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Abstract

A series oiN-acyl, N-alkoxycarbonyl, andN-alkylcarbamoyl derivatives of
2'-deoxy-glucosyl bearing oleanolic saponins werdlsgized and evaluated against HL-60,
PC-3, and HT29 tumor cancer cells. The SAR studiesaled that the activity increased in
order of conjugation of’2amino group with carbamate > amide > urea devieat
Lengthening the alkyl chain increased the cytotibyithe peak activity was found to around
heptyl to nonyl substitutions!-Rl-heptoxycarbonyl derivativé6 was found to be the most
cytotoxic (1Go = 0.76uM) againt HL-60 cells. Due to the interesting SARslkyl
substitutions, we hypothesized that their locatiothe cell was different, and pursued a
location study using'Z4”"-pentynoylamino) 2deoxy-glucosyl OA, which suggested that

these compounds distributed mainly in the cytosol.

. Introduction

Oleanolic acid (B-hydroxyolean-12-en-28-oic acid, OA, Figure 1),esmfacyclic
triterpenoid, can be found in more than 1600 p&pacies as either a free acid or as a saponin
[1]. It is particularly abundant in the Oleaceamnilg, and named for the olivé)ea europaea
L.) plant species that still serves as the maime@af commercial OA. Due to its natural
abundance and ready availability, it is a good rahistarting material for synthetic
modification and drug discovery|[2].

Many biological activities have been reported f& &nd its derivatives[3, 4]. The
hepatoprotective effect of OA is particularly wielown, and OA formulations are widely
sold over-the-counter in China for this purpose (&ther studies found that OA imparts
anti-inflammatory and moderate anti-cancer acti{ég]. Attempts to improve the

anti-cancer activity by the chemical synthesisedesal OA derivatives have been described



[9], such as 2-cyano-3,12-dioxooleana-1,9(11)-d8rwic acid2 (CDDO, Figure 1)[6, 10,
11], C ring oxidized OA[12], and 28-urea containing [13].

OA is poorly water soluble, which results in lowsalute oral bioavailability.
Modifications to the hydrophobic scaffold of OA atofailed to significantly improve its
solubility, thus limiting opportunities to evaluate activity [14]. In fact, most naturally
occurring OA molecules are glycosylated, bearimggyaan at either C-3 or C-28 via an ether
or ester linkage respectively, and are termed (paias. OA derivatives bearing &hacetyl
glucosamine (such as compoudrigure 1) moiety have attracted a great deattehton
due to their remarkable cytotoxicity; however, f@&#& saponins containing
N-acetyl-glucosamine moieties have been found iaredil5-18]. Albiziatrioside A4, Figure
1), is one example of ad-acetyl glucosamine bearing natural product; it isatated from
Acacia tenuifolia, and exhibited potent cytotoxic activity g&= 0.9ug/mL against A2780
ovarian cancer cells).[16, 17] Lotoidoside ®) (Figure 1) was found to have

anti-proliferative activity against the Hela cefié with IG5, value of 2.7uM [18].

OAN1 CDDO, 2 3
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Albiziatrioside A (4) Lotoidoside D (5)

Figure 1. OA and OA saponin derivatives

It was noticed that glycans attached with spetiifikages of triterpenoid might have



important roles in boosting the cytotoxic actiiity, 18-20]. Synthesis of non-natural
saponins bearing different monosaccharide sulistitsiis one way to probe the glycan
linkages for their biological function and SARs [1Bi's group attached additiongtacetyl
glucosamine moieties to compouBdo give a series of mono- to tetfd-&cetylglucosamine)
OA saponins [21]; however, neither of them exhibieperior cytotoxicity against HL-60
cell lines tharB. In previous work, we developed a concise metloogynthesizing OA
saponins with (33)-linked, (2-4)-linked, (1-6)-linked N-acetylglucosamine
oligosaccharide residues, and found those beavin}Xylose and -arabinose at positions 3
and 4 were more cytotoxic to HL-60 and HT-29 cell lirtean those bearing other sugars;
unfortunately, the magnitude of this improvemenswat great, compared to compouhd
[20]. Accordingly, in order to clarify and invesétg the SARs of the-acetyl glucosamine
moiety, we set out to synthesize a serieN-ofiodified derivatives of glucosamine-bearing
OA saponins containiny-acyl, N-alkoxycarbonylN-alkylcarbamoyl group\-modified
derivatives of galactosamine-bearing OA saponingwso synthesized, to investigate the
effect of the epimer of the glucose moiety on aytat activity. We also sought to vary the
length of the carbon chain on these derivativegmamon strategy to improve compound
activity since a chain length within a particulange may permit penetration into the cell
membranes, and interaction with the target organklbwever, compounds with excessively
long carbon chains may exhibit poor solubility, dredprevented from interacting with the
target receptor due to micelle formation [22]. G#venins bearing a variety of different
length ofN-alkyl glucosamine moieties were found to have sopeytotoxicity against
HL-60 than3. The dependence of alkyl chain substitutions datoyicity prompted us to
visualize their location using-24"-pentynoylamino) 2deoxy-glucosyl OA as a model

compound.

2. Results and discussion



2.1.Chemistry

Our synthesis of compound8-15 is depicted in Scheme 1. With compouwid hand,
removal of the 1-thiotoluene group using-bromosuccinimide (NBS) followed by
trichloroimidate formation using C&IN and DBU gave trichloroacetimidate glycosyl donor
7. Glycosylation of donoi7 with 28-Bn-OA 8)[20] in the presence of TMSOTTf afforded
compound9, which underwent hydrolysis in 4.0 N NaOH and aetg of different alcohols
to give the carbamate derivativé@-12. Deprotection of the benzyl group with hydrogen in

the presence of 10% Pd/C afforded the desired ptedG-15.

OAc OAc “
C
NHTroc TrocHN O “CCly
NHTroc
6 7 9

OH

d
C
HOA— 0 . :
o) O,
) 10: R = CH, ) 13: R = CHs
o 11: R = CH,CHs % 14; R = CH,CH3

12: R = (CH,),CH3 16: R = (CH)2CH3

Scheme 1Synthesis of saponins. (a) i. NBS, aceton€@H20(1, 54%; ii. CC§CN, DBU,
CH.Cly, r.t.; (b) 28-Bn-OA8), TMSOTf, 4 A MS, CHCly, 011, 74% for 3 steps; (c) Gi€l,,
10: MeOH, 11: EtOH andl2: n-propanol, 4.0 N NaO#, rt; (d) H, 10% Pd/C, MeOH, rt.
60% (3), 46% (L4) and 39% 15) for two steps.
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3,41-59

Group Compound R Group Compound R
acyl 21,3 fj)( acyl 31, 5C ;Wz
acyl 22,41 ;‘r acyl 32,51 ;’w“
acyl 23, 42 ,f\g«\é acyl 33,52 ;’we
acyl 24,43 ,f\g% alkoxycarbonyl 34,53 ;TOM;
acyl 25,44 ,fm alkoxycarbonyl 35,54 570(0%
acyl 26, 45 jﬁﬁ alkoxycarbonyl 36, 55 ;TOM;
acyl 27,46 ;ﬁ alkoxycarbonyl 37, 56 ;jfo%
acyl 28, 47 ,fm alkoxycarbonyl 38, 57 ;TOM;
acyl 29, 48 ;‘m alkoxycarbonyl 39, 58 fjfo<\/y8
acyl 30, 49 fmo carbamoyl 40, 59 feﬁofn %

Scheme 2Synthesis of saponin library. (a) i. NBS, acetbh®, -2011, 64%; ii. CC4CN,
DBU, CH,Cly, rt; (b) 28-Bn-OA 8), TMSOTf, 4 A MS, CHCI,, 0, 55% for 3 steps; (c)
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ethylenediamine, EtOH , 70-80, 72%; (d) H, 20% Pd/C, MeOH; (€21-26. (RCO)0,
pyridine, CHCI,, rt; (f) 27-33: RCOOH, EDC, HOBt, DMF, rt; (¢34-39: CDI, TEA, ROH,
rt; (h) 40: DPPA,n-nonanoic acid, TEA, toluene, 80-90 (i) Hz, 10% Pd/C, MeOH, rt.

Reductive removal of thB-Troc group of compouné using Zn/(RCO)O allowed the
one-pot conversion of the-Troc group into aM-acyl group, but generated a mixture of side
products, including those arising from trans-efitaion. Accordingly, theN-Troc group was
replaced with anN-phthaloyl group (Phth), which could be efficienthemoved using
ethylenediamine [23]. The thiol group of compoub@ was removed by NBS, and then
trichloroimidate formation with CGCN and DBU resulted in glycosyl dona#, which was
reacted with 28-Bn-OA8) in catalytic TMSOTTf to give compounti8 (Scheme 2). All the
glycoside protecting groups were removed using letiegdiamine at 70-801 to give
compoundl9. Hydrogenation of the benzyl ester groud®fwith 20% Pd/C under hydrogen
gave compoun@0. The amide derivative81-33were obtained by the reaction of compound
19 with various anhydrides in the presence of pyedior with various acids in the presence
of coupling reagents (1l-ethyl-3-(3-dimethylamingpyh-carbodiimide  (EDCI),
hydroxybenzotriazole (HOBt) and,N-diisopropylethylamine (DIPEA)) [24]. The carbamate
bearing derivatives were obtained by reacting campol9 with various alcohols,
1'-carbonyldiimidazole (CDI), and trietheylamine (TE# DCM.[25] Ureido derivativedO
was synthesized by a Curtius rearrangemeritOafising diphenylphosphoryl azide (DPPA),
n-nonanoic acid and TEA [26]. The final compoun8lsand 41-59 were obtained by
hydrogenation using hydrogen and 10% Pd/C in melhan

The 4-epimer derivative$6 and67), N-acetyl andN-heptanoyl galactosamine-bearing
OA saponins, were also synthesized (Scheme 3).dHgds of the anomeric acetate group of
compound60 followed by trichloroimidate formation with C&IN and DBU gave glycosyl
donor61. Glycosylation of dono61 and 28-Bn-OA®) in the presence of catalytic TMSOTf

afforded62 in a 46% yield over three steps. After treatmeith wthylenediamine in EtOH at
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70-80 (], compound63 was obtained, which was subjected to amide foomatising the
corresponding anhydrides to afford compouBds65. Hydrogenation 064 and 65 in the
presence of hydrogen and 10% Pd/C in methanolddth®6 and67, respectively. Overall,

twenty-five novel oleanolic saponins bearindN-acyl, N-alkoxycarbonyl, and

N-alkylcarbamoyl modification on’2leoxy-glucosyl were synthesized

63 I 64: R = CHs
65: R = (CH,)sCHa

o} 66: R = CHs
67:R= (CH2)5CH3

Scheme 3Synthesis of the saponin library. (a) i. ethyldineine, acetic acid, THF, 0, 61%;
ii. CCIsCN, DBU, CHCly, rt; (b) 28-Bn-OA, TMSOTf, 4 A MS, CkCly, 0 [, 46% for 2
steps; (c) ethylenediamine, EtOH,—80 (1, 85%; (d) i. (RCO)O, imidazole, CHCly, rt; ii.
NaOMe, MeOH,; (e) B 10% Pd/C, MeOH, rt.

2.2 Cytotoxic activity

The cytotoxic activities of the oleanolic acid saps 3, 13-15, 41-59, and66-67 were
evaluated against four human tumor cell lines (p@ocytic leukemia cells (HL-60),
prostate cancer cells (PC-3), colon adenocarcingtia9)) using the

methyl-thiazol-tetrazolium (MTT) reduction test fla 1) [27].
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Amongst the three cancer cell lines tested, thesgounds were more cytotoxic to
HL-60 than the other two. Some of the compoundsih@a@an amide moiety displayed
significant cytotoxicity against the HL-60 cell &rat concentrations below 1, such as
compound6 (ICso 1.68uM), 47 (ICso 1.46uM), 48 (ICso 1.40uM), and49 (ICse 1.57uM).
Likewise, some carbamate derivatives also exhilgtgdificant cytotoxicity at concentrations
of less than 1QM, such as compourteB (ICsp 2.23uM), 54 (ICs0 1.46uM), 55 (ICs0 1.44
uM), 56 (ICso 0.76 M), and58 (ICso 1.23uM). Derivatives bearing longer carbon chains
were more cytotoxic than compouBdip until the chain length reached eleven carbaitsy
which cytotoxicity significantly decreased; for exple, compoun&1 (2'-N-hexadecanoyl
moiety, 1Go >30uM), and52 (2-N-octadecanoyl moiety, Kz >30uM). For the carbamate
derivatives, the trend in cytotoxicity was simitarthat of the amide derivatives; overall, all
were more potent inhibitarSf the derivatives bearing carbon chains of theeskmgth, the
ureido derivatives9 had approximately the same activity {4@.14uM) as the amide4g,

ICs0 1.40uM) and carbamatesy, ICso 1.42uM). Comparing galactosamine compouiés
(ICs50 11.6uM) and67 (ICs 2.69uM) with glucosamine compoun@s(ICso 10.3uM) and45
(ICs0 2.85uM) showed that the activities were not significgrdifferent, suggesting the
C4-epimer of glucosamine moiety to be well toledate

Against prostate cancer cells PC-3, derivativeevi@und to less active to this cell lines,
only those bearing longer carbon chains were faarie more active; for example, in amide
derivatives4l, 46-47(1Csp 11.9-19.44M), and carbamate derivativé8, 55-58(ICsy 13.9—
16.1uM). Against colon adenocarcinoma HT29, increasivegdarbon length increased the
potency, such as amide derivativids 43, 46-47(1Cso 16.4—22.81M) and carbamate

derivatives53, 55-58(1C5¢ 18.1-22.QuM).



Table 1.In vitro cytotoxicity of OA and a series of newly synthesiz®@mpounds

Compound 1Go(uM)?®

HL-60 PC-3 HT29
OA >30 >30 >30
3 10.3+0.26 >30 >30
13 11.4£0.04 >30 >30
14 12.5+0.33 >30 >30
15 21.5+£0.06 >30 >30
20 2.65+0.01 25.0 £ 1.59 >30
41 6.83 £ 0.02 11.9+£0.21 16.4 +8.51
42 2.48 £ 0.01 >30 >30
43 10.6 £ 0.07 24.0 £ 0.07 21.7£1.22
44 5.82 +£0.20 >30 >30
45 2.85+0.01 >30 >30
46 1.68 £ 0.00 19.4 +2.22 21.9+0.76
47 1.46 £ 0.01 14.7 £ 1.84 22.8+1.82
48 1.40+0.01 >30 >30
49 1.57 £ 0.00 21.4 £ 0.67 >30
50 10.7 £ 0.01 >30 >30
51 >30 >30 >30
52 >30 >30 >30
53 2.23 £0.06 15.0+1.58 18.1+5.12
54 1.46 £ 0.01 >30 >30
55 1.44 + 0.05 13.9+1.15 21.4+2.63
56 0.76 £0.01 15.4 + 4.65 21.7 £6.09
57 1.42 £ 0.00 15.4 + 3.20 20.3 £5.09
58 1.23 £ 0.06 16.1+3.21 22.0+1.82
59 2.14 £0.03 >30 >30
66 11.6 £0.74 23.4 £ 0.57 23.3+257
67 2.69 £0.03 >30 >30
68 10.6 £ 0.06 >30 >30
71 9.13+0.04 22.4 £ 0.55 23.1+£1.30
Vincristine 1.8+0.19 >25° :
5-FU > 30 >30 8.3 +0.65

®Cso values from MTT assays after 48 h of treatmené Falue are mean * SD of at least
three independent experimerfignit is nM
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2.3 Determination of the location of the OA derivatives in the cell by fluorescent labeling

Our study showed that the cytotoxicity of the glkemine-bearing OA saponins tested
depended in part on the length of the carbon chaithe glucosamine nitrogen. However,
compound bearing a simple long-chain carbamateugatipn with the 3-hydroxyl group of
OA was not active (data not shown), indicating ghecosamine moiety to be essential. One
possible explanation for this is that the distnbatof small molecules bearing carbon chains
in cancer cells depends on the length of the carbdmin. For example,
3,6-bis(1-methyl-4-vinylpyridinium) carbazole diio@ (BMVC) derivatives bearing a linker
chain longer than nine carbons were found to actateun mitochondria, while those
bearing linker chain fewer than nine carbons loeimained in the nucleus [28]. Apparently,
the distribution of our OA derivatives is affectby the length of the carbon chains, but as
none of them incorporate a fluorophore, quantifarabf their uptake by individual organelles
is not possible. Further study of this effect waslertaken using compour@8 (synthesis of
68 is in the Supporting Information), the alkyne nigief which was expected to be
amenable to conjugation with a fluorogenic prob8)(using click chemistry to give the
highly fluorescent triazole-compouf® (Scheme 4) [29].

