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Abstract:

A series of novel aryl#i-1,2,3-triazol-4-yl methylester and amide derivasivof the
natural product hederagenin was synthesized airtondevelop new antitumor agents,
using Huisgen 1,3-dipolar cycloaddition reactiongh yields between 35% to 95%. The
structures of all derivative2g1) were confirmed by MS, IR*H NMR and **CNMR
spectroscopic data. The cytotoxic activities ofcalnpounds were screened against a panel
of six human cancer cell lines using SRB assayal found that most of the compounds
displayed higher levels of antitumor activities esmpared to parent hederagenin.
Compounds4, 8 and 15 were the most potent againstall human cancer losds.
Furthermore, compountil was the most cytotoxic against cell HT29 showirigdE= 1.6

KM and a selectivity index of 5.4.

Keywords: Sapindus saponarja Huisgen 1,3-dipolar cycloaddition; hederagenin

derivatives; SRB assay
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1. Introduction

HederageninHe) is a pentacyclic oleane-type triterpenoid thadtilits anti-inflammatory
[1], antifungal [2, 3], anti-leishmania [4] and amnicrobial [5, 6] activities as well as
cytotoxicity to different tumor cell lines [7, 8This triterpenoic acid can be extracted in
high quantities from the fruits dbapindus saponarid., (Sapindaceae), a tropical tree
being popularly known in Brazil as "sab&o-de-sotda@oldier soap) or "saboeiro" (soap-
maker) [9]. The fruits ofS. saponariaaccumulate in their pericarps great quantities of
saponins carrying hederagenin as the most abuadiyone. In addition, hederagenin acts
as a chemotaxonomic marker for plants of the Saoeae family. Hence great interest has
been aroused with the investigation of the pharmaza effects attributed to this natural
product. It has also been reported that other faslike Dipsacaceae also produce large
amounts of hederagenin as aglycone of their sapgh@yj.

During the last few years our research groups H@een working on structural
modifications of natural products, in the search fwre active compounds as potential
pharmaceuticals or agrochemicals [11-15]. We haspegial interest in utilizing terpenes
largely abundant and available from several natsoalrces as sesquiterpenes, diterpenes
and triterpenes as lead structures for new drugpdesy, since many of these compounds
have been reported to show important bioactiviiieduding anti-cancer effects [8, 13-18].
Recently, we have demonstrated that derivativeslefnolic acid, 11-ket@-boswellic
acid, glycyrrhetinic acid maslinic acid and 23-hydyoleanolic acid Kle) bearing bulky
lipophilic groups attached to carbonyl-28 are ansbige most cytotoxic derivatives [8, 16-

19]. Based on our previous success with hederagaminmaslinic acid, we proposed a
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modification at position-28, by adding a triazolyloup, a well known pharmacophore.
Triazole containing compounds are able to bind t@rety of enzymes and receptors by
non-covalent interactions, hence displaying a laagey of biological activities [18].

Several compounds of this class have found appitahs anti-infective, anticancer,
antiviral, and anti-hypertensive agents [20-22]cé&ly, it has been found that triazolyl
derivatives of the natural pentacyclic triterpemsolic, betulinic and oleanolic acid shows
cytotoxic activity against several cancer cell §inehile not affecting normal cell lines [19,
23-24]. Usually, the most used and effective methagly to prepare triazolyl derivatives

involves a [3+2] cycloaddition reaction betweerm@rtinal alkyne and an azide [25].

Considering, our on-going projects on the use dfinah products as scaffold for the
discovery of new potential pharmaceutical and adgeodcal compounds [8, 26-28]
besides, the addition of a bulky group substituginthe C-28 ofHe can enhance its
anticancer potential, herein we report the prepavatf a library of novel 1,2,3-triazolyl
derivatives of hederagenin bound to the C-28 aed ttytotoxic profiles against several

cancer cell lines were evaluated.

2. Results and discussion

2.1. Chemistry

HederageninHe) has been recently reported to show low cytot@xaperties for several
human cancer cell lines with &> 30 uM [8]. This compound, however, offers several
hot spots (e.g. C-3, C-12, C-23 and C-28) to pmvehough space for chemical

modifications. We have undertaken a research pnogiaected towards the structural
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modifications of hederagenin at its C-28 positisupported by previous reports that
showed derivatives holding bulky groups attachedCt@8 to modulate the cytotoxic
activity for this class of compounds for severaiaz cell lines [8, 16]. The preparation of
1,2,3-triazolyl derivatives of hederagenin was cletggl by a Huisgen 1,3-dipolar
cycloaddition. Firstly, hederagenifli€) was isolated from the pericarp 8f saponariaas
previously described [8, 29]. Subsequently, a (#om-1-yl) hederageninesteta) was
prepared (92% vyield) by a reactiontéé with propargyl bromide in the presence of finely
grounded potassium carbonateNiN-dimethylformamide (DMF) [8]. In addition, a (prop-
2-yn-1-yl) hederagenin-amidék) was also obtained in excellent yields (93%) actimg
He with 2-propynylamine in the presence oD-(benzotriazol-1-yl)N,N,N',N-
tetramethyluronium- tetrafluoroboratetetrabutyl T as a coupling catalystand,N-

diisopropylethylamine (DIPEA) as a base (Schemell) [

[Insert Schemel]

Benzyl azides were prepared from their respectierzplbromides with sodium
azide in DMF (Scheme 2) [30]. The azides were olethin excellent yields (94-97%) and

were used without further purification.

[Insert Scheme?]

1,3-Dipolar cycloaddition reaction dfa or 1b with benzyl azides in presence of
CuSQ5H;0 and sodium ascorbate resulted into the formatiot,4-substitutedtriazolyl
derivatives2-31.The overall chemical yields of the synthesized goumds ranged from

35% to 95% (Scheme3) [25].
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[Insert Scheme 3]

The structures of the triazolyl derivative2-31) were confirmed by extensive
spectroscopic analyses. All compounds showed iir tlespective IR spectra typical
absorptions expected for the major functional gsoppesent. For example, the stretch
vibration of the ester C=0 was detected as a stadrsgrption band located betweerr
1720-1735 cri for 2-16 together with absorptions betwe®n=1250-1150 cr due to
stretching of C-CO-O. For amidé3-31 the C=0 stretch vibrational bands were observed
in the range ob = 1640-1620 cM[31].

In the'H NMR spectra, the formation of the heterocyclidt uvas confirmed by the
signal around = 7.48-7.72 corresponding to H-33 of the triazolgy. In addition, the
signals of the aromatic hydrogen atoms were detdotdéweeny = 6.80 and 8.22. For the
amides the signals for the NH group were observed=a6.58-6.65 each as a triplet=£
5.0+0.6 Hz). All™*C NMR signals for the triterpenoic skeleton in te&sies of compounds
were similar to the parent hederagenin with exoeptif the signals for C-28 and the group
attached at this position. For carbon C-28 a ghifhigher field for the esters and amides
was observed as compared to patdat(o =180.7 forHe to 6 =177.4+0.4 for the esters
carbonyl and t& = 178+0.4 for the amide carbonyl). A detailed gssient of the NMR
spectra {H and *°C) for all compounds is presented in the suppleargnmaterial
associated to this paper. The assignments werébfpbsy means of 2D NMR techniques

when required, and the data were fully consistetit the proposed structures.

2.2. Biological screening
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The cytotoxic activity of the novel hederageninidatives @-31) was evaluated
employing six human tumour cell lines (melanomascel518A2; ovarian carcinoma -
A2780; colon adenocarcinoma - HT29; breast adewsowana - MCF7; lung cancer -
A549; thyroid carcinoma - 8505C) and non-malignawiuse fibroblasts (NIH 3T3), using
the well-established photometric sulforhodaminesBag (SRB) [32]. The results of these
assays are summarized in Table 1.

[Insert Table1]

In general, conversion of parede into esters and amides bearing a 1,2,3-triazole
unit resulted in an increase of cytotoxicity. Awim forvirtually all human cancer cell
lines, ester substituted compounds bearing a Ii2&lyl group showed higher
cytotoxicity than parent hederagenin (Table 1; Bd). The only exception is compound
14 that presented BEg> 30 uM in 8505C (thyroid cell line), comparable parent
hederagenin. In the case of amide derivativegoalipoundsX7-31) were more active than
He against the cell lines A2780, HT29, MCF7. For tledl ines 518A2 and A549 most
amide derivatives were more active thda (Table 1; Fig. S2). However, for the thyroid
cell line (8505C) only compoun2b-28 were more active compared ltte. These results
indicate that the presence of a bulky group boridezhrbonyl-28 of the triterpene skeleton
modulates their cytotoxic activity. Similar resulteve previously been observed for
hederageninHe), when in its natural form (free acid) a 20-folrver cytotoxicity was
observed as compared to the corresponding estearaitt® derivatives [8]. 1,2,3-Triazolyl
compounds having an ester group are generally oytotoxic than compounds carrying an

amide moiety. Hence, we assumed that the improvesmeay be the result either of a
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different transport mechanisms of the compoundsutyin the membrane or of a different

integration into the cell membrane [33-34].

For human cell line MCF-7 (breast adenocarcinorath)jerivatives 2-31) showed
cytotoxic activity at 10 uM or at lower dose, (Tall). For the human cell line HT29
(colon adenocarcinoma), the activity of titho substituted compounds, (18, 9, 24, 11
and26) decreased with the atomic radius of the halogéstguent (Fig. 1). In addition, the
ortho-fluorobenzyl-1,2,3-triazolyl este¥l was the most active compound against this cell
line showing EGy = 1.6 M. This compound.{) also exhibited some selectivity (Sl= 5.4;
Sl is defined as the quotient of Eg&values according to EgniH 313/ECso [tumor cell line) N
cytotoxicity discriminating between the cancer dgle HT29 and non-malignant mouse
fibroblasts NIH 3T3. Moreover, the 1,2,3-triazohlzgl ester2 (ECso = 2.8 uM) also gave a
good selectivity (SI = 4.2) between the cancer et HT29 and non-malignant mouse

fibroblasts NIH 3T3 (Table S2).

[Insert Figure 1]

The ester derivatived, 8 and 15 possessing an-bromo, m-chloro andnmnitro
substituent were the most active compounds agaihdtuman cell lines tested so far,
showing EGy values ranging between 3.2-4.0 uM fyrbetween 3.1-4.0 uM fo8 and
between 3.2-4.1 pM faot5 (Fig.2). These results revealed that these congsdn 8 and
15) are at least ~8 times more active than pareneragenin (Table 1, Fig. 2); however,

they were not selective between malignant and nalgmant cells (Table S2).

[Insert Figure 2]
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3. Conclusion

In summary, a series of novel aryHl,2,3-triazol-4-yl-methyl ester and amide
derivatives of hederagenin has been synthesizearipjoying Cu(l) catalysed Huisgen 1,3-
dipolar cycloaddition reactions of terminal alkyderivatives ofHe with various benzyl
azides. Compared to hederagenin most compoundbichigher cytotoxicity against all
tested cancer cell lines. The ester derivativesewaore cytotoxic than the amides.
Furthermore, esterd, 8 and 15 were the most active derivatives towards all deks
tested, showing E4dn the range of 3.0-4.1 uM. On the other hand, cumgs2 and 11
were the most cytotoxic against the colon canckr(ldd@29) with EGo = 2.8 uM and 1.6
UM, respectively. In addition, compourdd showed some selectivity for the cancer cell
line HT29 and was less toxic for non-malignant neofilsroblasts NIH 3T3 displaying Sl =

5.4.

