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Abstract: A novel family of betulinic acid analogues, carrying a triazole unit at C-3 attached through a
linker, was synthesized by the application of azide-alkyleek reactiori. These were screened for their
anticancer activity against different cancer cells and normal human PBMC by MTT assay. Co&gpound
[(39-3-{2-(4-(hydroxymethy1H-1,2,3triazot 1-yl)acetyloxy}Hup-20(29)en-28-oic acid] was found as

the most potent inhibitor of cell line HT-29 with(&alue 14.9 uM. Its role as an inducer of apoptosis
was investigated in this cell line by Annexin-V/PI binding assay and by following its capability for ROS
generation, depolarization of mitochondrial transmembrane potential, activation of caspases, PARP
cleavage, nuclear degradation and expression of pro- and anti-apoptotic proteins. It exhibited much higher
cytotoxicity than the standard drug 5-fluorouracil but showed negligible cytotoxicity towards normal
PBMC. Elevated level of ROS generation, activation of caspase 3 and caspase 9, DNA fragmentation,
higher expression of Bax and Bad, lower expression of Bcl2 and Bcl-xl, and increased level of Bax/Bcl-xI
ratio identified2c as a promising inducer of apoptosis that follows a mitochondria dependent pathway.
Bio-physical studies indicate that compowuhcts as a minor groove binder to the DNA.

Abbreviations: BA, Betulinic Acid; DIPEA, N,N-diisopropylethylamine; DMAP, 4-
dimethylaminopyridine; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PBMC,
peripheral blood mononuclear cells; ROS, Reactive oxygen species; FACS, Fluorescence-activated cell
sorting; PARP, Poly(ADP-ribose)polymerase; CD, Circular dichroism.

Keywords: Betulinic acid, Triazole derivative, Cytotoxic activities, Mitochondrial dysfunction, Caspase

activation, DNA binding.
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1. Introduction

The synthetic anticancer drugs used along with conventional radiotherapy and chemotherapy frequently
evoke adverse side effects, severe immunosuppression and alarming increase in the incidence of drug
resistance. In contrast, natural products are considered to be a better option in the development of new
drugs because of their potent therapeutic efficacy and minimum side effects. Indeed, some of the natural
products have been used directly as a drug, while others have served as a source of structural or functional
template in drug design. In recent years there has been a tremendous interest worldwide in the design and
development of analogue libraries based on natural product templates. Notably, roughly around 50% of
the currently used anti-cancer drugs were discovered from studies on either natural products or natural
product based molecules [1].

Triterpenes represent an important class of natural products. Among these, pentacyclic lupane-
type triterpenes are one of the most significant subclasses and some of them do exhibit several medicinal
properties including anticancer [2]. Betulinic acid (BAJFig. 1), a member of this class of pentacyclic
triterpenes, has been shown to possess a range of biological activities such as anti-HIV [3a], anti-bacterial
[3b], anti-malarial [3c], anti-inflammatory [3d] etc. Additionally, BA is also found to be cytotoxic
towards a variety of cancer cell lines such as lung, ovarian, cervical, neuroblastoma, and gliobastoma
including head and neck carcinomas [4]. Betulinic acid was also reported as a selective inhibitor of
human melanoma [11a]; it induces apoptosis in human neuroblastomaald Wdll. It has low toxicity
and high safety profile in normal cell lines [&hd is safe for use even at a dose of 500 mg/Kg body
weight [4a]. This feature calls for its development as anticancer drug in preference to other natural
products like taxol, camptothecin, ellipticine, etoposide, vinblastin and vincristin etc. Previous reports
reveal that the apoptotic properties of BA are due to modulation of Bcl-2 family and cell cycle regulatory
protein [6], downregulation of NF-kB [7], inhibition of amino peptidase N [8], and growth factor induced
angiogenesis [9]. Besides, BA acts as potent inhibitor of eukaryotic topoisomerase | and Il [10]. The
cytotoxic effects of BA have been studied in xenograft mouse models and the compound is currently
undergoing clinical trials at NCI, USA [12]. From mechanistic view point, betulinic acid induces
apoptosis by direct effects on mitochondria leading to cytochrome-c release, which in turn regulates the
"downstream" caspase activation resulting in apoptosis ultimately [13]. This study indicates that
mitochondria could be an attractive target in the development of anti-cancer therapeutics based on
betulinic acid.