A cytotoxic assay o068 against HL-60 determined it to have ansdGf 10.6 puM,
suggesting its activity to be similar to that ofngmound43 (ICso = 10.6 uM). HL-60 cells
were treated with or without compoun@B, incubated for 1 day, fixed by alcohol,
permeabilized, and mixed with fluorogenic prob8)(and the click reagents (CugOBTA
and Na ascorbate, Scheme 4). Fluorescence images eetected using a confocal
microscope (Figure 2). Another way to introducelwrophore was conducted by using
azido-bearing OA71 which can be labelled with DBCO-488 in a coppeefigrocedure
(Scheme 4, synthesis afl is in the Supporting Information) to treat withllse For
comparison, samples were also stained with CediBfitBlue (cell membrane marker) and

RedDot™2 (nucleus marker). As shown in Figure 2 ¢lontrol group of cells (no OA
11



compound treatment) did not fluoresce. The flueascsignals corresponding %0 were
found evenly distributed in the HL-60 cells (greelmannel), while fluorescent signals of
compound/2 were found mainly in the cytosol of the HL-60 sellThese results implied that
alkynyl 68 and azido71 were not solely located in the cell membrane, althey had subtle
difference in the cell distributions. Since somenafure saponins were previously reported to
cause hemolysis by interacting with sterols of legtyte membrane [30, 31], this effect
caused concerns in the further development of sapoas pharmacological agents.
Distribution of OA compounds in the intact cellgygasted that their cytotoxic effects were
from the interactions of compounds with the mitaoth@on or other organelles, but not cell

membrane.

OH
0
ﬂ_?o/éﬁ/o .
HN
=

(0]

68

OH

%é&o

HN
TN,

o

DBCO-488

7

Scheme 4 Synthesis of fluorogenic probe [BBTA, CuSQ, Na ascorbate, rt, 6 h.
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RedDot™2 CellBrite™ Blue
(nucleus) (Cell membrane)

Green channel Merge

68

71

Control

Figure 2. Click reaction to locate cellular uptake of (Ajttwcompound8 in the presence of
fluorogenic prob&9, TBTA and Cd, (B) Compound’1in the presence of fluorogenic probe,
DBCO-488. The confocal images of HL-60 cell fluaesce Green: [3 + 2] cycloaddition of
the compoundé8 and71; Blue: CellBrite™ Blue (Cell membrane); Red: RedD@

(nucleus).

2.4 Effect on mitochondria

Since mitochondria are involved in wide variety a#llular responses and functions,
including energy production, they are implicateccell growth, survival, differentiation and
apoptosis [32, 33]. Recently, saponins such ases@side F [34], triphenylphosphonium
cation-containing betulin, and betulinic acid datives [35] were reported to cause the death
of cancer cells by mitochondria-stress. As we haliserved the apoptosis of these OA
compounds to HL-60 cells, we then examined thdacefon mitochondria using compound

45 as a represented compound. After compodihdreatment, HL-60 cells were stained by
13



JC-1 to determine th&yr, (Mitochondria membrane potentiaf)the mitochondrial membrane,

and analyzed by flow cytometry. As shown in FigBre&eompoundt5 induced mitochondrial

membrane depolarization with significant incread@-1 monomer (green color) in a dose

dependent manner, indicating that compodfdaused mitochondria damage.

The above mentioned locations of compounds andchutadrial membrane stability

study suggested that glucosamine bearing OA congsowith appropriate proper length of

carbon chain conjugation might target mitochondna cause cancer cell apoptosis. Further

mechanistic studies of these OA compounds are aggaithis laboratories, and results will

be reported in due course.

Control 1.875 ym 375 um 75um 15 um 30 um
T T L7 » ¥ : I ;’ I L T /
p /
> P > v T e 10 10 > o 0 w & 1
FL1-H FL1-H FL1-H FL1-H FL1 FL1-H

__ 120
2 . JC-1
@
o 100 -
s
—
c
S 80
o
(-8
o
[ —
S 60
Q
€
o
E 40
S
s
[
2 20 -
o
S
s

o .

0.00 1.88 3.75 7.50 15.00 30.00

Concentration (uM)

Figure 3. Effect of compound omyn, and related protein expressiadlL-60 cells were

incubated in the absence or dose-dependent coatientof compoundt5 for the indicated
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times. Cells were incubated with JC-1 for the d#tecof AWm using FACScan flow

cytometric analysis and mitochondria membrane piateoss (%).

3. Conclusion

In summary, a practical, concise and versatilelsgis ofN-modified derivatives of
2'-amino-2-deoxysugar-bearing oleanolic saponins has beesl@jed and used to
synthesize twenty-five novel derivativets3¢15, 20, 41-59, 66-¢,/the cytotoxicity of which
was evaluated in an MTT assay. Of the twenty-fiweah compounds synthesized, certain
amide and carbamate-based derivativds42 44-49and53-59 exhibited more potent
growth inhibition than compoung(2’-N-acetyl-2-deoxy-glucosyl OA), the first time the
cytotoxicity of 3 has been surpassed.

Amide, carbamate, and urea derivatives of the sari®n chain length exhibited
near-identical cytotoxicity against HL-60 cellscitaasing the carbon chain length increased
the cytotoxicity of the derivative up until the ehaeached eleven carbons in length for amide
derivatives; and nine carbons in length for théaarate derivatives. The different activities
of these compounds may reflect their differentpipiticities, which may affect their uptake
by cancer cells. Carbamate derivathéx2'-N-heptoxycarbonyl moiety) was found to be the
most cytotoxic (IGy = 0.76uM). The cytotoxicities of compoundS and67 bearing a
galactosamine moiety were almost equal to thatuwgpsamine compounds with the same
carbon length modification, suggesting that thefigomation of the C-4 in the sugar moiety
does not significantly influence cytotoxicity. TleeSAR relationships should help inform the
future development of anti-cancer drugs.

Preliminary studies into the mechanism of cytotiyionparted by the synthesized
compounds were also undertaken. Images obtained@tular uptake assay clearly show
that compoundé8 and71 enter the cells and locate mainly the cytosoleElitocation

measurement of OA derivatives using fluorogenidprallowed us to detect the distribution
15



of compounds in the intact cells. A mitochondriambrane potential assay found that
compound45 induced mitochondria damage and this result cdettion compound
distribution on cytosol from cell image. These fimgs suggest that the apoptosis caused by
the compounds synthesized proceeds via perturbatithre mitochondria; more detailed

mechanistic studies, antiproliferative and apoptptithway analyses are ongoing.

4. Experimental
4.1 Chemistry part
All reagents and solvents were of reagent gradeuaed without further purification,

unless otherwise stated. Reaction progress wastonediby analytical TLC on 0.25 mm E.
Merck silica gel 60 k54 stained withp-anisaldehyde, ninhydrin, and cerium ammonium
molybdate, and visualized by heatilgl and*°*C NMR spectra were recorded on either a
Bruker AV-400 or AVIII-600-Cry spectrometer. Chericshifts are referenced to residual
solvent peaks (CD@I'H & = 7.24,*C 5 = 77.0; CROD: *H & = 3.30,°C § = 49.0). Splitting
patterns are reported as s (singlet), d (douklétjiplet), g (quartet), dd (double of doublets),
m (multiplet). Coupling constantd)(are given in Hertz. The purities of all of theloigically
tested compounds were confirmed to be higher ti#6 Asing an analytical HPLC with a
dual pump Shimadzu LC-20AT system. Mass spectr& werorded on a Bruker bioTOF III.
Melting points were measured on a FARGO meltingnp@pparatus MP-1D (Mandarin
Scientific Co., Ltd.).
4.1.1. p-Methylphenyl 3,4,6-tr©-acetyl-2-deoxy-1-thio-2-(2',2'-trichloroethyloxycarbonyl
amino)#-p-glucopyranosideq)

Trichloroethoxycarbonyl chloride (38.4 mL, 279.0 wiilnwas added dropwise to a
solution ofp-glucosamine hydrochloride (50 g, 231.9 mmol) araHRG; (58.6 g, 698 mmol)
in water (500 mL), at 01, with stirring. The mixture was stirred at roonmigerature for 4 h,

then filtered and washed with CHGb give a white solid (82.3 g, 232.1 mmol), whieghs
16



dissolved in pyridine (400 mL). The solution wa®leal to 07; then, DMAP and AgO were
added, with stirring. The cooling bath was removaag the mixture stirred for 5 h. The
mixture was concentrateoh vacuo; dissolved in CHCl,, and washed with 1.0 N HCI,
NaHCGQ; solution, and brine. The organic layer was codldctiried with NgSOy, filtered, and
concentratedn vacuo to give a white syrup (120 g). The white syrupQ 12 230 mmol) and
p-toluenethiol (57 g, 459 mmol) were dissolved ig @H,Cl, (800 mL), and cooled to .
BF;[1OEL (58.4 mL, 461 mmol) was added dropwise, the idd bemoved, and the mixture
stirred for 8h. The mixture was washed with NaH@Olution and brine. The organic layer
was separated, dried with }0, and concentrateoh vacuo. The residue was recrystallized
from methanol to affor@ (80 g, 59% over 3 steps) as a white solld;NMR (400 MHz,
CDCl;) § 7.39 (d,J = 8.0 Hz, 2H, Ar-H), 7.09 (d] = 8.0 Hz, 2H, Ar-H), 5.31 (d] = 9.1 Hz,
1H, H-1), 5.25 (tJ = 9.8 Hz, 1H, H-3), 4.98 (] = 9.8 Hz, 1H, H-4), 4.80-4.74 (m, 2H,
Troc-CH,, H-2), 4.70 (dJ = 12.0, 1H, Troc-Ch), 4.20 (ddJ = 12.2, 5.1 Hz, 1H, H-6a), 4.14
(dd,J = 12.2, 2.2 Hz, 1H, H-6b), 3.72-3.57 (m, 2H, H\6H), 2.32 (s, 3H, STol-C), 2.06
(s, 3H, Ac-CH), 1.97 ppm (s, 6H, Ac-C#i °C NMR (100 MHz, CDGJ) 5 170.6, 169.4,
153.8, 138.7, 133.6, 129.7, 95.4 (Troc-@CI86.7 (C-1), 75.7 (C-5), 74.5 (C-3), 73.2
(Troc-CHp), 68.5 (C-4), 62.3 (C-6), 55.0 (C-2), 21.2 (ST, 20.7 (Ac-CH), 20.6
(Ac-CH3), 20.6 ppm (Ac-CH); HRMS (ESI) calcd. for &H2ClsNOoS+Na [M+Naf:

608.0286, found: 608.0300.

4.1.2.
28-0O-benzyt3-0O-[3',4',6-tri-O-acetyl-2-deoxy-2-(2",2",2"-trichloroethyloxycarbonylamino)
-f-D-glucopyranosyl]oleanolic ested)(

Compound6 (7.63 g, 13 mmol) was dissolved in a mixture cétane/HO = 10/1 (165
mL) and cooled to -20]. NBS (11.57 g, 65 mmol) was added slowly and tlirgure stirred

at -2071 for 2 h. The cooling bath was removed and the unextiluted with NaS,03 solution
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and NaHCQ solution and the acetone removedvacuo. The residue was diluted with
CH,CI,, washed with water, and concentratedacuo to give an off-white solid, which was
purified by flash column chromatography to give litey solid (3.4 g, 7.1 mmol, 54 %). DBU
(31.08pL, 0.208 mmol) was added to a solution of this wlsiolid (500 mg, 1.04 mmol) and
trichloroacetonitrile (312.9L, 3.12 mmol) in CHCI, (5 mL). The mixture was stirred at
room temperature for 2 h, then concentrated/acuo, and the residue purified by flash
column chromatography (silica gel; EtOAc/hexane/TEA:1:0.1) to give trichloroimidate
intermediate7. A mixture of trichloroimidate intermediaté (650 mg, 1.04 mmol), benzyl
oleanolate (682 mg, 1.25 mmol), and 4 A MS in dH,Cl, (13 mL) was stirred at O for 30
minutes. TMSOTTf (9.4iL, 0.052 mmol) was added and the mixture was stifoe another 30
minutes at 0. The reaction was quenched by the addition of TEArop); then the mixture
was filtered, concentratad vacuo, and purified by flash column chromatography ¢silgel,
EtOAc/hexane/toluene = 1/4/2) to give compodcas a white solid (780 mg, 74 %M
NMR (400 MHz, CDC}) & 7.33-7.27 (m, 5H, Ar-H), 5.29-5.17 (m, 3H, H-1,3H-H-12),
5.09-4.96 (m, 3H, HX4COCHPh), 4.70 (dJ = 12.0 Hz, 1H, Troc-C}J, 4.64-4.58 (m, 2H,
H-2', Troc-CH), 4.23 (dd,J = 12.0, 5.4 Hz, 1H, H-8g 4.08 (d,J = 12.0 Hz, 1H, H-6b,
3.70-3.60 (m, 2H, H‘5N-H), 3.08 (ddJ = 11.4, 4.3 Hz, 1H, H-3), 2.87 (d~= 10.1 Hz, 1H,
H-18), 2.05 (s, 3H, Ac-CH), 2.00 (s, 6H, Ac-Ch), 1.96 — 1.90 (m, 1H), 1.84-1.77 (m, 2H),
1.68 — 1.60 (m ,5H), 1.58-1.54 (m, 2H), 1.52 — 1(#9 1H), 1.48-1.42 (m, 2H), 1.39-1.33
(m, 2H), 1.32-1.26 (m, 2H), 1.25-1.20 (m, 2H), 194 (m, 2H),1.08 (s, 3H), 1.0 —0.97
(m,1H), 0.89 (s, 6H), 0.87 (s, 3H), 0.85 (s, 3H)40(s, 3H), 0.56 ppm (s, 3H)*C NMR
(100 MHz, CDC4§) & 177.42 (CGCH,Ph), 170.7 (Ac-C=0), 169.5 (Ac-C=0), 153.9
(Troc-C=0), 143.7 (C-13), 136.4 (Ar-C), 128.4 (A):(128.0 (Ar-C), 127.9 (Ar-C), 122.4
(C-12), 103.1 (C-2, 95.2 (Troc-CGJ), 90.8 (C-3), 74.7 (C4{ 71.9 (C-3, 71.5 (Troc-CH)),
68.9 (C-4), 65.9 (CQCH,Ph), 62.4 (C-8, 56.8 (C-2), 55.5, 47.6, 46.7, 45.9, 41.6, 41.3, 39.3,

38.9, 38.4, 36.7, 33.8, 33.1, 32.7, 32.3, 30.7M,28(.6, 26.3, 25.8, 25.7, 23.6, 23.4, 23.0, 20.8,
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20.6, 18.2, 16.83, 16.42, 15.2 ppm; HRMS (ESI) dtafor Gs;H7,ClsNO;+Na [M+Na]':

1030.4012, found: 1030.4051.

