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Abstract

Aiming to obtain new potent leishmanicidal and t¢g¥ec compounds from natural
sources, the triterpene hederagenin was convertted Several new 1,2,3-triazolyl
derivatives tethered at C-23 and C-28. For thiskwoederagenin was isolated from
fruits of Sapindus saponariand reacted with propargyl bromide to afford amaor
product bis-propargylic derivativein 74%. Submitting this compound to Huisgen 1,3-
dipolar cycloaddition reactions with several azidd®rded the derivative2-19 with
yields in the range of 40-87%. All compounds hbgen screened fam vitro cytotoxic
activity in a panel of five human cancer cell lineg a SRB assay. The bioassays
showed that compountP was the most cytotoxic against all human cancbrlioes
with EGso = 7.4-12.1uM. Moreover, leishmanicidal activity was evaluatadough the

in vitro effect in the growth ofeishmania infantumand derivativeg, 2, 5 and17 were
highly effective preventing proliferation of intr@tular amastigote forms af. infantum
(ICs0 = 28.8, 25.9, 5.6 and 4 uM, respectively). All these compounds showed a hiighe
selectivity index and low toxicity against two stis of kidney BGM and liver HepG2
cells. Compound5 has higher selectivity (1780 times) in comparisoithwthe
commercial antimony drug and is around 8 times nsalective than the most active
compound previously reported hederagenin derivatBuch high activity associated
with low toxicities make the new bis-traiazolyl detives promising candidates for the
treatment of leishmaniasis. In addition, hederagamd some derivativeg,(5 and17)

showed interaction in the binding site of the eney@YP51;.
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1. Introduction

Natural pentacyclic triterpenes are widely foundaveral plant species like those
from the Celastraceae, Lamiaceae, Sapindaceae,cdabafamily [1-3]. These
compounds are also found in olives, apples, figs, eanberries [2-4], as well as in
some oriental and traditional medicine herbs widkgributed all over the world [5-6].
They often exhibit a wide spectrum of biologicatigties such as anti-inflammatory
[7], cytotoxic [8], antiprotozoal [9], anti-hypogtgmic [10], antibacterial [11], antiviral

[12], and larvicidal [13].

Among the numerous terpenoids found in nature, \gblight Hederagenin (Fig.
1), a pentacyclic oleane-type triterpenoid foundarge quantities in the pericarps of
fruits of Sapindus saponariéSapindaceae) [14]. Several biological activitiase been
reported for hederagenin, including anti-inflammmgto[15], antifungal [16],
antimicrobial [17], anti-leishmanial [18] and antioral [14]. Due to such reports and
our continued interest in the search for bioactempounds based on natural products
[19-24] we have recently started investigating poéential of hederagenin as a source

of new anti-leishmanial [18] and antitumor [14, 2Bligs.

During this endeavor, we have synthesized a seheaferagenin derivatives
modified at the carbonyl-28 via introduction offdrent groups such as benzylic, amine
or heterocycles triazolyl (Fig. 1) [14, 18, 25].%® derivatives holding a triazolyl
moiety showed activity against several cancerloeds being much higher than natural
hederagenin [25]. In addition, somederagenin derivatives are known for the abibty t
inhibit the proliferation of amastigote forms béishmania infantuniBH46) (Fig. 1),
being active at micromolar level, presenting goetedivity index and low toxicity

against two strains of kidney BGM and liver HepGdlls Thus, these results lead



hederagenin derivatives to be more potent thannanwrcial positive drug control

(potassium antimony! tartrate trihydratégso = 80uM) [18].
[Insert Figure1]

At the moment, the molecular target(s) or the meidma(s) of action of
hederagenin triazolyl derivatives against amastigfairm of L. infantum remains
unclear and is yet to be elucidated. Despite #wte studies report the role of triazolyl
derivatives as effective antiparasitic drugs, ptédig blocking sterol biosynthesis by
inhibiting the enzymatic activity of a sterol d&-dlemethylase (CYP51). This inhibition
can lead to the accumulation of toxic methylateuas, which in turn leads to parasitic
death [26]. Sterol lstdemethylase (CYP51) is an essential enzyme indolwethe
survival and virulence ofrypanosomaand Leishmaniaspecies, acting mainly in the
biosynthesis of ergosterol. The disruption of thigsynthesis affects cytokinesis, stops
cell growth, and can lead to the collapse of tHeilee membrane of these parasites [26-
27].

Crystal structures of protozoan steroloddemethylases provide an opportunity
for the structure-directed development of such bitbis [26]. Hargrove et al. [28]
determined the crystal structure of sterob-temethylase (CYP5 from L. infantum
bound tofluconazole (PDB ID: 3L4D). In this context, thezgmeCYP51 has emerged
as a promising target for antiprotozoal chemothgf2p]. There are reports involving
virtual screening of oleanolic acid, a pentacyttiterpene that shows affinity for this
enzyme CYP54 [28-29].

In continuation of our studies aiming to obtain mactive compounds based on
the hederagenin scaffold, we report here a serfesew bis-triazolyl derivatives
modifying the C-23 and C-28 positions simultanepuslor all new compounds, the

cytotoxic profiles against several cancer cell dinend thein vitro effect on the



proliferation of intracellular amastigote forms bf infantumwere investigated. An
approach of the binding interactions of the mogivaccompounds with sterol &4
demethylase enzyme CYP&dm L. infantum(PDB ID: 3L4D) were explored through

molecular docking.

2. Resultsand Discussion
2.1 Chemistry

The strategy envisaged in the present study indothe preparation of 18 new
1,2,3-triazolyl derivatives of hederagenin emplayluisgen 1,3-dipolar cycloaddition
reactions [30]. The essential hederagenin wastebfaom the pericarp &. saponaria
as previously described [14]. Subsequently, thepbdpargyl derivativel was prepared
in 74% by the reaction of hederagenin with propbabygmide in the presence of NaH
(Scheme 1). A small quantity of the propargyliceeshot alkylated at the alcohols OH,
was isolated as a side product and was identi¢hlavwpreviously reported ester [14].

The required substituted alkylazidea-r) were prepared via the reaction of
sodium azide and the corresponding alkylbromides ¢ktails see Scheme S1 in the
Supplementary material). The reactionlofith azides &-r), catalyzed by copper (I) in
the presence sodium ascorbate as reducing agdotded 18 new bis-triazolyl-
hederagenin derivatives19. The overall chemical yields of the synthesizedvad¢ives

ranged from 41-87% (Scheme 1).
[Insert Scheme 1]

The purity of the compounds was proven by HRMS m@nctoanalysis, and their
identity confirmed by extensive NMR analyses. Thimsthe *H NMR spectra, the
formation of the heterocyclic unit was confirmed ttne signal around = 7.45-7.75

corresponding to the hydrogen of the triazolyl rififpe corresponding signals of the



aromatic hydrogen atoms were detected betweer6.80 and 8.25. Concerning i€
NMR, all signals for the triterpenoic skeleton imst series of compounds showed
similar shifts to the parent hederagenin with exicepof the signals for C-23 and C-28
and the groups attached at these positions. Foestex carbon C-28 a shift to low
frequency was observed when compared with pdfent180.7 for hederagenin tb=
177.4 £ 0.4 for the esters carbonyl-28). RegarttinG-23 a shift to high frequency was
observed as compared to natural triterpeéne §8.7 for hederagenin to= 75 £ 0.5 for
the carbon-23). The signals of the aromatic carlvasre detected at high frequencyat
= 163.5-104.5. For compounds,and 15 the occurrence of’F-**C couplings were
detected in thé°C NMR spectra. A detailed assignment of the NMRcspefH and
3C) for all compounds is presented in the Suppleargninaterial associated to this
paper. The assignments were possible by means 6f\R techniques when required,

and for'*C NMR the assignments were also supported by titure [31].

2.2 Biological assays — cytotoxicity

The cytotoxic activity of the hederagenin derivagw-19) was investigatedh
vitro employing five human tumor cell lines (pharynx @aotna - FaDu; ovarian
carcinoma - A2780; colon adenocarcinoma - HT29;ignaht melanoma - A375;
thyroid carcinoma - SW1736); by using the well-bbthed photometric
sulforhodamine B assay (SRB) [32]. For comparidogtulinic acid was used as a

positive standard contralhe results of these assays are summarized in Table

[Insert Table 1]

Amongst all new hederagenin derivatives, few weredogved with high
cytotoxicity against the human tumor cell linesteées Most were less active that the

cut-off concentration of 3(4M. The derivative®, 6 and7 showed low cytotoxicity with
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ECsp around 16.3-29.1M in the cell lines tested. However, compouricarrying in
the triazolyl core a substituted g-¢yanophenyl)-2-oxoethyl substituent, was the most
cytotoxic against all human cancer cell lines st@EG; in the range of 7.4-12 M.

The colon adenocarcinoma (HT29), a class of saliwar, proved to be the most
sensitive cell lines, even the compoull(EGso = 7.4uM) presented higher cytotoxic

activity compared to standard compound (betuligid;a2EGs, = 18.4uM) (Table 1).

To gain a deeper insight into the mode of actiorcahpoundl9 onto tumor
cells HT29, an extra experiment was performed thinofluorescence microscopic

studies using acridine orange and propidium iodidening (Fig. 2).

[Insert Figure 2]

The result for this assay have shown that no clamgecell morphology and cell
membrane permeability occurred compared to therabriience, neither necrosis nor
apoptosis occurred. Thus, the impact of the devieal9 is likely the result from
cytostatic effects rather than from being cytotosinice a significant inhibition of cell
growth was observed. Furthermore, when compariegethesults with those previously
obtained by our group (Fig. 1) [25], we noticedttadding of a triazolyl core at carbon-

23 has no influence on the cytotoxicity of thissslaf compounds.

2.3 Biological assays — antileishmania activity

The in vitro antileishmanial activityfor all hederagenin derivatives19 was
evaluated in intracellular amastigote form &f infantum (BH46) parasitized
macrophages (DH82). Initially, all compounds weestéd at 100QuM (phase |) to
select those with the most promising activity (sekresults in Table S1 in the

Supplementary material). The results revealed hiedieragenin and seven derivatives



(1, 2,5, 8, 15, 17 and18) reduced the multiplication of amastigoted_ofnfantumby at
least 50% (Table S1). Although no clear structwitevdy relationship can be deduced
at this stage, a comparison of the activityldf(Table S1) with those of other benzyl
derivatives 2-15), shows that in general the most active compolneds a substituent
at para or ortho position None of the compounds with metasubstituent had a
significant activity. On the other hand, among tber aryl-ketone derivativesl§-19),
two were highly active at this phase | test. A cangon of the activities for the pairs
8/17 (with a p-methylphenyl group) and4/16 (phenyl group), revealed no clear
influence of the extra C=0 moiety attached to thenyl ring on the activity.

