vierdtro evaluated against the mouse
melanoma cell line B16.F1 (MTT assay). As shownTeble 5,24 remained the most
cytotoxic analog towards this cell line g 1.50uM), whereadl presented the same profile

activity as previously determined against FM3 céligble 4).

Table 5: ICsq values (inuM) of the 7 most active semi-synthetic analogs lefumpein against the
mouse melanoma cell line B16.F1.

Comp. B16.F1
IC 50 (in pM)
6 41.00 + 1.44
6a 43.01+1.12
20a 44.02 +1.48
22 39.12+1.10
24* 1.50 +£0.18
24a 34.05 + 1.95
25 5.04 £0.31
4 >50
Oleuropein 1** 283.90 +1.82
Doxorubicin*** 0.230 + 0.002

* equals 0.941g/mL; ** equals 150.4ug/mL; *** equals 0.130Qug/mL
! 1Cso values are means + SD from 3 independent expetiparformed
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Subsequently, ann vitro time kinetic study was performed to determine trmeset of
cytotoxicity induced by oleuropein ar&fl on B16.F1 cells up to 72 h. To this end, B16.F1
cells were incubated for 24, 48 and 72 h wlitbtnd24 at concentrations equal to theirs$C
values (283.9QM and 1.50uM, respectively). The percentages of melanoma deN&n to
apoptosis and necrosis were recorded by flow cytlgmBoxorubicin was used as positive
control. As shown in Figure 4, B16.F1 cells inciohin plain culture medium (control) were
mostly viable (>95%) throughout the 72 h of incubat and apoptotic/necrotic cells
accounted for <5% of cells. B16.F1 cells treatethw5.g/mL doxorubicin were gradually
led to apoptosis/necrosis (26% at 24 h, 60.4% ah 48hd 90% at 72 h) and a very low
percentage thereof (10%) remained viable after 7& Imcubation. Oleuropeii and 24
showed a different kinetic profile compared to dawcin. B16.F1 cells exposed for 24, 48
and 72 h tdl were gradually driven to apoptosis (9.3%, 13.6% 22&%, respectively) and
necrosis (9%, 14% and 21.8%, respectively), bubthezall percentage of dying or dead cells
even at 72 h accounted for less than 50% of tahs$.cOn the contrary24 used at much
lower concentration thah, rapidly induced apoptosis recorded as early al @fiexposure,
which became more intense at 48 h, and at 72 h ~6D®16.F1 cells were non-viable

(Figure 5).
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Figure 5: Flow cytometry analysis of B16.F1 cell dgh after exposure to 1 and analog 240ne
representative experiment out of 3 performed witthilar results is shown. Other details as in legend

of Figure 4.

The anticancer effect of and 24 was further tested in am vivo therapeutic melanoma
model. B16.F1 cells were subcutaneously (sc) iradedl in the right flank of syngeneic
C57BL/6 mice. After 11 days, when tumors becamepadak, mice were treated
intraperitoneally (ip) with phosphate buffered sal(PBS, control), oleuropein (300 and 600
ug/mouse/dose; total 2.4 and 4.8 mg/mouse or 100 2&4d mg/kg) or24 (2, 4 and 6
ug/mouse; total 16, 32 and 4@/mouse), monitored for 28 days and euthanizedayn29.
DMSO was also used as a control producing simédaults with PBS (data not shown). The

dose ofl administered was based on previous reports shothiatgdaily oral administration
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of the compound up to 200 mg/kg did not induce dibyxi[16]. Here, the same total
concentration ofl was administered but divided in 8 doses and giyenin order to
administer the same concentration of oleuropei4oin all animals. As shown in Figure 6,
control animals (injected with PBS) showed a rapictease in tumor dimensions (average
tumor volume 2.83 cthon day 29). Melanoma tumor growth in mice treateith 300
ug/mouse/dose of showed a similar pattern to controls, but sligisthgaller tumor masses
were recorded on the day of sacrifice (2.41°@n day 29). Mice treated with 600
ng/mouse/dose df showed a slower tumor increase rate (2.33 emday 29) compared to
controls or mice treated with 3Q@/mouse/dose oleuropein. Therapeutic administratf@
reduced melanoma growth rates in all three gro@pg @nd 6ug/mouse/dose) compared to
controls and the oleuropein groups, but statissaghificance [(<0.05) was reached only for
animals treated with 4 and & of 24 vs control andvs the 300ug/mouse/dose oleuropein
group. The lower average tumor volume was recordedmice receiving24 at 6
ng/mouse/dose (0.84 énon day 29), which was by ~3.4-fold smaller compgae controls.
These data suggest thgtifhibition of melanoma growtin vivo is dose-dependent both fbr
and 24; (ii) 1 is non-toxic, possesses a weak anticancer actimityivo, and even when
administered at high concentratians/ivo does not significantly impact on tumor growth and
consequently on animal survival; and)(24 used at 100-fold lower concentration thBn
displayed both a potent antitumor effect and, sirilto oleuropeinl, no obvious signs of
toxicity in vivo were observed. Moreover, administratiorRdfresulted in significant delay of
melanoma tumor growth, which is usually accompaiggbrolongation in animals’ survival

[31].
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Figure 6: Oleuropein 1 and its analog 24 delay mef@mma tumor growth in vivo. C57BL/6 mice

were sc inoculated with syngeneic B16.F1 cells #metapeutically treated ip with 8 doses of
oleuropein (300 and 60fg/dose/mouse) o24 (2-6 pg/dose/mouse) administered every other day.
Control mice received PBS. Tumor growth was moamidofor 29 days (B). Pooled data from 5

mice/group are shown.p<0.01;” p<0.001 compared to control and oleuropein a@lose/mouse

group.

Oleuropeinl has already been used im vivo tumor models, showing promising results.
Specifically, when administered orally to mice thateloped spontaneous tumors, oleuropein
completely regressed tumors in 9-12 days [32]. Meee, oleuropein in diet inhibited tumor
growth and metastasis spreading in ovariectomisete rmice injected with MCF-7 tumor
xenografts [33], while oleuropein dissolved in wateduced tumor volume and weight in

mice after breast cancer xenograft [34].

2.6. Analog 24 promotes the in vivo generation of antitumor effectors
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The in vivo reduction of tumor growth observed upon treatmeith 24 prompted us to
further assess wheth2d inducedin vivo antitumor-reactive immune responses. Splenocytes
were isolated from treated mice and, without addal ex vivo stimulation, were used as
effectors against the mouse NK-sensitive YAC-1, fiyageneic B16.F1 and the LAK-
sensitive WEHI 164 cells. Cell cytotoxicity was essed by flow cytometry, based on surface
expression of the characteristic degranulation eral®D107 on effector cells [35]. Our
results showed that splenocytes from control micd aice treated with 3Q@/dose
oleuropein were not cytotoxic against any targétemgas spleenocytes from mice treated with
600 ug/dose oleuropein were slightly, but not statistycsignificantly more Iytic, particularly
against the syngeneic B16.F1 cells [mean fluoreszamensity (MFIl)s 6.6/7.5s 3.3/3.9 of
controls]. Marginal cytotoxicity against YAC-1 anVEHI 164 was recorded (MFI <3).
Spleen cells from mice treated w24 (6 ng) were the most efficient in killing all targetlise
and especially B16.F1 (MFIs 19.3/21.2; Figure e Bame splenocytes lysed YAC-1 (MFIs
4.9/5.1) and WEHI 164 targets (MFIs 4.9/4.1). Aclingly, splenocytes from mice treated
with 2 and 4ug of 24 effectively killed B16.F1 (MFIs 14.1/11.0 and 14.1.5, respectively),
YAC-1 and WEHI 164 targets (Figure 7). These rassitiggest thal4, in particularly when
administered at the highest dose used (totaigIBiouse), can induce the vivo expansion
mainly of melanoma-reactive T cells and secondargtimulate non-specific immune

responses, mediated by NK and LAK cells.
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Figure 7: Oleuropein and analog 24 induce the genation of tumor-reactive immune responses
in vivo. Mouse splenocytes isolated on day 29 were cdsmiea with B16-F1, YAC-1 (NK-sensitive)
and WEHI 164 (LAK-sensitive) target cells, and CD1&xpression (gated events) was assessed by
flow cytometry. Numbers show mean fluorescence nsitg (MFI) from spleen cells of 2

representative mice per group tested individually.

3. Conclusion

Using the natural scaffold of oleuropein as startmaterial, we synthesized a chemical
library of 51 novel oleuropein analogs with vargli-dimensional structures using a simple
and fast synthesis method. The panel of analogdesssd for its cytotoxicity against the ER
human breast cancer SKBR3 cells, highlighting 7ucétres all deprived of the
hydroxytyrosol moiety. These 7 analo@s §a, 20a 22, 24, 24a and25) exhibited improved
anticancer activity against 6 additional human eareell lines (deriving from solid tumors

and leukemias), compared to the parental moleculeurapein. Thus, the ideal
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pharmacophore leading to a satisfactory cytotoxmfile possessed a long alkyl chain in
position 7. Among the analog24 showed the strongest inhibitory activity, suggestihat
the ester in position 11 is of major importance ifsranticancer activity24 efficiently and
selectively killed cancer cells, without causingvese toxicity in peripheral blood
lymphocytes. Most importantly24 displayed potenin vivo activity against melanoma,
retarding tumor growth and stimulating antitumomuome responses, by mainly inducing the
in vivo expansion of melanoma-reactive effector T cellaskéh as a whole, based on the
natural product oleuropein, we developed a promisinalog and performed, for the first

time, detailed SAR studies on the natural scafédldleuropein.

4. Experimental Section

4.1. Materials and instruments

HPLC was performed with a Thermo Finnigan HPLC aystThermoFinnigan, San Jose,
CA) connected to a Spectral System UV2000 PDA detend an autosampler. ChromQuest
2.1 software was used for the management of datan@: Supelco RP-18 HS;§, 250 x 4.6
mm i.d., 5.0um (Discovery). Optical rotations were measured vattPerkin-Elmer 241
polarimeter in methanol. NMR spectra were recoroed Bruker Avance-600 spectrometer
at 600 MHz for'H NMR, at 150 MHz for**C NMR using CDGJ and CROD as solvents;
chemical shifts are expressed in ppm downfield ST HRMS spectra were recorded on
LTQ-Orbitrap spectrometer (ThermoScientific, Brem&ermany). Isolation of oleuropein
from the extract was conducted using a FCPC apmargKromaton). Column

chromatography were conducted using silica gel ME0-45um, or 35-70um (flash)].
4.2 Production of the oleuropein enriched extract from olive leaves

The Olea europaea var koroneiki leaves were collected in Crete (Gegedried in a well-

ventilated shady place and subsequently storeddarlaroom. Before extraction, the leaves
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were ground using an Allen West type SCIS grindigh & sieve of 3 mm. A quantity of 3.5
kg leaves was processed by pressurized liquid aidra with acetone. The extract was
evaporated completely and washed with a mixtureCBitCl, / MeOH 98:2 (3 L). The

insoluble material was separated and dried undeucexl pressure, producing a yellow

powder (360 g) containing 60% oleuropein [24] andlgzed using HPLC-DAD.
4.3 Isolation of oleuropein

Ten grams of the yellow powder were subjected tantercurrent chromatography, using a
fast centrifugal partition chromatograph (FCPC)appus. The system of solvents used in
this procedure were EtOAcC/EtOH/E 10/1/10 (6 L). The capacity of the column was,1 L
rapidity of rotation 900 rpm, and flow rate 15 mliymA total of 5.0 g oleuropein (purity

90%) was isolated by the above-mentioned procgss [6

4.4. Chemistry

4.4 1. Synthesis of oleoside-11-methylester 2 and oleoside 3

Oleuropeinl (1g, 1.85 mmol) was dissolved in 50 mL of 1IN Na®#lution. The mixture
was subjected to microwave radiation and the reactionitored with TLC. After completion
(around 10 min), a 1N HCI solution was added tehe@apH around 4-5. After removal of the
solvent under vacuum, the crude mixture was sudjedo column chromatography
(CH.CI;:MeOH 95/5 to 50/50). Overall, 324.5 mg 2fwere collected (68% vyield). The
analytical data o2 were conform to the literature.

2 (750mg) was then subjected to the same proceduyevéooleosidet (650mg, 90% vyield).
The analytical data af were conform to the literature.

4.4.2. General procedurefor the acetylation of 2 and 4

2 or4 (1eq) was dissolved in pyridine and stirred uratgon. To this solution, 35eq of acetic
anhydride were added at@ After stirring for 2 hours at room temperatutes mixture was

diluted with chloroform (CHG)), washed with water at’Q, and quenched with aqueous 1M
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HCI solution, dropwise, until pH = 5. The solutiaras extracted and the two phases, organic
and aqueous, were separated. The agueous phaskintas extracted with ethyl acetate
(EtOAc). The collected organic layers were driedhwanhydrous sodium sulfate (P&0;)
and concentrated under reduced pressure. Pupficavf the product by column
chromatography (C¥Cl.:MeOH, 99/1 to 9/1) afforded the desired productashite foam.
The analytical data & and5 were conform to the literature.

4.4.3. General procedurefor esterification

To a solution of oleoside 11-methylester tetrade€a@r oleoside tetraacetafe(1 equiv.) in
dichloromethane were added &C01.2 equiv of trichlorobenzoyl chloride and 1.4uieq
triethylamine. After 2 h stirring at room tempenm&uthe mixture was cooled to 0°C and a
solution of alcohol/thiol/amine (1.5 equiv.) in bloromethane and DMAP (1.4 equiv.) were
added. After stirring for 2 h at room temperatuhe mixture was quenched with a saturated
aqueous solution of NI and extracted with dichloromethane and ethyltatee The
combined organic layers were dried over,8l&, and concentrated under reduced pressure.
Purification by flash chromatography (cyclohexattge/lacetate 1:1) led to the acetylated
derivatives.

4431 (253S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycarbonyl)-4-(2-
oxo-2-phenethoxyethyl)-3,4-di hydr o-2H-pyran-2-yl )oxy)tetrahydr o-2H-pyran-3,4,5-triyl

triacetate (6a)

According to the general method of esterificatioithvalcohols, 41.0 mg (50% vyield) é&a
were obtained, as a white solid, from 70.0 m§.of

[a]p -160 (c 0.05, MeOH)*H NMR (CDCHk) § 1.70 (d, 3HJ = 6.5 Hz); 1.93 (s, 3H); 2.02-
2.04 (2s, 6H); 2.08 (s, 3H); 7.48 (s, 1H); 2.43,(td,J = 14.5 and 9.0 Hz); 2.74 (dd, 18~
14.5 and 4.5 Hz); 2.93 (m, 2H); 3.78 (s, 3H); 3(@ad, 1H,J = 9.5, 4.5 and 2.0 Hz); 3.99

(dd, 1H,J = 9.0 and 4.5 Hz); 4.13 (dd, 18= 12.5 and 2.5 Hz); 4.21 (dt, 18I= 11.0 and
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7.0 Hz); 4.29 (dt, 1H) =11.0 and 7.0 Hz); 4.33 (dd, 1HF 4.5 and 12.5 Hz); 5.05 (d, 18,

= 8.0 Hz); 5.16 (m, 2H); 5.29 (t, 1d,= 9.5 Hz); 5.73 (s, 1H); 6.00 (q, 1Bl= 7.0 Hz); 7.23
(dd, 1H,J = 8.0 and 2.0 Hz); 7.26 @H, J = 8.0 Hz); 7.31 (dd, 2H] = 8.0 and 2.0 Hz)**C
NMR (CDCk) ¢ 13.4, 20.5, 20.6, 26.8, 30.1, 34.9, 39.8, 51.36,685.0, 68.1, 70.5, 70.6,
72.1, 72.4, 93.6, 97.0, 108.6, 124.7, 126.5, 12U28.4, 128.8, 137.6, 152.9, 166.6, 169.2,
169.3, 170.0, 170.4, 170.9. HRMS (ESha)z 699.2226 (calcd for §HaOwsNa: 699.2265)
[M+Na]".