4.1.3. General procedure A for the synthesis of carbanigtek5

Compound9 was dissolved in an alcohol (3 mL, MeOH fb® or EtOH for 11 or
n-propanol/ CHCI, = 1/2 for12) and the solution diluted with 4.0 N NaOH (0.5 ndnd
stirred for 5 h. The mixture was concentratadvacuo, dissolved in CkCl,, washed with
NH4CI solution and brine, and purified by flash coluncshromatography (silica gel;
CH,CI,/MeOH = 20:1) to give deacylated produd-12. This was dissolved in MeOH and
Pd/C (10%) was added. The mixture was stirred uhidgyat room temperature for 8h. The
residue was filtered, concentratadvacuo, and purified by flash column chromatography

(silica gel; CHCI/MeOH = 14/1) to give final producfis3-15.

4.1.4. 3-O-(2'-N-methoxycarbonyl-2deoxy#-b-glucopyranosyl)oleanolic acid )

According to the general procedure A, compodBd20 mg, 60%) was obtained from
compound9 (50 mg, 49.5umol) as a white solid; m.p. 250; *H NMR (600 MHz,
CDsOD/CDCk = 4/1)6 5.23 (t,J = 3.5 Hz, 1H, H-12), 4.41 (&, = 7.9 Hz, 1H, H-), 3.82
(dd,J = 11.9, 2.7 Hz, 1H, H-6p 3.71 (ddJ = 11.9, 5.0 Hz, 1H, H-8) 3.61 (s, 3H, CECHs),
3.46 —3.33 (m, 3H, H:2H-3, H-4), 3.23 (dddJ = 9.3, 5.0, 2.7 Hz, 1H, H% 3.09 (ddJ =
11.7, 4.4 Hz, 1H, H-3), 2.81 (dd,= 13.9, 3.9 Hz, 1H, H-18), 1.99-1.92 (m, 1H), +-.8B2
(m, 3H), 1.75-1.62 (m, 4H), 1.60-1.55 (m, 2H), +548 (m, 3H), 1.46-1.40 (m, 1H), 1.38—
1.31 (m, 2H), 1.29-1.23 (m, 3H), 1.20-1.15 (m, 1HL4-1.12 (m, 1H), 1.12 (s, 3H), 1.07—
1.02 (m, 1H), 0.92 (s, 3H), 0.91 (s, 3H), 0.893(d), 0.88 (s, 3H), 0.77 (s, 3H), 0.74 ppm (s,
3H); **C NMR (150 MHz, CROD /CDCk = 4/1) & 181.5 (COOH), 158.8 (NC=0), 144.5
(C-13), 123.0 (C-12), 104.6 (C)190.9 (C-3), 76.5 (CH 74.9 (C-3), 71.5 (C-4), 62.4

(C-6), 58.8 (C-2), 52.3 (CQCH), 48.3, 47.1, 46.6, 42.3, 42.0, 39.9, 39.4, 39713, 34.5,
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33.4, 33.2, 31.2, 30.2, 28.3, 28.1, 26.33, 26.28),23.9, 23.6, 23.5, 18.8, 17.3, 16.7, 15.7
ppm; HRMS (ESI) calcd. for £gHe:NOg+Na [M+Na]: 698.4239, found: 698.4253; HPLC
purity 95.7% (& 10.5 min, Mightysil, RP-18, 250 x 4.6 mm,ufn, HLO/ACN = 40/60, 1

mL/min, 30 min).

4.1.5. 3-O-(2'-N-ethoxycarbonyl-2deoxy#-p-glucopyranosyl)oleanolic acid.4)

According to general procedure A, compouidl (15 mg, 46%) was obtained from
compoundd (48 mg, 47.5umol) as a white solid; m.p. 245; *H NMR (600 MHz, CROD
ICDCl; = 4/1)8 5.23 (t,J = 3.5 Hz, 1H, H-12), 4.40 (d,= 8.1 Hz, 1H, H-1, 4.11-4.00 (m,
2H, H-17), 3.83 (dd,J = 11.9, 2.5 Hz, 1H, H-8g 3.69 (dd,J = 11.9, 5.2 Hz, 1H, H-8)
3.44-3.39 (m, 1H, H-‘B 3.38-3.33 (m, 2H, H:2H-4), 3.23 (dddJ = 9.3, 5.2, 2.5 Hz, 1H,
H-5'), 3.10 (ddJ = 11.7, 4.3 Hz, 1H, H-3), 2.82 (dd= 13.8, 4.0 Hz, 1H, H-18), 2.00-1.93
(m, 1H), 1.92-1.85 (m, 3H), 1.77-1.69 (m, 2H), £B81 (m, 2H), 1.61-1.55 (m, 2H), 1.55—
1.49 (m, 3H), 1.48-1.43 (m, 1H), 1.41-1.35 (m, 2HR4—1.32 (m, 1H), 1.30-1.27 (m, 3H),
1.21 (t,J = 7.1 Hz, 3H, H-2), 1.19-1.16 (m, 1H), 1.13 (s, 3H), 1.07-1.03 (i),10.95(s,
3H), 0.92 (s, 3H), 0.91 (s, 3H), 0.89 (s, 3H), 0(F93H), 0.76 ppm (s, 3H}*C NMR (150
MHz, CD;OD /CDCE = 4/1)$ 181.7 (COOH), 158.7 (NC=0), 144.8 (C-13), 123.31(D),
105.0 (C-1), 91.0 (C-3), 76.9 (C*p 75.3 (C-3), 71.8 (C-9, 62.6 (C-6), 61.4 (C-1), 58.9
(C-2), 46.9, 42.6, 42.3, 40.2, 39.8, 39.65, 39.4, 33467, 33.7, 33.51, 33.47, 31.4, 30.4, 28.5,
28.4, 26.6, 26.4, 24.2, 23.9, 23.8, 19.0, 17.59,1%5.8, 15.0, 14.4 ppm; HRMS (ESI) calcd.
for CagHeaNOg+Na [M+Na]: 712.4395, found: 712.4417; HPLC purity 96.2% (@t2.8 min,

Mightysil, RP-18, 250 x 4.6 mm,&m, H,O/ACN = 40/60, 1 mL/min, 30 min).

4.1.6. 3-O-(2'-N-propoxycarbonyl-2deoxy#-p-glucopyranosyl)oleanolic acid H)
According to general procedure A, compoulfl (15 mg, 39 %) was obtained from

compoundd (55 mg, 54.5:mol) as a white solid; m.p. 226; *H NMR (600 MHz, CROD
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ICDCl; = 4/1)8 5.23 (t,J = 3.5 Hz, 1H, H-12), 4.41 (d,= 8.1 Hz, 1H, H-1, 4.00-3.88 (m,
2H, H-17), 3.82 (dd,J = 11.9, 2.7 Hz, 1H, H-8g 3.71 (dd,J = 11.9, 4.9 Hz, 1H, H-8)
3.45-3.33 (m, 3H, H:2H-3, H-4), 3.23 (dddJ = 9.3, 4.9, 2.7 Hz, 1H, H% 3.09 (ddJ =
11.7, 4.4 Hz, 1H, H-3), 2.81 (dd,= 13.9, 3.9 Hz, 1H, H-18), 1.98-1.92 (m, 1H), +-883
(m, 3H), 1.75-1.68 (m, 2H), 1.67-1.63 (m, 1H), £B35 (m, 5H), 1.54-1.48 (m, 3H), 1.46—
1.41 (m, 1H), 1.40-1.30 (m, 3H), 1.29-1.25 (m, 2HL9-1.13 (m, 2H), 1.12 (s, 3H), 1.07-
1.02 (m, 1H), 0.93 (s, 3H), 0.93-0.91 (m, 3H), A®13H), 0.89 (s, 3H), 0.88 (s, 3H), 0.77 (s,
3H), 0.75 ppm (s, 3H)*C NMR (150 MHz, CROD /CDC} = 4/1)§ 181.5 (COOH), 158.4
(NC=0), 144.5 (C-13), 122.9 (C-12), 104.7 (§-D0.8 (C-3), 76.4 (C} 75.0 (C-3), 71.5
(C-4), 67.1 (C-1), 62.4 (C-6), 58.6 (C-2), 48.3, 46.6, 42.3, 42.0, 39.9, 39.4, 39.1, 33435,
33.4, 33.2, 31.2, 30.2, 29.9, 28.3, 26.34, 26.4/),23.9, 23.6, 23.2, 22.9, 18.8, 17.3, 16.8,
15.7, 14.3, 10.6 ppm; HRMS (ESI) calcd. fosodssNOg+Na [M+Na]: 726.4552, found:
726.4575; HPLC purity 96.4% gt 16.0 min, Mightysil, RP-18, 250 x 4.6 mm, \Bn,

H>O/ACN = 40/60, 1 mL/min, 30 min).

4.1.7. p-Methylphenyl 3,4,6-tri©-acetyl-2-deoxy-2-phthalimido-1-thié-b-glucopyranoside
(16)

Phthalic anhydride (6.88 g, 46.4 mmol) was added atostirring solution of
D-glucosamine hydrochloride (10g, 46.4 mmol) and B&h (7.8 g, 92.8 mmol) in
H,Ol/acetone = 1/1 (200 mL) at room temperature. mheure was stirred for 4h, and then
the mixture was concentrated under reduced pressuggre a light yellow solid. The solid
was suspended in pyridine (200 mL), ,8c(20g, 196 mmol) and DMAP (114 mg, 0.92
mmol), and stirred 8 h. The mixture was concentratesacuo, diluted with CHClI,, washed
with 1.0 N HCI, NaHCQ solution, and brine. The organic layers were ctdé, filtered and
concentrated to get light yellow syrup. The syrod prtoluenethiol (11.5 g, 92.8 mmol) were

dissolved in CHCI, (350 mL), and BE- OEt (13.15 g, 92.8 mmol) was added dropwise at
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0°C. The mixture was stirred at room temperaturefbh. The mixture was then washed with
NaHCG; solution and brine. The organic layer was sepdratgied with MgSQ@ and
concentratedn vacuo. The residue was recrystallized from ethanol fordfcompoundlL6 as

a white solid (13.2 g, 53 % for three steg$);NMR (400 MHz, CDC}) & 7.84 (dd,J = 5.1,
3.1 Hz, 2H, Ar-H), 7.73 (dd] = 5.1, 3.1 Hz, 2H, Ar-H), 7.27 (d,= 7.9 Hz, 2H, Ar-H), 7.05
(d,J = 7.9 Hz, 2H, Ar-H), 5.75 (t] = 9.7 Hz, 1H, H-3), 5.62 (d,= 10.5 Hz, 1H, H-1), 5.09 (t,
J=9.7 Hz, 1H, H-4), 4.33-4.22 (m, 2H, H-2, H-64)17 (d,J = 12.2 Hz, 1H, H-6b), 3.85 (dd,
J = 10.1, 2.5 Hz, 1H, H-5), 2.30 (s, 3H, STol-g§H2.08 (s, 3H, Ac-Ch), 1.99 (s, 3H,
Ac-CHs), 1.81 ppm (s, 3H, Ac-C#); *C NMR (100 MHz, CDCJ) § 170.6, 170.1, 169.4,
138.7, 134.4, 133.9, 129.6, 126.9, 123.7, 83.1)(C*.8 (C-5), 71.6 (C-3), 68.7 (C-4), 62.2
(C-6), 53.6 (C-2), 21.1 (STol-Gj 20.7 (Ac-CH), 20.6 (Ac-CH), 20.4 ppm (Ac-Ch);

HRMS (ESI) calcd. for gH,;NOgS+Na [M+Na]: 564.1299, found: 564.1324.

4.1.8. 280-benzyl 30O-[3',4,6'-tri-O-acetyl-2-deoxy-2-phthalimidog-b-glucopyranosyl]
oleanolic esterl(8)

NBS (5.6 g, 31.5 mmol) was added slowly to a sotlutbf compound.6 (4.09 g, 7.55
mmol) in acetone/kD = 10/1 (100 mL) at -201. After 2 h, the mixture was diluted with
N&aS,03 solution, NaHC@solution, then concentrated vacuo. The residue was diluted with
CH.Cl,, washed with water, concentratedvacuo, and purified by column chromatography
(silicagel; hexane/EtOAc = 1.5/1) to give anomer-@itermediate as a white solid (2.1 g,
4.82 mmol, 64 %). DBU (12.9.L, 0.086 mmol), was added into a solution of this
intermediate (200 mg, 0.459 mmol) and trichloroacgtile (260uL, 2.59 mmol) in CHCI,

(4 mL), and the mixture was stirred under room terafure for 2 h. The mixture was
concentrated in vauco, then subjected to column chromatography (silical; g
EtOAc/hexane/TEA = 1: 1: 0.1) to give trichloroiraté 17 as an oil. A mixture of

trichloroimidate intermediatd&7 (200 mg, 0.345 mmol), benzyl oleanolate (200 m§66
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mmol), and 4 A MS in dry CkCl, (3 mL) was stirred at 0 for 30 minutes. TMSOTf (4.3
uL, 0.024 mmol) was then added, stirred for 30 mesut 0 1, and then TEA (1 drop) was
added. The mixture was filtered, concentrated vacuo, and purified by column
chromatography (silica gel; EtOAc/hexane/toluerig442) to give compouni8 (250 mg, 75
%); *H NMR (400 MHz, CDC}) § 7.82 (ddJ = 5.4, 3.1 Hz, 2H, Ar-H), 7.70 (dd,= 5.4, 3.1
Hz, 2H, Ar-H), 7.31-7.26 (m, 5H, Ar-H), 5.80 (d#i= 10.6, 9.2 Hz, 1H, HB 5.34 (d,J =

8.4 Hz, 1H, H-1), 5.24 (s, 1H, H-12), 5.10 (dd,= 10.0, 9.2 Hz, 1H, H3 5.02 (g,J = 12.6
Hz, 2H, CQCH,Ph), 4.36—4.26 (m, 2H, H52H-64), 4.14—4.09 (m, 1H, H-8) 3.89-3.81 (m,
1H, H-5), 3.02 (dd,J = 11.6, 4.4 Hz, 1H, H-3), 2.86 (d,= 9.8 Hz, 1H, H-18), 2.07 (s, 3H,
Ac-CHs), 2.01 (s, 3H, Ac-Ch), 1.84 (s, 3H, Ac-Ch), 1.97-1.88 (m, 1H), 1.81— 1.75 (m, 2H),
1.68-1.65 (m, 1H), 1.64-1.58 (m, 4H), 1.57—1.484#), 1.43-1.37 (m, 1H), 1.33-1.28 (m,
1H), 1.26-1.21 (m, 3H), 1.18-1.15 (1H), 1.13-187 §H), 1.04 (s, 3H), 0.97 —0.92 (m, 1H),
0.88 (s, 3H), 0.86 (s, 3H), 0.79 (s, 3H), 0.553(8), 0.51 (s, 3H), 0.38 ppm (s, 3HJC NMR
(100 MHz, CDC}) & 177.4(COCHPh), 170.7 170.23, 169.5, 143.6 (C-13), 136.4, 334.
128.4, 127.9, 127.9, 123.5 (C-12), 99.9 (§-90.7 (C-3), 71.5 (C% 70.7 (C-3'), 69.3
(C-4), 65.9 (COCHPh), 62.4 (C-8, 55.1 (C-2), 54.8, 47.5, 46.7, 45.8, 41.6, 41.3, 39.2, 38.3,
38.2, 36.6, 33.8, 33.1, 32.6, 32.3, 30.7, 27.%4,225.8, 23.6, 23.34, 22.98, 20.77, 20.6, 20.5,
18.0, 16.8, 16.3, 15.2 ppm; HRMS (ESI) calcd. fepHGaNO+Na [M+Na]: 986.5025,

found: 986.5039.