4. Experimental part

4.1. General procedures.

Reagents were procured from Sigma-Aldrich (Milwagiké/isconsin, USA) and were used
without any purification. Solvents were supplied bgtec (Rio de Janeiro, Brazil).
Analytical thin layer chromatography (TLC) were foemed on silica gel 60, 0.2 mm
thick plates (supplied by Merck, Rio de JaneiroaZll) and were visualized under UV-B
light or by spraying with phosphomolybdic acid &% ethanol, followed by heating. Flash
column chromatography (typical size of 20 cm lermtid 2 cm of diameter) was performed

using silica gel 230-400 mesh. All compounds wety fcharacterized by IR, EI-MSH
9
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NMR and **C NMR spectroscopy. Infrared spectra were recordeda Perkin-Elmer
Paragon 1000 FTIR spectrophotometer, preparingdhgples as potassium bromide disks
(1% w/w). Mass spectra were recorded on a Shim&ZMS-QP5050A instrument by
direct insertion, using El mode (70 eV). High resi@n mass spectra were recorded on a
Bruker Micro TOF (resolution = 10,000 FWHM) undéectro spray ionization (ESI) and
the results are reported to four decimal figurdentental analyses were measured on a
Foss-Heraeus Vario EL unit. THel and **C-NMR spectra were recorded on a Varian
Mercury 300 spectrometer at 300 and 75 MHz, regpyt using CDCJ as solvent and
TMS as internal reference, unless otherwise stdtalting points were measured on a

MQAPF-301 apparatus and were not corrected.

TheH NMR spectra for all compound were assigned ferdignals that were clearly well
defined as described for each compound, For allpcomds a multiplet was observed in

the range of 0.5 to 2.5 ppm, so the hydrogen ataresch range could not be assigned.

4.2 HederageninHe).

He was isolated from pericarp &apindus saponaria., as previously reported [8], and it
was obtained as a white solid; m.p. 318-32D (lit.: 317-320°C [29]); R = 0.24
(hexane/ethyl acetate, 1:1 v/v). All spectroscodata (IR, MS and NMR) were in

agreement with the literature [35-37].

4.3 Procedure for the preparation of compoutdsnd1b.

Compoundda and1b were synthesized using methods previously puldi$&p

10
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4.4 General procedure for synthesis of benzyl azf@e).

The benzyl azides were preparedfrom the reactioa sblution of the appropriate benzyl
bromide (0.24 mmol) in DMF (10 mL) with sodium agiP5 mg; 0.38 mmol); in short, the
reaction mixture was stirred for 2 h at room terape until TLC analyses revealed the
consumption of the starting material. The mixtugswoured into water (50 mL), extracted
with diethyl ether (2x30 mL), washed with brine 28xmL), dried over Ng&O,, filtered,
and the filtrate was concentrated in a rotary exatpo under reduced pressure to afford the
benzyl azidesa-0). Since TLC analysis of the crude products revkal@y one spot, they

were used without further purification.

4.5 General procedure for synthesis of compouBeii).

To a solution ofalkynds or 1b (0.15 mmol) and the appropriate azide (0.30 mnol)
CH.Cl, (5 mL) and HO (5 mL) CuSQ@5H,0 (63 mg; 0.25 mmol) and Na-L-ascorbate
(100 mg; 0.5 mmol) were added. This reaction mixtwas stirred vigorously for 24h at
room temperature, until TLC analysis revealed altodbnsumption of the starting material.
The mixture was diluted with # (20 mL), extracted with Ci&l, (3 x 20 mL). The
combined organic extracts were washed with brifier®), dried over NgQO,, filtered,
and the solvent was removed in a rotary evapomatder reduced pressure to afford the
crude product. This product was purified by colurshromatography (silica gel,

hexane/ethyl acetate, 2:1 v/v) to yield the taogehpound®-3leach as a solid material.

4.5.1 (Benzyl)-1H-1,2,3-triazol-4-yl-methylg}3,23-dihydroxyolean-12-en-28-oat® (

11
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White solid; yield: 65mg, 60%; m.p. 101-1028 R = 0.45 (hexane/ethylacetate 1:1 v/v);
IR (KBr): © = 3420, 3148, 3064, 1724, 1160, 1048, 1008, 722; ¢ht NMR (300 MHz,
CDCL): § = 7.47 (s, 1H, H-33), 7.35 (brs, 3H), 7.26 (bi€),5.51 (d, 1H,) = 15.0 Hz, H-
34,), 5.45 (d, 1H, = 15.0 Hz, H-34), 5.21 (brs, 1H, H-12), 5.13 (brs, 2H, H-31),B3(d,
1H,J = 10.3 Hz, H-29), 3.62 (brt, 1H,J = 8.0 Hz, H-3), 3.40 (d, 1H] = 9.6 Hz, H-23),
2.78 (brdd, 1HJ = 13.3 Hz, H-18), 1.08 (s, 3H, G} 0.90 (s, 3H, Ch), 0.88 (s, 3H, Ch),
0.86 (s, 6H, 2xCH), 0.50 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): 6 = 177.81 (C-28),
143.71 (C-13), 134.32 (C-32), 131.04 (C-35), 129@837), 129.26 (C-37’), 128.97 (C-
38), 128.22 (C-37’), 128.22 (C-37), 123.03 (C-1)2.44 (C-33), 76.91 (C-3), 72.18 (C-
23), 57.61 (C-31), 54.31 (C-34), 49.88 (C-9), 47(6417), 46.81 (C-5), 45.96 (C-19),
41.90 (C-4), 41.83 (C-14), 41.37 (C-18), 39.38 jC3B.22 (C-1), 37.01 (C-10), 33.92 (C-
21), 33.17 (C-29), 32.55 (C-7), 32.41 (C-22), 30(0620), 27.72 (C-15), 26.82 (C-27),
25.93 (C-2), 23.71 (C-30), 23.45 (C-11), 23.06 @);118.61 (C-6), 16.84 (C-26), 15.85
(C-25), 11.57 (C-24); HRMS (ESI TOF-MS) [M+klcd. for [GoHsgNzO4] " 644.4427,
found: 644.4424; CHN calcd.: C, 74.61; H, 8.92;8\62; found: C, 74.48; H, 9.07; N,

6.39.

4.5.2 (o-Bromobenzyl)-1H-1,2,3-triazol-4-yl-met(§)3,23-dihydroxyolean-12-en-28-

oate Q).

White solid; yield: 110mg, 91%; m.p. 94.8-96G, R = 0.44 (hexane/ethylacetate 1:1 v/v);
IR (KBr): & = 3408, 3154, 3068, 1722, 1160, 1046, 1030, 1868, 732 crt; *H NMR
(300 MHz, CDC}): 6 = 7.60 (d, 1HJ = 7.8 Hz, H-37), 7.57 (s, H, H-33), 7.23 (m, H-38,

H-39, H-40), 5.62 (t, 2H) = 16.3 Hz H-34), 5.22 (brs, 1H, H-12), 5.14 (s, 2H31), 3.70

12
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(d, 1H,J = 10.2 Hz, H-23), 3.61 (brt, 1H,) = 8.0 Hz, H-3), 3.39 (d, 1H] = 10.2 Hz, H-

23,), 2.79 (brdd, 1HJ = 11.2 Hz, H-18), 1.08 (s, 3H, GH 0.90 (s, 3H, Ck), 0.87 (s, 9H,

3xCHs), 0.52 (s, 3H, Ch); °C NMR (75 MHz, CDCY): § = 177.77 (C-28), 143.68 (C-13),
143.62 (C-32), 134.00 (C-35), 133.39 (C-37), 13q®210), 130.58 (C-39), 128.30 (C-38),
124.68 (C-12), 123.69 (C-36), 122.45 (C-33), 76(853), 72.10 (C-23), 57.58 (C-31),
53.95 (C-34), 49.86 (C-9), 47.63 (C-17), 46.80 |C45.93 (C-19), 41.87 (C-4), 41.81 (C-
14), 41.36 (C-18), 39.37 (C-8), 38.21 (C-1), 36(@910), 33.91 (C-21), 33.15 (C-29),
32.53 (C-7), 32.41 (C-22), 30.75 (C-20), 27.71 @&;16.75 (C-27), 25.92 (C-2), 23.70
(C-30), 23.46 (C-11), 23.04 (C-16), 18.60 (C-6),856(C-26), 15.83 (C-25), 11.58 (C-24);
HRMS (ESI TOF-MS) [M+H]calcd. for [GoHs/BrNsO4]*: 722.3532, found: 722.3520;

CHN calcd.: C, 66.47; H, 7.81; N, 5.81; found: 6,3; H, 7.98; N, 5.62.

45.3 (m-Bromobenzyl)-1H-1,2,3-triazol-4-yl-met(8#)3,23-dihydroxyolean-12-en-28-

oate @).

White solid; yield: 78 mg, 65%; m.p. 125.4-125®; R = 0.44 (hexane/ethylacetate 1:1
viV); IR (KBr): & = 3414, 3148, 3094, 1718, 1160, 1048,1008, 772, ci8"; '"H NMR
(300 MHz, CDC}): 6 = 7.51 (s, H, H-33), 7.47 (d, 1H,= 7.7 Hz, H-38), 7.39 (s, 1H, H-
36), 7.24 (d, HJ = 7.7 Hz, H-40), 7.18 (t, H] = 7.5 Hz, H-39), 5.45 (t, 2H] = 17.7 Hz,
H-34), 5.21 (brs, 1H, H-12), 5.14 (s, 2H, H-31)®(d, 1H,J = 10.3 Hz, H-23), 3.61 (brt,
1H, J = 8.0 Hz, H-3), 3.40 (d, 1H} = 10.2 Hz, H-23), 2.79 (brdd, 1HJ = 11.0 Hz, H-18),
1.08 (s, 3H, Ch), 0.89 (s, H, CH), 0.87 (s, 9H, 3xCh), 0.50 (s, 3H, Ch); °C NMR (75
MHz, CDChk): 6 = 177.85 (C-28), 143.89 (C-13), 143.66 (C-32),6.69 (C-35), 131.13

(C-38), 131.12 (C-36), 130.79 (C-39), 126.66 (C;A@¥.11 (C-12), 123.25 (C-37), 122.45

13
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(C-33), 76.89 (C-3), 72.15 (C-23), 57.56 (C-31),493(C-34), 49.87 (C-9), 47.62 (C-17),
46.82 (C-5), 45.94 (C-19), 41.88 (C-4), 41.83 (G;¥4..38 (C-18), 39.38 (C-8), 38.21 (C-
1), 36.99 (C-10), 33.91 (C-21), 33.16 (C-29), 32(857), 32.41 (C-22), 30.75 (C-20),
27.71 (C-15), 26.73 (C-27), 25.92 (C-2), 23.71 @;23.44 (C-11), 23.07 (C-16), 18.60
(C-6), 16.84 (C-26), 15.84 (C-25), 11.59 (C-24); MR (ESI TOF-MS) [M+HJcalcd. for
[C4oHs7BrNzO4]™: 722.3532, found: 722.3522; CHN calcd.: C, 66.47;7.81; N, 5.81;

found: C, 66.32; H, 8.02; N, 5.61.

45.4  (p-Bromobenzyl)-1H-1,2,3-triazol-4-yl-met(§)3,23-dihydroxyolean-12-en-28-

oate b).

White solid; yield: 109 mg, 91%; m.p. 111.6-112G3 R = 0.44 (hexane/ethyl acetate 1:1
vIV); IR (KBr): © = 3420, 3150, 3056, 1722, 1160, 1048, 1012, 732; ¢m NMR (300
MHz, CDCk): 6 = 7.48 (m, 3H, H-33, H-37, H-37’), 7.12 (d, 28i= 8.1 Hz, H-36, H-36),
5.43 (t, 2H,J =13.4 Hz, H-34), 5.21 (brs, 1H, H-12), 5.13 (s, 2H31), 3.70 (d, 1H,) =
10.2 Hz, H-23), 3.61 (brt, 1HJ = 7.9 Hz, H-3), 3.40 (d, 1H] = 10.2 Hz, H-29), 2.79
(brdd, 1H,J = 13.0, 2.3 Hz, H-18), 1.08 (s, 3H, @HO0.87 (s, 12H, 4xC#), 0.49 (s, 3H,
CHs); ®C NMR (75 MHz, CDCY): § = 177.84 (C-28), 143.91 (C-13), 143.68 (C-32),
133.53 (C-35), 132.43 (C-37, C-37’), 129.77 (C-8636"), 123.96 (C-12), 123.16 (C-
38),122.43 (C-33), 76.87 (C-3), 72.12 (C-23), 57(6731), 53.56 (C-34), 49.86 (C-9),
47.61 (C-17), 46.82 (C-5), 45.93 (C-19), 41.88 (C4L.82 (C-14), 41.36 (C-18), 39.37
(C-8), 38.20 (C-1), 36.98 (C-10), 33.90 (C-21),1B3(C-29), 32.54 (C-7), 32.41 (C-22),
30.75 (C-20), 27.70 (C-15), 26.78 (C-27), 25.922)C23.69 (C-30), 23.42 (C-11), 23.07

(C-16), 18.57 (C-6), 16.85 (C-26), 15.81 (C-25),581(C-24); HRMS (ESI TOF-MS)
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311

[M+H] *calcd. for [GoHs/BrNzO,]™: 722.3532, found: 722.3526; CHN calcd.: C, 6647;

7.81; N, 5.81; found: C, 66.29; H, 7.92: N, 5.69.