Following the initial assay, the most active compagiwere then subjected to the
same assay at lower concentrations as 0.1, 1.8nd@00uM (phase Il). It was noted
that although compoundsand18 were able to reduce the growth of amastigoteken t
phase 1 test, there was no clear correlation betwee bioactivity and concentration,
precluding the calculation of the §§values in the phase 2 test. Along with these tests
the hederagenin, selected compourig2( 5, 15 and17) and a positive drug control
(potassium antimonyl tartrate trihydrgtevere tested on cellular viability, using the
canine macrophages cell line DH82, Monkey Africares kidney BGM and human
hepatocytes-like HepG2 cells, by microscopically nitaring and by using the

colorimetric tetrazolium salt assay (MTT).

Hederagenin and compouniis2, 5, 15 and17 showed good results, preventing
the proliferation of intracellular amastigote formagL. infantum(BH46), presenting
ICso values in the range of 5.4-154u8/ (Table 2). All these calculated 4gvalues
were obtained from four replicates experiments. epresentative sigmoidal dose-

response curve (log [substance] versus percentdugation of intracellular amastigote



forms of L. infantun) is illustrated for compoun8 (Fig. 3). Evaluation of the curves

allowed the determination of {gvalues.
[Insert Figure 3]

Among these, the derivativels 2, 5 and 17 were more active than parent
hederagenin, while compouri®d (holding a 2,4-difluorobenzyl moiety) was the only
one with a reduced activity (with ég= 154.8uM) compared to the commercial drug
based on antimony (lll) salt used as a positivetrobriiCso = 80 uM) (Table 2). The
hederagenin derivatives substituted wotfluorobenzyl 6) and 2-p-methylphenyl)-2-
oxoethyl (7) moiety linked to a 1,2,3-triazolyl group were mpstent showing 16
values between 5.4 and 1.¥l. These results represent an 11- and 8-fold highgvity
than hederagenin and 14- and 10-fold higher thanatitimonyl tartrate drug used as
positive control, respectively.

Since it has been shown that interaction betweemeslopane derivatives and
the antileishmanial drug miltefosine result in sgngtic effect [33], we could expect
that a similar interaction could also potentiate hlederagenin derivatives.

Having now selected the most active compoundsetivese subjected to a MTT
assay, and the results of the cytotoxic concentiéti canine macrophages (DH82) are
presented in Table 2. As the experiments revellederagenin and derivativés2, 5
and 17 to exhibit a remarkably high selectivity index {gang from 9 to >178)
compared with that of antimony commercial drug£3l.1). It is important to point out
that although the most active bis-triazolyl denvab had 1G, 2.8 times higher than the
most active amide (Fig. 1, Xe=NO,) previously reported (I§g= 5.6 versus 2.0 uM), it

was at least 8 times more selective (SI = >178ugP2.5).

[Insert Table 2]



Following this selectivity study, the most activengpounds were tested for their
cytotoxicity against two strains of liver (HepG2)dakidney (BGM) cells to evaluate
their effects on different parts of the organisths;results are compiled in Table 3.

Concerning the kidney cells, the natural hederagand compound®, 5 and17
presented higher values of selective index (Sih ttkee corresponding value for the
positive control. Thereby, the antimony drug présérSl = 1.6 (BGM) confirming its
high toxicity as already reported [34]. In relatitmthis parameter the most selective
compounds wer@ (Sl = 38),5 (SI = >178) and.7 (Sl = >135). It is generally accepted
that a drug candidate should have a selectivitgxnaf at least 10 [35] to be regarded as
a promising candidate for further testing.

In the same way, for the liver cells, the hederageerivatives2, 5 and 17
showed selective index equal to 38, >178 and >f&pectively (Table 3), much higher
in comparison with the observed for the antimonynoercial drug (SI = 0.3). Such
results make these compounds 127 to 593 times swetive towards the human
hepatocytes than the reference drug.

When comparing these results with those previooltgined by our group [19],
we observed that adding a triazolyl core at carb®nthe toxicity toward&. infantum
parasite was approximately the same, however, electsvity is highly improved in
comparison with the most active amide derivativewviously reported (Table 1) [36].

Considering these results on the toxicity of sometiyazolyl derivatives
towards macrophages, monkey kidney and human hepesocells, these compounds
seem to be promising candidates for further dewvetpg of a new drug for the
treatment ot.. infantuminfection.

[Insert Table 3]
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2.4. Prediction of the binding mode of hederagenin argdttyazolyl-derivativesd, 5

and17) in the CYP5{ structure

An approach of molecular modeling was used to yexipossible leishmanicidal
mode of action via the ergosterol inhibition pathwd/e employed the Autodock 4.2
program [37] that has a free energy scoring fun¢tighich uses an AMBER force field
to estimate the free energy of binding of a ligamds target [38]. Hederagenin and the
most active derivative(5 and17) were docked into the crystallographic structure o
CYP51 from L. infantum available in the Protein Data Bank (PDB code: 314D
resolution: 2.75 A). These compounds showed satisfia docking with acceptable
statistics near the active site of CYR5Detailed results of analysis (free energy of
binding values for each ligand along with the dgdiom of interacting residues) are

presented in Table 4.

[Insert Table 4]

The residues involved in bonding and nonbondingratdtion with ligands are as
follows: lle-167, Glu-204, Ser-205, Cys-206, Le@72 Pro-209, Ala-210, Phe-213,
GIn-224, Phe-289, lle-297, His-293, Arg-346, Meb4®he-412, Phe-415, Gly-416,
Asn-455, His-457, Trh-458, Met-459, Gly-462, Prc34énd Ala-465. The residues
involved hydrogen bonding with the ligands area®ivs: Glu-204, Ser-205, Arg-227,
Lys-406, Glu-425, Met-459, Val-46(hese residues are found near the active site
(heme cofactor). These ligands (hederagenin andati®es?2, 5, 17) are surrounded by
the above residues; it can be concluded that thessdues are highly conserved and
play important functional roles. Thus, interactiohthe ligands with these residues
might be changing the active site structure, whéads to an inhibition of the enzyme.

In addition, these ligands show low free energypiofling against CYP51 thus, they

11



bind with high affinity. For example, the most aeticompoundg) showed the best
binding energy followed b7, 2 and hederagenin that order. The interactions for this
derivative5 with the enzyme are represented in Fig. 4A. Tharé shows that the lead
molecules docks at a position near the activedit€ YP51,;, where also the cofactor

heme (shown in green color) is bound.
[Insert Figure4]

The protein contact potential was generated for dleevative 5 (Fig. 4B)
depicting the whole surface of the protein. Red ahg colors show negative and
positive charges, respectively. In this depictithre triazolyl derivativés was shown to
be bound inside a cavity formed at the interfaceéhef enzyme. Although the docked
conformation was different for each compound testhd ligands are positioned at
almost the same place, thus showing a consenstsrmaif interactions with the
residues near the active site. Figures showingraotens of hederagenin and
derivatives2 and 17 with the enzyme CYP51 can be found in the Supplementary
material. It can be predicted that the inhibitiondas of all of these ligands could be

similar, because of their interactions with almtbst same residues.

3. Conclusion

We have described the synthesis and biologicalviies of 18 new triterpenoid
derivatives of natural product hederagenin beatimg triazolyl-aromatic substituted
moieties. Regarding the cytotoxic activity, the amdy of the bis-triazolyl-derivatives
were active in high micromolar ranges. Concerningl@ishmanial activity, the most
active bis-triazolyl derivatives presented verythgglectivity index in relation to BGM
and HepG2 line cells, revealing to be much lesgtwxcomparison with the antimonyl

commercial drug used in the treatment of leishnmgsia Thus, considering that
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hederagenin can be obtained in large quantities fratural source, the new derivatives
herein reported can be used as a lead for the @f@went of the novel drug against

Leishmania

Experimental Section

4.1. General experimental procedures

Reagents were procured from Sigma Aldrich (Milwaak&/isconsin, USA) and
were used without any purification. Solvents weanpmied by Vetec (Rio de Janeiro,
Brazil). Analytical thin layer chromatography (TL@)ere performed on silica gel 60
Fos4 0.2 mm thick plates (supplied by Merck, Rio de elan Brazil) and were
visualized under UV-B light or by spraying with gphomolybdic acid in 10% ethanol,
followed by heating. Flash column chromatograplypi@ial size of 20 cm length and 2
cm of diameter) was performed using silica gel 2B0-mesh. All compounds were
fully characterized by IR, ESI-MS (or ASAP-MSYH NMR and *C NMR
spectroscopy. Infrared spectra were recorded oerkirPEImer Paragon 1000 FTIR
spectrophotometer, preparing the samples as patassiomide disks (1% w/w). Mass
spectra were recorded on a Shimadzu GCMS-QP505§tAument by direct insertion,
using El mode (70 eV). Mass spectra were recordedrnAdvion express iGrCMS
instrument (ion source: ESI or ASAP, positive aregative mode). Elemental analyses
were measured on a Foss-HeraeusVario EL unit. ‘Fhand **C NMR spectra were
recorded on a Bruker Avance at 400 MHz and 100 Mitsing CDC} as solvent
(25°C). Chemicals shiftso) are reported from tetramethylsilane with the eotv
resonance as the internal standard. Data are egpag follows: chemical shifv,
multiplicity (s = singlet, d = doublet, t = triplefj = quartet, br = broad, m = multiplet),

integration, coupling constant$ £ Hz) and assignment. Melting points were measured

13



with on a MQAPF-301 apparatus. Thé¢ NMR spectra for all compound were assigned
for the signals that were clearly well defined asatibed for each compound. For all
compounds a multiplet was observed in the rang@.52.5 ppm, so the hydrogen

atoms in such range could not be assigned.