4.1.9. 3-O-(2'-amino-2-deoxy#-b-glucopyranosyl)oleanolic aci@Q)

Starting materiall8 (100 mg, 0.104 mmol) was dissolved in ethanol/etgdiamine =
2/1 (3 mL) and the mixture was stirred at 80for 6 h. The mixture was concentratid
vacuo and toluene was added twice to azeotropically k&rethanol and ethylenediamine.
The residue was purified by column chromatograpsilica gel; CHCIl,/MeOH/TEA =

9/1/0.1) to afford amine containing intermedid® (69 mg, 93%). Intermediat&d (15 mg,
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0.021 mmol) was dissolved in MeOH and 20% Pd/C a@dded. The mixture was stirred
under H (balloon) at room temperature for 8h. The residues filtered, concentrateih
vacuo, and purified by column chromatography (silica ;g€H,Cl,/MeOH = 12/1) to
compound20 (10 mg, 77%) as a white solid. m.p. 234-237 *H NMR (600 MHz,
CDs;OD/CDCk = 4/1)5 5.24 (t,J = 3.2, 1H, H-12), 4.33 (d} = 7.9 Hz, 1H, H-1), 3.84 (dd,

= 12.0, 2.4 Hz, 1H, H-8p 3.69 (dd,J = 12.0, 5.2 Hz, 1H, H-8) 3.32 (t,J = 8.8 Hz, 1H,
H-4), 3.29 (t,J = 8.8 Hz, 1H, H-3, 3.24-3.28 (m, 1H, H% 3.22 (ddJ =11.7, 4.3 Hz, 1H,
H-3), 2.84 (dd,) = 13.6, 3.5 Hz, 1H, H-18 ), 2.68 {t= 8.9 Hz, 1H, H-2, 2.05-1.96 (m, 1H),
1.96-1.93 (m, 1H), 1.93-1.91 (m, 1H), 1.91-1.832H), 1.81-1.77 (m, 1H), 1.75-1.70 (m,
1H), 1.70-1.63 (m, 2H), 1.63—1.58 (m, 2H), 1.5831(1%, 3H), 1.53-1.45 (m, 2H), 1.45-1.34
(m, 3H), 1.34-1.24 (m, 3H), 1.21-1.16 (m, 1H), 1(443H), 1.12-1.09 (m, 1H), 1.09-1.04
(m, 1H), 1.03 (s, 3H), 1.01-0.95 (m, 2H), 0.943H), 0.93 (s, 3H), 0.90 (s, 3H), 0.89-0.86
(m, 1H), 0.84 (s, 3H), 0.81 (s, 3H), 0.80-0.77 pgm, 1H); *C NMR(150MHz,
CD;OD/CDCk = 4/1)$ 182.1 (COOH), 145.1 (C-13), 123.2 (C-12), 105.71(C 90.2 (C-3),
77.6 (C-5), 76.9 (C-3), 71.6 (C-4), 62.6 (C-6), 58.7 (C-2), 56.6, 47.5, 47.1, 42.7, 42.5, 40.3,
39.8, 39.5, 37.7, 34.8, 33.8, 33.6, 33.5, 31.9,28.7, 26.7, 26.4, 24.3, 24.0, 19.1, 17.6, 17.1,
15.9 ppm; HRMS (ESI TOF-MS) [M +H]calcd. for GeHsoNO;": 618.4364; found:

618.4380.

4.1.10. General procedures B for amide bond coupling apdadection to affordt1-45
Compound19 (22 mg) was diluted with C}&l, (3 mL); then, pyridine (0.5 mL), and
anhydrides (0.1 mL) were added. The reaction wiasdtfor 2 h to a mixture of partially
acetylated products. The mixture was concentrakesh, dissolved in C}Cl,/MeOH = 1/1 (4
mL), diluted with 4.0 N NaOH (ag) (0.1 mL), andrstd for 6 h. The mixture was
concentratedn vacuo, dissolved in CHCl,, washed with NECI and brine, concentratad

vacuo, and purified by flash column chromatography ¢silgel; CHCI,/MeOH = 18/1) to get
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deacylated product®2-26. Then, the deacylated products were dissolved @®M and 10%
Pd/C was added. The mixture was stirred undeatHoom temperature for 8h. The residue
was filtered, concentratad vacuo, and purified by flash column chromatography ¢silgel,

CHzC|2/|V|eOH = 14/1).

4.1.11. 3-O-(2'-propanoylamino-2deoxy#-b-glucopyranosyl)oleanolic acid 1)

Compound4l (50 mg, 60%), as a white solid, was prepared aocgrto the general
procedure B for amide bond coupling usibg (88 mg, 0.124 mmol), propinoic anhydride
(0.1 mL), pyridine (0.5 mL) and purified by columohromatography (silica gel;
CH.Cly/MeOH = 15/1) to give compourieR, which was further deprotected using 10% Pd/C
(6 mg) and purified by column chromatography (ailgel; CHCIl,/MeOH = 15/1). m.p. 217
7; 'H NMR (600 MHz, CROD /CDC} = 4/1)§ 5.23 (t,d = 3.5 Hz, 1H, H-12), 4.46 (d,=
8.3 Hz, 1H, H-1, 3.83 (dd,J = 11.9, 2.6 Hz, 1H, H-6p 3.71 (dd,J = 11.9, 5.0 Hz, 1H,
H-6b), 3.65 (ddJ = 10.3, 8.3 Hz, 1H, H, 3.46 (ddJ = 10.3, 9.0 Hz, 1H, H- 3.36 (tJ =
9.0 Hz, 1H, H-9, 3.24 (dddJ = 9.0, 5.0, 2.6 Hz, 1H, H%% 3.08 (ddJ = 11.7, 4.4 Hz, 1H,
H-3), 2.81 (ddJ = 13.7, 4.2 Hz, 1H, H-18), 2.23-2.17 (m, 2H, B;2.00-1.92 (m, 1H),
1.89-1.83 (m, 3H), 1.76-1.69 (m, 2H), 1.67—1.602k), 1.60-1.56 (m, 2H), 1.54—-1.50 (m,
2H), 1.49-1.46 (m, 1H), 1.45-1.41 (m, 2H), 1.3741(1®, 2H), 1.31-1.29 (m, 2H), 1.20-1.16
(m, 2H), 1.14-1.09 (m, 6H), 1.07-1.02 (m, 2H), 0(833H), 0.91 (s, 3H), 0.90 (s, 3H), 0.88
(s, 3H), 0.77 (s, 3H), 0.74 ppm (s, 3H5C NMR (150MHz, CROD/CDCk = 4/1) 5 181.6
(COOH), 176.6 (NC=0), 144.6 (C-13), 123.1 (C-12)4B (C-1), 90.6 (C-3), 76.6 (C5
75.3 (C-3), 71.7 (C-4), 62.4 (C-6), 57.1 (C-2), 47.1, 46.7, 42.4, 42.1, 40.0, 39.6, 39.2, 37.4,
34.5, 33.5, 33.3, 32.6, 31.1, 30.1, 29.6, 28.%4,2%.3, 24.1, 23.9, 23.7, 23.3, 18.9, 17.4, 16.8,
15.7, 14.4, 11.3 ppm; HRMS (ESI) calcd. fosgdssNOg+Na [M+Na]: 696.4446, found:
696.4464; HPLC purity 96.4% gt 10.4 min, Mightysil, RP-18, 250 x 4.6 mm, \Bn,

H>O/ACN = 40/60, 1 mL/min, 30 min).
25



4.1.12. 3-O-(2'-butanoylamino-2deoxy#-p-glucopyranosyl)oleanolic acid®)

Compound42 (9.8 mg, 51%), as a white solid, was prepared rdatg to the general
procedure B for amide bond coupling usit®(20 mg, 0.028 mmol), butyric anhydride (0.1
mL), and pyridine (0.5 mL); and purified by columchromatography (silica gel;
CH,CI,/MeOH = 15/1) to give compound 23 which was furtbeprotected using 10% Pd/C
(3 mg) and purified by column chromatography (silgel; CHCIl,/MeOH = 15/1); m.p. 196
7; 'H NMR (600 MHz, CROD/CDCE = 4/1)$ 5.23 (t,J = 3.5 Hz, 1H, H-12), 4.46 (d,=
8.3 Hz, 1H, H-1, 3.82 (dd,J = 11.9, 2.6 Hz, 1H, H-6p 3.71 (dd,J = 11.9, 5.0 Hz, 1H,
H-6b), 3.66—3.63 (M, 1H, H 3.44 (dd,J = 10.2, 9.0 Hz, 1H, H‘B 3.39-3.34 (m, 1H,
H-4'), 3.24 (ddd,) = 9.7, 5.0, 2.6 Hz, 1H, H% 3.08 (dd,J = 11.7, 4.4 Hz, 1H, H-3), 2.81 (dd,
J =13.9, 3.7 Hz, 1H, H-18), 2.16 (ddi= 8.2, 7.0 Hz, 2H, H'2, 1.99-1.92 (m, 1H), 1.89—
1.83 (m, 3H), 1.75-1.68 (m, 2H), 1.66—1.61 (m, 4HH0—1.55 (m, 2H), 1.54-1.50 (m, 3H),
1.45-1.40 (m, 2H), 1.36-1.34 (m, 2H), 1.30-1.29 2), 1.19-1.15 (m, 2H), 1.12 (s, 3H),
1.06-1.03 (m, 1H), 0.95-0.92 (m, 6H), 0.91 (s, 3H39 (s, 3H), 0.88 (s, 3H), 0.77 (s, 3H),
0.74 ppm (s, 3H)*C NMR (150 MHz, CROD/CDCk = 4/1) § 181.5 (COOH), 175.8
(NC=0), 144.6 (C-13), 123.0 (C-12), 104.2 (§-D0.5 (C-3), 76.6 (C} 75.3 (C-3), 71.7
(C-4), 62.4 (C-6), 57.1 (C-2), 48.4, 47.1, 46.7, 42.4, 42.1, 40.0, 39.5, 39714, 34.5, 33.4,
33.3, 32.6, 31.2, 30.0, 29.60, 28.47, 28.3, 26431,223.9, 23.3, 19.6, 18.9, 17.4, 16.8, 15.7,
14.3, 14.2 ppm; HRMS (ESI) calcd. fosdElesNOg+Na [M+Na]: 710.4602, found: 710.4620;
HPLC purity 95.8% @ 11.7 min, Mightysil, RP-18, 250 x 4.6 mmyuf, H,O/ACN = 40/60,

1 mL/min, 30 min).

4.1.13. 3-O-(2'-pentanoylamino-2deoxy#-p-glucopyranosyl)oleanolic acid )
Compound43 (16.0 mg, 65%), as a white solid, was preparedraatg to the general

procedure B for amide bond coupling usit®(25 mg, 0.035 mmol), valeric anhydride (0.1
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mL), and pyridine (0.5 mL); and purified by columchromatography (silica gel;
CH.Cly/MeOH = 15/1) to give compoun2¥4 which was further deprotected using 10% Pd/C
(3 mg) and purified by column chromatography (silgel; CHCIl,/MeOH = 15/1); m.p. 206
1; 'H NMR (600 MHz, CROD/CDCk = 4/1)5 5.24 (s, 1H, H-12), 4.45 (d,= 8.3 Hz, 1H,
H-1)), 3.84 (dJ = 11.8 Hz, 1H, H-6} 3.72-3.60 (m, 2H, H-BpH-2), 3.44 (t,J = 9.5 Hz, 1H,
H-3, 3.35-3.30 (m, 1H, H% 3.26-3.21 (m, 1H, H'} 3.12-3.07 (m, 1H, H-3), 2.83 (@=
13.6 Hz, 1H, H-18), 2.24-2.17 (m, 2H, M)22.02-1.94 (m, 1H), 1.90-1.85 (m, 2H), 1.78—
1.70 (m, 2H), 1.68-1.63 (m, 2H), 1.62—1.57 (m, 5HH6—1.48 (m, 4H), 1.48-1.44 (m, 1H),
1.39-1.32 (m, 6H), 1.21-1.16 (m, 2H), 1.14 (s, 3H)8—1.04 (m, 1H), 0.95 (s, 3H), 0.93 (s,
3H), 0.93-0.90 (m, 6H), 0.90 (s, 3H), 0.80 (s, 3Bi¥6 ppm (s, 3H)**C NMR (150 MHz,
CDs;OD /CDC} = 4/1) 5 181.8 (COOH), 176.2 (NC=0), 144.9 (C-13), 123.41(%), 104.6
(C-1), 90.7 (C-3), 77.2 (C%5 75.7 (C-3), 72.0 (C-4), 62.6 (C-6), 57.4 (C-2), 49.9, 47.4,
47.0,42.7,42.4, 40.3, 39.8, 39.5, 37.7, 37.18,338.8, 33.6, 33.5, 31.5, 30.5, 28.7, 28.7, 28.6,
26.6, 26.4, 24.3, 24.0, 23.9, 23.4, 19.2, 17.60,175.9, 14.1 ppm; HRMS (ESI) calcd. for
Cs1He7NOg+Na [M+Na]: 724.4759, found: 724.4784; HPLC purity 95.1%: (8.8 min,

Mightysil, RP-18, 250 x 4.6 mm,&m, H,O/ACN = 30/70, 1 mL/min, 30 min).

4.1.14. 3-O-(2'-hexanoylamino-2deoxy#-p-glucopyranosyl)oleanolic acid4)

Compound44 (13.2 mg, 49%) was prepared as a white solid daegrto the general
procedure B for amide bond coupling usit®(27.0 mg, 0.038 mmol), hexanoic anhydride
(0.1 mL), and pyridine (0.5 mL); and purified bylwmn chromatography (silica gel;
CH.Cly/MeOH = 15/1) to give compoun2b which was further deprotected using 10% Pd/C
(3 mg), and purified by column chromatography ¢silgel; CHCI,/MeOH = 15/1); m.p. 204
7; 'H NMR (600 MHz, CROD/CDCE = 4/1)$ 5.23 (t,J = 3.5 Hz, 1H, H-12), 4.46 (d,=
8.3 Hz, 1H, H-1, 3.82 (dd,J = 11.9, 2.6 Hz, 1H, H-6p 3.71 (dd,J = 11.9, 4.9 Hz, 1H,

H-6b’), 3.63 (ddJ = 10.3, 8.3 Hz, 1H, H}, 3.44 (ddJ = 10.3, 9.0 Hz, 1H, H‘B 3.36 (t,J =
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9.0 Hz, 1H, H-4, 3.23 (dddJ = 9.0, 4.9, 2.6 Hz, 1H, H% 3.08 (ddJ = 11.7, 4.4 Hz, 1H,
H-3), 2.83-2.78 (m, 1H, H-18), 2.19-2.15 (m, 2H2H- 1.99-1.91 (m, 1H), 1.88-1.82 (m,
3H), 1.75-1.68 (m, 3H), 1.66-1.62 (m, 2H), 1.6161(®, 6H), 1.54-1.48 (m, 4H), 1.44-1.41
(m, 1H), 1.35-1.33 (m, 2H), 1.31-1.29 (m, 3H), £186 (m, 2H), 1.11 (s, 3H), 1.07-1.02
(m, 1H), 0.93 (s, 3H), 0.91 (s, 3H), 0.89 (s, 3B188—0.86 (M, 6H), 0.77 (s, 3H), 0.74 ppm (s,
3H); **C NMR (150 MHz, CROD/CDCk = 4/1) § 181.5 (COOH), 175.9 (NC=0), 144.5
(C-13), 123.0 (C-12), 104.1 (C)190.5 (C-3), 76.5 (C% 75.2 (C-3), 71.6 (C-4), 62.4
(C-6), 56.3 (C-2), 48.3, 47.1, 46.6, 42.3, 42.0, 39.9, 39.5, 39713, 37.1, 34.5, 33.4, 33.2,
32.5,32.2, 31.2, 30.2, 28.5, 28.3, 26.3, 26.38,254.0, 23.9, 23.6, 22.9, 18.8, 17.3, 16.8, 15.7,
14.2 ppm; HRMS (ESI) calcd. fors8HsgNOg+Na [M+Na]: 738.4915, found: 738.4940;
HPLC purity 95.7% ¢ 11.4 min, Mightysil, RP-18, 250 x 4.6 mmyu#, H,O/ACN = 30/70,

1 mL/min, 30 min).