455 (2,6-Dichlorobenzyl)-1H-1,2,3-triazol-4-yl-thgl-(34)3,23-dihydroxyolean-12-en-

28-oate 6).

White solid; yield: 100mg, 84%; m.p. 113-1146; R = 0.45 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3420, 3154, 3086, 1718, 1160, 1046, 764, 732;ci NMR (300
MHz, CDClL): § = 7.49 (s, 1H, H-33), 7.38 (d, 28,= 7.5 Hz, H-37, H-39), 7.30 (d, 1H,

= 8.3 Hz, H-38), 5.81 (s, 2H, H-31), 5.20 (brs, HH12), 5.14 (d, 1H) = 12.7 Hz, H-34),
5.08 (d, 1HJ = 12.7 Hz, H-34), 3.69 (d, 1HJ = 10.2 Hz, H-23), 3.61 (brt, 1HJ = 7.9
Hz, H-3), 3.38 (d, 1H,) = 10.2 Hz, H-28), 2.78 (brdd, 1H,) = 11.0 Hz, H-18), 1.07 (s,
3H, CHp), 0.89 (s, 3H, Ch), 0.86 (s, 9H, 3xChJ, 0.48 (s, 3H, Ch); °C NMR (75 MHz,
CDCly): § = 177.77 (C-28), 143.71 (C-13), 143.20 (C-32),.936(C-35), 131.26 (C-36),
129.96 (C-40), 129.02 (C-37), 129.02 (C-39), 1290B8), 123.77 (C-12), 122.41 (C-33),
76.83 (C-3), 72.08 (C-23), 57.53 (C-31), 49.86 (C4D.16 (C-34), 47.62 (C-17), 46.78
(C-5), 45.92 (C-19), 41.84 (C-4), 41.79 (C-14),341(C-18), 39.34 (C-8), 38.21 (C-1),
36.98 (C-10), 33.90 (C-21), 33.14 (C-29), 32.517)C32.40 (C-22), 30.74 (C-20), 27.68
(C-15), 26.70 (C-27), 25.92 (C-2), 23.66 (C-30),4B3(C-11), 22.99 (C-16), 18.58 (C-6),
16.73 (C-26), 15.82 (C-25), 11.59 (C-24); HRMS (EBDF-MS) [M+HJcalcd. for
[CaoHssCloN30s]™: 712.3648, found: 712.3632; CHN calcd.: C, 65.82;7.61; N, 5.77;

found: C, 65.77; H, 7.81; N, 5.54.
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45.6  (p-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-met{$p)3,23-dihydroxyolean-12-en-28-

oate (7).

White solid; yield: 39 mg, 33%; m.p. 169.3-170@2, R = 0.45 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3412, 3150, 3100, 1722, 1160, 1048, 1016 clH NMR (300 MHz,
CDCL): 6 = 7.48 (s, 1H, H-33), 7.33 (d, 28,= 8.2 Hz, H-37, H-37’), 7.19 (d, 2H,= 8.2
Hz, H-36, H-36"), 5.45 (t, 2H] = 16.6 Hz, H-34), 5.21 (brs, 1H, H-12), 5.13 (s, 2H31),
3.71 (d, 1HJ = 10.2 Hz, H-23, 3.61 (brt, 1H,) = 8.2 Hz, H-3), 3.40 (d, 1H] = 10.2 Hz,
H-23,), 2.78 (brdd, 1HJ = 13.0 Hz, H-18), 1.08 (s, 3H, GH 0.87 (s, 12H, 4xC¥), 0.49
(s, 3H, CH); *C NMR (75 MHz, CDCJ): § = 177.86 (C-28), 143.92 (C-13), 143.70 (C-
32), 135.06 (C-35), 133.04 (C-38), 129.52 (C-3&8); 129.49 (C-37, C-37’), 123.98 (C-
12), 122.44 (C-33), 76.91 (C-3), 72.18 (C-23), B7(6-31), 53.53 (C-34), 49.87 (C-9),
47.63 (C-17), 46.83 (C-5), 45.95 (C-19), 41.91 (C41.84 (C-14), 41.38 (C-18), 39.38
(C-8), 38.21 (C-1), 36.99 (C-10), 33.92 (C-21),18B3(C-29), 32.56 (C-7), 32.43 (C-22),
30.77 (C-20), 27.72 (C-15), 26.84 (C-27), 25.932)C23.69 (C-30), 23.44 (C-11), 23.08
(C-16), 18.58 (C-6), 16.85 (C-26), 15.81 (C-25),5P1(C-24); HRMS (ESI TOF-MS)
[M+H] *calcd. for [GoHseCIN3O4]™: 678.4038, found: 678.4029; CHN calcd.: C, 70182;

8.32; N, 6.19; found: C, 70.59; H, 8.42; N, 6.07.

45.7 (m-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-met$p)3,23-dihydroxyolean-12-en-28-

oate Q).

White solid; yield: 106 mg, 90%; m.p. 111.9-118G3 R = 0.49 (hexane/ethylacetate 1:1

vIV); IR (KBr): © = 3412, 3148, 3083, 1722, 1160, 1048, 1008, 732, chi’; '*H NMR
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(300 MHz, CDC}): 6 = 7.51 (s, 1H, H-33), 7.27 (m, 3H, H-36, H-38, B}37.12 (d, 1H,
= 6.6 Hz, H-40), 5.45 (t, 2H] = 16.2 Hz, H-34), 5.21 (brs, 1H, H-12), 5.13 (s, 2H31),

3.70 (d, 1HJ = 10.4 Hz, H-23), 3.61 (brt, 1H,) = 7.6 Hz, H-3), 3.39 (d, 1H] = 10.4 Hz,

H-23,), 2.79 (brdd, 1HJ = 13.7 Hz, H-18), 1.08 (s, 3H, GH 0.89 (s, 3H, Ch), 0.86 (s,

9H, 3xCHp), 0.50 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): 6 = 177.84 (C-28), 143.92 (C-
13), 143.65 (C-32), 136.44 (C-35), 135.17 (C-3B0.52 (C-39), 129.18 (C-36), 128.20
(C-38), 126.18 (C-40), 124.12 (C-12), 122.44 (C;3%).85 (C-3), 72.09 (C-23), 57.54 (C-
31), 53.85 (C-34), 49.85 (C-9), 47.60 (C-17), 46815), 45.92 (C-19), 41.86 (C-4), 41.82
(C-14), 41.36 (C-18), 39.37 (C-8), 38.20 (C-1),985(C-10), 33.89 (C-21), 33.14 (C-29),
32.54 (C-7), 32.40 (C-22), 30.74 (C-20), 27.69 &);126.74 (C-27), 25.91 (C-2), 23.69
(C-30), 23.42 (C-11), 23.05 (C-16), 18.58 (C-6),8P6(C-26), 15.82 (C-25), 11.58 (C-24);
HRMS (ESI TOF-MS) [M+HJcalcd. for [GoHs6CINsO4]": 678.4038, found: 678.4033;

CHN calcd.: C, 70.82; H, 8.32; N, 6.19; found: O,64; H, 8.47; N, 6.03.

45.8  (0-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-met{$p)3,23-dihydroxyolean-12-en-28-

oate Q).

White solid; yield: 64 mg, 54%; m.p. 108.6-116@, R = 0.44 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3410, 3156, 3072, 1724, 1160, 1048, 1008, 752; ¢k NMR (300
MHz, CDCk): 6 = 7.56 (s, 1H, H-33), 7.42 (d, 18,= 7.5 Hz, H-37), 7.25 (m, 3H, H-38,
H-39, H-40), 5.62 (t, 2H) = 16.0 Hz H-34), 5.22 (brs, 1H, H-12), 5.14 (s, 2H31), 3.71
(d, 1H,J = 10.1 Hz, H-23), 3.62 (brt, 1H,) = 8.1 Hz, H-3), 3.40 (d, 1H] = 10.1 Hz, H-
23,), 2.80 (brdd, 1HJ = 10.3 Hz, H-18), 1.08 (s, 3H, G 0.90 (s, 3H, Ck), 0.87 (s, 9H,

3xCHs), 0.53 (s, 3H, Ch): °C NMR (75 MHz, CDCJ): § = 177.79 (C-28), 143.70 (C-13),
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143.64 (C-32), 133.71 (C-35), 132.33 (C-36), 13qB910), 130.48 (C-37), 130.11 (C-38),
127.72 (C-39), 124.27 (C-12), 122.46 (C-33), 76(823), 72.19 (C-23), 57.61 (C-31),
51.56 (C-34), 49.88 (C-9), 47.65 (C-17), 46.82 (C45.96 (C-19), 41.91 (C-4), 41.83 (C-
14), 41.38 (C-18), 39.39 (C-8), 38.22 (C-1), 37(Qt10), 33.93 (C-21), 33.17 (C-29),
32.55 (C-7), 32.42 (C-22), 30.77 (C-20), 27.73 &);126.83 (C-27), 25.94 (C-2), 23.71
(C-30), 23.47 (C-11), 23.06 (C-16), 18.61 (C-6),856(C-26), 15.83 (C-25), 11.56 (C-24);
HRMS (ESI TOF-MS) [M+H]jcalcd. for [GoHseCIN3O4]™: 678.4038, found: 678.4026;

CHN calcd.: C, 70.82; H, 8.32; N, 6.19; found: 0,60; H, 8.58; N, 6.09.

4.5.9 (2,4-Difluorobenzyl)-1H-1,2,3-triazol-4-yl-thgl-(36)3,23-dihydroxyolean-12-en-28-

oate (L0).

White solid; yield: 101mg, 89%; m.p.104.5-108@2, R = 0.46 (hexane/ethylacetate 1:1
vIv); IR (KBr): © = 3420, 3154, 3084, 1724, 1508, 1160, 1048, 932, ¢h"; 'H NMR
(300 MHz, CDC}): 6 = 7.56 (s, 1H, H-33), 7.28 (m, 1H, H-40), 6.87 @hi, H-37, H-39),
5.49 (t, 2H,J =15.1 Hz, H-34), 5.22 (brs, 1H, H-12), 5.12 (s, 2H31), 3.69 (d, 1H,) =
10.2 Hz, H-23), 3.61 (brt, 1HJ = 7.9 Hz, H-3), 3.39 (d, 1H] = 10.2 Hz, H-23), 2.79
(brdd, 1H,J = 13.1 Hz, H-18), 1.08 (s, 3H, G} 0.89(s, 3H, Ch), 0.86 (s, 9H, 3xC}),
0.48 (s, 3H, Ch); °C NMR (75 MHz, CDCJ): § = 177.82 (C-28), 163.47 (dd,= 250.3,
11.9 Hz, C-38), 160.85 (dd, = 248.9, 11.7 Hz, C-36), 143.81 (C-13), 143.66 Q)-3
131.83 (ddJ = 9.8, 4.7 Hz, C-40), 124.08 (C-12), 122.46 (C-33)7.92 (dd,] = 15.0, 4.0
Hz, C-35), 112.31 (dd] = 21.2, 3.6Hz, C-39), 104.54 (= 25.2 Hz, C-37), 76.81 (C-3),
72.04 (C-23), 57.51 (C-31), 49.84 (C-9), 47.61 (Q;U7.23 (dJ = 3.6 Hz, C-34), 46.81

(C-5), 45.93 (C-19), 41.86 (C-4), 41.81 (C-14),361(C-18), 39.35 (C-8), 38.21 (C-1),
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36.97 (C-10), 33.91 (C-21), 33.14 (C-29), 32.547)C32.41 (C-22), 30.74 (C-20), 27.69
(C-15), 26.72 (C-27), 25.92 (C-2), 23.67 (C-30),433(C-11), 23.05 (C-16), 18.55 (C-6),
16.75 (C-26), 15.78 (C-25), 11.57 (C-24);HRMS (EBDF-MS) [M+HJ'calcd. for
[CaoHssF2N304]": 680.4239, found: 680.4233; CHN calcd.: C, 76.53;8.77; N, 6.65;

found: C, 75.85; H, 8.91; N, 6.47.