4.2. Isolation of Hederageniidg)

Fruits of Sapindus saponariavere collected in the municipality Tocantins
(21°1030’S and 43°0D4'W), Minas Gerais State, Brazil. Voucher specimersew
dried and placed in the collection of the VIC Heiba of the Plant Biology
Department of Vicosa Federal University (UFV), undbe register number VIC
35.403. Hederagenin was isolated from pericar@.ofaponaria.., using the method
previously reported [36]. It was obtained as a wlsblid; m.p. 319-321 °C (lit.: 318-
320 °C) [14]; R= 0.24 (hexane/ethyl acetate, 1:1 v/v). All spestopic data (IR, MS

and NMR) were in agreement with the literature [31]

4.3. Procedure for the synthesis off§3-hydroxyolean-12-en-23,28-dipropargyl-28-
oate ().

Hederagenin (1.0 g, 2.1 mmol) was allowed to reattt NaH (80% in oil, 0.19
g, 8 mmol) in dry THF (20 mL) under nitrogen atmispe for 2 hours before a solution
of propargyl bromide (0.53 g; 4.5 mmol in 5 mL THkas slowly added. The reaction
mixture was stirred for another 24 h, and quendhgdadding water (75 mL). The
aqueous phase was extracted with ethyl acetate5(BmL) and the combined organic
phases were dried over sodium sulfate,@@). The filtrate was evaporated under
reduced pressure to afford a white residue that puagfied by silica gel column
chromatography (gradient elution: hexane/ethylaee:1 to hexane/ethyl acetate 1:1)

to yield compoundl as a white solid in 74% vyield (767 mg; 1.40 mm&¥)= 0.55

14



(hexane/ethyl acetate 1:1 v/v); m.p: 83.5-85.1'*CNMR (400 MHz, CDC}): 6= 5.30
(brs, 1H, H-12); 4.67 (d, 1H] = 15.4 Hz, H-33); 4.57 (d, 1HJ = 15.5 Hz, H-3});
4.17 (d, 1HJ = 16.0 Hz, H-34); 4.11 (d, 1HJ = 16.0 Hz, H-34); 3.61 (m, 1H, H-3);
3.56 (d, 1H,) = 8.6 Hz, H-23); 3.31 (d, 1H,) = 8.6 Hz, H-23); 2.86 (brd, 1H,) = 12.6
Hz, H-18); 2.44 (brs, 1H, H-33); 2.42 (brs, 1H, B)31.13 (s, 3H, Ch); 0.93 (s, 3H,
CHs); 0.92 (s, 3H, Ch); 0.89 (s, 3H, Ch); 0.86 (s, 3H, CH); 0.74 (s, 3H, Ch); *C
NMR (100 MHz, CDCY): é= 176.78 (C-28); 143.41 (C-13); 122.69 (C-12); 19(T-
32); 79.25 (C-35); 78.20 (C-3); 75.74 (C-23); 74(6733); 74.51 (C-36); 58.73 (C-31);
51.71 (C-34); 49.88 (C-9); 47.66 (C-17); 46.84 (C45.91 (C-19); 41.87 (C-4); 41.79
(C-14); 41.35 (C-18); 39.44 (C-8); 38.13 (C-1); B6(C-10); 33.92 (C-21); 33.16 (C-
29); 32.56 (C-7); 32.27 (C-22); 30.74 (C-20); 27(€315); 26.09 (C-27); 25.94 (C-2);
23.69 (C-30); 23.45 (C-11); 23.09 (C-16); 18.696)C-17.19 (C-26); 15.68 (C-25);

12.24 (C-24).

4.4. General procedure for the synthesis of azades
The azidesa-r were prepared as indicated in Scheme S1 (Suppiery

material) using methods previously published [2Z, 3

4.5. General procedure for the synthesis of b&zwlyl-hederagenin derivativ€s19)

A 50 mL round-bottomed flask was charged with coomqubl (44 mg; 0.08
mmol), the appropriate azide (0.50 mmol), CyS8,0 (126 mg; 0.50 mmol) and Na-
L-ascorbate (200 mg; 1 mmol). To this mixture wadeled CHCI, (8 mL) and HO (8
mL). The reaction mixture was stirred vigorously &1 h at room temperature, until
TLC analysis revealed a total consumption of treetisiy materiall. The reaction
mixture was quenched by addition ot (20 mL) followed by extraction of the

product with CHCI, (3 x 20 mL). The combined organic extracts wereslvea with
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brine (50 mL), dried over N&QO,, filtered, and the solvent was removed in a rotary
evaporator under reduced pressure. The crude progas purified by column
chromatography on silica gel, using gradient eflutibbexane/ethyl acetate 4:1 to
hexane/ethyl acetate 1:2 to afford the produ2t$9 each as a solid material,

respectively.

4.5.1 (p-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-methyl£B-hydroxyolean-12-en-23-(p
nitrobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28-e42)

White solid (43 mg; 60 %R = 0.39 (hexane/ethyl acetate 1:1 v/v); m.p: 114.3-
116.1 °C; IR (KBr):omax = 3408, 3154, 3152, 3086, 1720, 1528, 1162, 10684 807
cm’; 'H NMR (400 MHz, CDGJ): o= 8.18 (d, 4HJ = 8.4 Hz, H-37, H-37’, H-45, H-
45'); 7.59 (s, 1H, H-33); 7.55 (s, 1H, H-41); 7.@B 4H,J = 8.4 Hz, H-36, H-36', H-
44, H-44'); 5.62 (d, 4HJ = 13.6 Hz, H-34, H-42); 5.20 (brs, 1H, H-12); 5.17 {H,J
= 12.9 Hz, H-3%); 5.12 (d, 1HJ =12.9 Hz, H-3}); 4.62 (brt, 2HJ = 13.5 Hz, H-39);
3.56 (d, 1H,J = 8.6 Hz, H-23); 3.50 (m, 1H, H-3); 3.25 (d, 1H, = 8.6 Hz, H-2Q);
2.79 (brd, 1HJ = 8.5 Hz, H-18); 1.02 (s, 3H, GM 0.86 (s, 3H, Ck); 0.85 (s, 3H,
CHs); 0.82 (s, 3H, CH); 0.79 (s, 3H, Ch); 0.45 (s, 3H, Ch); 3C NMR (100 MHz,
CDCly): 6= 177.78 (C-28); 148.37 (C-38, C-46); 144.20 (C:13)3.51 (C-32, C-40);
141.76 (C-43); 141.70 (C-35); 128.68 (C-36, C-36:44, C-44"); 124.37 (C-45, C-
45'); 124.34 (C-37, C-37"); 122.62 (C-12); 122.4833, C-41); 80.02 (C-3); 75.89 (C-
23): 64.91 (C-39); 57.42 (C-31); 53.25 (C-34); 83(C-42); 49.87 (C-9); 47.56 (C-17);
46.81 (C-5); 45.91 (C-19); 41.90 (C-4); 41.77 (Q:144..34 (C-18); 39.30 (C-8); 38.10
(C-1); 36.87 (C-10); 33.88 (C-21); 33.07 (C-29);4(C-7); 32.42 (C-22); 30.70 (C-
20); 27.68 (C-15); 26.03 (C-27); 25.78 (C-2); 23(6130); 23.35 (C-11); 23.05 (C-16);
18.63 (C-6); 16.82 (C-26); 15.65 (C-25); 12.16 @:ZEIMS m/z905.3 [M+H]; anal.

C 66.03, H 7.27, N 12.00%, calcd fossHesNsOs, C 66.35, H 7.13, N 12.38%.
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4.5.2 (p-Bromobenzyl)-1H-1,2,3-triazol-4-yl-methyls3-hydroxyolean-12-en-23-(p
bromobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28 @ &)
White solid (58 mg; 75%)R = 0.52 (hexane/ethyl acetate 1:1 v/v); m.p: 102.8-

104.3 °C; IR (KBr):dmax = 3411, 3153, 3150, 1635, 1041, 1014"ciH NMR (400
MHz, CDCk): 6= 7.43 (d, 4HJ = 7.9 Hz, H-37, H-37’, H-45, H-45); 7.46 (s, 1H, H-
33); 7.44 (s, 1H, H-41); 7.11 (d, 48,= 8.3 Hz, H-36, H-36’, H-44, H-44"); 5.46 (brs,
2H, H-42); 5.45 (d, 2H] = 15.0 Hz, H-34); 5.41 (d, 2HJ = 15.0 Hz H-34); 5.20 (brs,
1H, H-12); 5.13 (t, 1H,) = 12.9 Hz, H-31); 4.60 (brs, 2H, H-39); 3.57 (d, 1Hs 8.7
Hz, H-23); 3.50 (m, 1H, H-3); 3.25 (d, 1H, = 8.7 Hz, H-2Q); 2.79 (dd, 1H, = 3.8,
13.9 Hz, H-18); 1.04 (s, 3H, G 0.87 (s, 3H, Ch); 0.86 (s, 3H, Ch); 0.85 (s, 3H,
CHs); 0.82 (s, 3H, Ch); 0.48 (s, 3H, Ch); **C NMR (100 MHz, CDGJ): 6= 177.73
(C-28); 145.87 (C-13); 143.90 (C-40); 143.61 (C:3R33.68 (C-43); 133.59 (C-35);
132.39 (C-37, C-37’, C-45, C-45’); 129.73 (C-444€); 129.70 (C-36, C-36’); 123.10
(C-38); 123.06 (C-46); 123.89 (C-12); 122.46 (C:3P2.23 (C-41); 80.13 (C-3); 75.93
(C-23); 64.96 (C-39); 57.57 (C-31); 53.60 (C-343;5D (C-42); 49.96 (C-9); 47.59 (C-
17); 46.79 (C-5); 45.92 (C-19); 41.90 (C-4); 41(1B14); 41.35 (C-18); 39.32 (C-8);
38.11 (C-1); 36.88 (C-10); 33.90 (C-21); 33.11 @);B2.47 (C-7); 32.39 (C-22); 30.70
(C-20); 27.69 (C-15); 26.03 (C-27); 25.85 (C-2);683(C-30); 23.36 (C-11); 23.06 (C-
16); 18.67 (C-6); 16.82 (C-26); 15.66 (C-25); 12(€124); EIMSm/z995.2 [M+Na[;

anal. C 61.52, H 6.91, N 8.54%, calcd fepdssBroNeO4, C 61.73, H 6.63, N 8.64%.