4.1.15. 3-O-(2'-heptanoylamino-2deoxy#-p-glucopyranosyl)oleanolic acid®)

Compound45 (16.2 mg, 58%) was prepared as a white solid daegrto the general
procedure B for amide bond coupling usit@(27.0 mg, 0.038 mmol), hexanoic anhydride
(0.1 mL), pyridine (0.5 mL); and purified by columohromatography (silica gel;
CH.Cly/MeOH = 15/1) to give compoun2b which was further deprotected using 10% Pd/C
(3 mg) and purified by column chromatography (silgel; CHCIl,/MeOH = 15/1); m.p. 204
7; 'H NMR (600 MHz, CROD/CDCE = 4/1)$ 5.23 (t,J = 3.5 Hz, 1H, H-12), 4.46 (d,=
8.3 Hz, 1H, H-1, 3.82 (dd,J = 11.9, 2.7 Hz, 1H, H-6p 3.71 (dd,J = 11.9, 5.0 Hz, 1H,
H-6b'), 3.63 (ddJ = 10.3, 8.3 Hz, 1H, H‘p, 3.44 (ddJ = 10.3, 9.2 Hz, 1H, H‘R 3.36 (t,J =
9.2 Hz, 1H, H-9, 3.23 (dddJ = 9.2, 5.0, 2.7 Hz, 1H, H%% 3.08 (ddJ = 11.7, 4.4 Hz, 1H,
H-3), 2.81 (dd)J = 13.8, 4.0 Hz, 1H, H-18), 2.17 (tl= 7.3, 2.0 Hz, 2H, H‘9, 1.99-1.92 (m,
1H), 1.88-1.83 (m, 3H), 1.75-1.69 (m, 2H), 1.66211®, 2H), 1.61-1.56 (m, 5H), 1.54—1.49

(m, 3H), 1.45-1.41 (m, 1H), 1.37-1.35 (m, 1H), £B&2 (m, 2H), 1.32-1.31 (m, 2H), 1.30-
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1.29 (m, 2H), 1.28-1.27 (m, 3H), 1.20-1.15 (m, 2ZH)1 (s, 3H), 1.06—-1.03 (m, 1H), 0.93 (s,
3H), 0.91 (s, 3H), 0.89 (s, 3H), 0.88 (s, 3H), @85 (m, 3H), 0.77 (s, 3H), 0.74 ppm (s,
3H); *C NMR (150 MHz, CROD /CDC} = 4/1)§ 181.4 (COOH), 175.9 (NC=0), 144.5
(C-13), 123.0 (C-12), 104.1 (C)190.5 (C-3), 76.5 (C4p 75.3 (C-3, 71.6 (C-4), 62.4
(C-6), 57.1 (C-2, 48.3, 47.0, 46.6, 42.3, 42.0, 39.9, 39.5, 39713, 37.2, 34.5, 33.4, 33.2,
32.5, 32.2, 31.2, 29.9, 29.7, 28.5, 28.3, 26.3122626.1, 24.0, 23.9, 23.6, 23.0, 18.8, 17.3,
16.8, 15.7, 14.3 ppm; HRMS (ESI) calcd. fossid;;NOg+Na [M+Na]: 752.5072, found:
752.5098; HPLC purity 95.2% gt 17.0 min, Mightysil, RP-18, 250 x 4.6 mm, \Bn,

H,O/ACN = 30/70, 1 mL/min, 30 min).

4.1.16. General procedure C for amide bond coupling andadegtion to affordi6-52
Intermediatel9 (150 mg)was dissolved in C¥Cl, (3 mL). EDC hydrochloride (1.2
equiv), HOBt (1 equiv), DIPEA (2 equiv), and cargbx acids (0.1 mL) were added and the
mixture stirred for 6 h. Amide products containipgrtial acylated hydroxyl groups were
obtained. The mixture was concentraiediacuo, then dissolved in Cil,/MeOH = 1/1 (4
mL), diluted with 4.0 N NaOHg) (0.1 mL), and stirred for 6 h. The mixture was cemtrated
in vacuo, dissolved in ChCl,, washed with NECI and brine, concentrated, and purified by
column chromatography (silica gel; @El,/MeOH = 20/1) to give deacylated produ2i&33.
The deacylated products were dissolved in MeOH188d Pd/C was added. The mixture was
stirred under K at room temperature for 8h. The residue was éitteconcentratenh vacuo,
and purified by column chromatography (&H,/MeOH = 16/1) to give the final compounds

46-52

4.1.17. 3-0O-(2'-octanoylamino-2deoxy#-b-glucopyranosyl)oleanolic acid®)
Compound46 (98 mg, 62%), as a white solid, was prepared auegrto the general

procedure C for amide bond coupling usir@y150 mg, 0.212 mmol), octanoic acid (0.1 mL),
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HOBt (28.6 mg, 0.212 mmol), DIPEA (54.8 mg, 0.424naf) and EDC (39.5 mg, 0.254
mmol) and purified by column chromatography (silg; CHCl,/MeOH = 15/1) to give27
which was further deprotected using 10% Pd/C (14) ragd purified by column
chromatography (silica gel; GBI/MeOH = 15/1); m.p. 196 ; 'H NMR (600 MHz,
CD;OD/CDCk = 4/1)6 5.24 (t,J = 3.5 Hz, 1H, H-12), 4.45 (d, = 8.3 Hz, 1H, H-), 3.84
(dd,J = 11.9, 2.4 Hz, 1H, H-8g 3.71-3.64 (m, 2H, H-B8bH-2), 3.44 (ddJ = 10.4, 8.8 Hz,
1H, H-3), 3.35-3.34 (m, 1H, HH 3.24 (dddJ = 9.7, 5.4, 2.4 Hz, 1H, H% 3.10 (dd,J =
11.7, 4.5 Hz, 1H, H-3), 2.83 (dd= 13.5, 4.4 Hz, 1H, H-18), 2.23-2.16 (m, 2H, H;2.01—
1.95 (m, 1H), 1.92-1.86 (m, 3H), 1.79-1.71 (m, 2Hy1-1.63 (m, 3H), 1.63-1.55 (m, 6H),
1.55-1.49 (m, 3H), 1.48-1.44 (m, 1H), 1.40-1.35 &), 1.3—-1.29 (m, 7H), 1.2-1.17 (m,
2H), 1.14 (s, 3H), 1.08-1.04 (m, 1H), 0.96 (s, 36193 (s, 3H), 0.92 (s, 3H), 0.90 (s, 3H),
0.90-0.87 (m, 3H), 0.79 (s, 3H), 0.76 ppm (s, 3f0;NMR (150 MHz, CROD/CDCk = 4/1)

§ 181.8 (COOH), 176.2 (NC=0), 144.9 (C-13), 123.41(1), 104.6 (C-1, 90.7 (C-3), 77.2
(C-5), 75.8 (C-3), 72.0 (C-4), 62.7 (C-6), 57.4 (C-2), 49.9, 47.4, 47.0, 42.7, 42.5, 40.3, 39.8,
39.5, 37.7, 37.4, 34.8, 33.8, 33.6, 33.5, 32.97,321.5, 30.3, 30.0, 28.8, 28.6, 26.64, 26.6,
26.4, 24.4, 24.0, 23.9, 23.5, 19.2, 17.6, 17.09,184.4 ppm; HRMS (ESI) calcd. for
CssH7aNOg+Na [M+Na]: 766.5228, found: 766.5254; HPLC purity 97.5%: @1.4 min,

Mightysil, RP-18, 250 x 4.6 mm,&m, H,O/ACN = 30/70, 1 mL/min, 30 min).

4.1.18. 3-O-(2-nonanoylamino-2deoxy#-b-glucopyranosyl)oleanolic acid 1)

Compound47 (157 mg, 73%), as a white solid, was prepared rdaug to the general
procedure C for amide bond coupling usit®(200 mg, 0.282 mmolx-nonanoic acid (0.1
mL), HOBt (38.1 mg, 0.282 mmol), DIPEA (72.9 mgs® mmol) and EDC (52.5 mg, 0.338
mmol); and purified by column chromatography (silgel; CHCl,/MeOH = 15/1) to give8
which was further de-benzylated using 10% Pd/C (8Q) and purified by column

chromatography (silica gel; GBI/MeOH = 15/1); m.p. 196 ; 'H NMR (400 MHz,
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CDs;OD/CDCk = 4/1)5 5.24 (s, 1H, H-12), 4.45 (d,= 8.3 Hz, 1H, H-1, 3.85 (dd,J = 11.9,
2.3 Hz, 1H, H-68, 3.73-3.64 (m, 2H, H-8bH-2), 3.43 (dd,J = 10.2, 8.8 Hz, 1H, H-}
3.38-3.33 (m, 1H, H4 3.27-3.21 (m, 1H, H3 3.13-3.06 (m, 1H, H-3), 2.84 (d= 13.7
Hz, 1H, H-18), 2.20 (td) = 7.4, 2.7 Hz, 2H, H/3, 2.03-1.92 (m, 2H), 1.91-1.84 (m, 2H),
1.80-1.72 (m, 2H), 1.71-1.65 (m, 2H), 1.63-1.56 %), 1.53—1.46 (m, 3H), 1.46-1.38 (m,
2H), 1.37-1.31 (m, 4H), 1.30-1.26 (m, 8H), 1.2371(th, 2H), 1.14 (s, 3H), 1.09-1.02 (m,
2H), 0.95 (s, 3H), 0.93 (s, 3H), 0.92 (s, 3H), 0(893H), 0.89-0.86 (m, 3H), 0.79 (s, 3H),
0.75 ppm (s, 3H)*C NMR (150 MHz, CROD/CDCk = 4/1) § 181.1 (COOH), 176.2
(NC=0), 145.0 (C-13), 123.3 (C-12), 104.6 (§-D0.7 (C-3), 77.2 (C*% 75.8 (C-3), 72.0
(C-4), 62.7 (C-6), 57.4 (C-2), 49.9, 47.1, 42.7, 42.5, 40.3, 39.9, 39.5, 33774, 34.8, 33.8,
33.7, 33.6, 32.9, 32.8, 31.5, 30.5, 30.4, 30.31,3B.8, 28.7, 26.6, 26.5, 26.4, 24.4, 24.0, 23.6,
19.2, 17.6, 17.0, 15.9, 14.4 ppm; HRMS (ESI) cafod C4sH-sNOg+Na [M+Na]': 780.5385,
found: 780.5415; HPLC purity 97.2%x{(t7.5 min, Alltima RP-C8, 150 x 4.6 mm, bn,

H>O/ACN = 30/70, 1 mL/min, 30 min).

4.1.19. 3-O-(2'-decanoylamino-2deoxy#-p-glucopyranosyl)oleanolic acid )

Compound48 (85 mg, 52%), as a white solid, was prepared aocgrto the general
procedure C for amide bond coupling usirgy150 mg, 0.212 mmol), decanoic acid (0.1 mL),
HOBt (28.6 mg, 0.212 mmol), DIPEA (54.8 mg, 0.424naf) and EDC (39.5 mg, 0.254
mmol) and purified by column chromatography (silg; CHCl,/MeOH = 15/1) to give29
which was further de-benzylated using 10% Pd/C (ig) and purified by column
chromatography (silica gel; GBI/MeOH = 15/1); m.p. 2117; *H NMR (600 MHz,
CDsOD/CDCk = 4/1)6 5.23 (t,J = 3.6 Hz, 1H, H-12), 4.44 (d, = 8.3 Hz, 1H, H-), 3.83
(dd,J = 11.9, 2.5 Hz, 1H, H-8g 3.70-3.63 (m, 2H, H-B8pH-2), 3.43 (ddJ = 10.4, 8.8 Hz,
1H, H-3), 3.35-3.32 (m, 1H, HH% 3.23 (dddJ = 9.7, 5.3, 2.5 Hz, 1H, H% 3.09 (dd,J =

11.7, 4.5 Hz, 1H, H-3), 2.82 (dd= 13.6, 4.2 Hz, 1H, H-18), 2.21-2.15 (m, 2H, B;2.00—
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1.94 (m, 1H), 1.91-1.85 (m, 3H), 1.77-1.71 (m, 2HY1-1.64 (m, 2H), 1.64-1.55 (m, 6H),
1.55-1.47 (m, 4H), 1.47-1.42 (m, 1H), 1.40-1.353H), 1.34-1.32 (m, 2H), 1.31-1.29 (m,
3H), 1.29-1.27 (m, 6H), 1.20-1.16 (m, 2H), 1.133d), 1.07-1.03 (m, 1H), 0.95 (s, 3H),
0.92 (s, 3H), 0.91 (s, 3H), 0.88 (s, 3H), 0.88—qr853H), 0.78 (s, 3H), 0.75 ppm (s, 3HC
NMR (150 MHz, CROD /CDCk = 4/1) § 181.8 (COOH), 176.2 (NC=0), 144.9 (C-13),
123.4 (C-12), 104.6 (C1. 90.6 (C-3), 77.1 (C% 75.7 (C-3), 72.0 (C-4), 62.6 (C-6), 57.4
(C-2), 49.9, 47.4, 47.0, 42.7, 42.4, 40.3, 39.8, 3957, 37.4, 34.7, 33.8, 33.5, 32.8, 31.4,
30.5, 30.31, 30.28, 30.2, 28.8, 28.6, 26.6, 26654,224.3, 24.0, 23.9, 23.5, 19.1, 17.6, 17.0,
15.9, 14.4 ppm; HRMS (ESI TOF-MS) calcd. fofe8;-NOg+Na [M+Na] : 794.5541, found:
794.5570; HPLC purity 96.0%g(t9.0 min, Alltima RP-C8, 150 x 4.6 mm,usn, H,O/ACN

= 30/70, 1 mL/min, 30 min).

4.1.20. 3-O-(2'-dodecanoylamino‘zleoxy#-b-glucopyranosyl)oleanolic acidi9)
Compound49 (101 mg, 84%), as a white solid, was preparedrdaug to the general
procedure C for amide bond coupling usit®y(107 mg, 0.151 mmol), lauric acid (33.3 mg,
0.166 mmol), HOBt (20.4 mg, 0.151 mmol), DIPEA 3%g, 0.302 mmol) and EDC (28.1
mg, 0.181 mmol) and purified by column chromatogsafsilica gel; CHCI,/MeOH = 15/1)
to give 30 which was further de-benzylated using 10% Pd/Cnit3 and purified by column
chromatography (silica gel; GBl/MeOH = 15/1); m.p. 218-219:'H NMR (400 MHz,
CD;OD/CDCk = 4/1)8 5.23 (t,J = 3.5, 1H, H-12), 4.44 (dl = 8.3 Hz, 1H, H-1, 3.84 (dd,J
= 12.0, 2.3 Hz, 1H, H-6p 3.71-3.65 (m, 2H, H-8pH-2), 3.43 (dd,J = 10.2, 8.7 Hz, 1H,
H-3), 3.34 (ddJ = 9.5, 8.7Hz, 1H, H-%3.24 (ddd,J = 9.5, 5.0, 2.3 Hz, 1H, H% 3.10 (dd,
J=11.6, 4.1 Hz, 1H, H-3), 2.84 (dd~ 13.8, 3.7 Hz, 1H, H-18 ), 2.20 (t#l= 7.5, 3.0 Hz, 1H,
H-2"), 2.01-1.97 (m, 1H), 1.93-1.85 (m, 3H), 1.82—1(M6 1H), 1.73-1.65 (m, 2H), 1.64—
1.56 (m, 5H), 1.55-1.52 (m, 2H), 1.52—-1.49 (m, 1H%7-1.43 (m, 1H), 1.42-1.34 (m, 2H),

1.34-1.32 (m, 2H), 1.32-1.30 (m, 3H), 1.30-1.24 18H), 1.23-1.15 (m, 2H), 1.14 (s, 1H),
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1.12-1.01 (m, 2H), 0.96 (s, 3H), 0.93(s, 6H, 2 x3518.90-0.86 (m, 6H), 0.80 (s, 3H), 0.77
ppm (s, 3H);"*C NMR(100MHz, CROD/CDCk = 4/1):§ 181.1 (COOH), 175.1 (NC=0),
144.0 (C-13), 122.2 (C-12), 103.6 (Q;B9.5 (C-3), 76.1 (Cp 74.7 (C-3), 70.8 (C-4), 61.5
(C-6), 56.2 (C-2), 55.6, 46.4, 46.0, 41.6, 41.4, 39.2, 38.8, 38646, 36.3, 33.7, 32.7, 32.5,
31.8, 30.4, 29.6, 29.5, 29.3, 29.2, 27.7, 27.65,285.4, 25.3, 23.3., 22.9, 22.9, 22.5, 18.1,
16.5, 16.0, 14.8, 13.4 ppm; HRMS (ESI TOF-MS) cakeor GigHg:NOg' [M +H]*: 800.6035;
found: 800.6043; HPLC purity 97.4%x(t12.7 min, Alltima RP-C8, 150 x 4.6 mm,u#n,

H>O/ACN = 30/70, 1 mL/min, 30 min).