Despite such encouraging results, the poor solubility of BA preventing blood serum
solubilizations and its low bioavailability have limited its potential to be used as a drug candidate. In

order to overcome this lacuna, efforts are being made for structural modifications through judicious



manipulation of the functional groups present in the molecule Ii4pntinuation of our studies [15] on
structural modulations of bioactive natural products for the development of lead(s) having better efficacy
and less toxicity than the parent compound, we chose betulinic acid to prepare an analogue library. We
realised that a 1,2,3-triazole moiety can be attached at C3 hydroxy of BA through a linker, leading to the
formation of analogue2 (Fig. 1). The rationale for selecting 1,2,3-triazole was its remarkable binding
affinity with biological receptors/enzymes through non-covalent interactions resulting in the discovery of
various potent bioactive agents [18fsides, this class of compounds possess exceptional metabolic
stability [17]. These favourable therapeutic indexes have led to the development of several 1,2,3-triazole
containing drugs available in the market [18]. For our present study, we synthesized a number of 1,2,3-
triazole derivative® based on betulinic acid and assessed the potency of these compounds and the
parent compound for the induction of cell death in five different cancer cell lines (derived from four
different types of cancers) along with normal epithelial cell lines. 5-Fluorouracil, a well known agent in
cancer chemotherapy, was used as a standard compound. The findings show that one of the developed
molecules bears better anticancer potency against human colon carcinoma cells (HT-29) than the parent

compound (BA) and 5-fluorouracil. The results obtained so far are described herein.

Figure 1

2. Results and discussions

2.1.Chemistry:

Betulinic acid used in this study was isolated in bulk quantity (~ 50 g) from methanolic extracts of the
Dillenia indica fruits following the literature procedure [19]. Purification (>98%) was achieved by silica
gel chromatography followed by fractional crystallizations. Thereafter, we initiated the study of
derivatizationswe chose the C3 hydroxyl group of BA as functionalizations at this site are found to be
more suited for showing anticancer activities compared to other functional groups (at C28 and C20) [4a].
Thus, (¥)-3-(2-chloroacetyloxyilup-20(29}en-28-oic acid @) was preparedScheme ) by treating BA

(1) with chloroacetyl chloride in the presence BEN-diisopropylethylamine (DIPEA) and 4-
dimethylaminopyridine (DMAP, catalytic amount). Azidation ®fising sodium azide led to the isolation

of the intermediate @-(2-azidoacetyloxyJup-20(29}en-28-oic acid (4) which served as a useful
substrate for “click chemistry” employed in this work for the synthesis of targeted derivatiSseeeme

1). On the other hand, some of the requisite acetylenic subshratese prepared by the well-known
“Sonogashira couplirif20] between trimethylsilyl acetylene and aryl iodides followed by base

Scheme-1



mediated desilylation of the resulting products; other acetylenes were procured from commercial source.
Thereafter, 1,3-dipolar cycloadditions of azitlith acetylene$ werecarried out at room temperature

by employing Click Chemistry. The crude product obtained after standawdork-up of the reactions

were purified (>96%) by silica gel (100-200 mesh) column chromatography; the yieldke () and

spectral data (see experimental section) usually refer to these compounds. However, for anti-cancer
screening studies, these products were further purified (>99%) by HPLC using reverse phase C18 column
[21]. As can be seen froriable 1 (entries 2-10), alkyl/aryl/heteroaryl acetylen®ls-j underwent
cycloadditions successfully with the azidlat room temperature within few hours affording 1,2,3-triazole
derivatives2. Besides, even gaseous acetylene (balloon pressure) can be used as substrate in this reaction
to afford the desired produgawith 60% vyield (entry 1, Table 1). Interestingly, irrespective of the nature

of the substituents (i.e., OMe, NGCO,Me, COEY) in aryl/heteroaryl moiety of the acetylenic substrates