4.5.3 (p-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-methylA3-hydroxyolean-12-en-23-(p
chlorobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28te#)

White solid (57 mg; 82%)R = 0.51 (hexane/ethyl acetate 1:1 v/v); m.p: 112.6-
114.1 °C; IR (KBr):omax = 3403, 3156, 3152, 3061, 1719, 1631, 1523, 10874, 731

cmi’; 'H NMR (400 MHz, CDCY): 6= 7.47 (s, 1H, H-33); 7.44 (s, 1H, H-41); 7.31 (d,
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4H,J = 8.3 Hz, H-37, H-37", H-45, H-45"); 7.17 (d, 48 = 8.2 Hz, H-36, H-36", H-44,
H-44"); 5.44 (m, 4H,) = 15.0 Hz H-34, H-42); 5.20 (brs, 1H, H-12); 5.13X8l, H-31);
4.59 (brs, 2H, H-39); 3.56 (d, 1H,= 8.7 Hz, H-23); 3.50 (m, 1H, H-3); 3.25 (d, 1H,

= 8.7 Hz, H-23); 2.78 (dd, 1H,) = 3.1, 13.6 Hz, H-18); 1.04 (s, 3H, GH0.86 (s, 6H,
2XCHs); 0.84 (s, 3H, CH); 0.81 (s, 3H, Ch); 0.48 (s, 3H, Ch); *C NMR (100 MHz,
CDCly): 6= 177.63 (C-28); 145.78 (C-13); 143.78 (C-40); $43(C-32); 134.87 (C-
46); 134.82 (C-38); 133.12 (C-35); 133.00 (C-439.B7 (C-45, C-45"); 129.32 (C-36,
C-36', C-37, C-37", C-44, C-44"); 123.79 (C-12);2181 (C-33); 122.10 (C-41); 79.97
(C-3); 75.80 (C-23); 64.89 (C-39); 57.48 (C-31);48B(C-34); 53.34 (C-42); 49.84 (C-
9); 47.50 (C-17); 46.69 (C-5); 45.83 (C-19); 41(€L4); 41.68 (C-14); 41.26 (C-18);
39.22 (C-8); 38.01 (C-1); 36.78 (C-10); 33.80 (Q:2ZB.01 (C-29); 32.37 (C-7); 32.30
(C-22); 30.62 (C-20); 27.59 (C-15); 25.93 (C-279;7B (C-2); 23.55 (C-30); 23.27 (C-
11); 22.96 (C-16); 18.56 (C-6); 16.71 (C-26); 15(8525); 12.11 (C-24); EIMSn/z
905.2 [M+Na[; anal. C 67.69, H 7.58, N 9.39%, calcd fagtsCloNsOs, C 67.93, H

7.30, N 9.51%.

4.5.4 (o-Fluorobenzyl)-1H-1,2,3-triazol-4-yl-methylA®B-hydroxyolean-12-en-23-(o
fluorobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28tedb)

White solid (45 mg; 66%)R: = 0.48 (hexane/ethyl acetate 1:1 v/v); m.p: 84.6-
85.8 °C; IR (KBr):vmax = 3404, 3152, 3150, 3052, 1637, 1524, 1233, 10885, 756
cm’; H NMR (400 MHz, CDCY): 6= 7.54 (s, 1H, H-33); 7.52 (s, 1H, H-43); 7.32 (m,
2H, H-40, H-50); 7.23 (m 2H, H-38, H-48); 7.10 (#,4H-37, H-39, H-47, H-49); 5.56
(brs, 2H, H-34); 5.53 (brs, 2H, H-44); 5.20 (t, 1H 3.0 Hz, H-12); 5.12 (brs, 1H, H-
31); 4.59 (brs, 2H, H-41); 3.56 (d, 1B= 8.7 Hz, H-23); 3.50 (m, 1H, H-3); 3.25 (d,
1H,J = 8.7 Hz, H-23); 2.79 (dd, 1HJ = 3.8, 13.8 Hz, H-18); 1.05 (s, 3H, G}0.86

(s, 9H, 3xCH); 0.81 (s, 3H, Ck); 0.49 (s, 3H, Ch); °C NMR (100 MHz, CDG): =
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177.69 (C-28); 160.65 (d, = 246.7 Hz, C-36); 160.62 (d,= 246.3 Hz, C-46); 145.59
(C-13); 143.70 (C-32); 143.62 (C-42); 131.10Jck 3.5 Hz, C-40); 131.02 (d, = 3.6
Hz, C-50); 130.70 (dJ = 3.0 Hz, C-38); 130.61 (d, = 12.6 Hz, C-48); 124.94 (d,=
2.0 Hz, C-35); 124.91 (d} = 2.1 Hz, C-45); 124.02 (d, = 1.0 Hz, C-49); 122.48 (C-
12); 122.01 (C-33); 121.88 (d,= 1.5 Hz, C-39); 121.74 (C-43); 115.94 (= 21.0
Hz, C-37, C-47); 80.16 (C-3); 75.96 (C-23); 64.9241); 57.58 (C-31); 49.99 (C-9);
47.84 (d,J = 4.2 Hz, C-34); 47.74 (d] = 4.2 Hz, C-44); 47.60 (C-17); 46.78 (C-5);
45.94 (C-19); 41.88 (C-4); 41.79 (C-14); 41.37 ®:19.33 (C-8); 38.12 (C-1); 36.90
(C-10); 33.91 (C-21); 33.13 (C-29); 32.45 (C-7);32(C-22); 30.72 (C-20); 27.68 (C-
15); 26.00 (C-27); 25.86 (C-2); 23.66 (C-30); 23(8911); 23.05 (C-16); 18.69 (C-6);
16.76 (C-26); 15.66 (C-25); 12.19 (C-24); EIMBz873.6 [M+Na]; anal. C 70.31, H

7.72, N 9.72%, calcd ford4gHesF2NgO4, C 70.56, H 7.58, N 9.87%.

4.5.5 (0-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-methylA3-hydroxyolean-12-en-23-(o
chlorobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28ted5)

White solid (29 mg; 41%)R: = 0.51 (hexane/ethyl acetate 1:1 v/v); m.p: 94.9-
96.3 °C; IR (KBr):omax = 3400, 3153, 3150, 3072, 1723, 1636, 1520, 1088, 735
cm; 'H NMR (400 MHz, CDCJ): 6= 7.57 (s, 1H, H-33); 7.55 (s, 1H, H-43); 7.43 (brd
2H,J = 7.8 Hz, H-37, H-47); 7.32 (brt, 2H,= 7.8 Hz, H-40, H-50); 7.26 (m, 2H, H-
38, H-48); 7.19 (brt, 2H) = 7.5 Hz, H-39, H-49); 5.66 (brs, 2H, H-44); 5.65 {tH,
= 15.1 Hz, H-34); 5.61 (d, 1H,] = 15.1 Hz, H-34); 5.23 (brs, 1H, H-12); 5.18 (s, 1H,
J = 13.1 Hz, H-3)); 5.14 (s, 1HJ = 13.1 Hz, H-33); 4.63 (brs, 2H, H-41); 3.59 (d,
1H,J = 8.7 Hz, H-23); 3.53 (m, 1H, H-3); 3.26 (d, 1H,= 8.7 Hz, H-23); 2.81 (brdd,
1H,J = 3.5, 13.9 Hz, H-18); 1.08 (s, 3H, GH0.89 (s, 9H, 3xCH); 0.84 (s, 3H, Ch);
0.53 (s, 3H, Ch); *C NMR (100 MHz, CDG): 9= 177.71 (C-28); 145.50 (C-13);

143.65 (C-32); 143.65 (C-42); 133.69 (C-35); 133BH5); 132.47 (C-36); 132.35 (C-
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46); 130.55 (C-37); 130.42 (C-40, C-47); 130.405@; 130.07 (C-38); 130.05 (C-48);
127.71 (C-39); 127.68 (C-49); 124.18 (C-12); 1226833); 122.49 (C-43); 80.12 (C-
3); 75.98 (C-23); 64.90 (C-41); 57.61 (C-31); 51(6034); 51.60 (C-44); 50.01 (C-9);
47.62 (C-17); 46.80 (C-5); 45.94 (C-19); 41.90 (C41L.80 (C-14); 41.38 (C-18); 39.34
(C-8); 38.14 (C-1); 36.91 (C-10); 33.93 (C-21); BB(C-29); 32.47 (C-7); 32.40 (C-
22): 30.73 (C-20); 27.70 (C-15); 26.02 (C-27); B(B-2); 23.68 (C-30); 23.41 (C-11);
23.05 (C-16); 18.71 (C-6); 16.83 (C-26); 15.67 ():212.20 (C-24); EIMSn/z905.3

[M+Na]"; anal. C 67.81, H 7.51, N 9.30%, calcd fepts4CloNgOs, C 67.93, H 7.30, N

9.51%.

4.5.6 (p-Methylbenzyl)-1H-1,2,3-triazol-4-yl-methylg)3-hydroxyolean-12-en-23-(p
methylbenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28e&)

White solid (27 mg; 40%)R = 0.51 (hexane/ethyl acetate 1:1 v/v); m.p: 126.9-
128.3 °C; IR (KBr):vmax = 3406, 3155, 3152, 3067, 1729, 1626, 1530, 1048,cm’;
'H NMR (400 MHz, CDCY): 6= 7.46 (s, 1H, H-33); 7.43 (s, 1H, H-44); 7.1788, H-
36, H-36’, H-37, H-37’, H-45, H-45’, H-46, H-46'5.46 (brs, 2H, H-43); 5.45 (m, 2H,
H-34); 5.22 (brs, 1H, H-12); 5.14 (brs, 2Bi= 13.1 Hz, H-31); 4.62 (brs, 2H, H-40);
3.59 (d, 1H,J = 8.6 Hz, H-23); 3.52 (m, 1H, H-3); 3.28 (d, 1H, = 8.7 Hz, H-23);
2.81 (brdd, 1H,) = 3.2, 13.6 Hz, H-18); 2.35 (s, 6H, 2xgH1.08 (s, 3H, Ch); 0.89 (s,
9H, 3XCH); 0.85 (s, 3H, Ch); 0.53 (s, 3H, Ch); °C NMR (100 MHz, CDGJ): o=
177.74 (C-28); 145.49 (C-13); 143.67 (C-32); 1436341); 138.87 (C-38); 138.85 (C-
47); 131.56 (C-35); 131.46 (C-44); 129.92 (C-363&); 129.91 (C-45, C-45'); 128.26
(C-37, C-37"); 128.21 (C-46, C-46'); 123.78 (C-12)22.48 (C-33); 122.20 (C-42);
80.39 (C-3); 76.10 (C-23); 64.97 (C-40); 57.65 (0):364.20 (C-34); 54.09 (C-43);
50.09 (C-9); 47.63 (C-17); 46,80 (CH-5); 45,94 (T8 41,90 (C-4); 41,80 (C-14);

41,38 (CH-18); 39,34 (C-8); 38,14 (GH); 36,92 (C-10); 33,94 (CiR1); 33,16 (CH-
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29); 32,49 (Ch7); 32,40 (CH-22); 30,75 (C-20); 27,72 (GHL5); 26,00 (CH-27);

25,90 (CH-2); 23,69 (CH-30); 23,40 (Ch11); 23,06 (Ck-16); 21.27 (C-38, C-48);
18,72 (CH-6); 16,84 (CH-26); 15,66 (CH-25); 12,21 (CH-24); EIMS m/z 843.4
[M+H]*; anal. C 73.88, H 8.35, N 9.65%, calcd fas#@oNsOs, C 74.07, H 8.37, N

9.97%.