4.4.3.2 (2S,3S,4R 5S,6R)-2- (acetoxymethyl)-6-(((E)-4-(2-(3,4-dimethoxyphenethoxy)-2-
oxoethyl)-3-ethylidene-5-(methoxycar bonyl)-3,4-di hydr o-2H-pyran-2-yl )oxy)tetrahydr o-2H-
pyran-3,4,5-triyl triacetate (7a)

According to the general method of esterificatioithvalcohols, 52.0 mg (58% vyield) Gfa
were obtained, as a white-yellow solid, from 70§ oh3.

[a]p -60 (¢ 0.05, MeOH)*H NMR (CDCk) 6 1.71 (d, 3HJ = 7.0 Hz); 2.05-2.07 (3s, 9H);
2.42 (dd, 1HJ = 14.5 and 9.0 Hz); 2.78 (dd, 1Bi= 14.5 and 4.5 Hz); 2.88 (m, 2H); 3.76 (s,
3H); 3.80 (ddd, 1HJ = 9.5, 4.5 and 2.5 Hz); 3.85 (2s, 6H); 4.01 (bd,J= 9.5 and 4.5 Hz);
4.15 (dd, 1H,J = 12.5 and 4.5 Hz); 4.19 (dt, 1B~ 11.0 and 7.0 Hz); 4.27 (dt, 1Bi= 11.0
and 7.0 Hz); 4.33 (dd, 1H,= 12.5 and 2.5 Hz); 5.06 (d, 1Bi= 8.0 Hz); 5.15(dd, 1H] = 8.0
and 9.5 Hz); 5.16 (t, 1H]l = 9.5 Hz); 5.30 (t, 1HJ = 9.5 Hz); 5.74 (s, 1H); 6.02 (q, 18=
7.0 Hz); 6.75 (d, 1H) = 1.5 Hz); 6.77 (dd, 1H] = 8.0 and 1.5 Hz); 6.83 (d, 18 = 8.0 Hz);
7.48 (s, 1H)**C NMR (CDCE) § 13.4, 20.5, 26.8, 30.1, 30.8, 34.5, 39.9, 51.33,560.3,
61.6, 65.2, 68.1, 70.5, 70.6, 72.1, 72.4, 93.60,9708.6, 111.3, 112.1, 120.8, 124.7, 128.0,
130.1, 147.7, 148.8, 152.9, 166.6, 169.2, 170.@.417170.9, 206.8. HRMS (ESI+)z

759.2435 (C&'Cd for £gH44017/Na: 7592476) [M+N8:|.
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4.4.3.3 (2S3S4R 55 6R)-2-(acetoxymethyl)-6-(((E)-4-(2-(2-(2,3-dihydrobenzo[ b] [ 1,4] dioxin-
6-yl)ethoxy)-2-oxoethyl)-3-ethylidene-5-(methoxycar bonyl )-3,4-dihydr o-2H-pyran-2-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (8a)

According to the general method of esterificatioithvalcohols, 42.0 mg (46% vyield) &&a
were obtained, as a white solid, from 70.0 m§.of

[a]p -140 (c 0.05, MeOH)*H NMR (CDCk) & 1.69 (d, 3H,J = 7.0 Hz); 1.90 (s, 3H); 2.03
(3s, 9H); 2.43 (dd, 1HJ) = 14.5 and 9.0 Hz); 2.71 (dd, 1Bi= 14.5 and 4.5 Hz); 2.77 (m,
2H); 3.72 (s, 3H); 3.77 (ddd, 1H,= 9.0, 5.0 and 2.5 Hz); 3.97 (dd, 1H= 12.5 and 5.0 Hz);
4.23 (m, 7H); 4.33 (dd, 1H,= 12.5 and 2.5 Hz); 5.04 (d, 1Bi= 8.0 Hz); 5.13 (m, 2H); 5.28
(t, 1H,J = 9.5 Hz); 5.69 (s, 1H); 5.99 (q, 1Bi= 7.0 Hz); 6.64 (dd, 1H] = 8.0 and 1.5 Hz);
6.70 (d, 1HJ = 1.5 Hz); 6.77 (d, 1H) = 8.0 Hz); 7.44 (s, 1H)*C NMR (CDC}) § 13.8,
20.5, 26.8, 30.1, 34.2, 39.6, 51.0, 60.1, 61.51,685.0, 68.1, 70.5, 70.6, 72.1, 72.5, 93.7,
97.0, 108.5, 117.0, 117.3, 121.6, 124.5, 128.0,713412.1, 143.3, 152.8, 166.5, 168.9, 169.0,
169.8, 170.2, 170.7. HRMS (ESl#yz 757.2271 (calcd for £H4017Na: 757.2320)
[M+Na]".

4.4.3.4 (253S4R,5S 6R)-2-(acetoxymethyl )-6-(((E)-3-ethylidene-4-(2-(4-hydr oxyphenethoxy)-
2-oxoethyl)-5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-
triyl triacetate. (Ligstroside tetraacetate) (9a)

According to the general method of esterificatiothvalcohols, 14.0 mg (23%) &a were
obtained, as a white solid, from 50.0 mg3of

[a]p -450 (c 0.02, MeOH)*H NMR (CDCk) 6 1.65 (d, 3H,J = 7.0 Hz); 2.07 (2s, 6H); 2.08
(s, 3H); 2.08 (s, 3H); 2.39 (ddH, J = 14.5 and 9.0 Hz); 2.74 (dd, 1Bi= 14.5 and 4.5 Hz);
2.84 (m, 2H); 3.76 (s, 3H); 3.80 (ddd, 1H5 9.0, 4.5 and 2.5 Hz); 3.97 (dd, 1H+ 9.0 and
4.5 Hz); 4.15 (dt, 1H) = 11.0 and 7.0 Hz); 4.18 (dd, 18i= 12.5 and 2.5 Hz); 4.33-4.29 (m,

2H): 5.06 (d, 1H,J = 8.0 Hz): 5.18 (m, 2H); 5.31 (t, 1H,= 9.5 Hz); 5.69 (s, 1H): 5.93 (q,
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1H, J = 7.0 Hz); 6.80 (d, 2HJ] = 8.0 Hz); 7.05 (d, 2HJ = 8.0 Hz); 7.47 (s, 1H)*C NMR
(CDCl) 0 13.5, 20.1, 20.7, 20.8, 30.2, 34.1, 39.8, 51.47,85.3, 68.3, 70.7, 72.2, 72.4, 93.4,
96.8, 108.8, 115.4, 124.9, 127.6, 129.7, 130.0,a.9%4.4, 166.7, 169.4, 169.6, 170.2, 170.7,
171.0. HRMS (ESI+)/z 715.2370 (calcd for £5H40016Na: 715.2214) [M+Na]

4435 (253S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycarbonyl)-4-(2-
(4-methoxyphenethoxy)-2-oxoethyl )-3,4-dihydr o-2H-pyran-2-yl)oxy)tetr ahydr o-2H-pyran-
3,4,5-triyl triacetate (10a)

According to the general method of esterificatiathvalcohols, 55.0 mg (89% yield) dDa
were obtained, as a white solid, from 50.0 m§.of

[a]p -365 (¢ 0.02, MeOH)*H NMR (CDCh) § 1.71 (d, 3HJ = 7.0 Hz); 2.05 (3s, 6H); 2.19
(s, 3H); 2.42 (dd, 1H] = 14.5 and 9.0 Hz); 2.73 (dd, 1Bi= 14.5 and 4.5 Hz); 2.86 (m, 2H);
3.75 (s, 3H); 3.81 (s, 3H); 3.98 (dd, 1H= 9.0 and 4.5 Hz); 4.16 (ddd, 1Bi= 9.0 and 4.5
and 2.5 Hz); 4.27-4.23 (m, 2H); 4.33 (dd, 1+ 12.5 and 2.5 Hz); 5.04 (d, 1Bi= 8.0 Hz);
5.15 (m, 2H); 5.29 (t, 1H] = 9.5 Hz); 5.72 (s, 1H); 6.00 (q, 1BI= 7.0 Hz); 6.85 (d, 2H] =
7.0 Hz); 7.13 (d, 2HJ = 8.0 Hz); 7.48 (s, 1H)**C NMR (CDC}) § 13.7, 20.7, 21.0, 21.0,
21.0, 26.0, 34.5, 41.0, 52.2, 55.8, 62.6, 65.43,6B1.1, 72.0, 74.4, 104.5, 107.4, 109.4, 114.0,
114.1, 124.8, 129.7, 129.8, 130.4, 130.8, 155.7,75168.3, 170.2, 170.2, 170.3, 170.3,
173.0. HRMS (ESI+jwz, 729.2348 (calcd for £H4,0:6Na: 729.2371) [M+Na]

4436 (2S53S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycarbonyl)-4-(2-
(4-nitrophenethoxy)-2-oxoethyl)-3,4-di hydr o-2H-pyr an-2-yl Joxy)tetrahydr o-2H-pyran-3,4,5-

triyl triacetate (11a)

According to the general method of esterificatiothvalcohols, 60.5 mg (96% yield) dfLa
were obtained, as a white solid, from 50.0 m§.of

[a]p -246 (c 0.02, MeOH)*H NMR (CDCk) § 1.67 (d, 3HJ = 7.0 Hz); 2.05 (3s, 6H); 2.07

(s, 3H); 2.42 (dd, 1H] = 14.5 and 9.0 Hz); 2.73 (diiH, J = 14.5 and 4.5 Hz): 3.05 (m, 2H);
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3.75 (s, 3H); 3.80 (ddd, 1H,= 9.0, 4.5 and 2.5 Hz); 3.96 (dd, 1H= 9.0 and 4.5 Hz); 4.15
(dd, 1H,J = 12.5 and 2.5 Hz); 4.27-4.23 (m, 2H); 4.34 (dd, 1= 12.5 and 4.5 Hz); 4.36 (m,
1H); 5.06 (d, 1H,J = 8.0 Hz); 5.16 (m, 2H); 5.31 (t, 1H,= 9.5 Hz); 5.70 (s, 1H); 5.99 (q,
1H, J = 7.0 Hz); 7.40 (d, 2H) = 7.0 Hz); 7.48 (s, 1H); 8.20 (&H, J = 8.0 Hz);"*C NMR
(CDCl) 0 13.4, 20.4, 20.5, 20.6, 26.8, 30.1, 34.7, 39.84,731.7, 63.9, 68.2, 70.6, 72.2, 72.4,
76.7, 76.9, 93.4, 96.9, 108.5, 123.7, 124.7, 12¥28.0, 129.7, 145.5, 146.8, 153.0, 166.7,
169.3, 169.4, 170.1, 170.5, 170.9; HRMS (EShy 744.2096 (calcd £H3gNO;/Na:
744.2116) [M+Nal.

4.4.3.7 (253S4R556R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-4-(2-(4-fluor ophenethoxy)-
2-oxoethyl)-5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-
triyl triacetate (12a)

According to the general method of esterificatiothvalcohols, 35.9 mg (60% yield) aRa
were obtained, as a white solid, from 50.0 m§.of

[a]p-365 (c 0.02, MeOH)*H NMR (CDCk) § 1.70 (d, 3H,J = 7.0 Hz); 2.06 (4s, 12H); 2.42
(dd, 1H,J = 14.5 and 9.0 Hz); 2.75 (dd, 18i= 14.5 and 4.5 Hz); 2.90 (m, 2H); 3.75 (s, 3H);
3.79 (ddd, 1H,J = 9.0, 4.5 and 2.5 Hz); 3.98 (dd, 1H= 9.0 and 4.5 Hz); 4.15 (dd, 1B =
12.5 and 2.5 Hz); 4.27-4.23 (m, 2H); 4.36 (m, 14184 (dd, 1H, = 12.5 and 4.5 Hz); 5.06
(d, 1H,J = 8.0 Hz); 5.15 (m, 2H); 5.30 (t, 1H,= 9.5 Hz); 5.72 (s, 1H); 6.00 (q, 181= 7.0
Hz); 7.00 (d, 2H,J = 8.0 Hz); 7.20 (dd2H, J = 8.0 and 5.5 Hz); 7.48 (s, 1HYC NMR
(CDCl) 0 13.8, 20.7, 21.0, 21.0, 21.1, 26.2, 34.7, 41.1332.7, 65.5, 69.2, 71.0, 72.0, 74.5,
104.5, 107.5, 109.6, 115.4, 115.4, 124.9, 130.8,713131.7, 133.7, 155.3, 160.3, 168.5,
170.2, 170.3, 170.3, 170.3, 173.1. HRMS (ES#z 717.2153 (calcd for £H3oFO;sNa:

717.2171) [M+Nal.
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4.4.3.8 (253S4R,5S 6R)-2- (acetoxymethyl)-6-(((E)-4-(2-(benzyl oxy)-2-oxoethyl )-3-
ethylidene-5-(methoxycarbonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-
triyl triacetate (13a)

According to the general method of esterificatiathvalcohols, 48.0 mg (40%) df3a were
obtained, as a white solid, from 100.0 mg@of

[a]p -97.5 (c 0.0004, MeOHJH NMR (CDCE) ¢ 1.58 (bd, 3H,) = 7.0 Hz); 2.39 (dd1H, J =
14.5 and 9.0 Hz); 2.80 (dd, 1Bl= 14.5 and 4.5 Hz); 3.73 (s, 3H); 3.78 (dii#i, J = 9.5, 4.5
and 1.5 Hz); 4.02 (dd, 1H,= 9.0 and 4.5 Hz); 4.14 (dd, 18 = 1.5 and 12.5 Hz); 4.31 (dd,
1H,J = 4.5 and 12.5 Hz); 5.03 (d, 1Bi= 8 Hz); 5.04 (d, 1HJ = 12.0 Hz); 5.15 (d, 1H] =
12.0 Hz); 5.15 (t1H, J = 9.5 Hz); 5.15 (m, 2H); 5.29 (t, 1H,= 9.5 Hz); 5.73 (s, 1H); 5.98
(q, 1H,J = 7.0 Hz); 7.40-7.32 (m, 5H); 7.48 (s, 1HJC NMR (CDCE) ¢ 13.4, 20.5, 20.6,
26.8, 30.2, 39.9,51.4, 66.3, 68.2, 70.7, 72.14,/1.7, 93.7, 97.0, 108.6, 124.9, 126.9, 127.8,
128.2, 135.7, 153.0, 166.7, 169.2, 169.3, 170.0,5.7170.9. HRMS (ESI+jnwz 685.2096,
(calcd for GoH3g01sNa: 685.2108) [M+Na]