45.10 (o-Fluorobenzyl)-1H-1,2,3-triazol-4-yl-meiti($s)3,23-dihydroxyolean-12-en-28-

oate (11).

White solid; yield: 94mg, 85%; m.p. 142.3-143@; R = 0.46 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3412, 3150, 3098, 1732, 1234, 1158, 758"ctl NMR (300 MHz,
CDCl): 6 = 7.56 (s, 1H, H-33), 7.35 (m, 1H, H-40), 7.26 @h}, H-38), 7.11 (m, 2H, H-
37, H-39), 5.54 (t, 2HJ = 15.5 Hz, H-34), 5.22 (brs, 1H, H-12), 5.13 (s, 2H31), 3.70
(d, 1H,J = 10.3 Hz, H-23), 3.61 (brt, 1H,J = 7.9 Hz, H-3), 3.39 (d, 1H] = 10.2 Hz, H-
23,), 2.79 (brdd, 1HJ = 12.6 Hz, H-18), 1.08 (s, 3H, GH0.90 (s, 3H, CH), 0.87 (s, 9H,
3xCH), 0.50 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): ¢ = 177.79 (C-28), 160.67 (d,=
246.6 Hz, C-36), 143.70 (C-13), 143.67 (C-32), 181(d,J = 32.6 Hz, C-40), 130.74 (d,

= 3.8 Hz, C-38), 124.69 (d,= 3.6 Hz, C-35), 124.12 (C-12), 122.46 (C-33), 781(d,J =
14.5 Hz, C-39), 115.98 (d, = 20.9 Hz, C-37), 76.86 (C-3), 72.10 (C-23), 57(5131),
49.86 (C-9), 47.63 (C-17), 47.23 (@= 3.6 Hz, C-34), 46.80 (C-5), 45.93 (C-19), 41.87
(C-4), 41.87 (C-14), 41.36 (C-18), 39.36 (C-8),228(C-1), 36.98 (C-10), 33.91 (C-21),
33.15 (C-29), 32.53 (C-7), 32.39 (C-22), 30.75 @;27.69 (C-15), 26.75 (C-27), 25.92

(C-2), 23.60 (C-30), 23.43 (C-11), 23.05 (C-16),588(C-6), 16.77 (C-26), 15.80 (C-25),
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11.58 (C-24); HRMS (ESI TOF-MS) [M+Fgalcd. for [GoHssFNsO4]*: 662.4333, found:

662.4325; CHN calcd.: C, 72.58; H, 8.53; N, 6.3#rfd: C, 70.46; H, 8.60; N, 6.03.

45.11 (2,6-Difluorobenzyl)-1H-1,2,3-triazol-4-ylethyl-(33)3,23-dihydroxyolean-12-en-

28-oate 12).

White solid; yield: 76 mg, 67%; m.p. 108.6-116Q; R = 0.44 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3418, 3150, 3074, 1724, 1628, 1160, 1036, 882, chi"; 'H NMR
(300 MHz, CDCY): 6 = 7.57 (s, 1H, H-33), 7.36 (m, 1H, H-38), 6.96 @hl, H-37, H-39),
5.58 (t, 2H,J = 15.6 Hz, H-34), 5.22 (brs, 1H, H-12), 5.12 (s, 2H31), 3.70 (d, 1H)
=10.1 Hz, H-23), 3.61 (brt, 1HJ = 7.8 Hz, H-3), 3.39 (d, 1H] = 10.1 Hz, H-23), 2.80
(brdd, 1H,J = 12.7 Hz, H-18), 1.08 (s, 3H, GH0.90 (s, 3H, Ch), 0.87 (s, 9H, 3xCH),
0.49 (s, 3H, Ch); °C NMR (75 MHz, CDCY): § = 177.80 (C-28), 161.48 (dd,= 249.2,
6.8 Hz, C-36, C-40), 143.69 (C-13), 143.56 (C-331.64 (t,J = 10.1 Hz, C-38), 124.01
(C-12), 122.46 (C-33), 111.96 (m, C-37, C-39), 6TQt,J = 18.5 Hz, C-35), 76.91 (C-3),
72.17 (C-23), 57.52 (C-31), 49.89 (C-9), 47.64 (0;146.80 (C-5), 45.96 (C-19), 41.87
(C-4), 41.81 (C-14), 41.49 (§ = 4 Hz, C-34), 41.37 (C-18), 39.36 (C-8), 38.221(C-
36.99 (C-10), 33.92 (C-21), 33.16 (C-29), 32.547)C32.41 (C-22), 30.76 (C-20), 27.69
(C-15), 26.77 (C-27), 25.93 (C-2), 23.69 (C-30),423(C-11), 23.05 (C-16), 18.58 (C-6),
16.67 (C-26), 15.79 (C-25), 11.57 (C-24); HRMS (EBDF-MS) [M+HJcalcd. for
[CaoHs5F2N304]": 680.4239, found: 680.4232; CHN calcd.: C, 76.813;8.77; N, 6.65;

found: C, 75.87; H, 8.91; N, 6.50.
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45.12 (p-Fluorobenzyl)-1H-1,2,3-triazol-4-yl-meti$s)3,23-dihydroxyolean-12-en-28-

oate (13).

White solid; yield: 85 mg, 77%; m.p. 111.3-112®, R = 0.46 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3420, 3152, 3080, 1722, 1512, 1228, 1160, 1038,cm"; 'H NMR
(300 MHz, CDC}): 6 = 7.47 (s, 1H, H-33), 7.25 (m, 2H, H-36, H-36")0Z (m, 2H, H-37.
H-37’), 5.48 (d, 1H,) = 15.0 Hz, H-34), 5.42 (d, 1H,) = 15.0 Hz, H-34), 5.21 (t, 1HJ =
2.9 Hz, H-12), 5.12 (s, 2H, H-31), 3.70 (d, 1Hs 10.3 Hz, H-29, 3.61 (brt, 1H,) = 8.4
Hz, H-3), 3.39 (d, 1HJ = 10.3 Hz, H-28), 2.78 (dd, 1H,) = 13.8, 3.8 Hz, H-18), 1.07 (s,
3H, C), 0.89 (s, 3H, C), 0.87 (s, 3H, §H0.86 (s, 6H, 2xCh), 0.48 (s, 3H, Ch); **C
NMR (75 MHz, CDC}): 6 = 177.85 (C-28), 162.99 (d,= 246.8 Hz, C-38), 144.26 (C-13),
143.65 (C-32), 130.38 (d,= 3.0 Hz, C-35), 130.11 (d,= 8.1 Hz, C-36, C-36’), 124.42
(C-12), 122.47 (C-33), 116.28 (d,= 21.7 Hz, C-37, C-37"), 76.85 (C-3), 72.12 (C-23)
57.50 (C-31), 53.20 (C-34), 49.85 (C-9), 47.61 (0;146.81 (C-5), 45.93 (C-19), 41.88
(C-4), 41.82 (C-14), 41.36 (C-18), 39.36 (C-8),28B(C-1), 36.98 (C-10), 33.91 (C-21),
33.14 (C-29), 32.54 (C-7), 32.41 (C-22), 30.70 (@;27.70 (C-15), 26.77 (C-27), 25.91
(C-2), 23.67 (C-30), 23.43 (C-11), 23.06 (C-16),583(C-6), 16.81 (C-26), 15.81 (C-25),
11.55 (C-24); HRMS (ESI TOF-MS) [M+F#alcd. for [GoHssFNsO4]*: 662.4333, found:

662.4327; CHN calcd.: C, 72.58; H, 8.53; N, 6.3wrfd: C, 72.40; H, 8.68; N, 6.09.

4.5.13 (p-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-met{$ph) 3,23-dihydroxyolean-12-en-28-

oate (14).
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White solid; yield: 50 mg, 44%; m.p. 183.6-184@ R = 0.43 (hexane/ethylacetate 1:1
v/v); IR (KBr): & = 3404, 3152, 3086, 1720, 1526, 1162, 1054, 1@BB®"; 'H NMR
(300 MHz, CDC}): 6 = 8.22 (d, 2H, ,J = 8.4 Hz,H-37, H-37’), 7.58 (s, 1H, H-33), 7.39 (d,
2H, J = 8.3 Hz, H-36, H-36"), 5.61 (t, 2H] = 16.6 Hz, H-34), 5.23 (brs, 1H, H-12), 5.16
(s, 2H, H-31), 3.70 (d, 1H] = 10.3 Hz, H-29, 3.61 (brt, 1HJ = 8.1 Hz, H-3), 3.40 (d,
1H, J = 10.3 Hz, H-29), 2.79 (brdd, 1H, = 13.4 Hz, H-18), 1.08 (s, 3H, GH 0.87 (s,
12H, 4xCHy), 0.50 (s, 3H, CH); **C NMR (75 MHz, CDCJ): § = 177.92 (C-28), 148.23
(C-38), 144.26 (C-13), 143.65 (C-32), 141.59 (C;3%28.72 (C-36, C-36’), 124.22 (C-37,
C-37"), 124.42 (C-12), 122.47 (C-33), 76.85 (C-A},12 (C-23), 57.50 (C-31), 53.20 (C-
34), 49.81 (C-9), 47.61 (C-17), 46.86 (C-5), 458319), 41.89 (C-4), 41.85 (C-14), 41.39
(C-18), 39.39 (C-8), 38.20 (C-1), 36.98 (C-10),923(C-21), 33.16 (C-29), 32.57 (C-7),
32.46 (C-22), 30.76 (C-20), 27.72 (C-15), 26.812(0; 25.91 (C-2), 23.67 (C-30), 23.45
(C-11), 23.10 (C-16), 18.56 (C-6), 16.88 (C-26),8%5(C-25), 11.53 (C-24); HRMS (ESI
TOF-MS) [M+H]'calcd. for [GoHseN4Og]™: 689.4278, found: 689.4269; CHN calcd.: C,

69.74; H, 8.19; N, 8.13; found: C, 69.51; H, 8.858.00.

45.14  (m-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-met{$p)3,23-dihydroxyolean-12-en-28-

oate (15).

White solid; yield: 60 mg, 52%; m.p. 152.7-153®, R = 0.43 (hexane/ethylacetate 1:1
viV); IR (KBr): b = 3404, 3156, 3092, 1718, 1534, 1174, 1158, 1028,cm"; 'H NMR
(300 MHz, CDC}): § = 8.21 (m, 1H, H-38), 8.13 (brs, 1H, H-36), 7.59s( 1H, H-33),
7.56 (m, 2H, H-39, H-40), 5.63 (d, 18,= 15.3 Hz, H-34, 5.57 (d, 1HJ = 15.3 Hz, H-

34y), 5.22 (t, 1H,J = 3.0 Hz, H-12), 5.15 (s, 2H, H-31), 3.69 (d, 1Hs 10.3 Hz, H-23),
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3.60 (brt, 1H,J = 8.6 Hz, H-3), 3.39 (d, 1H] = 10.3 Hz, H-29), 2.79 (dd, 1H,) = 13.6,
3.7 Hz, H-18), 1.08 (s, 3H, GH 0.88 (s, 3H, Ck), 0.86 (s, 9H, 3xCH), 0.50 (s, 3H,
CHs); °C NMR (75 MHz, CDCJ): 0 = 177.89 (C-28), 148.67 (C-37), 144.19 (C-13),
142.63 (C-32), 136.66 (C-35), 133.96 (C-40), 13q@B9), 124.31 (C-12), 123.94 (C-36),
122.95 (C-38), 122.46 (C-33), 76.86 (C-3), 72.1€2@J, 57.49 (C-31), 53.20 (C-34), 49.83
(C-9), 47.59 (C-17), 46.83 (C-5), 45.91 (C-19),871(C-4), 41.82 (C-14), 41.38 (C-18),
39.37 (C-8), 38.19 (C-1), 36.97 (C-10), 33.89 (Q;&B.13 (C-29), 32.55 (C-7), 32.42 (C-
22), 30.74 (C-20), 27.70 (C-15), 26.77 (C-27), 25(8-2), 23.66 (C-30), 23.42 (C-11),
23.07 (C-16), 18.56 (C-6), 16.85 (C-26), 15.80 &);211.56 (C-24); HRMS (ESI TOF-
MS) [M+H]"calcd. for [GoHseN4Og]": 689.4278, found: 689.4269; CHN calcd.: C, 69.74;

H, 8.19; N, 8.13; found: C, 69.54; H, 8.33; N, 8.04

4.5.15 (o-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-meti{@p)3,23-dihydroxyolean-12-en-28-

oate (16).