4.5.7 (o-Bromobenzyl)-1H-1,2,3-triazol-4-yl-methy|gj3-hydroxyolean-12-en-23-(o
bromobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28-@ )

White solid (36 mg; 47%)R: = 0.50 (hexane/ethyl acetate 1:1 v/v); m.p: 97.8-
98.9 °C; IR (KBr):vmax = 3386, 3153, 3150, 3070, 1720, 1639, 1522, 10833, 743,
731 cm; *H NMR (400 MHz, CDCY): 6= 7.56 (m, 4H, H-33, H-37, H-43, H-47); 7.26
(brt, 2H,J = 6.8 Hz, H-39, H-49); 7.18 (brt, 2H,= 7.4 Hz, H-40, H-50); 7.14 (m, 2H,
H-38, H-48); 7.26 (m, 2H, H-38, H-48); 7.19 (brtl,2) = 7.5 Hz, H-39, H-49); 5.66
(brs, 2H, H-44); 5.60 (m, 4H, H-34, H-44); 5.18gb1H, H-12); 5.12 (brs, 2H4-31);
4.59 (brs, 2H, H-41); 3.52 (m, 2H, H-B-23); 3.22 (d, 1HJ = 8.3 Hz, H-23); 2.77
(brd, 1H,J = 12.6 Hz, H-18); 1.03 (s, 3H, G} 0.84 (s, 9H, 3xCH); 0.78 (s, 3H, Ch);
0.48 (s, 3H, Ch); *C NMR (100 MHz, CDG)): 9= 177.52 (C-28); 145.34 (C-13);
143.46 (C-32); 143.41 (C-42); 134.06 (C-35); 133@&5); 133.20 (C-37); 133.16 (C-
47); 130.45 (C-40); 130.39 (C-38, C-50); 130.2248&): 128.18 (C-39); 128.16 (C-49);
123.50 (C-36); 123.36 (C-46); 124.13 (C-12); 1226533); 122.31 (C-43); 79.52 (C-
3); 75.55 (C-23); 64.70 (C-41); 57.45 (C-31); 53(T934); 53.74 (C-44); 49.67 (C-9);
47.42 (C-17); 46.60 (C-5); 45.75 (C-19); 41.73 (C4L.61 (C-14); 41.19 (C-18); 39.15
(C-8); 37.96 (C-1); 36.72 (C-10); 33.74 (C-21); BB(C-29); 32.28 (C-7); 32.24 (C-
22): 30.58 (C-20); 27.53 (C-15); 25.86 (C-27); 26(T-2); 23.54 (C-30); 23.25 (C-11);

22.87 (C-16); 18.51 (C-6); 16.67 (C-26); 15.55 ®):212.12 (C-24); EIMSn/z995.3
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[M+Na]*; anal. C 61.70, H 6.74, N 8.44%, calcd f@pHs4BraNgOs, C 61.73, H 6.63, N

8.64%.

4.5.8 (o-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-methylAB-hydroxyolean-12-en-23-(o
nitrobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28-e4®)

White solid (59 mg; 81%)R: = 0.39 (hexane/ethyl acetate 1:1 v/v); m.p: 94.8-
96.4 °C; IR (KBr):vmax = 3046, 3158, 3155, 3064, 1718, 1528, 1162, 10886, 729
cm; 'H NMR (400 MHz, CDCY): 6= 8.12 (d, 2H,) = 7.2 Hz H-37, H-47); 7.72 (s, 1H,
H-33); 7.70 (brs, 1H, H-43); 7.59 (brt, 2Bi= 7.3 Hz, H-38, H-48); 7.52 (brt, 2H,=
7.2 Hz H-39, H-49); 7.05 (brt, 2H,= 6.3 Hz, H-40, H-50); 5.91 (d, 2H,= 7.4 Hz, H-
34, H-44); 5.23 (brs, 1H, H-12); 5.17 (brs, 2H, H:34.64 (brs, 2H, H-41); 3.59 (d, 1H,
J = 8.3 Hz, H-23); 3.53 (brt, 1HJ = 8.0 Hz, H-3); 3.28 (d, 1H] = 8.2 Hz, H-23);
2.81 (brd, 1H, = 12.6 Hz, H-18); 1.06 (s, 3H, GH 0.87 (s, 9H, 3xCH); 0.82 (s, 3H,
CHs); 0.53 (s, 3H, Ch); *C NMR (100 MHz, CDGJ): 6= 177.50 (C-28); 147.47 (C-
36); 147.47 (C-46); 145.68 (C-13); 143.76 (C-32%349 (C-42); 134.40 (C-35);
134.32 (C-45); 130.63 (C-39); 130.48 (C-49); 13q(G740); 130.29 (C-50); 129.75 (C-
38); 129.71 (C-48); 125.41 (C-37); 125.38 (C-47pAD4 (C-12); 123.46 (C-33);
122.43 (C-43); 79.71 (C-3); 75.67 (C-23); 64.7540): 57.46 (C-31); 50.88 (C-34);
50.80 (C-44); 49.75 (C-9); 47.50 (C-17); 46.70 (C45.80 (C-19); 41.83 (C-4); 41.68
(C-14); 41.27 (C-18); 39.23 (C-8); 38.01 (C-1); &b (C-10); 33.81 (C-21); 33.05 (C-
29): 32.36 (C-7); 32.32 (C-22); 30.64 (C-20); 27(6015); 25.96 (C-27); 25.77 (C-2);
23.59 (C-30); 23.30 (C-11); 22.94 (C-16); 18.576)C-16.77 (C-26); 15.58 (C-25);
12.15 (C-24); EIMSM/z 905.4 [M+HT; anal. C 66.14, H 12.60, N 12.11%, calcd for

Cs0He4NgOsg, C 66.35, H 7.13, N 12.38%.
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4.5.9 (m-Chlorobenzyl)-1H-1,2,3-triazol-4-yl-methyl#3-hydroxyolean-12-en-23-(m
chlorobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28t@#L0)
White solid (34 mg; 48%)R; = 0.48 (hexane/ethyl acetate 1:1 v/v); m.p: 122.4-

123.9 °C; IR (KBr):dmax = 3401, 3155, 3150, 3088, 1633, 1520, 1048, 733,chi’";
'H NMR (400 MHz, CDCY)): 6= 7.51 (s, 1H, H-33); 7.47 (s, 1H, H-43); 7.30 @Hi, H-
36, H-38, H-39, H-46, H-48, H-49); 7.11 (brd, 2H= 6.7 Hz, H-40, H-50); 5.50 (brs,
2H, H-34); 5.47 (d, 2H) = 5.6 Hz, H-44); 5.22 (brs, 1H, H-12); 5.15 (s, 2H;31);
4.63 (brs, 2H, H-41); 3.59 (d, 1H,= 8.6 Hz, H-23); 3.52 (m, 1H, H-3); 3.27 (d, 1H,

= 8.7 Hz, H-23); 2.81 (brdd, 1HJ = 2.9, 13.6 Hz, H-18); 1.06 (s, 3H, gH0.88 (s,
9H, 3xCH); 0.84 (s, 3H, CH); 0.51 (s, 3H, Ch); **C NMR (100 MHz, CDGJ): 6=
177.80 (C-28); 145.98 (C-13); 143.98 (C-32); 1436542); 136.68 (C-35); 136.53 (C-
45); 135.20 (C-37); 135.19 (C-47); 130.56 (C-393053 (C-49); 129.18 (C-36);
129.14 (C-46); 128.22 (C-40); 128.12 (C-50); 126a@&8); 126.12 (C-48); 124.05 (C-
12); 122.51 (C-33); 122.31 (C-43); 80.28 (C-3):126(C-23); 65.04 (C-41); 57.61 (C-
31); 53.59 (C-34); 53.54 (C-44); 50.06 (C-9); 47(6317); 46.84 (C-5); 45.97 (C-19);
41.92 (C-4); 41.83 (C-14); 41.44 (C-18); 39.37 (C3B.14 (C-1); 36.94 (C-10); 33.94
(C-21); 33.16 (C-29); 32.52 (C-7); 32.43 (C-22); B (C-20); 27.73 (C-15); 26.05 (C-
27): 25.88 (C-2); 23.70 (C-30); 23.41 (C-11); 23(0916); 18.74 (C-6); 16.84 (C-26);
15.71 (C-25); 12.22 (C-24); EIM®/z905.3 [M+Na]; anal. C 67.75, H 9.74, N 9.36%,

calcd for QOH64C|2N604, C 67.93, H 7.30, N 9.51%.

4.5.10 (m-Nitrobenzyl)-1H-1,2,3-triazol-4-yl-methyl{8-hydroxyolean-12-en-23-(m
nitrobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28-edt1)

White solid (46 mg; 63%)R = 0.37 (hexane/ethyl acetate 1:1 v/v); m.p: 120.9-
122.3 °C; IR (KBr):omax = 3404, 3156, 3153, 3092, 1719, 1534, 1174, 11688, 729

cmi’; 'H NMR (400 MHz, CDCY): 6= 8.20 (d, 2HJ = 7.4 Hz, H-38, H-48); 8.14 (d,
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2H, J = 4.8 Hz, H-36, H-46); 7.58 (m, 6H, H-33, H-39, H;4042, H-49, H-50); 5.62
(m, 4H, H-34, H-44); 5.21 (brs, 1H, H-12); 5.16 28, H-31); 4.64 (brs, 2H, H-41);
3.58 (d, 1H,J = 8.6 Hz, H-23); 3.52 (m, 1H, H-3); 3.26 (d, 1H), = 8.7 Hz, H-23);
2.80 (brdd, 1H,) = 3.0, 13.7 Hz, H-18); 1.04 (s, 3H, @0.87 (s, 3H, Ck); 0.86 (s,
3H, CHs); 0.84 (s, 3H, Ch); 0.81 (s, 3H, Ch); 0.48 (s, 3H, Ch); *C NMR (100 MHz,
CDCly): 6= 177.76 (C-28); 148.65 (C-37, C47); 146.17 (C-113)4.14 (C-32); 143.53
(C-42); 136.87 (C-35); 136.73 (C-45); 133.94 (C:41033.90 (C-50); 130.38 (C-49);
130.35 (C-49); 124.25 (C-12); 123.84 (C-36); 123@8M46); 122.91 (C-38); 122.83 (C-
48); 122.48 (C-33, C-43); 79.89 (C-3); 75.84 (C:8H.91 (C-41); 57.47 (C-31); 53.17
(C-34); 53.11 (C-44); 49.83 (C-9); 47.53 (C-17),#%(C-5); 45.88 (C-19); 41.89 (C-
4); 41.75 (C-14); 41.34 (C-18); 39.29 (C-8); 38(@71); 36.85 (C-10); 33.85 (C-21);
33.07 (C-29); 32.45 (C-7); 32.38 (C-22); 30.63 (@:227.66 (C-15); 26.02 (C-27);
25.79 (C-2); 23.61 (C-30); 23.34 (C-11); 23.01 (§);118.61 (C-6); 16.78 (C-26); 15.64
(C-25); 12.15 (C-24); EIM$1/2905.6 [M+H]; anal. C 66.11, H 7.36, N 12.18%, calcd

for CsoHgaNgOsg, C 66.35, H 7.13, N 12.38%.