4.4.3.9 (2S,3S,4R 5S,6R)-2- (acetoxymethyl)-6-(((E)-4-(2-((3,4-dimethoxybenzyl )oxy)-2-
oxoethyl)-3-ethylidene-5-(methoxycar bonyl)-3,4-di hydr o-2H-pyran-2-yl Joxy)tetrahydr o-2H-
pyran-3,4,5-triyl triacetate (14a)

According to the general method of esterificatiathvalcohols, 61.0 mg (69%) di4a were
obtained, as a white solid, from 70.0 mg3of

[a]p -97.5 (c 0.0004, MeOH)H NMR (CDCk) 6 1.71 (dd, 3HJ = 7.0 and 1.5 Hz); 2.03-
2.01 (4s, 12H); 2.51 (dd, 1H,= 14.5 and 9.0 Hz); 2.78 (dd, 1Bi= 14.5 and 4.5 Hz); 3.73
(s, 3H); 3.78 (ddd, 1H] = 9.5, 4.5 and 1.5 Hz); 3.90 (2s, 6H); 4.03 (dd, 1= 9.0 and 4.5
Hz); 4.15 (dd, 1H) = 1.5 and 12.5 Hz); 4.32 (dd, 1Bi= 4.5 and 12.5 Hz); 5.02 (d, 1Bi=
8.0 Hz); 5.05 (d, 2HJ) = 12.0 Hz); 5.15 (t, 1H] = 9.5 Hz); 5.15 (dd, 1H] = 8.0 and 9.5 Hz);

5.30 (t, 1H,J = 9.5 Hz); 5.72 (bs, 1H); 6.01 (g, 18= 7.0 Hz): 6.87 (d, 1H] = 8.0 Hz); 6.90
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(d, 1H,J = 2.0 Hz); 6.93 (dd, 1H] = 8.0 and 2.0 Hz); 7.48 (s, 1HfC NMR (CDCE) ¢ 13.4,
20.6, 26.0, 27.6, 30.2, 39.9, 51.4, 53.3, 55.83,661.7, 66.5, 68.2, 70.7, 72.1, 72.4, 93.7,
97.0, 108.6, 110.9, 111.9, 124.8, 128.0, 128.2,941819.0, 153.0, 166.7, 169.3, 170.1, 170.5,
170.9, 171.0. HRMS (ESI+Vz 745.2305 (calcd for £H4,0:7Na: 745.2320) [M+Nad]

4.43.10 (2S3S4R,556R)-2-(acetoxymethyl)-6-(((E)-4-(2-((2,3-dihydrobenzo[ b] [1,4] dioxin-
6-yl)methoxy)-2-oxoethyl )-3-ethylidene-5-(methoxycar bonyl )-3,4-dihydr o-2H-pyran-2-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (15a)

According to the general method of esterificatiathvalcohols, 32.0 mg (36%) dba were
obtained, as a white solid, from 70.0 mg3of

[a]p -1000 (c 0.03, MeOH):H NMR (CDCk) 6 1.71 (dd, 3H,) = 7.0 and 1.5 Hz); 2.03-2.01
(4s, 12H); 2.51 (dd, 1H] = 14.5 and 9.0 Hz); 2.78 (dd, 1Bi= 14.5 and 4.5 Hz); 3.73 (s,
3H); 3.78 (ddd,1H,J = 9.5, 4.5 and 1.5 Hz); 3.90 (2s, 6H); 4.03 (dd, 1= 9.0 and 4.5 Hz);
4.15 (dd, 1HJ = 1.5 and 12.5 Hz); 4.32 (dd, 1Bi= 4.5 and 12.5 Hz); 4.90 (d, 18I~ 8.0
Hz); 5.05 (d, 2H,J = 12.0 Hz); 5.15 (t, 1H) = 9.5 Hz); 5.15 (dd, 1H] = 8.0 and 9.5 Hz);
5.30 (t, 1H,J = 9.5 Hz); 5.72 (bs, 1H); 5.95 (q, 18= 7.0 Hz); 6.83 (d, 1H] = 2.0 Hz); 6.85
(d, 1H,J = 8.0 Hz); 6.89 (d, 1H) = 2.0 Hz); 7.46 (s, 1H)*C NMR (CDC}) § 13.4, 20.6,
26.0, 27.6, 30.2, 39.9, 51.4, 53.3, 55.8, 60.37,686.5, 68.2, 70.7, 72.1, 72.4, 93.7, 97.0,
108.6, 110.9, 111.9, 124.8, 128.0, 128.2, 148.9.(4153.0, 166.7, 169.3, 170.1, 170.5,
170.9, 171.0. HRMS (ESIHjVz 743.2141 (calcd for GHagO1/Na: 743.2163) [M+N4]

4.4.3.11 (253S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-4-(2-(3-(3,4-dimethoxyphenyl) propoxy)-
2-oxoethyl)-3-ethylidene-5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-
2H-pyran-3,4,5-triyl triacetate (16a)

According to the general method of esterificatiathvalcohols, 17.0 mg (32%) df6a were

obtained, as a white solid, from 40.0 mg3of
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[a]p -60 (c 0.05, MeOH)*H NMR (CDCL) 6 1.75 (dd, 3H, = 1.0 and 6.5 Hz); 1.90 (m, 2H);
2.05-2.07 (4s, 12H); 2.45 (dd, 1Bi= 14.5 and 9.0 Hz); 2.60 (t, 2H, = 7.5 Hz); 2.76 (dd,
1H,J = 14.5 and 4.5 Hz); 3.73 (s, 3H); 7.48 (s, 1Hy63(ddd, 1HJ = 9.5, 4.5 and 1.5 Hz);
3.85 (2s, 6H); 4.10 (m, 2H); 4.27 (dd, 1H= 12.5 and 4.5 Hz); 5.03 (d, 18l= 8 Hz); 5.11
(m, 2H); 5.27 (t, 1H) = 9.5 Hz); 5.74 (s, 1H); 6.02 (g, 18l= 7.0 Hz); 6.72 (d, 1H) = 2.0
Hz); 6.74 (dd, 1H,) = 8.0 and 2.0 Hz); 6.81 (d, 1H,= 8.0 Hz);**C NMR (CDC}) ¢ 13.4,
20.5, 26.8, 30.1, 30.8, 34.5, 39.9, 51.3, 55.83,661.6, 65.7, 68.2, 70.7, 72.1, 72.4, 93.7,
97.0, 108.6, 124.7, 132.2, 132.5, 133.4, 136.0,24¥47.3, 148.8, 153.0, 164.1, 166.7,
169.3, 170.1, 170.6, 171.2. HRMS (ESh) 773.2602 (calcd for £H.60:7Na; 773.2633)
[M+Na]".

4.4.3.12 (2S53S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycar bonyl)-4-(2-
0xo-2-(phenethylthio)ethyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-triyl
triacetate (17a)

According to the general method of esterificatiathvalcohols, 42.0 mg (70% yield) 4f7a
were obtained, as a white solid, from 100.0 m8g.of

[a]p -160 (c 0.05, MeOH)*H NMR (CDCk) § 1.72 (bd, 3H,J = 7.0 Hz); 1.93 (s, 3H); 2.01-
2.02 (4s, 12H); 2.67 (dd, 1H,= 14.5 and 9.0 Hz); 2.80 (m, 2H); 2.98 (dd, IH; 14.5 and
4.5 Hz); 3.10 (m, 2H); 3.73 (s, 3H); 3.78 (ddd, IH; 9.5, 4.5 and 1.5 Hz); 4.04 (dd, 1Hs
12.5 and 4.5 Hz); 4.14 (dd, 1Bi= 1.5 and 12.5 Hz); 4.32 (dd, 18= 4.5 and 12.5 Hz); 5.05
(d, 1H,J = 8.0 Hz); 5.15 (t, 1HJ = 9.5 Hz); 5.15 (dd, 1H] = 8.0 and 9.5 Hz); 5.29 (t, 1H,

= 9.4 Hz); 5.71 (s, 1H); 6.03 (g, 18= 7.0 Hz); 7.22 (bd, 1H] = 7.5 Hz); 7.25 (bd2H, J =
7.5 Hz); 7.32 (bdd, 2H] = 7.5 Hz); 7.48 (s, 1H)*C NMR (CDCE) § 13.5, 20.5, 20.6, 30.2,
31.5,39.9,51.4,58.2, 61.7, 63.9, 68.2, 70.61,722.4, 93.7, 97.0, 108.6, 124.7, 132.2, 132.5,
133.4, 136.1, 147.3, 148.8, 153.1, 164.1, 166.9,314.70.1, 170.6, 171.1. HRMS (EShjz

715.2036 (calcd for £3H40014SNa: 715.2036) [M+N43]
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4.4.3.13 (2S3S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-4-(2-methoxy-2-oxoethyl)-
5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetr ahydr o-2H-pyran-3,4,5-triyl

triacetate (18a)

According to the general method of esterificatiathvalcohols, 16.0 mg (31% yield) 4Ba
were obtained from 50.0 mg 8f as a white solid. Analytical data b8awere conform to the
literature [36].

4.4.3.14 (253S4R,5S56R)-2-(acetoxymethyl)-6-(((E)-4-(2-ethoxy-2-oxoethyl)-3-ethylidene-5-
(methoxycar bonyl)-3,4-di hydr o-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate
(19a)

According to the general method of esterificatiathvalcohols, 16.0 mg (31% yield) 4Ba
were obtained from 50.0 mg 8f as a white solid.

[a]p -375 (c 0.04, MeOH)*H NMR (CDCH) & 1.25 (t, 3H); 1.74 (d, 3H] = 7.0 Hz); 2.01-
2.03 (m, 9H); 2.08 (s, 3H); 2.43 (dd, 1H= 14.5 and 9.0 Hz); 2.76 (dd, 1Bi= 14.5 and 4.5
Hz); 3.72 (s, 3H); 3.79 (ddd, 1Hd,= 9.5, 4.5 and 1.5 Hz); 4.01 (dd, 1Hs 9.0 and 4.5 Hz);
4.06 (dt, 1HJ = 11.0 and 7.0 Hz); 4.13 (dt, 18= 11.0 and 7.0 Hz); 4.14 (dd, 1Bi= 1.5
and 12.5 Hz); 4.33 (ddH, J = 12.5 and 4.5 Hz); 5.05 (d, 1Bi= 8.0 Hz); 7.48 (s, 1H); 5.15
(t, 1H,J = 9.5 Hz); 5.15 (dd, 1H] = 9.5 and 8.0 Hz); 5.74 (bs, 1H); 5.281t}, J = 9.5 Hz);
6.03 (g, 1H,J = 7.0 Hz);"*C NMR (CDCE) ¢ 13.5, 14.0, 20.5, 20.6, 20.8, 26.8, 30.1, 39.9,
51.3, 60.4, 61.7, 68.1, 70.6, 72.1, 72.4, 93.70,9%08.7, 128.0, 129.0, 152.9, 169.2, 170.0,
170.1, 170.2, 170.5, 171.0. HRMS (ESHh)z 623.1964 (calcd for SHasO1sNa: 623.1952)
[M+Na]".

4.4.3.15 (2S3S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycar bonyl)-4-(2-
0X0-2-propoxyethyl)-3,4-di hydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-triyl

triacetate (20a)
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According to the general method of esterificatiathvalcohols, 18.0 mg (34% yield) @Da
were obtained from 50.0 mg 8f as a white solid.

[a]p -633.3 (¢ 0.03, MeOH)H NMR (CDCLk) § 0.94 (t, 3H); 1.65 (m, 2H); 1.74 (d, 3BI=
7.0 Hz); 2.01-2.03 (3s, 9H); 2.08 (s, 3H); 2.45,(tld, J = 14.5 and 9.0 Hz); 2.77 (dd, 18,
= 14.5 and 4.5 Hz); 3.72 (s, 3H); 3.79 (ddd, IH; 9.5, 4.5 and 1.5 Hz); 3.95 (dt, 1B~
11.0 and 7.0 Hz); 4.02 (dd, 18~ 9.0 and 4.5 Hz); 4.06 (dt, 14,= 11.0 and 7.0 Hz); 4.14
(dd, 1H,J = 12.5 and 2.5 Hz); 4.33 (dd, 1Bi= 12.5 and 4.5 Hz); 5.06 (d, 18= 8.0 Hz);
5.15 (dd, 1HJ = 9.5 and 8.0 Hz); 5.15 (tH, J = 9.5 Hz); 5.30 (t, 1HJ = 9.5 Hz); 5.74 (s,
1H); 6.03 (g, 1H, = 7.0 Hz); 7.48 (s, 1H)*C NMR (CDCE) § 10.3, 13.7, 20.9, 21.0, 21.1,
21.2, 21.9, 26.0, 41.0, 52.3, 62.7, 66.2, 69.31,712.1, 74.8, 104.5, 107.4, 124.8, 129.4,
130.7, 155.2, 168.5, 169.9, 170.1, 170.2, 170.3,1HRMS (ESI+)M/z 637.2120 (calcd for
CogH3s015Na; 637.2108) [M+Nd]

4.4.3.16 (2S3S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-4-(2-butoxy-2-oxoethyl)-3-ethylidene-5-
(methoxycar bonyl)-3,4-di hydr o-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate
(21a)

According to the general method of esterificatiathvalcohols, 45.4 mg (87% yield) @fla
were obtained from 50.0 mg 8f as a white solid.