White solid; yield: 87 mg, 76%; m.p. 123.8-125@G, R = 0.43 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3046, 3158, 3060, 1722, 1530, 1160, 1048, 1028,cm"; 'H NMR
(300 MHz, CDC}): 6 = 8.14 (dd, 1H, = 7.9, 1.3 Hz,H-37), 7.71 (brs, 1H, H-33), 7.60 (td,
2H,J = 7.4, 1.3 Hz, H-38), 7.53 (td, 2H,= 7.4, 1.3 Hz, H-39);7.07 (dd, 14,= 7.6, 1.3
Hz, H-40), 5.90 (s, 2H, H-34), 5.24 (t, 1Bi= 3.1 Hz, H-12), 5.17 (s, 2H, H-31), 3.70 (d,
1H,J = 10.3 Hz, H-23), 3.61 (brt, 1H,J = 8.2 Hz, H-3), 3.40 (d, 1H] = 10.3 Hz, H-23),
2.81 (dd, 1H,) = 13.8, 3.8 Hz, H-18), 1.09 (s, 3H, @H0.90 (s, 3H, Ck), 0.87 (s, 9H, 3x
CHz), 0.55 (s, 3H, Ch); *C NMR (75 MHz, CDCJ): 6 = 177.77 (C-28), 147.59 (C-36),

143.90 (C-13), 143.64 (C-32), 134.43 (C-35), 13qE39), 130.51 (C-40), 129.88 (C-38),
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125.55 (C-37), 125.04 (C-12), 122.52 (C-33), 76(893), 72.13 (C-23), 57.55 (C-31),
50.94 (C-34), 49.86 (C-9), 47.64 (C-17), 46.84 |C45.92 (C-19), 41.89 (C-4), 41.83 (C-
14), 41.38 (C-18), 39.40 (C-8), 38.21 (C-1), 37(@D10), 33.92 (C-21), 33.16 (C-29),
32.55 (C-7), 32.44 (C-22), 30.77 (C-20), 27.73 &);16.80 (C-27), 25.94 (C-2), 23.71
(C-30), 23.45 (C-11), 23.07 (C-16), 18.59 (C-6).9P6(C-26), 15.81 (C-25), 11.56 (C-24);
HRMS (ESI TOF-MS) [M+H]calcd. for [GoHseN4Og]": 689.4278,found: 689.4270; CHN

calcd.: C, 69.74; H, 8.19; N, 8.13; found: C, 69838.40; N, 8.02.

4.15.16  (Benzyl)-1H-1,2,3-triazol-4-yl-methyp)3,23-dihydroxyolean-12-en-28-amide

(17).

White solid; yield: 97mg, 90%; m.p. 124.8-126G; R = 0.42 (hexane/ethylacetate 1:1
viv); IR (KBr): © = 3402, 3150, 3066,1722, 1636, 1520, 1048, 724; ¢t NMR (300
MHz, CDCh): 6 = 7.72 (s, 1H, H-33), 7.33(brs, 3H), 7.26 (brs), 26461 (t, 1H,J = 4.7 Hz,
N-H), 5.49 (d, 1H,) = 14.8 Hz, H-34), 5.42 (d, 1H,) = 14.8 Hz, H-3¢), 5.35 (brs, 1H, H-
12), 4.45 (dd, 1HJ =15.0, 5.2 Hz, H-33, 4.31 (dd, 1H,) =15.0, 5.2 Hz, H-39, 3.68 (d,
1H,J = 10.3 Hz, H-23, 3.61 (brt, 1HJ = 7.9 Hz, H-3), 3.38 (d, 1H] = 10.3 Hz, H-23),
2.51 (brdd, 1H,J = 11.1 Hz, H-18), 1.10 (s, 3H, GH 0.87 (s, 6H, 2xCk}, 0.86 (s, 6H,
2XCHs), 0.44 (s, H, Ch); 3C NMR (75 MHz, CDCJ): § = 178.56 (C-28), 145.17 (C-13),
144.28 (C-32), 134.60 (C-35), 129.19 (C-37), 129@=B7’), 128.89 (C-38), 128.19 (C-
36'), 128.19 (C-36), 123.27 (C-12), 122.55 (C-38,63 (C-3), 71.84 (C-23), 54.28 (C-
34), 49.68 (C-9), 47.59 (C-17), 46.72 (C-5), 46(@219), 42.08 (C-4), 42.06 (C-14), 41.89
(C-18), 39.37 (C-8), 38.26 (C-1), 36.91 (C-10),136(C-31), 34.19 (C-21), 33.08 (C-29),

32.55 (C-7), 32.20 (C-22), 30.80 (C-20), 27.30 &);126.69 (C-27), 25.85 (C-2), 23.92
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(C-30), 23.68 (C-11), 23.52 (C-16), 18.52 (C-6),616(C-26), 15.87 (C-25), 11.62 (C-24);
HRMS (ESI TOF-MS) [M+H]calcd. for [GoHssN4Os]": 643.4587, found: 643.4578; CHN

calcd.: C, 74.73; H, 9.09; N, 8.71; found: C, 74H19.23; N, 8.55.

45.17 (o-Bromobenzyl)-1H-1,2,3-triazol-4-yl-met(B8#)3,23-dihydroxyolean-12-en-28-

amide (8).

White solid; yield: 102mg, 85%; m.p. 128.3-130@ R = 0.42 (hexane/ethylacetate 1:1
viV); IR (KBr): ® = 3386, 3150, 3070,1720, 1636, 1522, 1046, 1088, 732 crit; *H
NMR (300 MHz, CDCY): ¢ = 7.58 (brs, 1H, H-37), 7.56 (s, 1H, H-33), 7.22, {H-38, H-
39, H-40), 6.62 (t, 1H] = 6.3 Hz, N-H), 5.59 (s, 2H, H-34), 5.36 (brs, 1H1P), 4.47 (dd,
1H,J =14.8, 5.1 Hz, H-3), 4.32 (dd, 1HJ =14.8, 5.1 Hz, H-3J), 3.68 (d, 1HJ = 10.0
Hz, H-23), 3.60 (brt, 1HJ = 7.9 Hz, H-3), 3.37 (d, 1H] = 10.0 Hz, H-29), 2.51 (brdd,
1H,J = 11.2 Hz, H-18), 1.10 (s, 3H, GH 0.86 (s, 6H, 2xCHJ, 0.85 (s, 6H, 2xCH), 0.46
(s, H, CH); °C NMR (75 MHz, CDCJ): § = 178.55 (C-28), 145.05 (C-13), 144.29 (C-32),
134.10 (C-35), 133.36 (C-37), 130.56 (C-40), 13AB&9), 128.25 (C-38), 123.68 (C-36),
123.26 (C-12), 122.97 (C-33), 76.60 (C-3), 71.82@), 53.93 (C-34), 49.67 (C-9), 47.58
(C-17), 46.71 (C-5), 46.32 (C-19), 42.06 (C-4),082(C-14), 41.88 (C-18), 39.37 (C-8),
38.25 (C-1), 36.90 (C-10), 35.12 (C-31), 34.20 (10;2B3.08 (C-29), 32.56 (C-7), 32.20
(C-22), 30.79 (C-20), 27.32 (C-15), 26.66 (C-27,85 (C-2), 23.91 (C-30), 23.68 (C-11),
23.53 (C-16), 18.53 (C-6), 16.62 (C-26), 15.87 &);211.63 (C-24); HRMS (ESI TOF-
MS) [M+H] calcd. for [GoHs/BrN4Os]": 721.3672, found: 721.3679; CHN calcd.: C,

66.56; H, 7.96; N, 7.76; found: C, 66.39; H, 8.W1;7.59.
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4.5.18 (m-Bromobenzyl)-1H-1,2,3-triazol-4-yl-met{84)3,23-dihydroxyolean-12-en-28-

amide (9).

White solid; yield: 108mg, 90%; m.p. 123.6-125@ R = 0.44 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3394, 3148, 3064, 1730, 1636, 1519, 1240, 1046, 734 cnt; *H
NMR (300 MHz, CDCY): § = 7.51 (s, H, H-33), 7.46 (d, 1H,= 7.3 Hz, H-38), 7.40 (s,
1H, H-36), 7.22 (m, 2H, H-39, H-40), 6.61 (t, 1Hz 4.7 Hz, N-H), 5.47 (d, 1H] = 15.7
Hz, H-34), 5.39 (d, 1H,) = 15.7 Hz, H-34), 5.36 (brs, 1H, H-12), 4.46 (dd, 18=15, 5.1
Hz, H-31), 4.33 (dd, 1HJ =15, 5.1 Hz, H-3d), 3.69 (d, 1HJ = 10.1 Hz, H-23, 3.61
(brt, 1H,J = 8.0 Hz, H-3), 3.39 (d, 1H] = 10.2 Hz, H-29), 2.52 (brdd, 1H, = 11.6 Hz,
H-18), 1.11 (s, 3H, Ck), 0.86 (s, 12H, 4xCh), 0.44 (s, H, Ch); **C NMR (75 MHz,
CDCl): 0 = 178.65 (C-28), 145.44 (C-13), 144.31 (C-32),.836(C-35), 132.06 (C-38),
131.15 (C-36), 130.72 (C-39), 126.71 (C-40), 123@€B7), 123.27 (C-12), 122.72 (C-33),
76.73 (C-3), 71.93 (C-23), 53.47 (C-34), 49.71 (C4¥.59 (C-17), 46.73 (C-5), 46.34 (C-
19), 42.12 (C-4), 42.08 (C-14), 41.90 (C-18), 394B388), 38.25 (C-1), 36.91 (C-10), 35.16
(C-31), 34.20 (C-21), 33.09 (C-29), 32.57 (C-7),282(C-22), 30.81 (C-20), 27.32 (C-15),
26.74 (C-27), 25.86 (C-2), 23.96 (C-30), 23.69 (@;123.53 (C-16), 18.56 (C-6), 16.63
(C-26), 15.87 (C-25), 11.61 (C-24); HRMS (ESI TORM [M+H]'calcd. for
[CaoHs57BrN4Os]": 721.3672, found: 721.3686; CHN calcd.: C, 66.56;7.96; N, 7.76;

found: C, 66.44; H, 8.14; N, 7.51.

45.19 (p-Bromobenzyl)-1H-1,2,3-triazol-4-yl-met(B#)3,23-dihydroxyolean-12-en-28-

amide R0).
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White solid; yield: 114mg, 95%; m.p. 143.6-145@ R = 0.42 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3414, 3150, 1636, 1048, 1012 tmH NMR (300 MHz, CDCY): 6 =
7.50 (s, 1H, H-33), 7.47 (d, 2H,= 8.2 Hz, H-37, H-37’), 7.13 (d, 2H), = 8.1 Hz, H-36,
H-36"), 6.60 (t, 1HJ = 5.1 Hz, N-H), 5.45 (d, 1H] = 14.8 Hz, H-34), 5.37 (d, 1HJ =
14.8 Hz, H-34), 5.34 (brs, 1H, H-12), 4.44 (dd, 181=15.0, 5.3 Hz, H-3), 4.32 (dd, 1H,
J =15.0, 5.3 Hz, H-39, 3.69 (d, 1H, = 10.2 Hz, H-23), 3.61 (brt, 1HJ = 7.0 Hz, H-3),
3.38 (d, 1HJ = 10.2 Hz, H-29), 2.50 (brdd, 1H,] = 11.0 Hz, H-18), 1.10 (s, 3H, GH
0.86 (s, 12H, 4xCH), 0.41 (s, H, Ch); *C NMR (75 MHz, CDCJ): 5 = 178.67 (C-28),
145.39 (C-13), 144.31 (C-32), 133.69 (C-35), 1333&7, C-37’), 129.82 (C-36, C-36),
123.26 (C-12), 123.08 (C-38), 122.68 (C-33), 76(683), 71.90 (C-23), 53.55 (C-34),
49.69 (C-9), 47.57 (C-17), 46.73 (C-5), 46.33 (G;¥2.09 (C-4), 42.06 (C-14), 41.90 (C-
18), 39.35 (C-8), 38.25 (C-1), 36.90 (C-10), 35(631), 34.19 (C-21), 33.07 (C-29),
32.56 (C-7), 32.21 (C-22), 30.80 (C-20), 27.29 &);16.72 (C-27), 25.84 (C-2), 23.95
(C-30), 23.66 (C-11), 23.52 (C-16), 18.49 (C-6),6P6(C-26), 15.86 (C-25), 11.63 (C-24);
HRMS (ESI TOF-MS) [M+HJcalcd. for [GoHssBrN4Os]™:721.3672, found: 721.3689;

CHN calcd.: C, 66.56; H, 7.96; N, 7.76; found: 6,3L; H, 8.10; N, 7.61.