4.5.11 (m-Bromobenzyl)-1H-1,2,3-triazol-4-yl-methys§3-hydroxyolean-12-en-23-(m
bromobenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-28 @ t2)

White solid (37 mg; 48%)R = 0.52 (hexane/ethyl acetate 1:1 v/v); m.p: 166.1-
167.3 °C; IR (KBr)®omax = 3394, 3151, 3148, 3061, 1730, 1639, 1519, 12@48, 772,
732 cmt; *H NMR (400 MHz, CDCJ): 9= 7.50 (s, 1H, H-33); 7.46 (brs, 2H, H-38, H-
48); 7.44 (brs, 1H, H-43); 7.38 (brs, 2H, H-36, B)47.21 (brt, 2H,) = 7.8 Hz, H-40,
H-50); 7.15 (brd, 2HJ = 7.6 Hz, H-39, H-49); 5.47 (brs, 2H, H-44); 5.42, @, J =
5.6 Hz, H-34); 5.19 (brs, 1H, H-12); 5.12 (s, 2H3H); 4.60 (brs, 2H, H-41); 3.56 (d,
1H,J = 8.6 Hz, H-23); 3.50 (m, 1H, H-3); 3.24 (d, 1H,= 8.6 Hz, H-23); 2.78 (brdd,

1H,J = 2.2, 13.6 Hz, H-18); 1.03 (s, 3H, G}10.85 (s, 9H, 3xCH); 0.81 (s, 3H, Ch);
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0.48 (s, 3H, Ch); **C NMR (100 MHz, CDGJ): d= 177.72 (C-28); 145.92 (C-13);
143.91 (C-32); 143.58 (C-42); 136.90 (C-35); 13qE45); 132.05 (C-38); 132.00 (C-
48); 131.06 (C-36); 130.96 (C-46); 130.75 (C-3930F3 (C-49); 126.61 (C-40);
126.55 (C-50); 124.00 (C-12); 123.19 (C-37, C-4122.45 (C-33); 122.30 (C-43);
80.00 (C-3); 75.92 (C-23); 64.96 (C-41); 57.55 (0):353.44 (C-34); 53.39 (C-44);
49.91 (C-9); 47.57 (C-17); 46.77 (C-5); 45.91 (Q:141.88 (C-4); 41.77 (C-14); 41.35
(C-18); 39.31 (C-8); 38.09 (C-1); 36.87 (C-10); &B(C-21); 33.11 (C-29); 32.44 (C-
7); 32.37 (C-22); 30.70 (C-20); 27.68 (C-15); 26(0227); 25.83 (C-2); 23.67 (C-30);
23.36 (C-11); 23.04 (C-16); 18.68 (C-6); 16.78 (§);215.68 (C-25); 12.20 (C-24);
EIMS m/z995.2 [M+Na]J; anal. C 61.52, H 6.81, N 8.53%, calcd fegs4BroNeOs, C

61.73, H 6.63, N 8.64%.

4.5.12 (m-Methylbenzyl)-1H-1,2,3-triazol-4-yl-methylgj3-hydroxyolean-12-en-23-
(m-methylbenzyl)-1H-1,2,3-triazol-4-yl-methyloxy-e (3)

White solid (28 mg; 41%)R = 0.56 (hexane/ethyl acetate 1:1 v/v); m.p: 101.7-
103.3 °C; IR (KBr):wmax = 3406, 3153, 3150, 3067, 1730, 1626, 1534, 1080,cm'’;
'H NMR (400 MHz, CDCY): 6= 7.48 (s, 1H, H-33); 7.44 (brs, 1H, H-44); 7.26, @,
H-39, H-50); 7.17 (brs, 1H, H-36); 7.15 (brs, 1HAR); 7.06 (m, 4H, H-38, H-40, H-
49, H-51); 5.49 (d, 1H] = 14.7 Hz, H-34); 5.48 (brs, 2H, H-45); 5.43 (d, 1= 14.7
Hz, H-34); 5.22 (t, 1H,J = 3.2 Hz, H-12); 5.15 (s, 2H, H-31); 4.62 (brs, H142);
3.59 (d, 1H,J = 8.7 Hz, H-23); 3.52 (m, 1H, H-3); 3.28 (d, 1H, = 8.6 Hz, H-2Q);
2.82 (brdd, 1H,) = 3.9, 13,9 Hz, H-18); 2.34 (s, 6H, 2xgH1.07 (s, 3H, Ch); 0.89 (s,
9H, 3XCH); 0.85 (s, 3H, Ch); 0.52 (s, 3H, Ch); *C NMR (100 MHz, CDGJ): o=
177.74 (C-28); 145.60 (C-13); 143.66 (C-32); 1436&13); 136.08 (C-37); 136.05 (C-
48); 134.58 (C-35); 134.43 (C-46); 129.68 (C-3®)9.54 (C-47); 129.11 (C-39, C-50);

128.92 (C-38); 128.83 (C-49); 125.28 (C-40); 125@1); 123.89 (C-12); 122.48 (C-
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33); 122.23 (C-44); 80.40 (C-3); 76.16 (C-23); &5(C-42); 57.67 (C-31); 54.31 (C-
34); 54.26 (C-45); 50.11 (C-9); 47.63 (C-17); 46(T95); 45.96 (C-19); 41.88 (C-4);
41.81 (C-14); 41.39 (C-18); 39.35 (C-8); 38.12 (C36.92 (C-10); 33.93 (C-21); 33.15
(C-29); 32.48 (C-7); 32.39 (C-22); 30.74 (C-20); 2/ (C-15); 25.99 (C-27); 25.88 (C-
2); 23.69 (C-30); 23.39 (C-11); 23.06 (C-16); 21(€341, C-52); 18.73 (C-6); 16.82
(C-26); 15.67 (C-25); 12.20 (C-24); EIMB/z843.5 [M+H]; anal. C 73.83, H 8.43, N

9.75%, calcd for €zH70NgO4, C 74.07, H 8.37, N 9.97%.

4.5.13 (Benzyl)-1H-1,2,3-triazol-4-yl-methyl £B-hydroxyolean-12-en-23-(benzyl)-
1H-1,2,3-triazol-4-yl-methyloxy-28-oat#4)

White solid (46 mg; 70%)R = 0.61 (hexane/ethyl acetate 1:1 v/v); m.p: 104.9-
106.1 °C; IR (KBr):vmax = 3404, 3150, 3147, 3062, 1725, 1636, 1523, 1028,cm'’;
'H NMR (400 MHz, CDCJ): 6= 7.47 (s, 1H, H-33); 7.44 (brs, 1H, H-44); 7.3%s(b
6H); 7.26 (brs, 4H); 5.51 (brs, 2H, H-44); 5.48 (@&, H-34); 5.21 (brs, 1H, H-12);
5.13 (brs, 2H, H-31); 4.61 (brs, 2H, H-41); 3.88 {H,J = 8.3 Hz, H-23); 3.52 (m,
1H, H-3); 3.26 (d, 1HJ = 8.3 Hz, H-23); 2.80 (dI, 1H,J = 3.9, 13.0 Hz, H-18); 1.06
(s, 3H, CH); 0.87 (s, 9H, 3xCH); 0.83 (s, 3H, Ch); 0.50 (s, 3H, Ch); °C NMR (100
MHz, CDCh): 6= 177.73 (C-28); 145.65 (C-13); 143.70 (C-32); B&3(C-42); 134.68
(C-35); 134.52 (C-45); 122.29 (C-37, C-39, C-4749): 128.92 (C-38); 128.89 (C-48);
128.18 (C-36, C-40); 128.10 (C-46, C-50); 123.881{T2); 122.70 (C-33); 122.44 (C-
43); 80.35 (C-3); 76.11 (C-23); 65.02 (C-41); 57(6231); 54.30 (C-34); 54.25 (C-44);
50.08 (C-9); 47.61 (C-17); 46.79 (C-5); 45.96 (Q:101.88 (C-4); 41.81 (C-14); 41.39
(C-18); 39.35 (C-8); 38.12 (C-1); 36.91 (C-10); BB(C-21); 33.14 (C-29); 32.47 (C-
7); 32.39 (C-22); 30.72 (C-20); 27.70 (C-15); 25(8927); 25.87 (C-2); 23.68 (C-30);

23.40 (C-11); 23.05 (C-16); 18.72 (C-6); 16.81 (€):215.68 (C-25); 12.19 (C-24);
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EIMS m/z815.4 [M+HT; anal. C 73.55, H 10.58, N 10.01%, calcd fepHEsNeOs, C

73.68, H 8.16, N 10.31%.