[a]p -475 (c 0.04, MeOH)H NMR (CDCk) 5 0.95 (t, 3H); 1.37 (m, 2H); 1.60 (m, 2H); 1.77
(dd, 3H,J = 1.0 and 7.0 Hz); 2.01-2.03 (m, 9H); 2.08 (s, ;3M¥3 (dd, 1H,J = 14.5 and 9.0
Hz); 2.75 (dd, 1HJ = 14.5 and 4.5 Hz); 3.72 (s, 3H); 3.79 (ddd, IH; 2.5, 4.5 and 12.5
Hz); 3.99 (dt, 1HJ = 6,5 and 11.0 Hz); 4.01 (dd, 1Bi= 9.0 and 5.0 Hz); 4.09 (dt, 19,=
6,5 and 11.0 Hz); 4.13 (dd, 1Bi= 12.5 and 2.5 Hz); 4.33 (dd, 18i= 12.5 and 4.5 Hz); 5.05
(d, 1H,J = 8 Hz); 5.14 (dd, 1HJ = 9.5 and 8 Hz); 5.14 (t, 1H,= 9.5 Hz); 5.29 (t, 1H) =
9.5 Hz); 5.74 (s, 1H); 6.03 (q, 1H,= 7.0 Hz); 7.48 (s, 1H)*C NMR (CDC}E) ¢ 13.5, 13.6,

19.0, 20.5, 20.6, 30.2, 30.5, 40.0, 51.4, 61.74,688.2, 70.7, 72.1, 72.5, 93.6, 97.0, 108.7,
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124.7, 128.0, 152.9, 166.7, 169.3, 169.4, 170.0,51HRMS (ESI+)m/z 651.2271, (calcd
for CogH40015Na: 651.2265) [M+N4]

4.4.3.17 (253S4R,5S 6R)-2- (acetoxymethyl)-6-(((E)-3-ethylidene-4-(2-(isopentyl oxy)-2-
oxoethyl)-5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetr ahydr o-2H-pyran-3,4,5-

triyl triacetate (22a)

According to the general method of esterificatiathvalcohols, 36.9 mg (47% yield) @Ra
were obtained, as a white solid, from 70.0 m§.of

[o]p -103.3 (c = 0.3.18, MeOH),'H NMR (CDCk) 6 0.88-0.93 (m, 6H); 1.49 (dt, 2K 6.5
and 11.0 Hz); 1.67 (m, 1H); 1.76 (bd, 3Hz= 7.0 Hz); 2.03-2.05 (3s, 9H, Ac); 2.10 (s, 3H,
Ac); 2.42 (dd, 1H,)=14.5 and 9.0 Hz); 2.73 (dd, 18k 14.5 and 4.5 Hz); 3.74 (s, 3H, OMe);
3,78 (ddd, 1HJ= 9.5, 5.0 Hz and 2.0 Hz); 3.97-4.04 (m, 2H); 44085 (m, 2H); 4.33 (dd,
1H J= 12.5 and 5.0 Hz); 5.04 (d, 1Bk 8.0 Hz); 5.13 (dd, 1H] = 9.5 and 8 Hz); 5.13 (t, 1H,
J = 9.5 Hz); 5.28 (t, 1HJ= 9.5 Hz); 5.73 (s, 1H); 6.02 (q, 18= 7.0 Hz); 7.47 (s, 1H)*C
NMR (CDCk) ¢ 13.4, 20.4, 20.6, 22.2, 22.3, 24.9, 30.1, 37.19,391.3, 61.7, 63.1, 68.2,
70.6, 72.1, 72.4, 93.6, 97.0, 108.7, 124.6, 1285P.9, 166.6, 169,2, 169.3, 170.0, 170.5,
171.1. HRMS (ESI+Jn/'z 665.2419 (calcd for £gH4,01sNa; 665.2421) [M+N4]

4.4.3.18 (253S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycar bonyl)-4-(2-
((3-methyl but-3-en-1-yl) oxy)-2-oxoethyl )-3,4-di hydr o-2H-pyran-2-yl )oxy)tetrahydr o-2H-
pyran-3,4,5-triyl triacetate (23a)

According to the general method of esterificatiathvalcohols, 34.0 mg (63% yield) @Ba
were obtained, as a white solid, from 50.0 m§.of

[a]p -100 (c = 0.2.18, MeOH), *H NMR (CDCk): § 1.76 (m, 6H); 2.03-2.05 (3s, 9H, Ac);
2.10 (s, 3H, Ac); 2.32 (m, 2H); 2.43 (dd, 1M, 14.5 and 9 Hz); 2.74 (dd, 1B 14.5 and
4.5 Hz); 3.74 (s, 3H, OMe); 3,78 (ddd, 1} 9.5, 5.0 and 2.0 Hz); 4.00 (dd, 1 12.5 and

2.5 Hz); 3.97-4.04 (m, 2H); 4.08-4.15 (m, 2H); 4(88l, 1H,J= 12.5 and 5.0 Hz); 4.73 (s,
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1H); 4.81 (s, 1H); 5.05 (d, 1H= 8.0 Hz); 5.14 (dd, 1H] = 9.5 and 8 Hz); 5.14 (t, 1H,=
9.5 Hz); 5.29 (t, 1HJ= 9.5 Hz); 5.73 (s, 1H); 6.03 (q, 1B 7.0 Hz); 7.48 (s, 1H)?>C NMR
(CDCl) ¢ 13.5, 20.5, 20.60, 22.4, 30.1, 36.5, 39.8, 51147,662.8, 68.2, 70.6, 72.1, 72.4,
93.6, 97.0, 108.7, 112.3, 124.7, 128.0, 141.4,9.966.7, 169.3, 170.1, 170.5, 170.8. HRMS
(ESI+)m/z 663.2269 (calcd for £gH40015Na: 663.2265) [M+Nad]

4.4.3.19 (2S53S54R 55 6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-4-(2-(hexadecyl oxy)-2-
oxoethyl)-5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetr ahydr o-2H-pyran-3,4,5-

triyl triacetate (24a)

According to the general method of esterificatiathvalcohols, 20.0 mg (30% yield) @#a
were obtained, as a white solid, from 50.0 m§.of

[a]p -633.3 (¢ 0.03, MeOH)H NMR (CDCLk) 6 0.90 (t, 3H); 1.30 (s, 26H); 1.60 (quin, 2H);
1.76 (d, 3HJ = 6.5 Hz); 2.01-2.03 (m, 9H); 2.08 (s, 3H); 2.4 (1H,J = 14.5 and 9.0 Hz);
2.74 (dd, 1HJ = 14.5 and 4.5 Hz); 3.72 (s, 3H); 3.78 (ddd, IH 2.5, 4.5 and 12.5 Hz);
3.98 (dd, 1HJ =9.0 and 5.0 Hz); 3.98 (dt, 1H~= 6,5 and 11.0 Hz); 4.06 (dt, 1Bi= 6,5 and
11.0 Hz); 4.13 (dd, 1H] = 12.5 and 2.5 Hz); 4.33 (dd, 18= 12.5 and 4.5 Hz); 5.05 (d, 1H,
J=28.0 Hz); 5.14 (dd, 1H] = 9.5 and 8 Hz); 5.14 (t, 1H,= 9.5 Hz); 5.29 (t, 1H] = 9.5 Hz);
5.73 (bs, 1H); 6.02 (g, 1H), = 7.0 Hz); 7.47 (s, 1H)**C NMR (CDC}) § 13.4, 14.0, 20.4,
20.5, 20.6, 22.6, 25.7, 26.8, 28.4, 29.1, 29.24,299.5, 29.6, 30.1, 31.8, 39.9, 51.3, 61.7,
64.7, 68.2, 70.6, 72.1, 72.4, 93.7, 97.0, 108.8,8,21.28.1, 152.9, 166.7, 169.2, 169.3, 170.1,
170.5, 171.1. HRMS (ESI4jvz 819.4131 (calcd for £HesO15Na: 819.4143) [M+N4]

4.4.3.20 (2S53S4R 55 6R)-2- (acetoxymethyl)-6-(((E)-4-(2-(2-cycl ohexyl ethoxy)-2-oxoethyl)-3-
ethylidene-5-(methoxycarbonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-

triyl triacetate (25a)

According to the general method of esterificatiathvalcohols, 54.2 mg (67% yield) @ba

were obtained, as a white solid, from 70.0 m§.of
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[a]p -100 (c = 0.2.18, MeOH),*H NMR (CDCk) ¢ 1.1-1.5 (m, 11H); 1.77 (dd, 3H,= 1.0
and 6.5 Hz); 2.03-2.05 (3s, 9H, Ac); 2.10 (s, 318):R.44 (dd, 1HJ = 14.5 and 9 Hz;); 2.74
(dd, 1H,J = 14.5 and 4.5 Hz); 3.74 (s, 3H, OMe); 3,79 (ddd, 1= 9.5, 5.0 and 2 Hz); 4.00
(dt, 1H,J = 4,5 and 11.0 Hz); 4.03 (t, 18= 7.0 Hz); 4.12 (t, 1H) = 7.0 Hz); 4.13 (dd, 1H]
=12.5 and 2.5 Hz); 4.34 (dd, 18z 12.5 and 5.0 Hz); 5.05 (d, 1Bi= 8.0 Hz); 5.14 (dd, 1H,
J=9.5and 8 Hz); 5.14 (t, 1H,= 9.5 Hz); 5.29 (t, 1HJ = 9.5 Hz); 5.74 (s, 1H); 6.03 (q, 1H,
J=7.0 Hz); 7.49 (s, 1H)**C NMR (CDC}) 6 13.5, 20.5, 20.60, 30.1, 33.0, 33.1, 34.4, 35.8,
39.9, 51.4, 61.7, 62.8, 68.2, 70.6, 72.1, 72.46,937.0, 108.7, 124.6, 128.1, 152.9, 166.7,
169.3, 169.4, 170.5, 171.2. HRMS (ESHn)z 705.2720 (calcd for H46015Na; 705.2734)
[M+Na]".

4.4.3.21 (2S53S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycar bonyl)-4-(2-
0X0-2-(prop-2-yn-1-yloxy)ethyl)-3,4-dihydr o-2H-pyran-2-yl )oxy)tetrahydr o-2H-pyran-3,4,5-

triyl triacetate (26a)

According to the general method of esterificatiathvalcohols, 52.0 mg (67% yield) @ba
were obtained from 70.0 mg 8f as a white solid.

[a]p -375 (¢ 0.04, MeOH)*H NMR (CDCh) ¢ 1.77 (dd, 3H,J = 1.0 and 6.5 Hz); 2.01-2.03
(m, 9H); 2.08 (s, 3H); 2.48 (m, 1H); 2.49 (dd, 1H; 14.5 and 9.0 Hz); 2.80 (dd, 18= 14.5
and 4.5 Hz); 3.72 (s, 3H); 3,78 (ddd, 1H 9.5, 5.0 and 2.0 Hz); 3.99 (dd, 1H= 9.0 and
4.5 Hz); 4.14 (dd, 1HJ = 12.5 and 2.5 Hz); 4.32 (dd, 18= 12.5 and 4.5 Hz); 4.65 (m, 2H);
5.04 (d, 1H,J = 8.0 Hz); 5.13 (dd, 1H] = 9.5 and 8 Hz); 5.13 (t, 1H,= 9.5 Hz); 5.28 (t, 1H,

J = 9.5 Hz); 5.72 (s, 1H); 6.03 (g, 18= 7.0 Hz); 7.48 (s, 1H)**C NMR (CDCE) 6 13.6,
20.5, 20.6, 20.7, 30.1, 39.5, 51.4, 51.9, 61.72,68.6, 72.1, 72.4, 75.0, 93.70, 97.03, 108.4,
125.0, 127.7, 153.1, 166.6, 169.2, 169.3, 170.1MBRESI+) m'z 633.1795 (calcd for

CogH34015Na: 633. 1795) [M +Na*}
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4.4.3.22 (253S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-4-(2-(allyl oxy)-2-oxoethyl)-3-ethylidene-
5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetr ahydr o-2H-pyran-3,4,5-triyl

triacetate (27a)

According to the general method of esterificatiathvalcohols, 22.0 mg (42% yield) @f7a
were obtained, as a white solid, from 50.0 m§.of

[a]p -825 (c 0.04, MeOH)*H NMR (CDCk) § 1.77 (d, 3HJ = 7.0 Hz); 2.11-2.05 (2s, 9H);
2.19 (s, 3H); 2.48 (dd, 1H,= 14.5 and 9.0 Hz); 2.79 (dd, 1Bi= 14.5 and 4.5 Hz); 3.75 (s,
3H); 3.79 (ddd, 1HJ = 9.5, 5.0 and 2.0 Hz); 4.03 (dd, 1Hs 9.0 and 4.5 Hz); 4.13 (dd, 1H,
J=12.5 and 2.5 Hz); 4.33 (dd, 1Bi= 12.5 and 4.5 Hz); 4.52 (m, 1H); 4.58 (m, 1H);55(8,
1H,J = 8.0 Hz); 5.15 (m, 2H); 5.23 (dd, 2= 1.0 and 12.0 Hz); 5.29 (t, 1Hd,= 9.5 Hz);
5.74 (s, 1H); 5.91 (m, 1H); 6.03 (q, 18= 7.0 Hz); 7.49 (s, 1H)*C NMR (CDC}) ¢ 13.7,
21.3, 21.5, 21,6, 21.7, 26.0, 41.4, 52.3, 62.79,650.3, 71.1, 72.1, 74.8, 104.3, 107.5, 118.2,
124.8, 128.0, 130.7, 132.1, 155.2, 168.5, 169.0,11170.2, 170.3, 173.1. HRMS (EShjz
635.2088 (calcd for £H36015Na: 635.1952) [M+Na]

4.4.3.23 (2S3S4R,5S56R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-4-(2-(furan-2-ylmethoxy)-
2-oxoethyl)-5-(methoxycar bonyl)-3,4-dihydr o-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyran-3,4,5-
triyl triacetate (28a)

According to the general method of esterificatiathvalcohols, 57.0 mg (71% yield) @Ba
were obtained, as a white solid, from 70.0 m§.of

[a]p -850 (¢ 0.06, MeOH)*H NMR (CDCh) ¢ 1.78 (d,d 3H,) = 7.0 and 1.5 Hz); 1.97-2.06
(3s, 9H, Ac); 2.13 (s, 3H, Ac); 2.48 (dd, 1Hs 14.5 and 9.0 Hz); 2.78 (dd, 1BI= 14.5 and
4.5 Hz); 3.65 (s, 3H); 3.79 (ddd, 1Bi= 9.5, 4.5 and 2.0 Hz); 4.01 (dd, 1#z= 4.5 and 9.0
Hz); 4.15 (dd, 1H, = 12.5 and 2.0 Hz); 4.33 (dd, 1Bi= 12.5 and 4.5 Hz); 5.03 (m, 1H);
5.04 (d, 1HJ = 8.0 Hz); 5.15 (dd, 1H] = 9.5 and 8.0 Hz); 5.15 (t, 1d,= 9.5 Hz); 5.30 (t,

1H, J = 9.5 Hz); 5.72 (bs, 1H); 6.01 (g, 1BI= 7.0 Hz): 6.38 (dd, 1H] = 3.5 and 2.0 Hz);
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6.41 (bd, 1H,) = 3.5 Hz); 7.43 (dd, 1H] = 1.5 and 0.5 Hz); 7.47 (s, 1HC NMR (CDC})

0 13.4, 20.5, 20.6, 21.0, 26.8, 30.0, 39.7, 51.30,580.7, 68.2, 70.6, 72.1, 72.4, 93.7, 97.0,
108.6, 110.5, 110.7, 124.9, 127.9, 143.1, 149.3.(15166.7, 169.3, 170.1, 170.5, 170.6.
HRMS (ESI+)m/z 675.1896calcd for GoHzO16Na: 675.1901) [M+Na]

4.4.3.24 (2S53S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycar bonyl)-4-(2-
oxo-2-(propylthio)ethyl)-3,4-dihydr o-2H-pyran-2-yl )oxy)tetranydr o-2H-pyran-3,4,5-triyl
triacetate (29a)

According to the general method of esterificatiomhwthiols, 42.0 mg (70% vyield) a29a
were obtained, as a yellow solid, from 50.0 m@.of

[a]p -116 (c 0.03, MeOH)*H NMR (CDCk) 6 1.72 (d, 3H,J = 6.5 Hz); 2.06-2.05 (3s, 9H);
2.08 (s, 3H); 2.66 (dd, 1H,= 14.5 and 9.0 Hz); 2.85 (m, 2H); 2.98 (dd, IH; 14.5 and 3.5
Hz); 3.10 (td, 2H); 3.76 (s, 3H); 3.79 (ddd, 1H)p4} (dd, 1HJ = 9.0 and 3.5 Hz); 4.13 (dd,
1H,J = 12.5 and 2.5 Hz); 4.31 (dd, 1Bi= 12.5 and 4.5 Hz); 5.05 (d, 18i= 8.0 Hz); 5.14
(dd, 1H,J = 9.5 and 8 Hz); 5.14 (t, 1HQ,= 9.5 Hz); 5.29 (t, 1HJ = 9.5 Hz); 5.72 (s, 1H);
6.03 (g, 1H,J = 7.0 Hz); 7.24 (m, 3H); 7.32 (dd, 28 = 8.0 and 1.5 Hz); 7.49 (s, 1H)C
NMR (CDCk) ¢ 13.6, 20.5, 20.6, 26.8, 30.5, 30.8, 35.6, 35.76,481.4, 61.7, 68.1, 70.6,
72.1, 72.4, 93.7, 97.0, 108.5, 125.0, 126.4, 121728.4, 128.5, 139.8, 153.1, 166.6, 169.3,
169.4, 170.1, 170.5, 196.3. HRMS (EStw 653.1874 (calcd for £HzsSONa: 653.1880)
[M+Na]".