4.5.20 (2,6-Dichlorobenzyl)-1H-1,2,3-triazol-4-ykthyl-(33)3,23-dihydroxyolean-12-en-

28-amide 21).

White solid; yield: 89mg, 75%; m.p. 144.8-146G; R = 0.44 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3404, 3150, 3078, 1636, 1520, 1048, 764, 732;cid NMR (300
MHz, CDCk): 6 = 7.47 (s, 1H, H-33), 7.37 (d, 28,= 7.2 Hz, H-37, H-40), 7.29 (d, 1H,

= 7.9 Hz, H-38), 6.59 (t, 1H] = 4.9 Hz, N-H), 5.79 (t, 2H] = 15.6 Hz, H-34), 5.34 (brs,
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1H, H-12), 4.45 (dd, 1H) =15.0, 5.1 Hz, H-33, 4.31 (dd, 1H,] =15.0, 5.1 Hz, H-3J,
3.67 (d, 1HJ = 10.3 Hz, H-23), 3.60 (brt, 1H,) = 7.9 Hz, H-3), 3.37 (d, 1H] = 10.3 Hz,

H-23,), 2.51 (brdd, 1HJ = 11.5 Hz, H-18), 1.09 (s, 3H, GH0.86 (s, 6H, 2xCH), 0.85 (s,

6H, 2xCH), 0.42 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): 6 = 178.43 (C-28), 144.65 (C-
13), 144.23 (C-32), 136.88 (C-35), 131.20 (C-360.04 (C-40), 128.99 (C-37), 128.99
(C-39), 128.99 (C-38), 123.24 (C-12), 122.23 (C;3®).61 (C-3), 71.81 (C-23), 49.10 (C-
34), 49.68 (C-9), 47.58 (C-17), 46.70 (C-5), 46(@019), 42.02 (C-4), 42.02 (C-14), 41.87
(C-18), 39.35 (C-8), 38.25 (C-1), 36.89 (C-10),085(C-31), 34.20 (C-21), 33.08 (C-29),
32.57 (C-7), 32.21 (C-22), 30.79 (C-20), 27.29 &);126.66 (C-27), 25.85 (C-2), 23.88
(C-30), 23.66 (C-11), 23.51 (C-16), 18.52 (C-6),5P6(C-26), 15.85 (C-25), 11.63 (C-24);
HRMS (ESI TOF-MS) [M+H]calcd. for [GoHseCloN4O3]*: 711.3808, found: 711.3799;

CHN calcd.: C, 67.59; H, 7.80; N, 7.88; found: @,4L; H, 7.99; N, 7.67.

45.21 (p-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-mdt(§p)3,23-dihydroxyolean-12-en-28-

amide @2).

White solid; yield: 92mg, 81%; m.p. 139.3-141; R = 0.44 (hexane/ethylacetate 1:1 v/v);
IR (KBr): © = 3402, 3152, 3068, 1718, 1636, 1520, 1048, 1838¢cni"; 'H NMR (300
MHz, CDClk): § = 7.50 (s, H, H-33), 7.31 (d, 2H,= 8.2 Hz, H-37, H-37"), 7.19 (d, 2H,

= 8.2 Hz, H-36, H-36"), 6.60 (t, 1H} = 4.4 Hz, N-H), 5.47 (d, 1H) = 14.9 Hz, H-39),
5.38 (d, 1HJ = 14.9 Hz, H-34), 5.35 (brs, 1H, H-12), 4.44 (dd, 181=14.9, 5.2 Hz, H-
31,), 4.32 (dd, 1H, =14.9, 5.2 Hz, H-3), 3.68 (d, 1H,) = 10.2 Hz, H-23), 3.60 (brt, 1H,

J = 8.0 Hz, H-3), 3.38 (d, 1H] = 10.2 Hz, H-29), 2.50 (brdd, 1H,J = 11.8 Hz, H-18),

1.10 (s, 3H, Ch), 0.85 (s, 12H, 4xCH), 0.41 (s, 3H, CH); *C NMR (75 MHz, CDCJ): §
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= 178.68 (C-28), 145.38 (C-13), 144.29 (C-32), 934(C-35), 133.17 (C-38), 129.54 (C-
36, C-36"), 129.39 (C-37, C-37’), 123.25 (C-12) 2167 (C-33), 76.64 (C-3), 71.85 (C-23),
53.50 (C-34), 49.68 (C-9), 47.56 (C-17), 46.72 (C46.33 (C-19), 42.08 (C-4), 42.06 (C-
14), 41.88 (C-18), 39.35 (C-8), 38.24 (C-1), 36(8910), 35.15 (NH-C-31), 34.19 (C-21),
33.07 (C-29), 32.56 (C-7), 32.20 (C-22), 30.80 (;27.28 (C-15), 26.69 (C-27), 25.84
(C-2), 23.93 (C-30), 23.65 (C-11), 23.51 (C-16),478(C-6), 16.61 (C-26), 15.84 (C-25),
11.61 (C-24); HRMS (ESI TOF-MS) [M+Hgalcd. for [GoHs7CIN4O3]*: 677.4197, found:

677.4191; CHN calcd.: C, 70.93; H, 8.48; N, 8.2urfd: C, 70.19; H, 8.57; N, 8.03.

4.5.22 (m-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-métfB)3,23-dihydroxyolean-12-en-28-

amide 23).

White solid; yield: 89mg, 78%; m.p. 143.4-144@; R = 0.46 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3404, 3150, 3086, 1636, 1520, 1048, 772, 732;cid NMR (300
MHz, CDCL): § = 7.52 (s, H, H-33), 7.26 (m, 3H, H-36, H-38, H}38.13 (d, 1H,J = 6.7
Hz, H-40), 6.63 (t, 1HJ) = 5.6 Hz, N-H), 5.47 (d, 1H] = 15.1 Hz, H-34), 5.39 (d, 1H,) =
15.1 Hz, H-34), 5.36 (brs, 1H, H-12), 4.45 (dd, 181=15.0, 5.1 Hz, H-33, 4.32 (dd, 1H,
J =15.0, 5.1 Hz, H-39, 3.68 (d, 1H,) = 10.3 Hz, H-23, 3.61 (brt, 1H,J = 7.5 Hz, H-3),
3.38 (d, 1HJ = 10.3 Hz, H-29), 2.51 (brdd, 1H, = 13.2 Hz, H-18), 1.10 (s, 3H, GH
0.85 (s, 12H, 4xCH), 0.44 (s, 3H, CH):; **C NMR (75 MHz, CDCJ): § = 178.67 (C-28),
145.41 (C-13), 144.28 (C-32), 136.57 (C-35), 13§@B7), 130.46 (C-39), 129.11 (C-36),
128.23 (C-38), 126.22 (C-40), 123.27 (C-12), 122A€533), 76.65 (C-3), 71.85 (C-23),
53.53 (C-34), 49.69 (C-9), 47.57 (C-17), 46.71 (C46.33 (C-19), 42.09 (C-4), 42.06 (C-

14), 41.88 (C-18), 39.37 (C-8), 38.24 (C-1), 36(8910), 35.14 (C-31), 34.18 (C-21),
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33.07 (C-29), 32.55 (C-7), 32.22 (C-22), 30.79 @;27.29 (C-15), 26.68 (C-27), 25.84
(C-2), 23.92 (C-30), 23.67 (C-11), 23.51 (C-16),588(C-6), 16.61 (C-26), 15.84 (C-25),
11.61 (C-24); HRMS (ESI TOF-MS) [M+Fgalcd. for [GoHs7CIN4O3]": 677.4197, found:

677.4191; CHN calcd.: C, 70.93; H, 8.48; N, 8.2urfd: C, 70.76; H, 8.51; N, 8.19.

4.5.23 (o-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-mdt(§/)3,23-dihydroxyolean-12-en-28-

amide p4).

White solid; yield: 90mg, 79%; m.p. 133-134Q; R = 0.44 (hexane/ethylacetate 1:1 v/v);
IR (KBr): = 3400, 3150, 3072, 1722, 1636, 1520, 1048, 782,cm’; 'H NMR (300
MHz, CDC): 6 = 7.55 (s, 1H, H-33), 7.41 (d, 1H, H-37), 7.25 @hi, H-38, H-39, H-40),
6.59 (t, 1H,J = 4.3 Hz, N-H), 5.60 (t, 2H] = 15.2 Hz, H-34), 5.36 (brs, 1H, H-12), 4.48
(dd, 1H,J =15.0, 5.0 Hz, H-33, 4.34 (dd, 1H,J =15.0, 5.0 Hz, H-3g, 3.70 (d, 1HJ =
10.3 Hz, H-23), 3.61 (brt, 1HJ = 7.7 Hz, H-3), 3.39 (d, 1H] = 10.3 Hz, H-23), 2.52
(brdd, 1H,J = 11.8 Hz, H-18), 1.11 (s, 3H, GH 0.87 (s, 12H, 4xC}}, 0.47 (s, 3H, Ch);
¥C NMR (75 MHz, CDCJ): 6 = 178.54 (C-28), 145.10 (C-13), 144.34 (C-32),.133C-
35), 132.44 (C-36), 130.58 (C-40), 130.41 (C-380.09 (C-38), 127.65 (C-39), 123.27
(C-12), 122.91 (C-33), 76.63 (C-3), 71.98 (C-23),55 (C-34), 49.72 (C-9), 47.62 (C-17),
46.75 (C-5), 46.35 (C-19), 42.12 (C-4), 42.08 (G;%4.92 (C-18), 39.40 (C-8), 38.26 (C-
1), 36.93 (C-10), 35.15 (C-31), 34.22 (C-21), 33(0629), 32.57 (C-7), 32.22 (C-22),
30.82 (C-20), 27.33 (C-15), 26.78 (C-27), 25.872)C23.96 (C-30), 23.69 (C-11), 23.55
(C-16), 18.57 (C-6), 16.63 (C-26), 15.87 (C-25),5BL(C-24); HRMS (ESI TOF-MS)
[M+H] *calcd. for [GoHs7CIN4O3]™: 677.4197, found: 677.4190; CHN calcd.: C, 70193;

8.48; N, 8.27; found: C, 70.77; H, 8.63; N, 8.19.
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4.5.24 (2,4-Difluorobenzyl)-1H-1,2,3-triazol-4-ylethyl-(33)3,23-dihydroxyolean-12-en-

28-amide 25).