4.5.14 (2,4-Difluorobenzyl)-1H-1,2,3-triazol-4-yl-methy84)3-hydroxyolean-12-en-
23-(2,4-difluorobenzyl)-1H-1,2,3-triazol-4-yl-metbyy-28-oate 15)

White solid (32 mg; 45%)R = 0.47 (hexane/ethyl acetate 1:1 v/v); m.p: 100.9-
102.1 °C; IR (KBr):omax = 3404, 3151, 3148, 3083, 1639, 1508, 1273, 10a84, 735
cm’; H NMR (400 MHz, CDCY): 6= 7.57 (s, 1H, H-33); 7.53 (s, 1H, H-41); 7.30 (m,
2H, H-40, H-50); 6.87 (m, 4H, H-37, H-39, H-47, 194 5.54 (brs, 2H, H-44); 5.54
(brs, 2H, H-34); 5.23 (brs, 1H, H-12); 5.14 (s, 2H31); 4.61 (brs, 2H, H-39); 3.59 (d,
1H, J = 8.6 Hz, H-23); 3.53 (m, 1H, H-3); 3.28 (d, 1H, = 8.6 Hz, H-23); 2.81 (dd,
1H,J = 3.3, 13.8 Hz, H-18); 1.07 (s, 3H, GH0.88 (s, 9H, 3xCH); 0.84 (s, 3H, Ch);
0.50 (s, 3H, Ch); ®C NMR (100 MHz, CDGJ): 6= 177.74 (C-28); 163.50 (dd, =
12.1, 249.1 Hz, C-38, C-48); 157.91 (dds 13.2, 249.1 Hz, C-36, C-46); 145.76 (C-
13); 143.83 (C-32); 143.61 (C-42); 131.73 (m, C-@350); 123.96 (CH-12); 122.49
(C-33); 122.33 (C-43); 118.13 (dd,= 3.8, 12.6 Hz, C-35); 117.90 (dd,= 3.9, 10.9
Hz, C-45); 112.26 (dd] = 3.7, 21.5 Hz, C-39, C-49); 104.40 Jt= 23.2 Hz, C-37, C-
47); 80.22 (C-3); 75.99 (C-23); 64.97 (C-41); 57(6531); 49.99 (C-9); 47.61 (C-17);
47.26 (d,J = 3.7 Hz, C-34); 47.17 (d] = 3.7 Hz, C-44); 46.80 (C-5); 45.93 (C-19);
41.90 (C-4); 41.79 (C-14); 41.37 (C-18); 39.33 (CaB.12 (C-1); 36.90 (C-10); 33.91
(C-21); 33.11 (C-29); 32.48 (C-7); 32.40 (C-22);BD(C-20); 27.68 (C-15); 26.00 (C-
27); 25.84 (C-2); 23.64 (C-30); 23.38 (C-11); 23(0516); 18.67 (C-6); 16.74 (C-26);
15.63 (C-25); 12.17 (C-24); EIMB/z887.3 [M+HJ; anal. C 67.42, H 7.30, N 9.37%,

calcd for GoHs2FaNgO4, C 67.70, H 7.04, N 9.47%.
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4.5.15 (Phenyl-oxoethyl)-1H-1,2,3-triazol-4-yl-methylg)3-hydroxyolean-12-en-23-
(phenyl-oxoethyl)-1H-1,2,3-triazol-4-yl-methylox§-@ate (L6)

White solid (50 mg; 72%)R: = 0.46 (hexane/ethyl acetate 1:1 v/v); m.p: 90.8-
92.1 °C; IR (KBr):omax = 3404, 3156, 3150, 3062, 1702, 1699, 1694, 16303,
1048, 724 cnt; *H NMR (400 MHz, CDCJ): 6= 7.97 (d, 4HJ = 7.4 Hz H-37, H-41,
H-48, H-52); 7.73 (s, 1H, H-33); 7.69 (brs, 1H, W}47.65 (brt, 2H,) = 7,3 Hz, H-39,
H-50); 7.52 (brt, 4H) = 7.2 Hz H-38, H-40, H-49, H-51); 5.87 (dI, 2H= 18.4 Hz, H-
34, H-4%); 5.79 (brd, 2H,) = 18.4 Hz, H-34, H-45,); 5.24 (brs, 1H, H-12); 5.19 (brs,
2H, H-31); 4.66 (brs, 2H, H-42); 3.59 (d, 1Hz= 8.5 Hz, H-23); 3.54 (brt, 1HJ) = 6.0
Hz, H-3); 3.29 (d, 1H) = 8.3 Hz, H-23); 2.82 (brd, 1H,]J = 12.7 Hz, H-18); 1.08 (s,
3H, CHs); 0.86 (s, 9H, 3xCh); 0.82 (s, 3H, Ch); 0.57 (s, 3H, Ch); *C NMR (100
MHz, CDCE): 6= 190.34 (C-35); 190.08 (C-46); 177.69 (C-28); B45C-13); 143.63
(C-32); 143.58 (C-43); 134.70 (C-36, C-39, C-4733B7 (C-50); 129.25 (C-38, C-40,
C-49, C-51); 128.21 (C-37, C-41, C-48, C-52); 125(8-12); 124.37 (C-33); 122.49
(C-44); 79.93 (C-3); 75.86 (C-23); 64.88 (C-42);587(C-31); 55.54 (C-34); 55.38 (C-
45); 49.29 (C-9); 47.60 (C-17); 46.76 (C-5); 45(@219); 41.89 (C-4); 41.78 (C-14);
41.35 (C-18); 39.33 (C-8); 38.06 (C-1); 36.89 (Q:18B.88 (C-21); 33.14 (C-29); 32.44
(C-7); 32.35 (C-22); 30.71 (C-20); 27.69 (C-15);d@B(C-27); 25.90 (C-2); 23.69 (C-
30); 23.38 (C-11); 23.04 (C-16); 18.68 (C-6); 16(8726); 15.64 (C-25); 12.22 (C-24);
EIMS m/z893.2 [M+NaJ; anal. C 71.51, H 7.92, N 9.51%, calcd fopkseNgOs, C

71.70, H 7.64, N 9.65%.

4.5.16 (p-Methylphenyl-oxoethyl)-1H-1,2,3-triazol-4-yl- gt (35)3-hydroxyolean-12-
en-23-(p-methylphenyl-oxoethyl)-1H-1,2,3-triazofi4nethyloxy-28-oatel{)
White solid (45 mg; 62%)R = 0.48 (hexane/ethyl acetate 1:1 v/v); m.p: 99.7-

101.5 °C; IR (KBr):omax = 3408, 3153, 3151, 3064, 1706, 1698, 1695, 16322,
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1048, 725 cnf; 'H NMR (400 MHz, CDCJ): 6= 7.85 (d, 4H,J = 7.9 Hz H-37, H-37,
H-47, H-47’); 7.72 (s, 1H, H-33); 7.69 (brs, 1H,44); 7.29 (d, 4H,) = 7.9 Hz, H-38,
H-38', H-48, H-48"); 5.78 (m, 4H, H-34, H-44); 2 (brs, 1H, H-12); 5.18 (brs, 2H,
H-31); 4.64 (brs, 2H, H-41); 3.57 (d, 1Bi= 9.0 Hz, H-23); 3.54 (brt, 1HJ = 7.3 Hz,
H-3); 3.27 (d, 1H, = 8.7 Hz, H-23); 2.82 (brdd, 1H,) = 2.4, 13.6 Hz, H-18); 2.41 (s,
6H, 2xCH); 1.07 (s, 3H, Ch); 0.87 (s, 3H, Ch); 0.85 (s, 6H, 2xCh); 0.79 (s, 3H,
CHs); 0.57 (s, 3H, ChH); **C NMR (100 MHz, CDGJ): 5= 189.90 (C-35); 189.63 (C-
45); 177.54 (C-28); 145.71 (C-39, C-49); 145.381@%): 143.55 (C-32); 143.40 (C-42);
131.49 (C-36, C-46); 129.81 (C-38, C-38’, C-48, &)4128.24 (C-37, C-37’, C-47, C-
A7'); 125.69 (C-12); 124.33 (C-33); 122.42 (C-439.37 (C-3); 75.43 (C-23); 64.77
(C-41); 57.52 (C-31); 55.36 (C-34); 55.21 (C-44);66 (C-9); 47.53 (C-17); 46.68 (C-
5); 45.86 (C-19); 41.86 (C-4); 41.71 (C-14); 41(8D18); 39.27 (C-8); 38.03 (C-1);
36.80 (C-10); 33.81 (C-21); 33.05 (C-29); 32.387(C-32.29 (C-22); 30.62 (C-20);
27.61 (C-15); 25.98 (C-27); 25.82 (C-2); 23.61 (@:323.31 (C-11); 22.98 (C-16);
21.79 (C-40, C-50); 18.56 (C-6); 16.81 (C-26); B(E-25); 12.15 (C-24); EIM$%/z
921.5 [M+NaJ; anal. C 71.97, H 9.56, N 9.17%, calcd fout€NeOs, C 72.13, H

7.85, N 9.35%.

4.5.17 (Naphthyl-oxoethyl)-1H-1,2,3-triazol-4-yl-methy|g§3-hydroxyolean-12-en-23-
(naphthyl-oxoethyl)-1H-1,2,3-triazol-4-yl-methyle28-oate 18)

White solid (64 mg; 82%)R: = 0.45 (hexane/ethyl acetate 1:1 v/v); m.p: 93.8-
95.2 °C; IR (KBr):omax = 3401, 3156, 3152, 3066, 1703, 1699, 1696, 16302, 1048,
731 cni; 'H NMR (400 MHz, CDCY): 6= 8.47, (brd, 2H, = 4.1 Hz H-37, H-52); 7.94
(m, 4H, H-42, H-44, H-57, H-59); 7.87 (m, 4H, H-3945, H-54, H-60); 7.79 (brs, 1H,
H-33); 7.75 (brs, 1H, H-48); 7.60 (m, 4H, H-40, B;455, H-56); 5.95 (m, 4H, H-34,

H-49); 5.24 (brs, 1H, H-12); 5.21 (brs, 2H, H-34)85 (brs, 2H, H-46); 3.55 (m, 2H, H-
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3, H-23); 3.27 (d, 1H,J = 8.6 Hz, H-23); 2.84 (brd, 1H, = 12.9 Hz, H-18); 1.07 (s,
3H, CH); 0.87 (s, 3H, CH); 0.85 (s, 3H, CH); 0.83 (s, 3H, CH); 0.77 (s, 3H, Ch);

0.58 (s, 3H, Ch); *C NMR (100 MHz, CDGJ): = 190.05 (C-35); 190.32 (C-50);
177.54 (C-28); 145.45 (C-13); 143.53 (C-32); 143(GBA47); 136.06 (C-36, C-51);
132.31 (C-43, C-58); 131.23 (C-38); 131.19 (C-330.22 (C-39, C-54); 129.71 (C-37,
C-52); 129.34 (C-44, C-59); 129.11 (C-42); 129.085(7); 127.89 (C-41, C-56); 127.31
(C-40); 127.29 (C-55); 125.75 (C-12); 124.40 (C:33)3.19 (C-45, C-60); 122.41 (C-
48); 79.32 (C-3); 75.40 (C-23); 64.77 (C-46); 57(6231); 55.51 (C-34); 55.36 (C-49);
49.62 (C-9); 47.51 (C-17); 46.67 (C-5); 45.85 (Q:141.83 (C-4); 41.69 (C-14); 41.29
(C-18); 39.25 (C-8); 37.99 (C-1); 36.77 (C-10); BB(C-21); 33.03 (C-29); 32.35 (C-
7); 32.28 (C-22); 30.59 (C-20); 27.59 (C-15); 25(€827); 25.80 (C-2); 23.59 (C-30);
23.29 (C-11); 22.98 (C-16); 18.53 (C-6); 16.81 (§):215.53 (C-25); 12.14 (C-24);
EIMS m/z993.4 [M+Na]; anal. C 74.01, H 7.54, N 8.43%, calcd fayol€oNeOs, C

74.20, H 7.26, N 8.56%.