4.4.3.25 (253S4R,5S6R)-2-(acetoxymethyl)-6-(((E)-3-ethylidene-5-(methoxycar bonyl)-4-(2-
oxo-2-(propylamino)ethyl)-3,4-dihydr o-2H-pyr an-2-yl )oxy)tetr ahydr o-2H-pyran-3,4,5-triyl
triacetate (30a)

According to the general method of esterificatiothwvamines, 45.0 mg (90% yield) 8Da

were obtained, as a yellow solid, from 30mg@of
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[a]p -630 (c 0.03, MeOH)*H NMR (CDCk) ¢ 0.93 (m, 3H); 1.51 (m, 2H); 1.75 (d, 3Bi=
6.5 Hz); 2.06-2.05 (2s, 9H); 2.12 (s, 3H); 2.23, (1, J = 14.5 and 9.0 Hz); 2.60 (dd, 18,

= 14.5 and 4.5 Hz); 3.15 (m, 1H); 3.21 (m, 1H);3(E, 3H); 3.92 (dd, 1H] = 9.0 and 4.5
Hz); 4.01 (ddd, 1HJ = 9.0, 4.5 and 2.5 Hz); 4.18 (dd, 1Hs 12.5 and 2.5 Hz); 4.33 (dd, 1H,
J=12.5and 4.5 Hz); 5.04 (d, 1Bi= 8.0 Hz); 5.14 (dd, 1H] = 9.5 and 8.0 Hz); 5.14 (t, 1H,
J=9.5 Hz); 5.29 (t, 1HJ = 9.5 Hz); 5.73 (s, 1H); 6.05 (g, 1Bl= 7.0 Hz); 7.49 (s, 1H)*C
NMR (CDCk) ¢ 11.2, 13.7, 20.7, 20.9, 21.0, 21.1, 23.1, 26.64,392.5, 52.3, 62.7, 69.4,
71.1, 72.1, 74.9, 104.5, 107.0, 109.4, 124.8, 13168.3, 168.5, 169.9, 170.1, 170.2, 170.3,
173.4. HRMS (ESI+jwz 636.2250 (calcd for £58H3gNO14Na: 636.2268) [M+Nad]

4.4.3.26 (E)-3-ethylidene-4-(2-methoxy-2-oxoethyl)-2-(((2R,3S4R 55 69)-3,4,5-triacetoxy-6-
(acetoxymethyl)tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-dihydr o-2H-pyran-5-carboxylic acid (31a)
According to the general method of esterificatiathvalcohols, 285 mg (17% yield) Gfla
were obtained, as a white solid, from 1.11&.of

[a]p -850 (c 0.06, MeOH)*H NMR (CDCk) 6 1.78 (d, 3H,J = 6.5 Hz); 1.97-2.06 (3s, 9H);
2.13 (s, 3H); 2.47 (dd, 1H,= 14.5 and 9.0 Hz); 2.80 (dd, 1Bi= 14.5 and 4.5 Hz); 3.65 (s,
3H); 3.78-3.81 (ddJ = 4.5 and 9.0 Hz, 1H); 4.00 (ddd, 1Hs 9.5, 4.5 and 2.0 Hz); 4.14 (dd,
1H,J =125 and 2.0 Hz); 4.33 (dd, 1Bi= 12.5 and 4.5 Hz); 5.06 (d, 18i= 8.0 Hz); 5.15
(dd, 1H,J = 9.5 and 8 Hz); 5.15 (t, 1H,= 9.5 Hz); 5.30 (t, 1HJ = 9.5 Hz); 5.76 (s, 1H);
6.06 (q, 1H,J = 7.0 Hz); 7.60 (s, 1H)*C NMR (CDCE) § 13.4, 20.5, 20.6, 21.0, 21.1, 29.9,
40.7, 51.5, 61.7, 70.6, 72.1, 72.4, 77.2, 93.80,9719.5, 125.1, 130.8, 155.0, 169.3, 170.0,
170.1, 170.2, 170.3, 171.3. HRMS (ESHn)z 595.1620 (calcd for H3,015Na; 595.1639)
[M+Na]".

4.4.3.27 (E)-3-ethylidene-4-(2-(hexadecyl oxy)-2-oxoethyl)-2-(((2R,3S4R,55,69)-3,4,5-
triacetoxy-6-(acetoxymethyl)tetrahydr o-2H-pyr an-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-

carboxylic acid (32a)
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According to the general method of esterificatiathvalcohols, 6.0 mg (30% yield) &2a
were obtained, as a white solid, from 14.0 m§.of

[a]p -250 (c 0.06, MeOH)*H NMR (CDCk) 6 0.88 (m, 3H); 1.30 (s, 26H); 1.62 (q, 2H); 1.76
(d, 3H,J = 7.0 Hz); 2.06-1.97 (m, 9H); 2.07 (s, 3H); 2.85 (LH); 2.45 (dd, 1H) = 14.5 and
9.0 Hz); 2.77 (dd, 1H) = 14.5 and 4.5 Hz); 3.80 (ddd, 18= 9.5, 4.5 and 2.0 Hz); 4.00 (dt,
1H,J = 6.5 and 11.0 Hz); 4.07 (dt, 18l= 6.5 and 11.0 Hz); 4.14 (dd, 1Bi= 12.5 and 2.5
Hz); 4.34 (dd, 1H) = 12.5 and 4.5 Hz); 5.06 (d, 18I~ 8.0 Hz); 5.16 (dd, 1H] = 9.5 and 8
Hz); 5.16 (t, 1HJ = 9.5 Hz); 5.31 (t, 1HJ = 9.5 Hz); 5.76 (s, 1H); 6.05 (q, 1Bi= 7.0 Hz);
7.57 (s, 1H):**C NMR (CDC}) 6 13.7, 14.1, 20.7, 21.2, 21.6, 21.9, 22.8, 25.84,288.9,
29.3, 29.6, 37.8, 41.7, 62.7, 65.2, 69.3, 71.1]1,724.8, 101.4, 104.5, 124.8, 128.6, 129.1,
153.9, 168.7, 169.2, 169.8, 170.2, 170.5, 173.1MBRESI+) m/z 805.4159 (calcd for
CaoHe2O15Na: 805.3986) [M+Nad]

4.4.4. General procedure for deprotection

To a solution of the previous acetylated derivaiwvemethanol at 0°C under argon was added
5 equiv of diethylamine. After stirring 6 h at rodemperature, the mixture was diluted with
methanol and quenched with a small amount of sdela After evaporation of the solvents
under reduced pressure, the crude material wastlgisibmitted to flash chromatography on
silica gel (dichloromethane/methanol 95:5) affogdihe final deprotected compound.

4441 (E)-methyl 3-ethylidene-4-(2-oxo-2-phenethoxyethyl)-2-(((2R,3S4R,5R,69)-3,4,5-
trihydroxy-6-(hydr oxymethyl )tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (6)

According to the general method of deprotectiof, g (30% vyield) o, were obtained, as a

white solid, from 40.0 mg dda.

[o]o -350 (c 0.06, MeOH)H NMR (D;0) &; 1.53 (d, 3H, = 7.0 Hz): 2.43 (dd, 1H] = 14.5

and 9.0 Hz); 2.62 (dd, 1H,= 14.5 and 4.5 Hz); 2.89 (m, 2H); 3.39 (t, 1Hs 9.5 Hz); 3.39
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(dd, 1H,J = 8.0 and 9.5 Hz); 3.41 (ddiiH, J = 9.5, 4.5 and 1.5 Hz); 3.47 (t, 18= 9.0 Hz);
3.64 (s, 3H); 3.64 (dd, 1H,= 12.5 and 4.5 Hz); 3.85 (m, 1H); 3.85 (i, J = 12.5 and 2.5
Hz); 4.17 (dt, 1H,) = 6.5 and 11.0 Hz); 4.28 (dt, 1Bl= 6.5 and 11.0 Hz); 4.81 (d, 18I =
8.0 Hz); 5.73 (s, 1H); 5.98 (g, 1H= 7.0 Hz); 7.24 (ddlH, J = 8.0 and 2.0 Hz); 7.26 (t, 2H,
J = 8.0 Hz); 7.31 (dd, 2H] = 8.0 and 1.5 Hz); 7.47 (s, 1HC NMR (D,O) § 11.6, 29.4,
33.3,39.0, 51.1, 59.7, 65.3, 68.8, 71.9, 74.%,/4.2, 96.4, 98.6, 109.4, 119.9, 124.5, 125.9,
128.0, 128.3, 130.8, 139.1, 153.8, 166.3, 172.5MBRESI+) m/z 531.1831 (calcd for
CosH3,011Na: 531.1842) [M+N4]

4442 (E)-methyl 4-(2-(3,4-dimethoxyphenethoxy)-2-oxoethyl)-3-ethylidene-2-
(((2R,3S4R 5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-
dihydro-2H-pyran-5-carboxylate - Lucidumoside D (7)

Method A: According to the general method of degctbn, 23.0 mg (60% vyield) af were
obtained, as a white solid, from 50.0 mgraf

Method B: Another method used to prepareiestarting withl as raw material.

200.0 mg ofl was dissolved in 6 mL of toluene and 4 mL MeOH L 2of TMSCHN2 were
then carefully added dropwise and the reaction umiivas let to stir for 30-50 minutes at
room temperature. Purification of the crude productolumn chromatography on silica gel,
gave 85.0 mg (40% yield) @t as a white solid, from 200.0 mg bf

[a]o -80 (c 0.05, MeOH)*H NMR (D,0) 6 1.71 (d, 3HJ = 7.0 Hz); 2.42 (dd, 1H] = 14.5
and 9.0 Hz); 2.63 (dd, 1H,= 14.5 and 4.5 Hz); 2.84 (m, 2H); 3.37 (t, 1Hs 9.5 Hz); 3.37
(dd, 1H,J = 8.0 and 9.5 Hz); 3.42 (ddiiH, J = 9.5, 4.5 and 1.5 Hz); 3.48 (t, 18= 9.0 Hz);
3.64 (s, 3H); 3.66 (dd, 1H,= 12.5 and 4.5 Hz); 3.79 (2s, 6H); 3.82 (dd,1H 9.0 and 4.5
Hz); 3.84 (dd, 1H, J = 12.5 and 2.5 Hz); 4.16 {d#, J = 6.5 and 11.0 Hz); 4.30 (dt, 1Bi=
6.5 and 11.0 Hz); 4.83 (d, 1H,= 8.0 Hz); 5.75 (s, 1H); 5.95 (q, 18= 7.0 Hz); 6.84 (dd,

1H,J = 8.0 and 1.5 Hz); 6.92 (d, 18,= 1.5 Hz); 6.96 (d, 1H) = 8.0 Hz); 7.46 (s, 1H)?C
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NMR (D;0) ¢ 13.4, 30.1, 33.6, 39.8, 51.3, 55.8, 60.6, 65.21,680.5, 70.6, 72.1, 72.4, 93.6,
97.0, 108.6, 111.3, 112.1, 120.8, 124.7, 128.0,113047.7, 148.8, 152.9, 170.9. HRMS
(ESI+)m/z591.2048 (calcd for SHze01aNa: 591.2054) [M+N4]

4443 (E)-methyl  4-(2-(2-(2,3-dihydrobenzo[ b] [ 1,4] dioxin-6-yl)ethoxy)-2-oxoethyl)-3-
ethylidene-2-(((2R,3S4R,5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl )tetr ahydr o-2H-pyran-2-
yl)oxy)-3,4-dihydro-2H-pyran-5-carboxyl ate (8)

According to the general method of deprotection6 18g of8 (68% yield) were obtained, as
a white solid, from 37.0 mg &a.

[a]p -866 (¢ 0.03, MeOH):H NMR (D;0) ¢ 1.66 (d, 3H,J = 7.0 Hz); 2.22 (dd, 1H] = 14.5
and 9.0 Hz); 2.56 (dd, 1H,= 14.5 and 4.5 Hz); 2.82 (m, 2H); 3.38 (t, 1H; 9.5 Hz); 3.42
(m, 2H); 3.51 (d, 1HJ = 8.0 Hz); 3.54 (dd1H, J = 12.5 and 5.0 Hz); 3.65 (s, 3H); 3.79 (dd,
1H, J = 12.5 and 2.5 Hz); 3.82 (dd, 1B= 12.5 and 2.5 Hz); 4.02 (m, 1H); 4.12 (m, 2H);
4.15 (m, 4H); 4.82 (d, 1H] = 8.0 Hz); 5.74 (s, 1H); 5.95 (q, 1B= 7.0 Hz); 6.74 (dd, 1H]
=8 and 1.5 Hz); 6.79 (d, 1H,= 1.5 Hz); 6.88 (d, 1HJ = 8.0 Hz); 7.42 (s, 1H)}**C NMR
(D2O) 13.8, 26.0, 34.8, 41.0, 52.3, 62.2, 64.2, 6B13%5, 74.2, 76.9, 81.5, 107.7, 108.2, 109.4,
112.6, 114.6, 121.0, 124.8, 130.8, 136.4, 147.8,614.55.2, 168.5, 173.1. HRMS (EShjz
589.1896 (calcd for £H3,0:aNa: 589.1897) [M+N4d]

4444 (E)-methyl 3-ethylidene-4-(2-(4-hydroxyphenethoxy)-2-oxoethyl )-2-
(((2R,3S4R5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-
dihydro-2H-pyran-5-carboxylate - Ligstroside (9)

According to the general method of deprotectionQ4Bg (71% yield) o were obtained, as
a white solid, from 90.0 mg &fa.