4.1.21. 3-O-(2'-tetradecanoylamino=8leoxy#-b-glucopyranosyl)oleanolic acigiQ)
Compound50 (45 mg, 45%), as a white solid, was prepared aocgrto the general
procedure C for amide bond coupling usiry85 mg, 0.120 mmol), myristic acid (27.4 mg,
0.120 mmol), HOBt (16.2 mg, 0.120 mmol), DIPEA 3Ing, 0.240 mmol) and EDC (28.1
mg, 0.181 mmol) and purified by column chromatobsafsilica gel; CHCIl,/MeOH = 15/1)
to give 31 which was further de-benzylatedsing 10% Pd/C (5 argl purified by column
chromatography (silica gel; GBI/MeOH = 15/1); m.p. 200); *H NMR (400 MHz,
CDs;OD/CDCk = 4/1):5 5.24 (t,J = 3.6, 1H, H-12), 4.45 (d, = 8.3 Hz, 1H, H-1, 3.84 (dd,
= 11.9, 2.1 Hz, 1H, H-8g 3.71 — 3.65 (m, 2H, H-6bH-2), 3.44 (dd,J =10.1, 9.2 Hz, 1H,
H-3), 3.34 (m, 1H, H-9 3.24 (ddd,J = 9.4, 5.0, 2.2 Hz, 1H, H% 3.10 (ddJ =11.8, 4.3 Hz,
1H, H-3), 2.83 (dd) = 13.5, 3.4 Hz, 1H, H-18), 2.20 (td= 7.4, 2.8 Hz, 1H, H‘3, 2.04—
1.96 (m, 1H), 1.96-1.83 (m, 3H), 1.80-1.69 (m, 2HHE8—1.65 (m, 1H), 1.65-1.53 (m, 6H),
1.53-1.44 (m, 2H), 1.43-1.38 (m, 1H), 1.38-1.35 Ik), 1.35-1.32 (m, 2H), 1.32-1.30 (m,
3H), 1.30-1.29 (m, 3H), 1.30-1.24 (m, 14H), 1.2361(m, 2H), 1.14 (s, 3H), 1.12-1.01 (m,
2H), 0.96 (s, 3H), 0.93(s, 6H, 2 x gtH0.91-0.86 (m, 6H), 0.80 (s, 3H), 0.76 ppm (s);3H
%C NMR(100MHz, CROD/CDCE = 4/1):§ 181.6 (COOH), 176.1 (NC=0), 144.9 (C-13),

123.4 (C-12), 104.6 (C1 90.6 (C-3), 77.2 (C% 75.7 (C-3), 71.9 (C-4), 62.6 (C-6), 57.4
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(C-2), 56.7, 47.4, 47.0, 42.7, 42.4, 40.3, 39.8, 3947, 37.4, 34.7, 33.8, 33.6, 33.0, 31.5,
30.7, 30.7, 30.6, 30.4, 30.3, 28.8, 28.6, 26.66,2%.4, 24.3, 24.0, 23.9, 23.6, 19.2, 17.6, 17.0,
15.9, 14.5 ppm; HRMS (ESI TOF-M8}lcd. for GgHgsNOg" [M +H]": 828.6348; found:
828.6373; HPLC purity 95.2%g(t8.1 min, Alltima RP-C8, 150 x 4.6 mm,usn, H,O/ACN

= 20/80, 1 mL/min, 30 min).

4.1.22. 3-O-(2'-hexadecanoylamino-2leoxy#-D-glucopyranosyl)oleanolic aciglf)
Compound51 (65 mg, 47%), as a white solid, was prepared aoegrto the general
procedure C for amide bond coupling usirfgy114 mg, 0.161 mmol), palmitic acid (41.3 mg,
0.161 mmol), HOBt (21.8 mg, 0.161 mmol), DIPEA @ng, 0.322 mmol) and EDC (30.0
mg, 0.193 mmol) and purified by column chromatogsafsilica gel; CHCI,/MeOH = 15/1)
to give 32 which was further de-benzylated using 10% Pd/@¢) and purified by column
chromatography (silica gel; GBl/MeOH = 15/1); m.p. 218-219; *H NMR (400 MHz,
CD;OD/CDCk = 4/1):8 5.24 (t,J = 3.2, 1H, H-12), 4.45 (d, = 8.3 Hz, 1H, H-1, 3.84 (dd,]
= 11.9, 2.1 Hz, 1H, H-6p 3.71-3.64 (m, 2H, H-6pbH-2' ), 3.43 (ddJ =10.3, 8.8 Hz, 1H,
H-3), 3.33 (m, 1H, H-3 3.24 (dddJ = 10.4, 5.3, 2.4 Hz, 1H, H-5, 3.10 (ddJ =11.5, 4.1
Hz, 1H, H-3), 2.83 (ddJ = 13.4, 3.0 Hz, 1H, H-18 ), 2.20 (td,= 7.5, 2.6 Hz, 1H, H-2),
2.08-1.97 (m, 1H), 1.97-1.84 (m, 3H), 1.82—-1.72Zh), 1.72-1.67 (m, 2H), 1.66-1.60 (m,
3H), 1.60-1.55 (m, 3H), 1.55-1.47 (m, 3H), 1.4621(d, 1H), 1.42-1.38 (m, 1H), 1.38-1.35
(m, 1H), 1.35-1.31 (m, 5H), 1.31-1.23 (m, 24H),3t216 (m, 2H), 1.14 (s, 3H), 1.13-1.02
(m, 3H), 1.02-0.97 (m, 1H), 0.96 (s, 3H), 0.93(4),3.92 (s, 3H), 0.91-0.88 (m, 6H), 0.88—
0.83 (m, 3H), 0.79 (s, 3H), 0.76 ppm (s, 3HE NMR(100MHz, CROD/CDCk = 4/1): 5
181.7 (COOH), 176.2 (NC=0), 144.9 (C-13), 123.41@); 104.6 (C-1, 90.6 (C-3), 77.2
(C-5), 75.8 (C-3), 71.9 (C-4), 62.6 (C-6), 57.4 (C-2), 56.7, 47.4, 47.0, 42.7, 42.4, 40.3, 39.9,
39.5, 37.7, 37.4, 34.8, 33.8, 33.6, 32.9, 31.5/,380.7, 30.7, 30.6, 30.4, 30.3, 30.3, 28.8, 28.7,

26.6, 26.5, 26.5, 24.4, 24.0, 23.9, 23.6, 19.26,117.0, 15.9, 14.5 ppm; HRMS (ESI
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TOF-MS) calcd. for GHooNOg'[M +H]™: 856.6661; found: 856.6690; HPLC purity 98.0%

(tr: 11.5 min, Alltima RP-C8, 150 x 4.6 mmu#&, H,O/ACN = 20/80, 1 mL/min, 30 min).

4.1.23. 3-0O-(2'-octadecanoylamino=8leoxy#-b-glucopyranosyl)oleanolic acig®)
Compound52 (63 mg, 61%), as a white solid, was prepared aocgrto the general
procedure C for amide bond coupling usir8y75.0 mg, 0.106 mmol), stearic acid (45.0 mg,
0.158 mmol), HOBt (14.3 mg, 0.106 mmol), DIPEA @Tng, 0.212 mmol) and EDC (19.7
mg, 0.127 mmol) and purified by column chromatobsafsilica gel; CHCIl,/MeOH = 15/1)
to give 33 which was further de-benzylated using 10% Pd/@¢) and purified by column
chromatography (silica gel; GBl/MeOH = 15/1); m.p. 203-205; *H NMR (400 MHz,
CDs;OD/CDCk = 4/1):5 5.23 (t,J = 3.2, 1H, H-12), 4.45 (d, = 8.3 Hz, 1H, H-1, 3.84 (dd,
= 11.9, 2.3 Hz, 1H, H-8g 3.71-3.64 (m, 2H, H-8bH-2 ), 3.43 (dd,J =10.3, 8.8 Hz, 1H,
H-3), 3.33 (m, 1H, H-3 3.24 (ddd,) = 10.4, 5.3, 2.4 Hz, 1H, H¥% 3.10 (ddJ =11.5, 4.1 Hz,
1H, H-3), 2.83 (dd) = 13.4, 3.0 Hz, 1H, H-18), 2.20 (td= 7.5, 2.6 Hz, 1H, H‘3, 2.08-
1.97 (m, 1H), 1.97-1.84 (m, 3H), 1.82—-1.72 (m, 2HY2-1.67 (m, 2H), 1.66—1.60 (m, 3H),
1.60-1.55 (m, 3H), 1.55-1.47 (m, 3H), 1.46-1.42 k), 1.42-1.38 (m, 1H), 1.38-1.35 (m,
1H), 1.35-1.31 (m, 5H), 1.31-1.23 (m, 24H), 1.2361(m, 2H), 1.14 (s, 3H), 1.13-1.02 (m,
3H), 1.02-0.97 (m, 1H), 0.96 (s, 3H), 0.93(s, 32 (s, 3H), 0.91-0.88 (m, 6H), 0.88-0.83
(m, 3H), 0.79 (s, 3H), 0.76 ppm (s, 3T NMR(100MHz, CROD/CDCL = 4/1):§ 182.4
(COOH), 176.2 (NC=0), 145.1 (C-13), 123.2 (C-12)45 (C-1), 90.6 (C-3), 77.2 (C'}
75.8 (C-3), 71.9 (C-4), 62.6 (C-6), 57.4 (C-2), 56.7, 47.6, 47.2, 42.7, 42.6, 40.3, 39.8, 39.5,
37.7,37.4,34.8, 33.8, 33.7, 33.6, 32.9, 31.%,380.6, 30.6, 30.3, 30.3, 30.3, 28.8, 28.7, 26.6,
26.5, 26.4, 24.3, 24.0, 24.0, 23.6, 19.2, 17.61,175.9, 14.4 ppm; HRMS (ESI TOF-MS)
calcd. for G4HosNOg [M+H] *: 884.6974; found: 884.7005; HPLC purity 96.5% (6.6 min,

Alltima RP-C8, 150 x 4.6 mm, jom, HbLO/ACN = 20/80, 1 mL/min, 30 min)
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4.1.24. General procedures D for the synthesis of carbaaatd deprotectioh3-58
Compoundl9 (35 mg) was dissolved in GBI, (1 mL), TEA (2 equiv), CDI (1.2 equiv),
and alcohol (2 equiv), and stirred 6 h. The mixtwas diluted with CHCI,, washed with
NaHCGQ; solution, brine. The organic layers were collectdded over MgS@ filtered and
concentratedn vacuo and purified by flash column chromatography (silgel; DCM/MeOH
= 10/1) to give deacylated compoung440. Then, to a stirred solution of the deacylated
product in MeOH and was added 10% Pd/C and stunelér H (1 atm) for 12h. The mixture
was filtered through a celite pad, and the filteke was washed with MeOH. The filtrate was
concentratedin vacuo and purified by the flash column chromatographilicés gel;

CH.Cly/MeOH = 10/1) to get finab3-58

4.1.25. 3-O-(2'-N-butoxycarbonyl-2deoxy#-p-glucopyranosyl)oleanolic aci®g)
Compound53 (20 mg, 51%), as a white solid, was prepared aocgrto the general
procedure C for amide bond coupling usir8y35.0 mg, 0.049 mmol), n-butanol (@, 0.098
mmol), CDI (14.3 mg, 0.059 mmol), and TEA (jt4, 0.100 mmol) and purified by column
chromatography (silica gel; GBIJ/MeOH = 10/1) to give34 which was further
de-benzylated using 10% Pd/C (4 mg) and purifieccoiyymn chromatography (silica gel;
CH.Cl,/MeOH = 10/1); m.p. 274); '"H NMR (600 MHz, CROD/CDCk = 4/1)§ 5.26 (t,J =
3.4, 1H, H-12), 4.42 (d] = 8.0 Hz, 1H, H-1, 4.08-3.97 (m, 2H, H%), 3.86 (dd,J = 12.0,
2.3 Hz, 1H, H-6%, 3.71 (ddJ = 12.0, 5.3 Hz, 1H, H-8) 3.45-3.35 (m, 3H, H:2H-3, H-4),
3.25 (dddJ = 9.4, 5.3, 2.3 Hz, 1H, H% 3.12 (ddJ = 11.6, 4.2 Hz, 1H, H-3), 2.86 (ddi=
14.0, 4.1 Hz, 1H, H-18 ), 2.02-1.98 (m, 1H), 1.9801(m, 3H), 1.80-1.73 (m, 2H), 1.70-
1.66 (m, 2H), 1.63-1.58 (m, 5H), 1.56—1.54 (m, 4H50—1.48 (m, 1H), 1.22-1.20 (m, 1H),
1.16 (s, 3H), 1.15-1.13 (m, 2H), 1.09-1.07 (m, 198 (s, 3H), 0.95 (s, 9H), 0.91 (s, 3H),
0.82 (s, 3H), 0.79 ppm (s, 3HC NMR(150MHz, CROD/CDC} = 4/1)$ 181.9 (COOH),

159.0 (NC=0), 145.0 (C-13), 123.4 (C-12), 105.21(591.0 (C-3), 77.2 (C5 75.6 (C-3),
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72.0 (C-4), 65.5 (C-1), 62.7 (C-6), 59.2 (C-2), 56.7,49.6, 47.5, 47.1, 42.7, 42.5, 40.4, 39.8,
39.5, 37.7, 34.8, 33.9, 33.7, 33.6, 32.2, 31.5/,288.6, 26.7, 26.4, 24,4, 24.0, 24.0, 20.0, 19.2,
17.6, 17.0, 15.9, 14.1 ppm; HRMS(ESI TOF-M@)cd. for GiHs;NOg + Na [M +NaJ:
740.4708; found: 740.4726. HPLC purity 99.3% 2.7 min, Mightysil, RP-18, 250 x 4.6

mm, 5um, HLO/ACN = 30/70, 1 mL/min, 30 min).