5, all (except entry 1 of Table 1) produced their corresponding 1,2,3-triazole derivatitbsvery good

yields (80-90%). IM"H-NMR, signal for the proton of 1,2,3-triazole ring of compoudsappeared

around atd 7.5 as singlet, while that for the methylenic protons (-C@EHat the C-3 side chain
appeared in the regidn4.6-5.6 as two separate doublets with coupling constant 12-17 Hz. Besides, the
peaks for vinylic protons (H-29) of produ@sappeared as singlets around &.6 and 4.7respectively,

while that for H-3 was found at aroud4.5 as multiplet (m). The remaining signals appeared at their

appropriate positions.
Table 1

In a further study, we exposed the 1,4-dioxane solution of pr@diuct moist acetic acid at rt for 1h to
achieve chemoselective deprotection of one of the isopropylidene moieties; this afforded the novel sugar

derivative2k as shown in Scheme 2.
Scheme 2

In a recent study, few important betulinic acid derivatives conjugated with a well-known anti-viral agent
AZT (3’-azido-3"-deoxythymidine) were synthesized and evaluated [22]. In view of the immense
importance of uracil derivatives in cancer chemotherapy[23] along with our own interest[24] on these
compounds, we became interested to convert the pr@dactcorresponding uracil derivative which may
serve as uracil-betulinic acid conjugate via a 1,2,3-triazole linker. Indeed, treatment of co2gpwithd
trimethylsilyl chloride and sodium iodide at rt led to the formation of desired uracil deriztivieh

good yields $cheme 3

Scheme 3



2.2.Biology:

2.2.1.Cytotoxic activity of Betulinic Acid analogues:

The cytotoxic activity of betulinic acid analogu2s| was studied using MTT assay on cultured cancer
cells such as U937 (Human leukemic monocyte lymphoma cell line), HT-29 (Human colorectal
adenocarcinoma), Jurkat (human T cell lymphoblast-like cell line), Hép@Bnan hepatocellular
carcinoma)MCF-7 (human breast adenocarcinoma) as well as normal human PBMC (peripheral blood
mononuclear cells) cell§ able 2). 5-Fluorouracil was used as the reference compound. We assessed the
effects of different concentrations (0-50 uM) of the analogues for 48 h. Consideringdhall@s of

Table 2 we conclude thatompound2c was the most potent inhibitor of HT-29 cells {JC4.9 uM); it

also exhibited negligible cytotoxicity towards normal PBMC. All othey, Malues were more than 40

MM. The concentration of DMSO used to solubilize these compounds was 0.1% which had no effect on
cell viability. As 2c appeared to be the best among all the analogues tested, we compared the effects of
the compound with standard drug 5-fluorouracil and the parent compound betulinic acid (see Table S1 in
supplementary material); thereafter, we performed all apoptotic studies on HT-29 cell line using this

compound Z¢) as discussed below.

Table 2

2.2.2.Compound 2c triggers ROS generation:

Reactive oxygen species (ROS) are highly harmful elements to cells as they initiate oxidative stress and
ultimately cause cellular damage. Excessive ROS generation renders cells vulnerable to apoptosis. To
determine whethe2c triggers ROS generation in HT-29 cells to induce apoptosis, the ROS level was
measured with and without (control) treatment2of(at 1G, dose) using CM-EDCFDA — a lipid