[a]p -162 (¢ 0.06, MeOH)*H NMR (D,0) 5 1.49 (d, 3H,J = 7.0 Hz); 2.37 (dd, 1H] = 14.5
and 9.0 Hz); 2.58 (dd, 1H,= 14.5 and 4.5 Hz); 2.78 (m, 2H); 3.37 (t, 145 9.5 Hz); 3.37

(dd, 1H,J = 8.0 and 9.5 Hz); 3.41 (ddti, J = 9.5, 4.5 and 1.5 Hz); 3.48 {tH, J = 9.5 Hz);
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3.65 (dd, 1HJ =12.5 and 4.5 Hz); 3.65 (s, 3H); 3.82 (dd, IH 9.0 and 4.5 Hz); 3.82 (dd,
1H,J = 12.5 and 2.5 Hz); 4.08 (dt, 1Bl= 6.5 and 11.0 Hz); 4.22 (dt, 18= 6.5 and 11.0
Hz); 4.81 (d,1H,J = 8.0 Hz); 5.70 (s, 1H); 5.96 (q, 1Bi= 7.0 Hz); 6.77 (d, 2H] = 8.5 Hz);
7.07 (d, 2HJ = 8.5 Hz); 7.44 (s, 1H)"*C NMR (D;0) 6 12.5, 30.2, 33.1, 39.8, 51.8, 60.6,
66.2, 69.3, 69.4, 72.5, 75.6, 94.6, 99.4, 107.9,4,1124.9, 128.1, 130.1, 130.2, 154.1, 154 .4,
168.9, 174.0. HRMS (ESI+)Vz 547.1813 (calcd for ££H3:0::Na: 547.1791) [M+Na4]

4445 (E)-methyl 3-ethylidene-4-(2-(4-methoxyphenethoxy)-2-oxoethyl )-2-
(((2R,3S4R 5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-
dihydro-2H-pyran-5-carboxylate (10)

According to the general method of esterificatiothvalcohols, 16.6 mg (40% vyield) 40
were obtained, as a white solid, from 55.0 m@ @«

[a]p -245 (c 0.06, MeOH)*H NMR (D,O) 6 1.50 (d,3H, J = 7.0 Hz); 2.45 (dd, 1H] = 14.5
and 9.0 Hz); 2.63 (dd, 1H,= 14.5 and 4.5 Hz); 2.78 (m, 2H); 3.37 (t, 1H; 9.5 Hz); 3.37
(dd, 1H,J = 8.0 and 9.5 Hz); 3.41 (ddiiH, J = 9.5, 4.5 and 1.5 Hz); 3.48 (t, 18= 9.5 Hz);
3.65 (dd, 1HJ = 12.5 and 4.5 Hz); 3.65 (s, 3H); 3.72 (dd, JH,9.0 and 4.5 Hz); 3.78 (s,
3H); 3.84 (dd, 1H) = 12.5 and 2.5 Hz); 4.14 (dtH, J = 6.5 and 11.0 Hz); 4.29 (dt, 1BI=
6.5 and 11.0 Hz); 4.89 (d, 18= 8.0 Hz); 5.75 (s, 1H); 5.95 (q, 1Bi= 7.0 Hz); 6.93 (d, 2H,
J = 8.0 Hz); 7.20 (d, 2H) = 8.0 Hz); 7.46 (s, 1H)*C NMR (D,O) ¢ 12.1, 29.5, 35.3, 41.0,
52.1, 55.4, 62.0, 66.3, 69.8, 72.5, 74.9, 76.51,996.5, 98.8, 115.9, 115.9, 125.8, 128.6,
128.8, 130.3, 130.6, 156.8, 157.2, 166.8, 172.6MBRESI+) m'z 561.1929 (calcd for
CoeH3401oNa: 561.1948) [M+Nd]

4446 (E)-methyl 3-ethylidene-4-(2-(4-nitrophenethoxy)-2-oxoethyl)-2-(((2R,3S4R,5R,69)-
3,4,5-trihydr oxy-6-(hydr oxymethyl)tetr ahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-

carboxylate (11)
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According to the general method of deprotectionQ2@g (43% vyield) ofL1 were obtained,
as a white solid, from 50.0 mg dia

[a]p -90 (c 0.04, MeOH)*H NMR (D-0) 6 1.44 (d, 3HJ = 7.0 Hz; 2.45 (dd, 1H] = 14.5
and 9.0 Hz); 2.65 (dd, 1H,= 14.5 and 4.5 Hz); 3.05 (m, 2H); 3.37 (t, 1H 9.5 Hz); 3.37
(dd, 1H,J = 8.0 and 9.5 Hz); 3.41 (ddiiH, J = 9.5, 4.5 and 1.5 Hz); 3.48 (t, 18i= 9.5 Hz);
3.65 (dd, 1HJ =12.5 and 4.5 Hz); 3.65 (s, 3H); 3.67 (dd, I 9.0 and 4.5 Hz); 3.86 (dd,
1H,J = 12.5 and 2.5 Hz); 4.22 (dt, 1Bi= 6.5 and 11.0); 4.41 (dt, 18~ 6.5 and 11.0); 4.83
(d, 1H,J = 8.0 Hz); 5.76 (s, 1H); 5.85 (q, 1B= 7.0 Hz); 6.93 (d, 2H] = 8.0 Hz); 7.46 (d,
2H, J = 8.0 Hz); 7.46 (s, 1H); 8.20 (&@H, J = 8.0 Hz);**C NMR (D;0) 6 12.8, 19.8, 25.3,
32.6, 51.1, 59.5, 63.6, 69.8, 72.5, 74.2, 77.58,937.1, 105.4, 119.9, 120.0, 122.8, 126.7,
140.3, 142.1, 142.8, 142.8, 148.8, 166.3, 172.5MBRESI+) m/z 576.1677 (calcd for
CusH3:NOy3Na: 576.1693) [M+Nad]

4.4.4.7 (E)-methyl 3-ethylidene-4-(2-(4-fluor ophenethoxy)-2-oxoethyl)-2-(((2R,3S4R,5R,69)-
3,4,5-trihydr oxy-6-(hydr oxymethyl)tetr ahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (12)

According to the general method of deprotectionQ 18g (48% vyield) ofL.2 were obtained,
as a white solid, from 35 mg @Pa

[a]p -245 (c 0.06, MeOH)*H NMR (D,O) 6 1.51 (d, 3H,J = 7.0 Hz); 2.45 (dd, 1H] = 14.5
and 9.0 Hz); 2.63 (dd, 1H,= 14.5 and 4.5 Hz); 2.78 (m, 2H); 3.37 (t, 1Hs 9.5 Hz); 3.37
(dd, 1H,J = 8.0 and 9.5 Hz); 3.41 (ddiiH, J = 9.5, 4.5 and 1.5 Hz); 3.48 (t, 18= 9.5 Hz);
3.70 (dd, 1HJ = 12.5 and 4.5 Hz); 3.70 (s, 3H); 3.85 (dd, IH 9.0 and 4.5 Hz); 3.85 (dd,
1H,J = 12.5 and 2.5 Hz); 4.16 (dt, 18= 6.5 and 11.0 Hz); 4.30 (dt, 18,= 6.5 and 11.0
Hz); 4.84 (d, 1HJ = 8.0 Hz); 5.76 (s, 1H); 5.97 (q, 18l= 7.0 Hz); 7.04 (d, 2H] = 8.0 Hz);
7.24 (dd2H,J = 8.0 and 5.5 Hz); 7.46 (s, 1HJC NMR (D,0) § 12.5, 19.6, 31.7, 37.5, 51.1,

59.2, 61.2, 69.7, 72.1, 73.9, 77.1, 93.5, 97.0,71,0413.9, 114.0, 122.8, 126.6, 129.7, 129.7,
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129.8, 131.8, 155.8, 166.0, 172.2. HRMS (ESi¥2 549.11726 (calcd for £H3:FO;1Na:
549.1748) [M+Nal.

4448 (E)-methyl 4-(2-(benzyloxy)-2-oxoethyl)-3-ethylidene-2-(((2R,3S4R,5R,69)-3,4,5-
trihydr oxy-6-(hydroxymethyl)tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (13)

According to the general method of deprotectionQ I8g (60% vyield) ofL3 were obtained,
as a white solid, from 40.0 mg b8a

[a]p -200 (c 0.004, MeOH)H NMR (D,0) § 1.51 (d, 3H,J = 7.0 Hz); 2.62 (dd, 1H] = 14.5
and 9.0 Hz); 2.78 (dd), = 14.5 and 4.5 Hz, 1H); 3.41 (t, 18i= 9.5 Hz); 3.41 (dd, 1H = 8.0
and 9.5 Hz); 3.41 (dddH,J = 9.5, 4.5 and 1.5 Hz); 3.48 (t, 1Bl= 9.5 Hz); 3.65 (s, 3H);
3.69 (dd, 1HJ = 12.5 and 4.5 Hz); 3.80 (dd, 181= 12.5 and 2.5 Hz); 3.93 (diiH, J = 9.0
and 4.5 Hz); 3.82 (dd, 1H,= 12.5 and 2.5 Hz); 4.73 (d, 1Bi= 8.0 Hz); 5.01 (d, 1H] = 12
Hz); 5.13 (d, 1HJ = 12 Hz); 5.71 (s, 1H); 6.00 (g, 18,= 7.0 Hz); 7.37 (m, 5H); 7.44 (s,
1H); *C NMR (D;0) 6 12.1, 20.8, 37.9, 48.6, 61.0, 65.7, 67.0, 69.87,788.3, 93.8, 96.1,
101.5, 122.5, 125.9, 126.7, 126.7, 127.3, 128.8,22133.5, 154.8, 166.0, 169.8. HRMS
(ESI+)m/z517.1683 (calcd for £H3001:Na: 517.1686) [M+Na]

4.4.4.9 (E)-methyl 4-(2-((3,4-dimethoxybenzyl ) oxy)-2-oxoethyl)-3-ethylidene-2-
(((2R,3S4R5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-
dihydro-2H-pyran-5-carboxylate (14)

According to the general method of deprotectionQ28g (76% vyield) ofL4 were obtained,
as a white solid, from 50.0 mg bia

[a]p -350 (¢ 0.004, MeOH)}H NMR (D,0) 6 1.51 (d, 3H, = 7.0 Hz); 2.62 (dd, 1H] = 14.5
and 9.0 Hz); 2.64 (dd, 1H,= 14.5 and 4.5 Hz); 3.41 (t, 1Bl= 9.5 Hz); 3.41 (dd, 1H = 8.0
and 9.5 Hz); 3.41 (ddd,HJ = 9.5, 4.5 and 1.5 Hz); 3.48 (tH, J = 9.5 Hz); 3.65 (s, 3H);

3.69 (dd, 1HJ=12.5 and 4.5 Hz); 3.78 (dH, J = 8.0 Hz); 3.79 (2s, 6H); 3.80 (dd, 18+
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12.5 and 2.5 Hz); 3.82 (dd, 1H= 12.5 and 2.5 Hz); 3.93 (dd, 1Bi= 9.0 and 4.5 Hz); 4.92
(d, 1H,J = 12 Hz); 5.06 (d, 1HJ = 12 Hz); 5.67 (s, 1H); 5.96 (g, 1= 7.0 Hz); 6.98 (m,
5H); 7.44 (s, 1H)**C NMR (D,O) 6 12.1, 20.8, 38.8, 50.8, 53.1, 53.1, 60.1, 65.33,669.4,
73.5, 78.0, 93.3, 95.8, 107.8, 109.7, 110.4, 12023.5, 123.7, 127.5, 145.9, 147.9, 152.6,
166.5, 170.0.. HRMS (ESI+)Vz 577.1897 (calcd for £H340:3Na: 577.1890) [M+Na]
44410 (E)-methyl  4-(2-((2,3-dihydrobenzo[b] [ 1,4] dioxin-6-yl)methoxy)-2-oxoethyl)-3-
ethylidene-2-(((2R,3S4R,5R,6S)-3,4,5-trihydr oxy-6-(hydr oxymethyl )tetr ahydr o-2H-pyran-2-
yl)oxy)-3,4-dihydro-2H-pyran-5-carboxylate (15)

According to the general method of deprotectionQ Ig (74% vyield) ofL5 were obtained,
as a white solid, from 30.0 mg bba

[a]p -94 (c 0.006, MeOH):H NMR (D;0) ¢ 1.51 (d, 3H,J = 7.0 Hz); 2.62 (dd, 1H] = 14.5
and 9.0 Hz); 2.64 (dd, 1H,= 14.5 and 4.5 Hz); 3.41 (t, 1Bl= 9.5 Hz); 3.41 (dd, 1H = 8.0
and 9.5 Hz); 3.41 (ddd,H,J = 9.5, 4.5 and 1.5 Hz); 3.43 (t, 18i= 9.5 Hz); 3.60 (dd, 1HI
=12.5 and 4.5 Hz); 3.62 (dd, 1B 12.5 and 2.5 Hz); 3.62 (s, 3H); 3.78 (d, IH; 8.0 Hz);
3.93 (dd, 1HJ = 9.0 and 4.5 Hz); 4.84 (d, 18 = 12.0 Hz); 5.04 (d, 1H] = 12.0 Hz); 5.57
(s, 1H); 5.97 (q1H, J = 7.0 Hz); 6.88 (m, 3H); 7.40 (s, 1HYC NMR (D,O) ¢ 13.7, 30.2,
34.1, 39.7,58.8, 61.5, 64.1, 64.1, 64.9, 71.31,74.8, 79.7, 97.0, 108.2, 109.6, 116.2, 116.9,
120.6, 123.5, 127.8, 130.2, 144.5, 146.3, 152.0,8,6170.8. HRMS (ESI+jn/z 575.1741
(calcd for GegH3013Na: 575.1741) [M+Na4]

44411 (BE)-methyl  4-(2-(3-(3,4-dimethoxyphenyl)propoxy)-2-oxoethyl)-3-ethylidene-2-
(((2R,3S4R 5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-
dihydro-2H-pyran-5-carboxylate (16)

According to the general method of deprotectiof,rfig (26% yield) ofL6 were obtained, as

a white solid, from 30.0 mg df6a
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[a]p -87 (c 0.005, MeOH)H NMR (D,0) ¢ 1.60 (d, 3H,) = 7.0 Hz); 1.90 (m, 3H); 2.50 (dd,
1H,J = 14.5 and 4.5 Hz); 2.60 (m, 3H); 3.37 (t, I 9.5 Hz); 3.37 (dd, 1H1= 8.0 and 9.5
Hz); 3.42 (ddd1H, J = 9.5, 4.5 and 1.5 Hz); 3.48 (t, 18l= 9.0 Hz); 3.64 (s, 3H); 3.66 (dd,
1H,J = 12.5 and 4.5 Hz); 3.79 (2s, 6H); 3.84 (dd, 11#,12.5 and 2.5 Hz); 3.90 (dd, 18Iz
9.0 and 4.5 Hz); 3.90 (dt, 1H4,= 6.5 and 11.0); 4.10 (dt, 1Hd,= 6.5 and 11.0 Hz); 4.83 (d,
1H,J=8.0 Hz); 5.83 (s, 1H); 6.05 (q, 1Bi= 7.0 Hz); 6.80 (dd, 1Hl = 8.0 and 2.0 Hz); 6.88
(d, 1H,J = 2.0 Hz); 6.93 (d, 1H] = 8.0 Hz); 7.54 (s, 1H)*C NMR (D:0) 6 13.6, 27.9, 39.7,
52.1, 56.0, 62.0, 71.3, 74.0, 76.4, 76.7, 78.75,8107.5, 108.2, 109.4, 124.6, 129.0, 154.6,
166.9, 172.8. HRMS (ESI+)Vz 605.2192 (calcd for £gH3g013Na: 605.2210) [M+N4]
44412  (E)-methyl  3-ethylidene-4-(2-methoxy-2-oxoethyl)-2-(((2R,3S4R 5R,69)-3,4,5-
trihydroxy-6-(hydroxymethyl )tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (18)

According to the general method of deprotectiod, g (57% vyield) ofL8 were obtained
from 15.0 mg ofL8a as a white solid. The analytical datal8fwere conform to the literature
[36].