White solid; yield: 95mg, 84%; m.p. 119.3-120@; R = 0.44 (hexane/ethylacetate 1:1
viV); IR (KBr): b = 3404, 3150, 3080, 1636, 1508, 1276, 1048, 1862,cm"; 'H NMR
(300 MHz, CDC4): 6 = 7.55 (s, 1H, H-33),7.27 (m, 1H, H-40), 6.84 @h, H-37, H-39),
6.61 (t, 1H,J = 4.5 Hz, N-H), 5.47 (t, 2HJ = 15.4 Hz, H-34), 5.34 (brs, 1H, H-12), 4.44
(dd, 1H,J =15.0, 5.1 Hz, H-33, 4.32 (dd, 1H,) =15.0, 5.1 Hz, H-3, 3.67 (d, 1HJ =
10.3 Hz, H-23), 3.60 (brt, 1HJ = 8.0 Hz, H-3), 3.37 (d, 1H] = 10.3 Hz, H-23), 2.50
(brdd, 1H,J = 11.5 Hz, H-18), 1.09 (s, 3H, GH 0.85 (s, 12H, 4xC}}, 0.40 (s, 3H, Ch);
¥C NMR (75 MHz, CDCJ): 6 = 178.63 (C-28), 163.42 (dd,= 249.9, 11.6 Hz, C-38),
160.85 (ddJ = 249.3, 11.8 Hz, C-36), 145.28 (C-13), 144.26 Q}-331.80 (dd, = 9.8,
4.6 Hz, C-40), 123.26 (C-12), 122.74 (C-33), 11808, J = 14.6, 3.7 Hz, C-35), 112.20
(dd,J = 21.5, 3.8 Hz, C-39), 104.51 {t= 25.2 Hz, C-37), 76.57 (C-3), 71.76 (C-23), 49.65
(C-9), 47.56 (C-17), 47.22 (d,= 3.5 Hz, C-34), 46.70 (C-5), 46.33 (C-19), 42.074),
42.04 (C-14), 41.86 (C-18), 39.34 (C-8), 38.24 (C36.88 (C-10), 35.07 (C-31), 34.18
(C-21), 33.06 (C-29), 32.56 (C-7), 32.20 (C-22),780(C-20), 27.27 (C-15), 26.64 (C-27),
25.83 (C-2), 23.91 (C-30), 23.64 (C-11), 23.50 @);18.46 (C-6), 16.51 (C-26), 15.81
(C-25), 11.60 (C-24); HRMS (ESI TOF-MS) [M+Hhlcd. for [GoHssF2N4Os]*: 679.4399,
found: 679.4390; CHN calcd.: C, 70.77; H, 8.31;8\25; found: C, 70.51; H, 8.52; N,

8.13.

4.5.25 (o-Fluorobenzyl)-1H-1,2,3-triazol-4-yl-meiti($s)3,23-dihydroxyolean-12-en-28-

amide £6).
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White solid; yield: 78mg, 70%; m.p. 122.3-123@; R = 0.46 (hexane/ethylacetate 1:1
v/v); IR (KBr): b = 3404, 3150, 3052, 1636, 1522, 1236, 1048, 1868,cn"; ‘*H NMR
(300 MHz, CDCY): 6 = 7.54 (s, H, H-33), 7.33 (m, 1H, H-40), 7.25 (b}, H-38), 7.10
(m, 2H, H-37, H-39), 6.61 (t, 1Hl = 3.9 Hz, N-H), 5.52 (t, 2H) = 15.4 Hz, H-34), 5.35
(brs, 1H, H-12), 4.45 (dd, 1H,=15.0, 5.3 Hz, H-3), 4.33 (dd, 1H,) =15.0, 5.3 Hz, H-
31,), 3.68 (d, 1HJ = 10.3 Hz, H-23), 3.61 (brt, 1HJ = 8.0 Hz, H-3), 3.38 (d, 1H} =10.3
Hz, H-23), 2.51 (brdd, 1HJ = 12.1 Hz, H-18), 1.10 (s, 3H, GH 0.86 (s, 12H, 4xCH),
0.43 (s, 3H, Ch); :°C NMR (75 MHz, CDCJ): § = 178.54 (C-28), 160.66 (d,= 246.7 Hz,
C-36), 145.15 (C-13), 144.27 (C-32), 131.06J¢; 8.1 Hz, C-40), 130.71 (d,= 3.2 Hz,
C-38), 124.88 (dJ = 3.7 Hz, C-35), 123.27 (C-12), 122.71 (C-33), 821(d,J = 14.5 Hz,
C-39), 115.97 (dJ = 20.9 Hz, C-37), 76.64 (C-3), 71.84 (C-23), 4969), 47.58 (C-17),
47.80 (d,J = 4.2 Hz, C-34), 46.72 (C-5), 46.33 (C-19), 42.084), 42.05 (C-14), 41.88
(C-18), 39.37 (C-8), 38.25 (C-1), 36.90 (C-10),085(C-31), 34.20 (C-21), 33.08 (C-29),
32.55 (C-7), 32.20 (C-22), 30.80 (C-20), 27.30 @);16.68 (C-27), 25.85 (C-2), 23.91
(C-30), 23.67 (C-11), 23.52 (C-16), 18.52 (C-6),546(C-26), 15.84 (C-25), 11.62 (C-24);
HRMS (ESI TOF-MS) [M+Hjcalcd. for [GoHs7/FN4Os]*: 661.4493, found: 661.4488;

CHN calcd.: C, 72.69; H, 8.69; N, 8.48; found: 2,48; H, 8.85; N, 8.22.

4.5.26 (2,6-Difluorobenzyl)-1H-1,2,3-triazol-4-ylethyl-(33)3,23-dihydroxyolean-12-en-

28-amide 27).

White solid; yield: 113 mg, 97%; m.p. 139.8-140@ R = 0.44 (hexane/ethylacetate 1:1
vIv); IR (KBr): © = 3404, 3150, 3094, 1628, 1522, 1238, 1048, 1882, 732 crit; H

NMR (300 MHz, CDCY): 6 = 7.55 (s, 1H, H-33), 7.34 (m, 1H, H-38), 6.93 @hi, H-37,

32



678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

H-39), 6.63 (t, 1HJ = 4.7 Hz, N-H), 5.58 (d, 1H] = 14.6 Hz, H-34), 5.51 (d, 1HJ =
14.6 Hz, H-34), 5.33 (brs, 1H, H-12), 4.42 (dd, 181=14.9, 5.4 Hz, H-3J, 4.31 (dd, 1H,

J =14.9, 5.4 Hz, H-3), 3.66 (d, 1H,J = 10.1 Hz, H-23, 3.59 (brt, 1HJ = 7.7 Hz, H-3),
3.37 (d, 1H,J = 10.1 Hz, H-23), 2.50 (brdd, 1H, = 11.8 Hz, H-18), 1.08 (s, 3H, GH
0.84 (s, 12H, 4xCh), 0.39 (s, 3H, Ch); *°C NMR (75 MHz, CDCJ): 6 = 178.52 (C-28),
161.42 (dd,J = 250.0, 6.8 Hz, C-36, C-40), 144.96 (C-13), 144(@632), 131.53 (tJ =
10.2 Hz, C-38), 123.26 (C-12), 122.59 (C-33), 191(®, C-37, C-39), 110.73 @,= 18.9
Hz, C-35), 76.52 (C-3), 71.68 (C-23), 49.64 (C4¥),54 (C-17), 46.67 (C-5), 46.29 (C-19),
42.00 (C-4), 42.00 (C-14), 41.83 (C-18), 41.41 &, 3.9Hz, C-34), 39.31 (C-8), 38.23 (C-
1), 36.85 (C-10), 34.94 (C-31), 34.17 (C-21), 33(0B29), 32.54 (C-7), 32.17 (C-22),
30.76 (C-20), 27.25 (C-15), 26.57 (C-27), 25.822)C23.85 (C-30), 23.63 (C-11), 23.47
(C-16), 18.46 (C-6), 16.39 (C-26), 15.77 (C-25),641(C-24); HRMS (ESI TOF-MS)
[M+H] *calcd. for [GoHseF2N403]*:679.4391, found: 678.8946; CHN calcd.: C, 70.77; H

8.31; N, 8.25; found: C, 70.61; H, 8.54; N, 8.01.

4.5.27 (p-Fluorobenzyl)-1H-1,2,3-triazol-4-yl-meiti($s)3,23-dihydroxyolean-12-en-28-

amide £8).

whitesolid; yield: 77 mg, 70%; m.p. 139.3-1400; R = 0.45 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3404, 3150, 3074, 1636, 1512, 1226, 1048, 1008, 732 crit; *H
NMR (300 MHz, CDC}): 6 = 7.48 (s, H, H-33), 7.25 (m, 2H, H-36, H-36")0Z.(m, 2H,
H-37, H-37’), 6.60 (t, 1HJ = 5.4 Hz, N-H), 5.47 (d, 1H] = 14.8 Hz, H-34), 5.39 (d, 1H,
J = 14.8 Hz, H-34), 5.35 (brs, 1H, H-12), 4.44 (dd, 1B1=15.0, 5.4 Hz, H-3), 4.32 (dd,

1H,J =15.0, 5.4 Hz, H-3), 3.69 (d, 1HJ = 10.3 Hz, H-23), 3.61 (brt, 1H,) = 7.3 Hz, H-
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3), 3.38 (d, 1HJ = 10.3 Hz, H-29), 2.51 (dd, 1HJ = 12.6, 3.0 Hz, H-18), 1.10 (s, 3H,
CHs), 0.86 (s, 9H, 3x ChJ, 0.85 (s, 3H, Ch), 0.41 (s, 3H, Ch); °C NMR (75 MHz,
CDCl): 6 = 178.64 (C-28), 160.95 (d,= 246.6 Hz, C-38), 145.34 (C-13), 144.29 (C-32),
130.55 (d,J = 3.3 Hz, C-35), 130.11 (d,= 8.4 Hz, C-36, C-36’), 123.26 (C-12), 122.58
(C-33), 116.20 (dJ = 21.6 Hz, C-37, C-37"), 76.65 (C-3), 71.87 (C-28R.51 (C-34),
49.68 (C-9), 47.57 (C-17), 46.72 (C-5), 46.34 (Q:42.08 (C-4), 42.06 (C-14), 41.89 (C-
18), 39.36 (C-8), 38.25 (C-1), 36.90 (C-10), 35(C431), 34.19 (C-21), 33.07 (C-29),
32.57 (C-7), 32.21 (C-22), 30.80 (C-20), 27.29 &);126.70 (C-27), 25.84 (C-2), 23.94
(C-30), 23.65 (C-11), 23.52 (C-16), 18.48 (C-6),586(C-26), 15.85 (C-25), 11.59 (C-24);
HRMS (ESI TOF-MS) [M+H]calcd. for [GoHs7FN4Os]™: 661.4493, found: 661.4490;

CHN calcd.: C, 72.69; H, 8.69; N, 8.48; found: @,51; H, 8.75; N, 8.22.

4.5.28 (p-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-met{$p) 3,23-dihydroxyolean-12-en-28-

amide R9).

White solid; yield: 77 mg, 66%; m.p. 158.4-159@: R = 0.43 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3404, 3150, 3080, 1636, 1524, 1048, 732" cthl NMR (300 MHz,
CDCly): 6 = 8.20 (d, 2H] = 8.6 Hz, H-37, H-37"), 7.60 (s, 1H, H-33), 7.40 &H, J = 8.5
Hz, H-36, H-36"), 6.61 (t, 1HJ = 4.8 Hz, N-H), 5.62 (d, 1H] = 15.3 Hz, H-34), 5.54 (d,
1H,J = 15.3 Hz, H-34), 5.36 (brs, 1H, H-12), 4.46 (dd, 1B1=15.0, 5.4 Hz, H-3), 4.34
(dd, 1H,J =15.0, 5.4 Hz, H-3), 3.69 (d, 1HJ = 10.3 Hz, H-23), 3.61 (brt, 1HJ = 8.3
Hz, H-3), 3.38 (d, 1H, = 10.3 Hz, H-28), 2.51 (brdd, 1H,) = 12.2 Hz, H-18), 1.10 (s,
3H, CH), 0.85 (s, 12H, 4x C#), 0.43 (s, 3H, Ch); *C NMR (75 MHz, CDC)): § =

178.82 (C-28), 148.73 (C-38), 145.77 (C-13), 144382), 141.74 (C-35), 128.80 (C-36,
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C-36'), 124.38 (C-37, C-37’), 123.28 (C-12), 122.(®33), 76.68 (C-3), 71.93 (C-23),
53.19 (C-34), 49.66 (C-9), 47.55 (C-17), 46.73 (C46.36 (C-19), 42.08 (C-4), 42.08 (C-
14), 41.83 (C-18), 39.36 (C-8), 38.24 (C-1), 36(810), 35.19 (C-31), 34.19 (C-21),
33.06 (C-29), 32.58 (C-7), 32.23 (C-22), 30.80 (;27.28 (C-15), 26.71 (C-27), 25.84
(C-2), 23.99 (C-30), 23.64 (C-11), 23.53 (C-16),478(C-6), 16.68 (C-26), 15.86 (C-25),
11.56 (C-24); HRMS (ESI TOF-MS) [M+Fgalcd. for [GoHs/NsOs]*: 688.4438, found:

688.4430; CHN calcd.: C, 69.84; H, 8.35; N, 10fb8nd: C, 69.79; H, 8.49; N, 10.02.