4.1.26. 3-O-(2'-N-pentoxycarbonyl-2-deoxy-b-glucopyranosyl)oleanolic acié4)
Compounds4 (15.5 mg, 45%), as a white solid, was preparedradatg to the general
procedure C for amide bond coupling usit)(33.0 mg, 0.047 mmolxp-pentanol (10uL,
0.092 mmol), CDI (9.1 mg, 0.056 mmol), and TEA (I3, 0.093 mmol) and purified by
column chromatography (silica gel; @E,/MeOH = 10/1) to give35 which was further
de-benzylated using 10% Pd/C (3 mg) and purifieccdyamn chromatography (silica gel;
CH,Cl,/MeOH = 10/1); m.p. 227'; *H NMR (400 MHz, CROD/CDCk = 4/1) 5.26 (t,J =
3.0, 1H, H-12), 4.42 (d) = 7.6 Hz, 1H, H-), 4.11-3.94 (m, 2H, H%}, 3.86 (dd,J = 11.9,
2.3 Hz, 1H, H-69, 3.71 (ddJ = 11.9, 5.1 Hz, 1H, H-8) 3.46-3.36 (m, 3H, H:2H-3, H-4),
3.25 (dddJ = 9.1, 5.1, 2.3 Hz, 1H, H% 3.13 (ddJ = 11.4, 4.1 Hz, 1H, H-3), 2.86 (dd=
13.6, 3.6 Hz, 1H, H-18), 2.05-1.96 (m, 1H), 1.9891(m, 3H), 1.80-1.75 (m, 1H), 1.73-1.72
(m, 1H), 1.70- 1.67 (m, 1H), 1.64-1.60 (m, 4H),8:5.53 (m, 3H), 1.50-1.47 (m, 1H),
1.42-1.34 (m, 6H), 1.30-1.20 (m, 4H), 1.17 (s, 3H)3-1.02 (m, 2H), 0.99 (s, 3H), 0.95 (s,
6H, 2 x CH), 0.94 (s, 3H), 0.92 (s, 3H), 0.82 (s, 3H), 0.P9np(s, 3H):**C NMR(100MHz,
CD;OD/CDCk = 4/1) § 181.6 (COOH), 158.9 (NC=0), 144.8 (C-13), 123.41(%), 105.2
(C-1), 90.9 (C-3), 77.1 (C4p 75.5 (C-3), 71.8 (C-9, 65.6 (C-1), 62.6 (C-6), 59.0 (C-2),
56.6,47.3,47.0,42.6,42.4, 40.2, 39.7, 39.45,334.7, 33.7, 33.5, 31.4, 29.7, 29.0, 28.6, 28.5,
26.6, 26.4, 24.3, 24.0, 23.8., 23.2, 19.1, 17.50,1¥5.8, 14.3 ppm; HRMS(ESI TOF-MS)
calcd. for GoHggNOg+ Na [M +NaJ : 754.4865; found: 754.4891; HPLC purity 95.5% (t

14.0 min, Mightysil, RP-18, 250 x 4.6 mmuB, H,O/ACN = 30/70, 1 mL/min, 30 min).
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4.1.27. 3-O-(2'-N-hexoxycarbonyl-2deoxy#-p-glucopyranosyl)oleanolic aci®9)
Compounds5 (10.6 mg, 41%), as a white solid, was preparedrdatg to the general
procedure C for amide bond coupling usit® (25.0 mg, 0.035 mmol)-hexanol (9uL,
0.072 mmol), CDI (6.8 mg, 0.042 mmol), and TEA @0, 0.071 mmol) and purified by
column chromatography (silica gel; @EH,/MeOH = 10/1) to give36 which was further
de-benzylated using 10% Pd/C (3 mg) and purifieccbiypymn chromatography (silica gel;
CH,Cl,/MeOH = 10/1); m.p. 207'; *H NMR (400 MHz, CROD/CDCk = 4/1)§ 5.27 (t,J =
3.2, 1H, H-12), 4.43 (d] = 7.6 Hz, 1H, H-), 4.10-3.93 (m, 2H, H), 3.87 (ddJ = 11.9,
2.3 Hz, 1H, H-6%, 3.72 (dd,J = 11.9, 5.3 Hz, 1H, H-8) 3.47-3.37 (m, 3H, H:2H-3, H-4),
3.26 (dddJ = 8.8, 5.3, 2.3 Hz, 1H, H% 3.14 (ddJ = 11.6, 4.2 Hz, 1H, H-3), 2.87 (dd=
13.7, 3.9 Hz, 1H, H-18), 2.06—2.02 (m, 1H), 2.0861(m, 3H), 1.80-1.73 (m, 3H), 1.70-1.68
(m, 1H), 1.66-1.63 (m, 3H), 1.61-1.54 (m, 4H), +528 (m, 1H), 1.46-1.37 (m, 4H), 1.37—
1.30 (m, 6H), 1.24-1.21 (m, 1H), 1.18 (s, 3H), £1.82 (m, 2H), 1.00 (s, 3H), 0.96 (s, 6H, 2
X CHs), 0.94 (s, 3H), 0.92 (s, 3H), 0.82 (s, 3H), 0.80mp(s, 3H);**C NMR(100MHz,
CD;OD/CDCE = 4/1):$ 181.7 (COOH), 159.0 (NC=0), 144.9 (C-13), 123.41¢), 105.2
(C-1), 91.0 (C-3), 77.2 (C 75.5 (C-3), 71.9 (C-4), 65.7 (C-1), 62.6 (C-6), 59.1 (C-2),
56.7,47.4,47.0,42.7,42.4, 40.3, 39.8, 39.5/,3374.8, 33.8, 33.6, 32.5, 31.5, 30.0, 28.6, 28.6,
26.7, 26.6, 26.4, 24.4, 24.0, 23.9., 23.5, 19.26,177.0, 15.9, 14.4 ppm; HRMS (ESI
TOF-MS) calcd. for GgH71NOg+ Na [M +NaJ : 768.5021; found: 768.5051; HPLC purity
95.0% (k: 19.2 min, Mightysil, RP-18, 250 x 4.6 mmuf, H,O/ACN = 30/70, 1 mL/min,

30 min).

4.1.28. 3-O-(2'-N-heptoxycarbonyl-2deoxy#-p-glucopyranosyl)oleanolic acié)
Compounds6 (20.4 mg, 42%), as a white solid, was preparedraatg to the general

procedure C for amide bond coupling usit®(45.0 mg, 0.064 mmolxp-heptanol (18uL,
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0.127 mmol), CDI (12.5 mg, 0.077 mmol), and TEA (8 0.129 mmol) and purified by
column chromatography (silica gel; @EH,/MeOH = 10/1) to give37 which was further
de-benzylated using 10% Pd/C (3 mg) and purifieccoiyymn chromatography (silica gel;
CH,Cl,/MeOH = 10/1); m.p. 202'; *H NMR (600 MHz, CROD/CDCL = 4/1)§ 5.24 (t,J =
3.4, 1H, H-12), 4.40 (d] = 8.0 Hz, 1H, H-1), 4.06-3.92 (m, 2H, H), 3.84 (ddJ = 11.9,
2.3 Hz, 1H, H-6%, 3.69 (dd,J = 11.9, 5.3 Hz, 1H, H-8) 3.43-3.33 (m, 3H, H.2H-3, H-4),
3.23 (dddJ = 9.3, 5.3, 2.3 Hz, 1H, H% 3.10 (ddJ = 11.6, 4.2 Hz, 1H, H-3), 2.83 (dd=
13.7, 3.8 Hz, 1H, H-18), 2.00-1.96 (m, 1H), 1.9881(m, 3H), 1.78-1.71 (m, 2H), 1.69-1.64
(m, 2H), 1.61-1.57 (m, 4H), 1.56-1.50 (m, 3H), +:485 dd, 1H), 1.41-1.34 (m, 4H), 1.32—
1.27 (m, 8H), 1.20-1.18 (m, 1H), 1.14 (s, 3H), £1.B5 (m, 2H), 0.96 (s, 3H), 0.93 (s, 6H, 2
X CHg), 0.90 (m, 6H), 0.80 (s, 3H), 0.77 ppm (s, 3H NMR(150MHz, CROD/CDCE =
4/1): 5 181.8 (COOH), 158.9 (NC=0), 144.9 (C-13), 123.41(1}, 105.2 (C-1, 91.0 (C-3),
77.2 (C-8), 75.5 (C-3), 71.9 (C-4), 65.7 (C-1), 62.7 (C-6), 59.1 (C-2), 56.7, 47.4, 47.0,
42.7,42.5, 40.3, 39.8, 39.5, 37.7, 34.8, 33.8,38.5, 32.8, 31.5, 30.5, 30.1, 29.9, 28.6, 26.8,
26.6, 26.4, 24.3, 24.0, 23.9., 23.5, 19.2, 17.60,175.8, 14.4 ppm; HRMS (ESI TOF-MS)
calcd. for GsH73sNOg+Na [M +NaJ: 782.5178; found: 782.5203; HPLC purity 97.4%: (t

16.3 min, Alltima RP-C8, 150 x 4.6 mmu, H,O/ACN = 40/60, 1 mL/min, 30 min).

4.1.29. 3-O-(2'-N-octoxycarbonyl-2deoxy#-b-glucopyranosyl)oleanolic aciéT)
Compounds7 (53.0 mg, 54%), as a white solid, was preparedradatg to the general
procedure C for amide bond coupling usit® (90.0 mg, 0.127 mmol)-octanol (40uL,
0.253 mmol), CDI (24.6 mg, 0.152 mmol), and TEA (@5 0.251 mmol) and purified by
column chromatography (silica gel; @E,/MeOH = 10/1) to give38 which was further
de-benzylation using 10% Pd/C (3 mg) and purifigdcblumn chromatography (silica gel;
CH,Cl,/MeOH = 10/1); m.p. 204'; *H NMR (400 MHz, CROD/CDCk = 4/1)$ 5.23 (t,J =

3.5, 1H, H-12), 4.40 (dJ = 7.8 Hz, 1H, H-), 4.08-3.90 (m, 2H, H*}, 3.83 (dd,J = 11.9,
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2.0 Hz, 1H, H-68, 3.69 (dd,J = 11.9, 5.2 Hz, 1H, H-6) 3.44-3.32 (m, 3H, HI2H-3,
H-4'), 3.23 (ddd,) = 9.1, 5.2, 2.0 Hz, 1H, H% 3.10 (ddJ = 11.6, 4.1 Hz, 1H, H-3), 2.83 (dd,
J=13.6, 3.4 Hz, 1H, H-18 ), 2.01-1.98 (m, 1H),4-9.87 (m, 3H), 1.81-1.63 (m, 4H), 1.62—
1.55 (m, 6H), 1.51-1.44 (m, 2H), 1.39-1.36 (m, 3H33-1.26 (M, 10H), 1.20-1.17 (m, 1H),
1.14 (s, 3H), 1.07-1.04 (m, 2H), 0.96 (s, 3H), Q93BH, 2 x CH), 0.89-0.87 (m, 6H), 0.79
(s, 3H), 0.76 ppm (s, 3H}’C NMR(100MHz, CROD/CDCk = 4/1)5 181.6 (COOH), 158.9
(NC=0), 144.8 (C-13), 123.4 (C-12), 105.2 (§-D0.9 (C-3), 77.1 (C% 75.5 (C-3), 71.8
(C-4), 65.6 (C-1), 62.6 (C-6), 59.1 (C-2), 59.0, 56.6, 47.3, 47.0, 42.6, 42.4, 40.3, 33974,
37.6, 34.7, 33.8, 33.6, 32.8, 31.4, 30.3, 30.21,328.6, 26.9, 26.6, 26.4, 24.3, 24.0, 23.9.,
23.6, 19.2, 17.6, 17.1, 15.9, 14.5 ppm; HRMS (ESF-MS) calcd. for GH7sNOg+Na
[M+Na]" : 796.5334; found: 796.5362; HPLC purity 95.1% {t9.3 min, Alltima RP-C8, 150

x 4.6 mm, Sum, HLO/ACN = 40/60, 1 mL/min, 30 min).

4.1.30. 3-O-(2'-N-nonoxycarbonyl-2deoxy#-b-glucopyranosyl)oleanolic acié)
Compounds8 (24.0 mg, 44%), as a white solid, was preparedrdatg to the general
procedure C for amide bond coupling usit®(50.0 mg, 0.071 mmolx-nonanol (25uL,
0.144 mmol), CDI (13.8 mg, 0.085 mmol), and TEA (a0 0.143 mmol) and purified by
column chromatography (silica gel; @H,/MeOH = 10/1) to give39 which was further
de-benzylated using 10% Pd/C (4 mg) and purifieccbiyymn chromatography (silica gel;
CH,Cl,/MeOH = 10/1); m.p. 201'; *H NMR (400 MHz, CROD/CDCL = 4/1)§ 5.24 (t,J =
3.4, 1H, H-12), 4.40 (d] = 8.1 Hz, 1H, H-1), 4.08-3.91 (m, 2H, H), 3.84 (ddJ = 11.9,
2.3 Hz, 1H, H-6%, 3.69 (dd,J = 11.9, 5.3 Hz, 1H, H-8) 3.43-3.33 (m, 3H, H.2H-3, H-4),
3.23 (dddJ =9.2, 5.3, 2.3 Hz, 1H, H% 3.10 (ddJ = 11.6, 4.3 Hz, 1H, H-3), 2.83 (dd=
13.7, 4.0 Hz, 1H, H-18), 2.01-1.96 (m, 1H), 1.9851(m, 3H), 1.78-1.71 (m, 2H), 1.70-1.63
(m, 2H), 1.60-1.56 (m, 5H), 1.54-1.45 (m, 3H), £#84 (m, 4H), 1.31-1.29 (m, 11H),

1.20-1.16 (M, 1H), 1.14 (s, 3H), 1.12—1.04 (m, 2497 (s, 3H), 0.93 (s, 6H, 2 x GH0.90—
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0.88 (m, 6H), 0.80 (s, 3H), 0.77 ppm (s, 3tAC NMR(100MHz, CROD/CDCk = 4/1):§
181.6 (COOH), 158.9 (NC=0), 144.8 (C-13), 123.41@; 105.2 (C-1, 90.9 (C-3), 77.1
(C-5), 75.5 (C-3), 71.8 (C-4), 65.6 (C-1), 62.6 (C-6), 59.1 (C-2), 59.0, 56.6, 47.3, 47.0,
42.6,42.4,40.3, 39.7, 39.4, 37.6, 34.7, 33.8,3%.8, 31.4, 30.3, 30.2, 30.1, 28.6, 26.9, 26.6,
26.4, 24.3, 24.0, 23.9., 23.6, 19.2, 17.6, 17.19,154.5 ppm; HRMS (ESI TOF-MS$#lcd.

for C46H77/NOg+Na [M+Na]: 810.5491; found: 810.5511; HPLC purity 98.7% (1.5 min,

Alltima RP-C8, 150 x 4.6 mm, jom, H,O/ACN = 30/70, 1 mL/min, 30 min).

4.1.31. 3-O-(2'-N-octylcarbamoyl-2deoxy#-b-glucopyranosyl)oleanolic acié9)

To a solution ofn-nonanoic acid (5QiL, 0.284 mmol) in toluene (2 mL) was added
diphenylphosphoryl azide (GiL, 0.284 mmol) and TEA (5QL, 0.359 mmol). The mixture
was stirred at 501 for 2h, then warmed up to 80, and keep stirred for another 3h. The
mixture was added compourd® (100 mg, 0.141 mmol) at 50 for 8h. The mixture was
concentrated and purified by column chromatografgiljca gel; CHCIl,/MeOH/TEA =
10/1/0.1) to afford urea containing intermedié@(51 mg, 42%). To a stirred solution of the
residue in MeOH and was added 10% Pd/C and stimeér H (1 atm) for 12h. The mixture
was filtered through a Celite pad, and the filigke was washed with MeOH. The filtrate was
concentrated and purified by the column chromatagya(silica gel; CHCl,/MeOH = 10/1)
to compound59 (45 mg, 98%) as a white solid; m.p. 193-194'H NMR (600 MHz,
CD;OD/CDCk = 4/1)8 5.24 (t,d = 3.4, 1H, H-12), 4.41 (d} = 8.0 Hz, 1H, H-1, 3.84 (ddJ
= 11.9, 2.5 Hz, 1H, H-6p 3.70 (dd,J = 11.9, 5.3 Hz, 1H, H-8) 3.44-3.33 (m, 3H, H:2
H-3', H-4), 3.25 (ddd, = 9.3, 5.3, 2.5 Hz, 1H, H% 3.18-3.13 (m, 1H, H-I} 3.12 (dd, =
8.5, 4.4 Hz, 1H, H-3), 3.05-3.01 (m, H*)b2.84 (ddJ = 13.7, 4.0 Hz, 1H, H-18), 2.01-1.94
(m, 1H), 1.94-1.86 (m, 3H), 1.80-1.75 (m, 1H), £¥51 (m, 1H), 1.71-1.62 (m, 2H), 1.63—-
1.57 (m, 3H), 1.57-1.53 (m, 2H), 1.53-1.50 (m, 1HB0-1.43 (m, 4H), 1.42-1.33 (m, 3H),

1.34-1.23 (m, 14H), 1.23-1.16 (m, 1H), 1.15-1.13XAf), 1.13-1.08 (m, 1H), 1.08-1.02 (m,
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1H), 1.00-0.96 (m, 5H), 0.93 (s, 6H, 2 x §H.91-0.87 (m, 7H), 0.80 (s, 3H), 0.78 (s, 3H),
0.77-0.74 ppm (m, 1H)*C NMR(150MHz, CROD/CDCk = 4/1)§ 182.0 (COOH), 160.9
(NC=0), 145.0 (C-13), 123.3 (C-12), 105.5 (§-D0.8 (C-3), 77.1 (C45 76.1 (C-3), 72.0
(C-4), 62.7 (C-6), 56.7 (C-2), 47.5, 47.1, 42.7, 42.5, 41.0, 40.3, 39.8, 39757, 34.8, 33.8,
33.6, 33.6, 33.6, 32.8, 31.5, 31.1, 30.4, 30.37,287.9, 26.7, 26.4, 24.4, 24.0, 23.9., 23.6,
19.2, 17.6, 17.1, 15.9, 14.4 ppm; HRMS (ESI TOF-M&d. for GsH7eN2Og™ [M +H]™:
773.5674; found: 773.5701; HPLC purity 95.186@®2.4 min, Alltima RP-C8, 150 x 4.6 mm,

5 um, HO/ACN = 40/60, 1 mL/min, 30 min).