soluble, membrane permeable non-fluorescent reduced derivative of 2,7-dichlorofluorescein. This was
used based on the premise that the acetate groups of ,DRIFDA are removed by esterase cleavage
intracellularly to produce the hydrophilic, non-fluorescent dye dichlorodihydrofluorescein ((pCFH
which is subsequently oxidized by ROS to form the highly fluorescent product dichlorofluorescein
(DCF). The fluorescence generated is directly proportional to the quantum of ROS generated [25]. The
ROS level was measured in terms of MFI. Interestingly, comp@uamndhs capable of inducing ROS in
HT-29 cells within 15 min of treatment, with MFI value 1270+14.6 which is more than two times that
of control, p<0.001Kig. 2A). Taken together, these results indicate Hoatauses oxidative imbalance in
HT-29 cells. This induction of oxidative burst is a key factor behind the anti proliferative activdty of

To confirm the elevated levels of ROS generatior2bycells were pre-incubated with 2.5 mM of N-

acetyl cysteine (NAC), an established anti-oxidant, for 3 h before treatmer2owith determine the role



of ROS in2c mediated action, cells preincubated with NAC (2.5 mM; 3 h) were treated?widimd
analyzed for cell viability assayn the pretreated cells, there was no change in percentage of cell
viability. But in cells subjected t@c treatment after incubation with NAC, cell viability increased two
times (1Go.30.4 uM,Fig. 2B), thereby confirming that l§g concentration oRc was the only contributing
factor responsible for excessive ROS generation and ultimately causing apoptosis.

Figure 2A and 2B

2.2.3.Analogue 2c induces apoptosis in HT-29 cells:

In order to determine whether tBe induced reduction in cell viability was responsible for the induction

of apoptosis, HT-29 cells were co-stained with Pl and Annexin-V FITC, and the number of apoptotic cells
was estimated by flow cytometry. Translocation of phosphatidylserine from the inner aspect to the outer
leaflet of the plasma membrane occurs during apoptosis which can be detected by utilizing the high
binding affinity of Annexin V, a CZ& dependent phospholipid binding protein, to phosphatidylserine [26].

In contrast, the non permeable stain propidium iodide (PI) has affinity towards nucleic acids and
selectively enters necrotic or late apoptotic cells. A time-dependent increase in the percentage of
apoptotic cells was noted after the cells were treated for 12, 24, and 48 h with arzaaguks,
concentration. As shown Ig. 3, very few (0.3%) apoptotic cells were present in the control panel,
whereas after treatment wiftc the population rose to 15.6% at 12 h. Further increase to 17.6% and
23.4% occurred after treatment for 24 and 48 h, respectively. The percentage of Pl positive cells is
negligible. These indicate that induces significant apoptotic cell death in HT-29 cells in comparison

with control, in a time-dependent manner.

Figure 3

2.2.4.Compound 2c triggers mitochondrial pathway dependent apoptosis:

The loss of mitochondrial transmembrane potentialyJ also reflects apoptosis. This was
measured by using a cationic, lipophilic, fluorescent dye JC-1 capable of selectively entering
mitochondria and acting as a dual emission probe [27]. With normal cells (high MMP), JC-1 displays a
green fluorescence (590 nm). This is caused by spontaneous and local formation of aggregates that are
associated with a large shift in the emission. In contrast, when the mitochondrial membrane is depolarized
(low MMP), JC-1 forms monomers that emit blue fluorescence (at 530 nm). Here, the percentage of green
fluorescence represents cells with polarized mitochondria whereas that of blue fluorescence serves as an
indicator of cells with loss of mitochondrial transmembrane potential. A gradual time dependent change

from green to blue fluorescence was observed in HT-29 cells after treatmercwiith control cells,



percentage of cells with depolarized mitochondria was 1.75, which increased to 16.5% at 12 h, 30.5% at
24 h and 51.4 % at 48 h of treatment, suggesting the occurrence of depolarization of mitochd@dria by
(Fig. 4).