4.4.3.13 (E)-methyl 4-(2-ethoxy-2-oxoethyl)-3-ethylidene-2-(((2R,3S4R,5R,69)-3,4,5-
trihydroxy-6-(hydr oxymethyl)tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (19)

According to the general method of deprotectiof,mg (45% yield) ofLl9 were obtained, as
a white solid, from 11.0 mg dQa

[a]p -525 (¢ 0.04, MeOH)*H NMR (D,0) 6 1.17 (t, 3H,J = 7.0 Hz); 1.65 (d3H, J = 7.0
Hz); 2.35 (dd, 1H,) = 13.5 and 9.5 Hz); 2.69 (dd, 1Bi= 13.5 and 5.0 Hz); 3.35 (t, 1H=
9.5 Hz); 3.37 (dd, 1H]) = 9.5 and 8.0 Hz); 3.43 (ddd, 18= 9.5 and 6.0 and 2.0 Hz); 3.47 (t,
1H,J= 9.5 Hz); 3.67 (dd1H, J = 12.5 and 6.0 Hz); 3.68 (s, 3H); 3.84 (dd, IH; 12.5 and

2.0 Hz); 3.94 (dd, 1H] = 9.0 and 5.0 Hz); 4.02 (dtH, J = 6.5 and 11.0 Hz); 4.07 (dtH, J
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= 7.0 and 11.0 Hz); 4.87 (dH, J = 8.0 Hz); 5.87 (s, 1H); 6.04 (g, 1Bl= 7.0 Hz); 7.52 (s,
1H); **C NMR (D:;0) § 13.7, 14.1, 26.0, 41.0, 52.3, 61.3, 62.2, 71.52,746.8, 81.5, 107.7,
108.2, 109.4, 124.8, 130.8, 155.2, 168.5, 173.1MBRESI+) m/z 455.1503 (calcd for
CioH2g011Na: 455.1529) [M+N4]

44414  (E)-methyl 3-ethylidene-4-(2-oxo-2-propoxyethyl)-2-(((2R,3S4R,5R,69)-3,4,5-
trihydroxy-6-(hydr oxymethyl )tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (20)

According to the general method of deprotectiof,rig (85% yield) oR0 were obtained, as
a white solid, from 14.0 mg @&0a

[a]p -784 (c 0.065, MeOH)*H NMR (D,O) 6 0.83 (t, 3H,J = 7.0 Hz); 1.17 (t, 2H) = 7.0
Hz); 1.66 (d, 3HJ = 7.0 Hz); 2.47 (dd, 1H] = 13.5 and 9.0 Hz); 2.69 (dd, 18z 13.5 and
5.0 Hz); 3.38 (dd, 1H]) = 9.5 and 8.0 Hz); 3.38 (t, 1B~ 9.5 Hz); 3.43 (ddd, 1H,= 9.5, 6.0
and 2.0 Hz); 3.47 (1H, J = 9.5 Hz); 3.65 (dd, 1H] = 12.5 and 6.0 Hz); 3.69 (s, 3H); 3.83
(dd, 1H,J = 12.5 and 2.0 Hz); 3.91 (dt, 18l= 6.5 and 11.0 Hz); 3.94 (dd, 18i= 9.0 and
5.0 Hz); 4.00 (dt, 1HJ) = 7.0 and 11.0 Hz); 4.87 (d, 1Bi= 8.0 Hz); 5.86 (s, 1H); 6.04 (g, 1H,
J = 7.0 Hz); 7.53 (s, 1H)!*C NMR (D,O) 6 10.3, 13.7, 21.9, 26.0, 41.4, 52.3, 62.3, 66.2,
71.5, 74.2, 76.8, 81.5, 107.7, 108.2, 109.4, 12438,8, 155.3, 168.5, 173.1. HRMS (ESI+)
Mz 469.1665 (calcd for 58H3001:Na: 469.1686) [M+Na]

44415  (E)-methyl 4-(2-butoxy-2-oxoethyl)-3-ethylidene-2-(((2R,3S4R,5R,69)-3,4,5-
trihydroxy-6-(hydroxymethyl )tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (21)

According to the general method of deprotectioni®6(67% yield) oR1 were obtained, as a
white solid, from 45.0 mg dtl1a

[a]p -52.8 (c 0.007, MeOH):H NMR (D-0) 6 0.83 (t, 3H,J = 7.5 Hz); 1.22 (m, 2H); 1.55

(m, 2H); 1.68 (d, 3HJ = 7.0 Hz); 2.47 (dd, 1H] = 13.5 and 9.0 Hz); 2.70 (dd, 18i= 13.5
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and 5.0 Hz); 3.38 (dd, 1H,= 9.5 and 8.0 Hz); 3.38 (t, 1d,= 9.5 Hz); 3.45 (dddlH, J =
9.5, 6.0 and 2.0 Hz); 3.49 (t, 1Bi= 9.5 Hz); 3.67 (dd, 1H] = 12.5 and 6.0 Hz); 3.69 (s, 3H);
3.86 (dd, 1HJ = 12.5 and 2.0 Hz); 3.96 (dd, 1Bi= 9.0 and 5.0 Hz); 3.98 (dt, 1H,= 6.5
and 11.0 Hz); 4.08 (dt, 1H,= 7.0 and 11.0 Hz); 4.87 (d, 1B= 8.0 Hz); 5.86 (s, 1H); 6.04
(q, 1H,J = 7.0 Hz); 7.53 (s, 1H)"*C NMR (D:;0) § 10.3, 13.7, 21.9, 26.0, 41.4, 52.3, 62.3,
66.2, 71.5, 74.2, 76.8, 81.5, 107.7, 108.2, 10924.8, 130.8, 155.3, 168.5, 173.1; HRMS
(ESI+)m/z 483.1846 (calcd for £H3,0:1:Na: 483.1842) [M+Nad]

4.4.4.16 (E)-methyl 3-ethylidene-4-(2-(isopentyl oxy)-2-oxoethyl)-2-(((2R,3S4R,5R,69)-3,4,5-
trihydroxy-6-(hydr oxymethyl )tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (22)

According to the general method of deprotectiof,ridg (17% yield) oR2 were obtained, as
a white solid, from 37.0 mg &la

[a]o -75 (c 0.007, MeOH)*H NMR (D,0) 6 0.83 (m, 6H); 1.47 (m, 2H); 1.60 (m, 1H); 1.68
(d, 3H,J = 7.0 Hz); 2.50 (dd, 1H] = 13.5 and 9.0 Hz); 2.69 (dd, 1Bi= 13.5 and 5.0 Hz);
3.38 (dd, 1HJ = 9.5 and 8.0 Hz); 3.38 (t, 1H,= 9.5 Hz); 3.43 (ddd, 1H,= 9.5, 6.0 and 2.0
Hz); 3.49 (t, 1HJ = 9.5 Hz); 3.67 (dd, 1Hl = 12.5 and 6.0 Hz); 3.69 (s, 3H); 3.86 (dd, IH,
=12.5 and 2.0 Hz); 3.96 (dd, 18i= 9.0 and 5.0 Hz); 4.00 (dtH,J=6.5and 11.0 Hz); 4.11
(dt, 1H, J = 7.0 and 11.0 Hz); 4.88 (d, 1Bi= 8.0 Hz); 5.87 (s, 1H); 6.06 (g, 18= 7.0 Hz);
7.54 (s, 1H)C NMR (D:;0) ¢ 12.7, 21.5, 21.6, 24.3, 30.3, 36.4, 39.9, 51.8,664.5, 69.4,
72.6, 75.6, 76.3, 94.8, 99.8, 108.3, 128.7, 12652,9. HRMS (ESI+/z 497.1964 (calcd
for CooH3401:Na: 497.1999) [M+Nad]

4.4.4.17 (E)-methyl 3-ethylidene-4-(2-((3-methylbut-3-en-1-yl)oxy)-2-oxoethyl)-2-
(((2R,3S4R 5R,69)-3,4,5-trihydr oxy-6-(hydr oxymethyl tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-

dihydro-2H-pyran-5-carboxylate (23)
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According to the general method of deprotectioB,rig (33% yield) oR2 were obtained, as
a white solid, from 30.0 mg @&3a

[a]p -76.6 (c 0.3, MeOH)*H NMR (D,0) § 1.68 (dd, 3H,) = 1.5 and 7.0 Hz); 1.70 (bs, 2H);
2.32 (m, 2H); 2.50 (dd, 1H] = 13.5 and 9.0 Hz); 2.69 (dd, 1Bl= 13.5 and 5.0 Hz); 3.38
(dd, 1H,J = 9.5 and 8.0 Hz); 3.38 (t, 1H,= 9.5 Hz); 3.45 (ddd, 1H,= 9.5, 6.0 and 2.0 Hz);
3.49 (t, 1H,J = 9.5 Hz); 3.67 (dd, 1H] = 12.5 and 6.0 Hz); 3.69 (s, 3H); 3.86 (dd, IH;
12.5 and 2.0 Hz); 3.95 (dd, 1H= 9.0 and 5.0 Hz); 4.11 (dt, 1Hd= 6.5 Hz, and 11.0 Hz);
4.20 (dt, 1HJ = 7.0 and 11.0 Hz); 4.73 (bs, 1H); 4.81 (bs, 48 (d, 1HJ = 8.0 Hz); 5.86
(s, 1H); 6.06 (q, 1HJ = 7.0 Hz); 7.54 (s, 1H)*C NMR (D,0) § 12.7, 21.5, 21.6, 24.3, 30.3,
36.4, 39.9, 51.8, 60.6, 64.5, 69.4, 72.6, 75.63,784.8, 99.8, 108.3, 125.2, 128.7, 154.9.
HRMS (ESI+)m/z 495.1843 (calcd for £5H3,011Na: 495.1842) [M+N4]

4.4.4.18 (E)-methyl 3-ethylidene-4-(2-(hexadecyl oxy)-2-oxoethyl)-2-(((2R,3S4R,5R,69)-3,4,5-
trihydr oxy-6-(hydroxymethyl)tetr ahydr o-2H-pyr an-2-yl )oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (24)

According to the general method of deprotectiof,mg (28% yield) oR4, were obtained, as
a white solid, from 21.0 mg @4a

[a]p -790 (¢ 0.04, MeOH)*H NMR (CDCL) 6 7.45 (s, 1H); 6.03 (q, 1H,= 7.0 Hz); 5.77 (s,
1H); 4.80 (d, 1H, = 8.0 Hz); 4.01 (dt, 1H] = 7.0 and 11.0 Hz); 3.93 (dd, 18i= 9.0 and 5.0
Hz); 3.89 (dt, 1HJ = 6.5 and 11.0 Hz); 3.83 (dd, 1Bi= 12.5 and 2.0 Hz); 3.72 (diiH, J =
12.5 and 6.0 Hz); 3.69 (s, 3H); 3.58 (t, IHs 9.5 Hz); 3.47 (t, 1HJ = 9.5 Hz); 3.47 (dd, 1H,
J=9.5 and 8.0 Hz); 3.40 (ddd, 1Bi= 9.5, 6.0 and 2.0 Hz); 2.75 (dd, 1Hs 13.5 and 5.0
Hz); 2.35 (dd, 1HJ = 13.5 and 9.0 Hz); 1.68 (d, 3B~ 7.0 Hz); 1.25 (s, 28H); 0.84 (t, 3H,
= 6.8 Hz);*C NMR (CDC}) § 13.7, 14.1, 22.7, 25.8, 26.0, 28.9, 29.3, 29.60,341.0, 52.3,
62.2, 65.2, 71.6, 74.2, 76.8, 81.5, 107.7, 10808.4, 124.8, 130.8, 155.2, 168.5, 173.1,

HRMS (ESI+)m/z 651.3691 (calcd for £5Hs¢01:Na: 651.3720) [M+N4]
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4.4.4.19 (E)-methyl 4-(2-(2-cyclohexylethoxy)-2-oxoethyl)-3-ethylidene-2-(((2R,3S 4R 5R,6S)-
3,4,5-trihydr oxy-6-(hydr oxymethyl)tetr ahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (25)

According to the general method of deprotectionpXg (42% vyield) oR5, were obtained,
as a white solid, from 50.0 mg 2ba

[a]p -790 (c 0.04, MeOH)*H NMR (D,0) 6 0.93 (m, 2H); 1.28-1.13 (m, 4H); 1.35 (m, 1H);
1.68 (d, 3HJ = 7.0 Hz); 1.72 (m, 7H); 2.41 (dd, 1Bi= 13.5 and 5.0 Hz); 2.78 (dd, 18i=
13.5 and 9.0 Hz); 3.45 (ddd, 1Bi= 9.5, 6.0 and 2.0 Hz); 3.55 (dtkl, J = 9.5 and 8.0 Hz);
3.55 (t, 1H,J = 9.5 Hz); 3.58 (t1H, J = 9.5 Hz); 3.69 (s, 3H); 3.80 (dd, 18i= 12.5 and 6.0
Hz); 3.88 (dd, 1HJ = 12.5 and 2.0 Hz); 3.98 (dt, 1Bi= 6.5 and 11.0 Hz); 3.98 (dd, 18i=
9.0 and 5.0 Hz); 4.06 (dt, 1Kd,= 7.0 and 11.0 Hz); 4.85 (d, 1H,= 8.0 Hz); 5.80 (s, 1H);
6.08 (g,1H, J = 7.0 Hz); 7.50 (s, 1H)"*C NMR (D;0) 6 13.4, 26.0, 26.3, 33.0, 33.1, 34.4,
35.7, 40.3, 51.4, 61.6, 63.1, 69.8, 73.1, 76.17,949.9, 108.2, 109.4, 124.2, 128.6, 153.6,
166.7, 171.7. HRMS (ESIHjVz 537.2272 (calcd for &Has01:Na: 537.2312) [M+Nd]

4.4.4.20 (E)-methyl 3-ethylidene-4-(2-oxo-2-(prop-2-yn-1-yloxy)ethyl)-2-(((2R,3S4R,5R,6S)-
3,4,5-trihydr oxy-6-(hydr oxymethyl )tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (26)

According to the general method of deprotectionQ28g (63% vyield) oR6 were obtained,

as a white solid, from 50.0 mg 26a

[a]p -29 (c 0.04, MeOH)*H NMR (D;0) d 1.66 (d, 3HJ = 7.0 Hz); 2.42 (dd, 1H] = 13.5
and 9.5 Hz); 2.53 (dd, 1H,= 13.5 and 5.0 Hz); 2.87 (bs, 1H); 3.351¢t, J = 9.5 Hz); 3.37
(dd, 1H,J = 9.5 and 8.0 Hz); 3.43 (ddd, 1Bi= 9.5, 6.0 and 2.0 Hz); 3.47 (t, 18i= 9.5 Hz);
3.67 (dd, 1HJ = 12.5 and 6.0 Hz); 3.68 (s, 3H); 3.91 (dd, 2K 12.5 and 2.0 Hz); 3.95 (m,
1H); 4.85 (d,1H, J = 8.0 Hz); 5.84 (s, 1H); 6.03 (g, 1B~ 7.0 Hz); 7.51 (s, 1H)*C NMR

(D20) 6 12.6, 30.3, 39.8, 51.8, 52.3, 52.6, 60.5, 69.3%,725.6, 76.2, 94.7, 94.8, 99.5, 108.1,
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124.9, 128.1, 154.6, 169.0, 174.6. HRMS (ESiy 465.1367 (calcd for fHo601:Na:
465.1373) [M+Nal.