45.29  (m-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-met{$p)3,23-dihydroxyolean-12-en-28-

amide B0).

White solid; yield: 91 mg, 79%; m.p. 149.3-150@8, R = 0.43 (hexane/ethylacetate 1:1
vIV); IR (KBr): © = 3404, 3140, 3092, 1636, 1532, 1048, 722".cthl NMR (300 MHz,
CDCL): § = 8.20 (dt, 1H,) = 7.7, 1.7 Hz, H-38), 8.14 (brs, 1H, H-36), 7.60s(ktH, H-
33), 7.56 (m, 2H, H-39, H-40), 6.63 (t, 181= 5.4 Hz, N-H), 5.61 (d, 1H] = 15.2 Hz, H-
34,), 5.55 (d, 1H, = 15.2 Hz, H-34), 5.36 (brs, 1H, H-12), 4.47 (dd, 18=15.0, 5.4 Hz,
H-31.), 4.33 (dd, 1H,) =15.0, 5.4 Hz, H-3, 3.68 (d, 1H,] = 10.3 Hz, H-23, 3.60 (brt,
1H,J = 8.4 Hz, H-3), 3.38 (d, 1H] = 10.3 Hz, H-29), 2.51 (dd, 1H,) =12.3, 2.6 Hz, H-
18), 1.10 (s, 3H, Ch}, 0.87 (s, 3H, Ch), 0.85 (s, 9H, 3xChJ, 0.44 (s, 3H, Ch); °*C NMR
(75 MHz, CDC}): § = 178.76 (C-28), 148.65 (C-37), 145.71 (C-13),.304C-32), 136.79
(C-35), 134.01 (C-40), 130.33 (C-39), 123.87 (C;36)3.26 (C-12), 123.02 (C-38), 123.02
(C-33), 76.67 (C-3), 71.89 (C-23), 53.18 (C-34),649(C-9), 47.55 (C-17), 46.70 (C-5),
46.34 (C-19), 42.08 (C-4), 42.06 (C-14), 41.87 &);B9.37 (C-8), 38.23 (C-1), 36.90 (C-

10), 35.14 (C-31), 34.17 (C-21), 33.06 (C-29), 32(E-7), 32.23 (C-22), 30.79 (C-20),
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27.29 (C-15), 26.69 (C-27), 25.84 (C-2), 23.94 (;23.64 (C-11), 23.51 (C-16), 18.48
(C-6), 16.65 (C-26), 15.82 (C-25), 11.58 (C-24); MR (ESI TOF-MS) [M+H[calcd. for
[CaHsNsOs]*: 688.4438, found: 688.4429: CHN calcd.: C, 69.84;8.35; N, 10.18;

found: C, 69.84; H, 8.57; N, 10.07.

45.30 (o-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-met{@p)3,23-dihydroxy-olean-12-en-28-

amide B1).

White solid; yield: 87 mg, 76%; m.p. 145.6-147@, R = 0.43 (hexane/ethylacetate 1:1
viV); IR (KBr): © = 3398, 3150, 3080, 1636, 1530, 1048, 728"ctl NMR (300 MHz,
CDCl): § = 8.13 (dd, 1HJ = 7.9, 1.3 Hz, H-37), 7.67 (brs, 1H, H-33), 7.58, (itH, J
=7.4, 1.5 Hz, H-38), 7.52 (td, 1K,=7.4, 1.5 Hz, H-37), 7.04 (dd, 1H,= 7.7, 1.3 Hz, H-
36), 6.64 (t, 1H) = 5.3 Hz, N-H), 5.88 (s, 2H, H-34), 5.37 (brs, 1H1P), 4.52 (dd, 1HJ
=15.0, 5.3 Hz, H-3), 4.34 (dd, 1H, =15.0, 5.3 Hz, H-39), 3.68 (d, 1H,) = 10.3 Hz, H-
23,), 3.60 (brt, 1HJ = 8.1 Hz, H-3), 3.38 (d, 1H] = 10.3 Hz, H-23), 2.53 (dd, 1H,J
=12.3, 2.3 Hz, H-18), 1.11 (s, 3H, G}H0.87 (s, 6H, 2xCk), 0.86 (s, 3H, CH), 0.85 (s,
3H, CH), 0.52 (s, 3H, Ch); *C NMR (75 MHz, CDCJ): § = 178.64 (C-28), 147.58 (C-
36), 145.35 (C-13), 144.33 (C-32), 134.37 (C-330.60 (C-39), 130.41 (C-40), 129.80
(C-38), 125.53 (C-37), 123.74 (C-12), 123.28 (C;3®).66 (C-3), 71.86 (C-23), 50.96 (C-
34), 49.69 (C-9), 47.59 (C-17), 46.71 (C-5), 46(B519), 42.09 (C-4), 42.06 (C-14), 41.88
(C-18), 39.40 (C-8), 38.24 (C-1), 36.91 (C-10),136(C-31), 34.19 (C-21), 33.08 (C-29),
32.57 (C-7), 32.22 (C-22), 30.80 (C-20), 27.33 &);126.68 (C-27), 25.87 (C-2), 23.92

(C-30), 23.68 (C-11), 23.54 (C-16), 18.52 (C-6),7D5(C-26), 15.84 (C-25), 11.60 (C-24);
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HRMS (ESI TOF-MS) [M+H]calcd. for [GoHs/NsOs]": 688.4438, found: 688.4434; CHN

calcd.: C, 69.84; H, 8.35; N, 10.18; found: C, @9.4, 8.55; N, 9.97.

4.6 Cytotoxicity assay.

The cytotoxicity of the compounds was evaluatechgishe sulforhodamine-B (SRB,
procured from Sigma-Aldrich, Wilwaukee, WisconsldSA) micro-culture colorimetric
assay. This assay is grounded on the proportionding of a rhodamine dye to surface
membrane proteins, and there is a linear relatipnbbtween cell density and optical
density [32]. In short, exponentially growing cellere seeded into a 96-well plate on day
0 at the appropriate cell densities to prevent locente of the cells during the period of
experiment. After 24 hours, the cells were treatét serial dilutions of the compounds (0-
30 uM) for 96 hours. The final concentration of D®I&ever exceeded 0.5%, which was
non-toxic to the cells. The percentages of surg\aells relative to untreated controls were
determined 96 h after the beginning of drug expasifter 96 hours of treatment, the
supernatant medium was discarded from the 96-walep, and the cells were fixed with
10% TCA. For a thorough fixation, the plates wdteveed to rest at 4 °C. After fixation,
the cells were washed in a strip washer. The wgshias done four times with water using
alternate dispensing and aspiration procedures plidies were dyed with 100 pL of 0.4%
SRB for about 20 min. After dying, the plates wetgshed with 1% acetic acid to remove
the excess of the dye and allowed to air-dry oggmniTris base solution (100 pL, 10 mM)
was added to each well and absorbance was meastired570 nm (using a 96 well plate
reader, Tecan Spectra, Crailsheim, Germany)soB@lues were calculated from semi

logarithmic dose response curves by non-linearessgon applying a two parametrical
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Hill-slope equation. Values are given with a coafide interval Cl = 95%; usually 7-13

dosage points were used
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Tablel.
Cytotoxicity for He and analog®-31; cut-off in all experiments 3@M except for

parentHe where the cut-off was 6(AM); employing human tumor cell lines and non-

malignant mouse fibroblasts (NIH 3T3); betulinieca(BA) was used as a standard.

Melanom Ovarian Lung Colon Breast  Thyroid

ECs a518A2  A2780 A549 HT29 MCF7  ssosc  N/H3T3
He 30 >30  >30 >30  >30 30 30
2 16.3 141 184 28 93 153 118
3 138 122 183 116 100 19.6 9.6
4 4.0 37 37 37 32 37 3.4
5 9.4 108 93 116 65 9.8 75
6 125 117 158 7.7 88 24.8 9.2
7 9.9 123 79 111 66 9.8 8.1
8 4.0 38 38 35 31 37 31
9 6.1 65 83 39 41 6.3 4.0
10 10.2 117 95 99 74 9.7 9.3
1 113 91 169 16 62 12.8 8.7
12 113 105 107 30 76 12.6 8.5
13 10.4 114 83 96 63 95 74
14 218 74 250 97 52 30 56
15 41 36 37 35 32 36 3.1
16 175 108 149 71 91 18.5 11.8
17 173 137 122 95 95 30 101
18 >30 119 >30 82 59 30 6.8
19 30 213 191 108 6.2 >30 8.2
20 10.9 122 275 163 45 30 50
21 29.0 147 30 58 64 30 6.7
2 148 11.0  >30 140 60 >30 57
23 20.2 155 123 114 7.0 30 6.7
24 20.1 111 >30 73 7.0 30 72
25 123 112 104 79 6.9 18.1 78
26 131 111 102 63 74 227 77
27 12.9 103 259 52 77 15.8 8.3
28 95 105 268 7.8 92 25.2 75
29 ~30 92 269 54 92 30 8.1
30 30 92 269 54 92 30 8.1
31 >30 104 >30 66 101 >30 76
BA 94 8.8 17.1 14.4 10.2 -- 16.1

*ECs values in pM from SRB assays after 96 h of treatptbe values are averaged from at
least three independent experiments performed #adtfiplicate; confidence interval Cl =
95%;(individual positive (upper value) and negafiesver value) errors are given in the Table
S1 of supplementary part
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Figure 1. Cytotoxicity for He and derivatives compounds (2-31) using the human colon

adenocarcinoma cancer cell line HT29.
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Figure 2. Cytotoxicity for He, and esters 4, 8 and 15 for all cells lines tested (melanoma
cells - 518A2; ovarian carcinoma - A2780; colon adenocarcinoma - HT29; breast

adenocarcinoma - MCF7; lung cancer - A549; thyroid carcinoma - 8505C.
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Scheme 1. Synthesis of hederagenin alkyne derivatives 1a and 1b.
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Scheme 2. Synthesis of substituted benzyl azides (a-0).
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CuS0O,5H;0, R-N3, Bulky groups
Na-L-ascorbate, o
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I X=0, 2-16
OH X=NH, 17-31
X R Compound (%) X R Compound (%)
O H 2 (60) NH H 17 (90)
O oBr 3(91) NH  o-Br 18 (85)
O mBr 4 (65) NH  m-Br 19 (90)
O  pBr 5 (91) NH  p-Br 20 (95)
O 26<Cl 6 (84) NH  26-Cl 21 (75)
O p<cCl 7 (33) NH  p-Cl 22 (81)
o md 8 (90) NH  m-Cl 23 (78)
O o<l 9 (54) NH  o-Cl 24 (79)
O 24F 10 (89) NH  2,4F 25 (84)
O oF 11 (85) NH  oF 26 (70)
(e} 2,6-F 12 (67) NH 2,6-F 27 (97)
O pF 13 (77) NH  p-F 28 (70)
O  p-NO, 14 (44) NH  p-NO, 29 (66)
O mNO, 15(52) NH  m-NO, 30 (79)
O oNO, 16 (76) NH  o-NO, 31 (76)

Scheme 3. Synthesis of hederagenin 1,2,3-trizolyl derivatives 2-31



Highlights

A series of novel arylH-1,2,3-triazol-4-ylesters and amides derivatives of
hederagenin has been synthesized

Some derivatives were more active for six humarceahnes than hederagenin.
ECso values fom-Br, m-Cl andm-NO, ester derivatives ranged 3.0 to 4.1 uM

An ester derivative carrying amF group was the most cytotoxic compound

against HT29 cells showing B&= 1.6 uM, with a IS = 5.4.