Figure 4

2.2.5.Activation of caspases and cleavage of PARP by 2c:

Various proteolytic enzymes (like cytochrome ¢ which activates caspases) are released from depolarized
mitochondria and are the main executors of apoptosis. Caspases are also the key regulatory proteases of
apoptotic pathways. Activation of this family of proteins provides confirmatory evidence towards
apoptosis. Depolarization of the mitochondrial transmembrane potential causes a change in the
mitochondrial membrane permeability which helps to release apoptotic factors from mitochondria and
thereby activates caspases [28]. In order to proveZihaiduces caspase activation, cell lysates were
prepared as described in materials and methods and levels of activated caspases 8, 9 and 3 were measured
using quantitative detection of colorimetric tetrapeptide substrates. As sh&ign &R and5B, activities

of caspases 3 and 9 increased significantly after 48 h treatmenRevils compared to control. In
contrast, the level of caspaseRg( 5C) did not increase significantly even after 48 h of treatment. To
confirm the role of caspases in apoptosis inducedchyve studied the specific cleavage of PARP (116

kDa), a well known substrate of caspase 3 [@8jen HT-29 cells were treated with analo@aeat 1G;,
concentration, specific cleavage of PARP yielded 85 kDa fragments (as shown in the results), which was
confirmed by analysis using western blotting with anti-PARP antibodies for different time du(&imns

5D). A well known function of PARP is its ability to repair single-strand DNA nicks. Indeed cleavage of

PARP was found to be causing abatement of DNA repairing process leading to further cellular damage.

Figure 5A, 5B, 5C and 5D

2.2.6.Compound 2c causes DNA fragmentations and morphological changes:

An essential hallmark of apoptosis is DNA fragmentation and morphological changes caused by the
involvement of caspases. We stained the HT-29 cells with Hoechst 33258 dye. The treatment of the HT-
29 cells with 14.9 uM of compoun@c resulted in the induction of chromatin condensation,
fragmentation, membrane blebbing and clear apoptotic bodies that were visualized in confocal

microscopy Fig. 6).
Figure 6



2.2.7.Compound 2c induced expression of pro- and anti-apoptotic proteins:

Since Bax and Bcl-2 play a significant role in apoptosis [30], we studied the effect of arzdaguthe
expression of pro-apoptotic protein Bax and Bad, and anti-apoptotic proteins Bcl-2 and Bcl-xlI in HT-29
cells. The Western blot analysis demonstrated time dependent elevations in Bax aRil) Ba#) this

was clearly reflected in the gradual reduction in Bcl-2/Bax ratio with time (**p<@-@i; 7B). The
significant reduction in the ratio suggested the involvement of Bcl-2 family proteins, a mediator of the
mitochondrial apoptosis pathway, in apoptosis of HT-29 cells inducelt,byhich is mediated by the
mitochondria-dependent pathway.

Figure 7A and 7B

2.3.Bio-physical studies of compound 2c:
2.3.1.Compound 2c decreases UV absorption of DNA binding:

The binding efficacy and mode of binding to DNA 2af were measured by absorption spectroscopic
analysis. DNA shows an intense absorption band at 260-ign8A). Addition of 2c caused decrease in
the absorption. The normalized absorbance vs wavelength plot clearly indicated decrease in absorbance
with increase in concentration @t (Fig. 8B).[31] This implied clearly thaBc interacts with DNA
effectively. The binding isothernirig. 9) for DNA-2c interaction was obtained by plotting fractid) of
DNA bound to2c vs total compound concentration. The valuefaofias calculated according to the
following equation:

0 = (Ao -A)/ (Ao Al)
where A is the absorbance of DNA in the absence of the compound at 260 rs1th& absorbance of
DNA in the presence of the compound andi#Athe absorbance of DNA at compound concentration for
which maximum binding took place.,Kvas obtained from the reciprocal of the ligand concentration at

the half saturation point of the binding isotherm.[32] The measured binding constant was 8.8K6"'x 10