4.4.4.21 (E)-methyl 3-ethylidene-4-(2-(furan-2-ylmethoxy)-2-oxoethyl)-2-(((2R,3S4R,5R,6S)-
3,4,5-trihydr oxy-6-(hydr oxymethyl )tetr ahydr o-2H-pyran-2-yl )oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (28)

According to the general method of deprotectionDX8g (48% vyield) oR8, were obtained,
as a white solid, from 50.0 mg 28a

[a]p -97.5 (c 0.0004, MeOH}H NMR (CDCk) § 1.63 (d, 3H,J = 7.0 Hz); 2.58 (dd, 1H] =
14.5 and 9.0 Hz); 2.70 (dd, 1Bl= 14.5 and 4.5 Hz); 3.39 (t, 1B~ 9.5 Hz); 3.39 (dd, 1H]
= 8.0 and 9.5 Hz); 3.46 (ddtiH, J = 9.5, 4.5 and 1.5 Hz); 3.51 (t, 181z 9.5 Hz); 3.69 (dd,
1H,J = 12.5 and 4.5 Hz); 3.70 (s, 3H); 3.87 (dd, 31 12.5 and 2.5 Hz); 3.95 (dd, 1Bi=
9.0 and 4.5 Hz); 4.84 (d,= 8.0 Hz, 1H); 5.02 (d, 1H] = 13 Hz); 5.12 (d, 1HJ = 13 Hz);
5.79 (s, 1H); 6.04 (g, 1H,= 7.0 Hz); 6.45 (dd, 1H] = 1.5 and 3.0 Hz); 6.51 (d, 1H= 3.0
Hz); 7.51 (s, 1H); 7.53 (d, 1H, = 1.5 Hz);"*C NMR (D:0) ¢ 12.6, 30.2, 39.7, 51.8, 58.7,
60.6, 69.4, 72.5, 75.6, 76.3, 94.8, 99.5, 108.8,81111.3, 125.1, 127.4, 143.9, 149.2, 154 4,
169.3, 173.4. HRMS (ESI+#Vz 507.1479 (calcd for $5H,501.Na: 507.1478) [M+Nd]
4.4.4.22 (E)-methyl 3-ethylidene-4-(2-oxo-2-(propylamino)ethyl)-2-(((2R,3S4R,5R,69)-3,4,5-
trihydroxy-6-(hydroxymethyl)tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylate (30)

According to the general method of deprotectionpIvig (52% vyield) o80, were obtained,
as a yellow solid, from 45.0 mg 80a

[a]p -784 (c 0.065, MeOH)*H NMR (D,0) 6 0.81 (t, 3H,J = 7.4 Hz); 1.40 (sex, 2H,= 7.1
Hz); 1.64 (d, 3HJ = 6.5 Hz); 2.22 (dd, 1H] = 13.5 and 6.0 Hz); 2.58 (dd, 18z 13.5 and
2.2 Hz); 3.07 (m, 2H); 3.38-3.36 (2xt, 2B= 9.2 Hz); 3.45 (dd, 1H] = 6.0 and 2.2 Hz); 3.49

(t, 1H,J = 9.2 Hz); 3.66 (dd, 1H] = 12.5 and 6.0 Hz); 3.70 (s, 3H); 3.88 (dd, IH; 12.4
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and 2.2 Hz); 3.91 (ddd, 1H,= 9.7, 6.0 and 2.2 Hz); 5.88 (s, 1H); 6.07 (q, K, 6.5 HZz);
7.53 (s, 1H)*C NMR (D:;0) ¢ 10.4, 12.7, 21.6, 30.8, 41.3, 42.2, 51.8, 60.74,682.6, 75.5,
76.4, 94.6, 99.5, 108.4, 124.9, 127.8, 154.3, 169/3.1. HRMS (ESI+) m/z 468.1827 (calcd
for CooH3:NOoNa: 468.1846) [M+N4d]

4.4.4.23 (E)-3-ethylidene-4-(2-methoxy-2-oxoethyl)-2-(((2R,3S4R,5R,69)-3,4,5-trihydr oxy-6-
(hydroxymethyl)tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-carboxylic acid (31)
According to the general method of deprotectiof,riig (54% yield) oB1, were obtained, as
a white solid, from 193.0 mg Gfla

[a]p -700 (c 0.03, MeOH):H NMR (D;0) ¢ 1.67 (d, 3HJ = 7.0 Hz); 2.42 (dd, 1H] = 13.5
and 9.0 Hz); 2.73 (dd, 1H,= 13.5 and 5.0 Hz); 3.38 (dd, 1Bi= 9.5 and 8.0 Hz); 3.39 (t,
1H, J = 9.5 Hz); 3.45 (ddd, 1H] = 9.5, 6.0 and 2.0 Hz); 7. 49 (s, 1H); 6.03 (q, & 7.0
Hz); 5.79 (s, 1H); 4.89 (d, 1H,= 8.0 Hz); 3.94 (dd, 1H] = 9.0 and 5.0 Hz); 3.87 (dd, 18I,
=12.5 and 2.0 Hz); 3.68 (dd, 1Bi= 12.5 and 6.0 Hz); 3.62 (s, 3H); 3.50 (t, TH; 9.5 Hz);
3C NMR (D:0) 6 12.7, 31.5, 40.1, 52.3, 69.5, 72.7, 75.7, 76.34,989.6, 113.7, 124.1,
129.6, 150.2, 173.9, 174.9. HRMS (ESH)z 427.1302 (calcd for 3H,4011Na: 427.1216)
[M+Na]".

4.4.4.24 (E)-3-ethylidene-4-(2-(hexadecyl oxy)-2-oxoethyl)-2-(((2R,3S4R 5R,69)-3,4,5-
trihydroxy-6-(hydr oxymethyl)tetrahydr o-2H-pyran-2-yl)oxy)-3,4-dihydr o-2H-pyran-5-
carboxylic acid (32)

According to the general method of deprotectio@,8g (38% yield) oB2, were obtained, as
a white solid, from 10.0 mg &2a

[a]p -688 (c 0.03, MeOH)::HNMR (D,0) 6 0.88 (m, 3H); 1.33 (m, 26H); 1.65 (m, 2H); 1.73
(d, 3H,J = 7.0 Hz); 2.46 (dd, 1H] = 14.5 and 9.0 Hz); 2.79 (dd, 1Bi= 14.5 and 4.5 Hz);
3.42 (ddd,1H, J = 9.5, 4.5 and 1.5 Hz); 3.49 (t, 1Bi= 9.5 Hz); 3.49 (dd, 1H] = 12.5 and

4.5 Hz); 3.61 (t, 1H)= 9.5 Hz); 3.73 (dd, 1H]= 12.5 and 4.5 Hz); 3.84 (dd, 1Bk 12.5 and
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2.0 Hz); 4.01 (m, 1H); 4.08 (m, 2H); 4.82 (d, 1,8.0 Hz); 5.82 (s, 1H); 6.03 (g, 1B& 7.0
Hz); 7.64 (s, 1H)**CNMR (D,0) § 29.3, 29.6, 37.8, 41.5, 62.5, 65.2, 71.3, 74.20),761.4,
107.7, 107.8, 119.9, 124.7, 129.5, 154.0, 168.3,1HRMS (ESI+)Mz 637.3772 (calcd for
Ca2Hs401:Na: 637.3564) [M+Nd]

4.5. Biological evaluation of the anticancer effeaif oleuropein and its synthetic analogs
4.5.1. Cellsand cedll cultures

The human cancer cell lines FM3 (melanoma), HCT-{ddon), HeLa (cervix), MCF-7
[breast; ER+, progesterone receptor (PR) +/-, HER®ZKBR3 (breast; ER-, PR-, HER2+),
HL-60 (promyelocytic leukemia) and K562 (chronic eélggenous leukemia), as well as the
mouse cancer cell lines B16.F1 (melanoma), YAC-gmfhoma) and WEHI 164
(fibrosarcoma), were cultured in Dulbecco's Modifieagle’s Medium (DMEM; Lonza Ltd,
Switzerland), supplemented with 10% heat inactvdttal bovine serum (Lonza), 10 mM
Hepes (Lonza), 50 mM mercaptoethanol (Sigma-AldGtiemical Co., St Louis, MO, USA),
107 U/mL penicillin/streptomycin (Lonza) and 5 mg/mlergamycin (Lonza) (referred to
thereafter as culture medium), at 37°C in a hunadi6% CQ incubator. Cells were grown
as monolayer and passaged by trypsinization eve3ydays. PBMCs were isolated from
heparinized venous blood of healthy blood donotsraFicoll-Hypaque (Lonza) gradient
centrifugation, as previously described [31]. Ptmblood withdrawal, all donors gave their
informed consent according to the regulations ammoby the ¥ Peripheral Blood
Transfusion Unit and Hemorophilic “Laikon” Genettdbspital Institutional Review Board,
Athens, Greece. All the work has been carried w@ccordance with Declaration of Helsinki

for experiments involving humans.
4.5.2. In vitro cytotoxicity assay

The cytotoxic activity of the compounds was detewdi by the MTT dye reduction assay.

Briefly, cancer cells were seeded into 96-well fiatttom microplates (Greiner Bio-One
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GmbH, Germany; 5xf@ells/mL; 200 mL/well). Adherent cell lines werdoated to adhere
overnight before adding the compounds, whereas lcgds growing in suspension were
seeded the day of the experiment. Stock concemtsatof the oleuropein-enriched leaf
extract, oleuropeirl, its synthetic analogs and of the chemotherapedrig doxorubicin
(positive control) were made in DMSO (except oldesivhich was diluted in di®) at 1 mM
and stored at -8C. On the day of each experiment, stock solutioaseveerially diluted in
culture medium (400-1Qg/mL for the leaf extract, 400-28M for oleuropein, 50-0.08M
for the analogs and 10-0.0QM for doxorubicin) and added to the microplatesjcihwere
further incubated at 37°C for 72 h. Four hours ketbe incubation expiry, 106L of MTT
(Sigma) diluted in PBS(Lonza; 1 mg/mL) was adde@&aoh well. Optical density (OD) was
determined at 545 nm with reference filter set@ 6m, using a microplate reader (Denley
WeScan, Finland). 1§ was calculated according to the formula: 100(A0AR¥50, where A

and AO are ODs of exposed and control wells, raspey.
4.5.3. Flow cytometry analysis

Annexin V and PI staining was performed using tRECGFAnnexin V apoptosis detection kit
with Pl (Biolegend, Germany). PBMCs {l@ells/mL) were incubated in 6-well plates
(Greiner) for 24 h at 37°C with oleuropeln(150-600ug/uL), its analogs 24 and 25 (0.5-8
ug/mL), 25 ug/mL doxorubicin (positive control) or in plain ¢tute medium (negative
control). B16.F1 cells were incubated in 6-welltptafor 24, 48 and 72 h at 37°C with
concentrations corresponding to thesd@alues of the aforementioned compounds. For
analysis of cell death, $@ells were resuspended in 1 mL annexin V-bindinffes and 100

uL of each solution was stained with 5 pL annexifcN'C and 10 pL PI. After 15 min of
incubation at 25°C in the dark, 400 pL of annexubixding buffer was added to each tube

and samples were analyzed in a FACSCanto Il, usAkg@SDiva software (BD Biosciences,
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Germany). Annexin V-/PI- cells were defined as lealannexin V+/Pl- as apoptotic, and Pl+

as necrotic.

4.5.4. In vivo melanoma mouse model

Male C57BL/6 mice (6-8 week old) were purchasednfrthe Jackson Laboratory (Bar
Harbor, USA) and housed in a specific pathogen-freeperature- and humidity-regulated
unit (21+2°C; 55+£10%, respectively), with a 12/12ight/dark cycle. Mice were housed in
filter top cages (IVC) (1284 L, H-Temp™, Techniglagarese, Italy), at a stocking density of
4-5 mice per cage [overall dimensions of cagingWixH): 365%x207x140 mm, floor
area=530 cfi). Cages were kept in the same animal room witls@iply, 15 ACH and a light
intensity of 300 lux measured one meter above lth@ fn the middle of the room. All mice
hadad libitum access to filtered tap water in drinking bottlesl @ vacuum-packed pelleted
rodent chow that contained 18,5% protein, 5,5%4&% fiber, 6% ash (4RF22, Mucedola,
Milan, ltaly). The bedding in each cage compriséd~250 grams of autoclaved corncob
bedding (Rehofix MK 2000, J. Rettenmaier & So, Rimrg, Germany). The cages were
cleaned and autoclaved once a week. Animal handiing experimentation were in
accordance with Presidential Decree 56/2013 anditeetive 2010/63/EU of the Council of
Europe on Animal Welfare and were approved by thieick and Biosafety Committee,
Subcommittee on Ethics, Faculty of Biology, Natibawad Kapodistrian University of Athens.
For generating sc tumors, a suspension dfvidble B16.F1 cells in 200L PBS was injected
in the right flank of each mouse on day 0. Whendigmbecame palpable (day 11), animals
were randomly assigned in 6 experimental groupaniinals/group) and ip received: PBS
(control group; 20QuL), oleuropeinl (300 and 60Qug/dose/mouse diluted in 2QA. PBS) or
analog24 (2, 4 and G.g/dose/mouse diluted in 2QQ PBS) every other day (total: 8 doses)

up to day 29 post-tumor inoculation. Tumor growthswnonitored every two days, measured
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by a digital caliper and tumor volume (&hwas calculated according to the formula: 1/2
(length x widtR).

4.5.5. Ex vivo cytotoxicity assessment

Spleens were aseptically removed from mice andnsplges were isolatedfter extensive
washing and red blood cell lysis, as previouslycdbsd [31]. Cell cytotoxicity was evaluated
based on the detection of CD107a and CD107b expwseell surface, as a result of effector
cell degranulation [35]. Splenocytes {X&lIs/well; 200uL/well) were co-cultured in 96-well

U bottom microplates (Greiner) with the target £eB16.F1 (syngeneic cells), YAC-1
(sensitive to lysis by NK cells) and WEHI 164 (séws to lysis by LAK cells), at an effector
to target (E:T) ratio of 100:1, at 37°C in 5% £®ITC-conjugated anti-CD107a and anti-
CD107b monoclonal antibodies (2pL/mL) and monensin (6ulL/mL; all from BD
Biosciences) were added in each well. Monensin di=®lop) was used to prevent
acidification of endocytic vesicles, to avoid detgdon of reinternalized CD107 proteins
from the cell surface, thus allowing for their libg and visualization. Cells were harvested 6
h later and MFI of CD107+ cells was determined gsirFACSCanto Il flow cytometer.

4.5.6. Satistical analysis

The results were expressed as means + SD. GragPisd 5.0 (GraphPad Software, San
Diego, CA) was used for data analysis. Differenas®ng groups of mice were corrected

with Bonferroni’'s post-tes<0.05 was considered significant.
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HIGHLIGHTS

* New semi-synthetic derivatives of oleuropein have been synthesized

» Extensive SAR study has been performed to identify the structural
determinants to display cytotoxicity

* One analogue displayed cytotoxic activity at the micromolar levels on severa
cancer cell lines

* Theidentified analogue is non-toxic and activein vivo

* The active compound stimulates the immune system of the mouse to fight
against the oncogenic cells.
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