4.5.18 (p-Cyanophenyl-oxoethyl)-1H-1,2,3-triazol-4-yl-mdt(84)3-hydroxyolean-12-
en-23-(p-cyanophenyl-oxoethyl)-1H-1,2,3-triazol4nethyloxy-28-oatelQ)

White solid (64 mg; 87%)R = 0.41 (hexane/ethyl acetate 1:1 v/v); m.p: 113.6-
115.1 °C; IR (KBr):vomax = 3401, 3155, 3151, 3061, 2221, 2218, 1707, 11699,
1630, 1512, 1049, 728 ¢h'H NMR (400 MHz, CDCJ): o= 8.07 (d, 4HJ = 7.5 Hz,
H-37, H-37’, H-47, H-47’); 7.80 (d, 4H, = 7.5 Hz, H-38, H-38’, H-48, H-48"); 7.72 (s,
1H, H-33); 7.68 (brs, 1H, H-44); 5.87 (m, 4H, H:3#44); 5.20 (brs, 1H, H-12); 5.15
(m, 2H, H-31); 4.64 (dJ = 12.8 Hz, 1H, H-4); 4.59 (d,J = 12.8 Hz, 1H, H-4J); 3.53
(m, 2H,J = 9.0 Hz, H-3, H-23; 3.26 (d, 1HJ = 8.3 Hz, H-23); 2.79 (brdd, 1H, =
11.6 Hz, H-18); 1.05 (s, 3H, GH 0.84 (s, 6H, 2xCh); 0.83 (s, 3H, Ch); 0.76 (s, 3H,

CHa); 0.53 (s, 3H, Ch); °C NMR (100 MHz, CDGJ): 6= 189.68 (C-35); 189.38 (C-
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45); 177.74 (C-28); 145.76 (C-13); 143.69 (C-32352 (C-42); 136.87 (C-36, C-46);
132.97 (C-38, C-38", C-48, C-48"); 128.71 (C-373C; C-47, C-47’); 125.79 (C-12);
124.29 (C-33); 122.55 (C-43); 117.79 (4D, CH-50); 117.49 (C-39, C-49); 79.77
(C-3); 75.69 (C-23); 64.75 (C-41); 57.40 (C-31);B5(C-34); 55.55 (C-44); 49.80 (C-
9); 47.54 (C-17); 46.72 (C-5); 45.86 (C-19); 41(884); 41.73 (C-14); 41.31 (C-18);
39.28 (C-8); 38.03 (C-1); 36.84 (C-10); 33.81 (Q:AB.04 (C-29); 32.39 (C-7); 32.32
(C-22); 30.64 (C-20); 27.64 (C-15); 25.99 (C-27;8 (C-2); 23.60 (C-30); 23.32 (C-
11); 23.01 (C-16); 18.62 (C-6); 16.81 (C-26); 15(8925); 12.18 (C-24); EIMSn/z

921.3 [M+HJ; anal. C 70.16, H 7.18, N 12.02%, calcd fayHsNgOs, C 70.41, H

7.00, N 12.16%.

4.6 Cell lines and culture conditions

The cell lines used are human cancer cell linesryitx carcinoma - FaDu;
ovarian carcinoma - A2780; colon adenocarcinomaT2® malignant melanoma -
A375; thyroid carcinoma - SW1736). Cultures werentaned as monolayers in RPMI
1640 medium with L-glutamine (Capricorn ScientifiGmbH, Ebsdorfergrund,
Germany) supplemented with 10% heat inactivateal fedvine serum (Sigma-Aldrich
Chemie GmbH, Steinheim, Germany) and penicilliefstomycin (Capricorn Scientific

GmbH, Ebsdorfergrund, Germany) at 37 °C in a huimdiatmosphere with 5% GO

4.7 Bioassays

The hederagenine derivatives were subjected tofdlewing bioassays: i)
Cytotoxicity assay; ii) AO/PI dye exclusion asséy); In vitro growth of Leishmania
infantum intracellular amastigotes; iv) Metabolic viabjliassay. The details for all

these assays can be found in the Supplementaryiilate
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4.8 Molecular Docking

Molecular docking studies for hederagenin and campge 2, 5 and 17 with
active site ofLeishmania infantunCYP51; (PDB code: 3L4D; resolution: 2.75 A)
were performed by using AutoDock 4.2 program s{B8{&-38]. Each compound was
generated using Chemdraw 14.0 followed by MM2 epengnimization. The enzyme
targets were prepared for molecular docking simdaby removing water, and all
hydrogens were added, Gasteiger charges were atdulnd non-polar hydrogens
were merged to carbon atoms. A grid box size of70@x0 point (X, y, z) with a
spacing of 0.486 A was centered on the X, Y, andt 34.321, -25.721, and 3.139,
respectively. The genetic algorithm with local 8afGALS) was chosen to search the
best conformers. The Lamarckian was opted to sefarcthe best conformers. Each
docking experiment was performed 50 times, yieldd@gdocked conformations. The
docking procedure of ligand#Hé, 2, 5 and 17) with the enzyme (CYP5%) was

performed as described.
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Table 1. Cytotoxicity for hederageninHg) and derivatives2-19 (cut-off in all

experiments was 30M except for parentie where the cut-off was 60M); employing

ECso (UM)*
Compound

FaDu A2780 HT29 A375 SW1736
He >60 >60 >60 >60 >60
2-4 >30 >30 >30 >30 >30
5 >30 21.6+0.1 16.3+1.9 28.5+0.5 >30
6 >30 >30 27.0£0.1 >30 >30
7 >30 29.1+0.2 21.7+0.1 26.140.1 >30
8-18 >30 >30 >30 >30 >30
19 12.1+£2.2 11.2+1.4 7.4+0.3 10.6+1.1 11.9+2.7
BA 13.4£1.3 12.7+£0.9 18.4+1.4 12.0+0.4 16.4+2.1

*ECg values in pM from SRB assays after 96 h of treatimihe values are averaged from at least three
independent experiments performed each in fouricael confidence interval Cl = 95%; with errors.
Compounds with Egz > 30uM are considered inactive.

five human tumor cell lines; betulinic aciBA) was used as a standard.



Table 2. Antileishmanial activityin vitro of hederageninHe) and its derivativesl( 2,
5, 15 and 17) against the intracellular amastigotes lof infantum parasite of

macrophages.
Amastigotes Toxicity DH82 SI°
Compound ICso® Canine macrophages Intracellular
(uM) CCs’ (uM) amastigote forms

He 61.6 +0.25 >1000 >10
1 28.8+0.12 259 +0.17 9
2 25.9+0.12 >1000 >38
5 5.6+0.14 >1000 >178
15 154.8+£0.15 140 +0.11 0.9
17 7.4+0.12 >1000 >135

Control® 80.0 +0.13 4.7 £0.07 0.1

#1Cso = half maximal concentration represents the cotmatian of drug able to inhibit by 50% the
in vitro growth.

PCCyp= cytotoxic concentration for 50% of canine madrages DH82

¢ Sl = selective index corresponding to the ratimieen CG, and 1G,.

dPotassium antimonyl tartrate trihydrate used agtipesontrol.



Table 3. Cytotoxic concentration and selectivity index foaederageninHe) and its

derivatives {, 2, 5, 15 and17) and positive drug control against BGM and Hep@I&sc

Monkey African green kidney Human hepatocytes
Compound (BGM) Sk (HepG2) Sk
CCs” (M) CCs0” (uM)

He 57 +0.33 0.9 >1000 >16.2
1 99 +0.18 35 104 +0.86 3.7
2 >1000 >38 >1000 >38
5 >1000 >178 >1000 >178
15 99.7 £0.10 0.6 105+0.11 0.7
17 >1000 >135 >1000 >135

Control® 18 £ 0.09 1.6 0.5+0.07 0.3

& CGCsp = cytotoxic concentration for 50% of BGM and Hep@Gslis at concentrations that weakly inhibit
intracellular amastigote growth.

b 5| = selective index corresponding to the ratisveen CG, and 1Gpvalues presented in Table 2.
°Potassium antimonyl tartrate trinydrate used agipesontrol.



Table 4. Docking statistics of hederagenin (He) and derivatives 2, 5 and 17 with
CY P51, and their interactions with the enzyme.

Compound Binding H-Bond Possible hydrophobic interactions
Energy
He 742 Lys-406:0H; Gly-416; Phe-412; Met-405; Arg-346;
' Glu-425:0H Phe-415, Hem-481
Glu-204:0H: Ser-205:0: Met-459; Thr-458; His-293; Phe-213;
2 -7.65 [1e-208; Pro-209; Ala-210; Leu:-207,;

Arg-227:0; Cys-206, Hem-481

. Pro-463; Gli-462; Trh-458; His-457;

5 -8.42 ;/Oaif“o?;)jll\\'ﬂ"gt_j’ggNH His-293; Phe-289; Ser-205; GIn-224;
B ' Pro-209: Leu-207; Leu-167; Hem-481

Ala-465; Pro-463; Gly-462; His-457,

17 -8.38 Met-459:NH Asn-455; Trh-458; [1e-297; His-293;
Pro-209; Glu-204; Ser-205; Hem-481
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Figure 1. Chemical structure, cytotoxic and leishmania activity of hederagenin and
some triazolyl derivatives[19, 26].



Figure 2. Treatment of HT29 cells with 19 after 24h. Fluorescence microscopic images
(scale bar =5 pum), AO and Pl were used a) control, b) 19 (15 uM).
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Figure 3 Inhibition of intracellular amastigote forms of L. infantum (BH46) by 5. The
dose-response curve [log (concentration of 5) versus inhibition] was performed in four

replicates.



ACCEPTED MANUSCRIPT

Figure 4. (A) Docking binding pose of the hederagenin derivative (5) (yellow stick)
with the enzyme CYP51,; (PDB ID: 3L4D). (B) A vacuum electrostatics depiction of
CYP51,; bound to hederagenin derivative (5) (yellow stick), showing protein contact
potential.
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Scheme 1. Synthesis of the dipropargylated (1) and the bis-triazolyl-hederagenin
derivatives 2-19.



Highlights
A series of 18 novel bis-triazolylhederagenin derivatives has been synthesized
Compound 5 is at least 1780 times more selective than commercial antimony
drug
Derivatives 2, 5 and 17 showed 1Csp around of 5-29 uM against L. infantum
Derivative 19 was the most cytotoxic with ECsp around of 7.4-12.1 uM.

Hederagenin and 2, 5, 17 interact in the binding site of the enzyme CY P51