Figure 8A, 8B and 9

2.3.2.Compound 2c caused no significant changes in the DNA conformation

Circular dichroism (CD) analysis was carried out to measure the effect of binding to conformational
changes in DNA duplex structure. The CD spectra of the DNA solution (500 pg/mL) in the absence and
presence oRc (50 uM) were recorded after 2 h incubation of the mixture at 37Fi@¢ (0. DNA
solution showed a positive absorba@te?75 nmdue to base stacking and a negative absorbance at 245
nm due to the B-conformation of DNA [32]. The absorbance and peak position were not perturbed

significantly in the presence @&c (red line in Figure 10). It is known from earlier reports that the



electrostatic interaction or groove binding of small molecules to DNA does not severely affect the
absorbance at 275 nm, whereas, changes in absorption at 245 nm implies change in B-DNA conformation
or the formation of other structures [32]. The CD spectra of the DNA in the preseBcenvak very

similar to the CD spectra of DNA itself, indicating that caused no major alteration of DNA
conformation. Thus this study implied that compo@udmay act as groove binder of DNA but not as

intercalator.

Figure 10

2.3.3.Molecular Modeling: Compound 2c binds to a minor groove of DNA as determined by Molecular
Docking:

In order to find the type of groove binding (major or minor), we carried out molecular modeling studies
on compound2c. Out of the 100 docking runs performed for DI2é&-complexes, favorable binding

poses were obtained which presented most negative binding free energies. Molecular docking results
showed tha®c had the best binding energy of -10.09 kcal/mol when it bound with the DNA as a minor
groove binder. A crystallographic DNA with no gap (PDB entry 1DNE, resolution 2.4 A), which was the
crystal structure of a DNA complex with the known minor groove binder [33] netropsin (obtained binding
energy -7.02 kcal/mol), was chosen as the control model so that it would be capable of accommodating a
minor groove binder Kig. 11). Water molecules and the bound netropsin were removed from the

structure. Then, the obtained DNA structure was used as receptor model for the docking studies.

Figure 11

3. Conclusion

In this endeavor, to develop promising anticancer agent(s) based on betulinic acid, a new library of
compounds having 1,2,3-triazole moiety attached to C-3 of betulinic acid were synthesized and the anti-
cancer activities of these compounds were evaluatedit(o) against different cancer cell lines (i.e.,
breast, colon, liver and leukemic). Interestingly, &®@ ¢f the compounds was found to be significantly
active against HT-29 (human colon adenocarcinoma) cell lines and this activity profile was better than
that of the parent compound (BAhduction of apoptosis bfc is characterized by ROS generation, the
externalization of phosphotidylserine, loss in mitochondrial membrane potential, induced expression of
pro and antiapoptotic proteins, and appreciable DNA fragmentations. The structure-activity relationship
studies (SARS) indicate that the 1,2,3-triazole moiety favors the activity when substituted at C4 (of the
heterocycle) with a hydroxymethyl group, but disfavors it when the substituent is an aromatic or

heteroaromatic moiety. Further studies to refine it are currently under progress.



4. Experimental

4.1.Chemistry

4.1.1General methods

Betulinic acid () was isolated from dried and powdered fruitsDoflenia indica All solvents were

distilled prior to use. Petroleum ether refers to fraction boiling in the range 60-80 °C. Dichloromethane
(DCM) was dried over CaH distilled and stored over 3A molecular sieves. All the reactions were
performed under argon atmosphere and anhydrous conditions unless otherwise noted. Reactions were
monitored by thin-layer chromatography (TLC) on aluminium sheets 20 x 20 cm coated with silica gel 60
F.ss Visualization of the developed chromatogram was performed by UV light or iodine or Liebermann
solution. Analytical (C18, fim, 4.6 x 250 mm column) and semi preparative (C18n510 x 250 mm
column) HPLC were performed to purify the final compounds.