4.1.32. 28-0-benzyl 30-[3',4',6-tri-O-acetyl-2-deoxy-2-phthalimidof-p-galactopyranosyl]
oleanolic esterg?)

Ethylenediamine (2L, 0.403 mmol) and acetic acid (2L, 0.471 mmol) were added
slowly at O[] to a solution of compoun@0 (170 mg, 0.343 mmol) in THF (3 mL). After 2 h,
the mixture was concentrateéd vacuo, and purified by column chromatography (silicagel,
hexane/ EtOAc = 1/1) to give anomer-OH intermedése white solid (91 mg, 0.209 mmol,
61 %). DBU (6uL, 0.04 mmol) was added into a solution of interragsl (91 mg, 0.209
mmol) and trichloroacetonitrile (130L, 1.26 mmol) in CHCl, (2 mL), the mixture was
stirred under room temperature for 2 h. The mixtwas concentrated, then subjected to
column chromatography (silica gel; EtOAc/hexane ;=11 to give trichloroimidatecl. A
mixture of trichloroimidate intermediatl (96 mg, 0.166 mmol), benzyl oleanolate (98 mg,
0.183 mmol), and 4 A MS in dry GBI, (3 mL) was stirred at 0/ for 30 min. TMSOTf (3
pL, 0.017 mmol) was then added, stirred for 30 ni@ @, and then TEA (1 drop) was added.
The mixture was filtered, concentrated and purifigdcolumn chromatography (silica gel;
EtOAc/hexane/toluene = 1/4/2) to give compo®2d92 mg, 46 % for 2 steps); m.p. 216
H NMR (600 MHz, CDCY) 6 7.86 (ddJ = 5.4, 2.9 Hz, 2H, Ar-H), 7.70 (dd,= 5.4, 2.9 Hz,

2H, ArH), 7.35-7.25 (m, 5H), 5.79 (dd= 11.4, 3.5 Hz, 1H, H} 5.45 (d,J = 3.5 Hz, 1H,
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H-4), 5.29 (d,J = 8.5 Hz, 1H, H-), 5.24 (t,J = 3.5, 1H, H-12), 5.02 (g] = 12.5 Hz, 2H,
CO,CH,Ph), 4.56 (ddJ = 11.4, 8.5 Hz, 1H, H-}, 4.23 (ddJ = 11.1, 6.8 Hz, 1H, H-6p 4.12
(dd,J = 11.1, 6.8 Hz, 1H, H-8] 4.05 (dt,J = 6.8, 0.8 Hz, 1H, H-5, 3.01 (dd,J = 11.8, 4.4
Hz, 1H, H-3), 2.86 (ddj = 13.9, 4.2 Hz, 1H, H-18), 2.17 (s, 3H, €bf Ac), 2.03 (s, 3H,
CH;s of Ac), 1.95-1.88 (m, 1H), 1.83 (s, 3H, €Hf Ac), 1.81-1.76 (m, 3H), 1.71-1.63 (m,
2H), 1.61-1.56 (m, 5H), 1.55-1.50 (m, 2H), 1.4271(8, 1H), 1.33-1.26 (m, 1H), 1.25-1.20
(m, 2H), 1.19-1.16 (m, 2H), 1.13-1.07 (m, 2H), £DBH3 (m, 3H), 0.89-0.85 (m, 7H), 0.79
(s, 3H), 0.58 (s, 3H), 0.51 (s, 3H), 0.37 (s, 3}C NMR(150MHz, CDCY) § 177.6
(COCHPh), 170.6, 170.6, 170.0, 167.7, 143.8, 136.5, 4,3128.5, 128.1, 128.0, 123.7,
123.5, 122.6 (C-12), 100.7 (C}191.1, 70.8 (C-3, 68.2 (C-3), 66.8 (C-4), 66.1 (COCHPh),
61.7 (C-6), 55.3, 51.7 (C-2, 47.6, 46.9, 46.0, 41.7, 41.5, 39.4, 38.5, 38638, 34.0, 33.2,
32.7,32.5, 30.8, 27.7, 27.6, 25.9, 25.7, 23.65,253.1, 20.9, 20.9, 20.7, 18.2, 16.9, 16.5, 15.3;

HRMS (ESI TOF - MS) [M +Nd]calcd. for G;H73NO;,+ Na : 986.5025; found: 986.5032.

4.1.33. 3-O-(2'-acetylamino-2deoxy#-D-galactopyranosyl)oleanolic acidg)

Starting materiab2 (112 mg, 0.118 mmol) in ethanol/ethylenediamin® & (3 mL) was
stirred at 70-801 for 6 h. The mixture was concentrated under rediyzessure and toluene
was added twice to azeotropically remove ethandl ethylenediamine. The residue was
purified by column chromatography (silica gel; £H/MeOH = 10/1) to afford amine
containing intermediaté3 (69 mg, 0.100 mmol, 85%). Compoulbé (28 mg, 55%), as a
white solid, was prepared according to the genpratedure B for amide bond coupling
using63 (53 mg, 0.076 mmol), acetic anhydride (0.1 mL),ighyee (0.5 mL) and purified by
column chromatography (silica gel; @H,/MeOH = 20/1) to give compoung¥ which was
fuether deprotected using 10% Pd/C (3.0 mg) andigdiby column chromatography (silica
gel: CHCl,/MeOH = 10/1); m.p. 272); *H NMR (600 MHz, CROD/CDCk = 4/1)$ 5.26 (t,

J=3.5, 1H, H-12), 4.43 (d, = 8.3 Hz, 1H, H-), 3.92 (ddJ = 10.7, 8.3 Hz, 1H, H-p, 3.86
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(d, J = 3.2 Hz, 1H, H-3, 3.75-3.79 (m, 2H, H-8aH-6b), 3.61 (dd,J = 10.7, 3.2 Hz, 1H,
H-3), 3.48 (t,J = 6.3 Hz, 1H, H-5, 3.12 (ddJ = 11.7, 4.4 Hz, 1H, H-3), 2.86 (ddi= 13.9,
4.2 Hz, 1H, H-18 ), 2.03-1.99 (m, 1H), 1.98 (s, s of Ac), 1.94-1.92 (m, 1H), 1.91—
1.85 (m, 3H), 1.81-1.66 (m, 4H), 1.63-1.59 (m, 2H%8-1.56 (m, 1H), 1.55-1.53 (m, 1H),
1.51-1.47 (m, 1H), 1.45-1.36 (m, 2H), 1.34-1.29 i), 1.23-1.20 (m, 1H), 1.18-1.13 (m,
4H), 1.10-1.06 (m, 1H), 0.98 (s, 3H), 0.95 (s, 38194 (s, 3H), 0.92 (s, 3H), 0.81 (s, 3H),
0.78 (s, 3H) , 0.77 ppm (s, 1HFC NMR(150MHz, CROD/CDCk = 4/1)$ 180.7 (COOH),
172.4 (NC=0), 143.8 (C-13), 122.2 (C-12), 103.81(-89.6 (C-3), 74.8 (C 71.6 (C-3),
68.1 (C-4), 60.9 (C-6), 55.5, 53.5 (C-2, 46.3, 45.9, 41.5, 41.3 (C-18), 39.2, 38.6, 38636,
36.6, 33.6, 32.7, 32.5, 32.4, 30.3, 27.5, 27.45,2%6.3, 23.2, 22.8, 22.8, 22.0, 18.0, 16.5, 15.8,
14.7 ppm; HRMS (ESI TOF - MS) [M +N&agalcd. for GsH71NOg+ Na : 768.5021; found:
768.5053; HPLC purity 91.6%gt9.1 min, Mightysil, RP-18, 250 x 4.6 mmyra, H,O/ACN

= 40/60, ImL/min, 40 min)

4.1.34. 3-O-(2'-heptanoylamino-2deoxy#-pD-galactopyranosyl)oleanolic acid?)

Compound 62 (149 mg, 0.157 mmol) was dissolved in a solutioi o
ethanol/ethylenediamine (2 mL/1 mL), and the solutivas stirred at 75 for 6 h. The
mixture was concentrated vacuo and toluene (few drops) was added twice to azpiataty
remove residue solvent. The residue was purifiedcéiymn chromatography (silica gel;
CH.Cly/MeOH = 10/1) to afford amine containing intermedi@3 (93 mg, 85%). Compound
67 (44 mg, 45%), as a white solid, was prepared aaegrto the general procedure B for
amide bond coupling using3 (93 mg, 0.134 mmol)n-propinoic anhydride (0.1 mL),
imidazole (46 mg, 0.670 mmol) and purified by cofunshromatography (silica gel,
CH.Cly/MeOH = 12/1) to give compounsb which was further deprotected using 10% Pd/C
(6 mg) and purified by column chromatography (silgel; CHCIl,/MeOH = 10/1); m.p. 316

: 'H NMR (400 MHz, CROD/CDCk = 4/1)§ 5.21 (t,J = 3.6, 1H, H-12), 4.39 (d] = 8.3
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Hz, 1H, H-1), 3.88 (ddJ = 10.7, 8.3 Hz, 1H, Hp, 3.80 (d,J = 3.2 Hz, 1H, H-3, 3.76-3.70
(m, 2H, H-64 H-6k), 3.54 (ddJ = 10.7, 3.2 Hz, 1H, H-} 3.42 (t,J = 6.2 Hz, 1H, H-5,
3.07 (dd,J = 11.8, 4.4 Hz, 1H, H-3), 2.80 (dd~ 13.6, 3.6 Hz, 1H, H-18), 2.17 (td~ 8.0,
2.4 Hz, 2H, H-1), 2.02-1.90 (m, 1H), 1.87-1.82 (m, 3H), 1.78-1(185 3H), 1.64—1.46 (m,
9H), 1.30-1.22 (m, 11H), 1.21-1.18 (m, 1H), 1.16%1(m, 5H), 1.06-1.01 (m, 1H), 0.93 (s,
3H), 0.90 (s, 3H), 0.87-0.85 (m, 5H), 0.76 (s, 38)73 (s, 3H);**C NMR(100MHz,
CDs;OD/CDCk = 4/1) § 181.0 (COOH), 175.4 (NC=0), 143.9 (C-13), 122.21¢), 103.8
(C-1), 89.4 (C-3), 74.8 (C45 71.8 (C-3), 68.2 (C-4), 61.0 (C-6), 55.6, 53.3 (C-32, 46.4,
46.0, 41.6, 41.4 (C-18), 39.2, 38.7, 38.4, 36.64383.7, 32.7, 32.5, 32.4, 31.5, 30.4, 29.5,
28.9, 27.7, 27.6, 25.6, 25.4, 25.3, 23.2, 22.9%,222.3, 18.1, 16.5, 15.9, 14.7, 13.3; HRMS
(ESI TOF - MS) [M +Na] calcd. for GsH;1NOg+ Na : 768.5021; found: 768.5056; HPLC
purity 86.4% (& 14.3 min, Mightysil, RP-18, 250 x 4.6 mmurd, H,O/ACN = 30/70,
1mL/min, 40 min)
4.2. Cdll culture and cytotoxic assay

Leukemia cell line HL-60, human prostate carcinoo@ line PC-3, and human
colorectal carcinoma cell line HT29 were obtainednf the American Type Culture
Collection (Rockville, MD). HL-60 cells were culen in Iscovés modified Dulbeccs
medium (IMDM) with 10% FBS (v/v) and penicillin (00U/mL)/streptomycin (10@Qug/mL).
PC-3 cells were cultured in RPMI 1640 medium wiPd FBS (v/v) and penicillin (100
U/mL)/streptomycin (100ug/mL). HCT116 and HT29 cells were cultured Dulbeccds
Modified Eagle Medium (DMEM) with 10% FBS (v/v) andoenicillin (100
U/mL)/streptomycin (10@ug/mL). Cells were maintained in a humidified inctdyaat 3707 in
5% CQ/95% air. Cell were incubated in the absence osqiree of the compounds for the
indicated concentrations and times, and then thecmondrial MTT reduction activity was
assessed by enzyme-linked immunosorbent assayrréad@ nm) to obtain absorbance

density values.
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4.3. Cell image experiments

Copper-catalyzed click reaction: HL-60 cells weeeded in 24-well plates and treated
with compound68 (15 uM) (control treated with diluted DMSO). After 15 the cells were
fixed with 99% alcohol, treated with 0.1% triton200 (in PBS) for 15 min, and then washed
twice with PBS. After washing, fluorogenic pro6@ (30 uM), Na ascorbate (1 mM), TBTA
(0.1 mM) in PBS were added to the cells, and the8@ (0.5 mM) with 0.5 mg/mL of BSA
in PBS buffer were added and incubated for 6 h @lts were analyzed by fluorescence
confocal microscopy; For copper-free labeling vayiclooctyne reagent (DBCO-488): HL-60
cells were seeded in 24-well plates and treated @ompoundr1 (15 uM) for 15 h (control
treated with diluted DMSO). After treatment withngpound71, the cells were fixed with
99% alcohol, treated with 0.1% triton X-100 (in BB& 15 min, and then washed twice with
PBS. After washing, fluorogenic probe DBCO-488u{d), with 0.5 mg/mL of BSA in PBS
buffer were added and incubated for 6 h and ceisevanalyzed by fluorescence confocal
microscopy. Nuclei were counterstained with RedDat™nd cell membranes were
counterstained with CellBrite™ Blue. Fluorescenoages were detected using ZEISS, LSM

510 META Confocal Microscope.

4.4. Mitochondrial membrane potential assay

HL-60 cells were treated in the absence or presehttee compound>5, the conditions
were as mentioned in MTT assay. After 1 day, cellsre treated with JC-1 (final
concentration = 24M) under 3701 for 30 min. Next, the cells were harvested anch tere

analyzed by flow cytometer (BD FACSCalibur flow ogteter).
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Figure Legends

Figure 1. OA and OA saponin derivatives

Figure 2. Click reaction to locate cellular uptake of (Atwcompound8 in the presence of
fluorogenic prob&9, TBTA and Cd, (B) Compound’1in the presence of fluorogenic probe,
DBCO-488. The confocal images of HL-60 cell fluaresce Green: [3 + 2] cycloaddition of
the compound68and71; Blue: CellBrite™ Blue (Cell membrane); Red: RedD@
(nucleus).

Figure 3. Effect of compound omyn, and related protein expressiadlL-60 cells were
incubated in the absence or dose-dependent coatientof compoundt5 for the indicated
times. Cells were incubated with JC-1 for the d@&ecof AWm using FACScan flow

cytometric analysis and mitochondria membrane piaieoss (%).
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Highlights

Synthesis of 24 N-modifications of 2'-deoxy-glucosyl oleanolic saponins.

SAR studies revealed that heptyl to nonyl substitutions reached the peak activities.
56 displayed the most cytotoxic activity (ICso = 0.76 uM) against HL-60 cells.

Location study suggested compounds distributed mainly in the cytosol.