'H and™*C NMR spectra were recorded in 300 or 600 MHz spectrometer. Chemical Shifte teported

in parts per million (ppm) downfield from tetramethylsila®e=(0.00) with the residual proton signal of
deuterated solvents usd@€DCly: 'H NMR, & = 7.26 ppm (s)**C NMR, & = 77.0 ppm (t); CBOD :'H

NMR, & = 4.86 ppm, 3.32 ppm®C NMR, & = 49.0 ppm () Coupling constants)f were expressed in

Hertz (Hz) and spin multiplicities are given as s (singlet), d (doublet), dd (double doublet), t (triplet), m
(multiplet) and br (broad). Mass spectra were obtained from ESI-TOF and FAB-EI MS mass
spectrometer. Infrared spectra (IR) were obtained as neat or KBr plate. Specific rotations were measured
on JASCO P-1020 polarimeter at 589 nm.

4.1.2 Preparations of starting materials

4.1.2.1.(39)-3-(2-chloroacetyloxy)-lup-20(29)-en-28-oic acid (3)

The compound was prepared according to the literature proceduréfdB4jetails see the
supplementary material).

4.1.2.2.(39)-(2-azidoacetyloxy)-lup-20(29)-en-28-oic acid (4)

Compound3 (500 mg, 0.94 mmoljvas dissolved in dry DMF, mixed with Ngkl23 mg, 1.9
mmol) under argon atmosphere and the reaction mixture was allowed to reflux at 70 °C for 4 h. After
completion of the reaction (confirmed by monitoring TLC) the solvent was evaporated to dryness under
reduced pressure and the residue was extracted with ethyl acetate (3x 15 mL). The combined organic
extracts were washed with water (10 mL) and brine (10 mL), dried over anhydrs@,Ndtered and

concentrated under reduced pressure. The resulting residue was purified through silica gel (100-200



mesh) column chromatography using 10% ethyl acetate in petroleum ether (v/v) as eluent to obtain the
desired producd. Yield: 77%, white solid, m.p. = 245-246°C; IR (Neath: 2944, 2107, 1738, 1695,

1196 cnt; '"H NMR (CDCk, 300 MHz):5 4.74 (1H, s), 4.61-4.57 (2H, m), 3.85 (2H, s), 3.04-2.97 (1H,

m), 2.29-2.11 (2H, m), 2.03-1.91 (2H, m), 1.69 (3H, s), 1.65-1.39 (12H, m), 1.34-1.16 (6H, m), 0.97 (3H,
s), 0.93 (3H, s), 0.87 (3H, s), 0.85 (3H, s), 0.82 (3H, s), 0.79 (BHGNMR (CDCk, 75 MHz): 3

182.7, 168.1, 150.3, 109.7, 83.2, 56.4, 55.3, 50.6, 50.3, 49.2, 46.9, 42.4, 40.6, 38.4, 38.3, 37.8, 37.1, 34.1,
32.1, 30.5, 29.6, 27.9, 25.3, 23.6, 20.8, 19.3, 18.1, 16.4, 16.1, 15.9, 14.6; MS (ESI) 562.20"[M+Na]
HRMS [EI]* m/z calculated for GH,oN30,539.37231, found 539.37207.

4.1.3. General procedure for the synthesis of 1,2,3-triazole derivatives 2 (except the compound 2a)
employing “Click Chemistry”

Compound4 (1.0 eqv.) dissolved in dry DMSO (2 mL) was treated with terminal acetyte(ied eqv.)

in the presence of sodium ascorbate (1.01 eqv.) and £&at50 (1.01 eqv.), and the mixture was stirred

at room temperature for 2-18 h under argon atmosphere until the complete consumption of starting
materials. It was then purified by silica gel (100-200 mesh) column chromatography using 70-88% ethyl
acetate in petroleum ether (v/v) as eluent. The yield was calculated based on the product isolated through
column chromatography; however, products screened for anti-cancer assay were further purified by
HPLC.

Synthesis of compourizh and its spectroscopic data have been provided in supplementary material.

4.1.3.1. (¥)-3-[2-(4-butyl-1H-1,2,3-triazol-1-yl)acetyloxy]-lup-20(29)-en-28-oic acid (2b)

Yield: 98%; white solid, m.p. = 133-135 °Cy]{% + 20.2 (c 0.23, CHG); IR (Neat)vya: 3144, 3072,

2950, 2870, 1744, 1643, 1460, 1374, 1269, 1222; &hNMR (CDCk, 300 MHz):6 7.40 (1H, s), 5.13

(1H, d,J = 17.7 HZ), 5.11 (1H, d = 17.7 Hz), 4.73 (1H, s), 4.60 (1H, s), 4.54 (1H,1d,11.1, 4.5 Hz),
3.00-2.99 (1H, m), 2.74 (2H, 8, = 7.6 Hz), 2.29-2.25 (1H, m), 2.17-2.15 (1H, m), 1.99-1.95 (3H, m),
1.68 (3H, s), 1.66-1.56 (9H, m), 1.52-1.32 (12H, m), 1.27-1.15 (3H, m), 0.96 (3H, s), 0.93 (3H, s), 0.92
(3H, s), 0.82 (3H, s), 0.81 (3H, s), 0.72 (3H*¥}, NMR (CDCE,150 MHz):5 180.5, 166.2, 150.3, 148.9,

121.9, 109.7, 83.7, 56.3, 55.3, 51.1, 50.3, 49.2, 46.8, 42.4, 40.6, 38.3, 38.2, 37.8, 37.1, 37.0, 34.1, 32.1,
31.5, 30.5, 29.6, 27.9, 25.4, 25.2, 23.7, 22.2, 20.8, 19.3, 18.1, 16.3, 16.1, 16.0, 14.6, 13.8. MS (ESI)
644.39 [M+Na]. HRMS [EI]" m/z calculated for &HsgN3O4 621.45056, found 621.45105.

4.1.3.2. (3)-3-[2-(4-hydroxymethyl-1H-1,2,3-triazol-1-yl)acetyloxy]-lup-20(29)-en-28-oic acid (2c)
Yield: 84%; white solid, m.p. = 212-214 °Gy]f% + 33.8 (c 0.24, CHG); IR (Neat)vma: 3415, 3144,
3073, 2947, 2872, 1741, 1689, 1457, 1374, 1274, 1229, 1013"dnNMR (CDClL, 300 MHz):5 7.62



(1H, s), 5.20 (1H, d) = 17.4 Hz), 5.11 (1H, dl = 17.4 Hz), 4.82 (1H, dl = 13.5 Hz), 4.76 (1H, dl =

13.5 Hz), 4.73 (1H, s), 4.60 (1H, s), 4.52 (1H, 8¢, 11.2, 4.65 Hz), 3.02-2.98 (1H, m), 2.31-2.18 (3H,

m), 2.10-1.91 (4H, m), 1.68 (3H, s), 1.63-1.49 (9H, m), 1.45-1.05 (10H, m), 0.95 (3H, s), 0.89 (3H, s),
0.78 (3H, s), 0.75 (3H, s), 0.54 (3H, 8L NMR (CDCk,75 MHz): 8 181.1, 165.5, 150.5, 148.1, 123.2,
109.6, 83.8, 56.3, 55.5, 55.1, 51.4, 50.1, 49.2, 46.8, 42.3, 40.5, 38.0, 37.7, 37.0, 33.9, 32.2, 30.5, 29.6,
27.8, 25.2, 23.5, 20.7, 19.3, 18.2, 16.1, 16.0, 14.5; MS (ESI) 618.12 [M+NBMS (FAB) m/z
calculated for GHssN30s[M+H] " 596.40635, found 596.40790.

4.1.3.3. (3)-3-[2-(4-{[5-(2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[3,2-
d][1,3]dioxol-6-yloxy]methyl}-1H-1,2,3-triazol-1-yl)acetyloxy]-lup-20(29)-en-28-oic acid (2d)

Yield: 98%; white solid, m.p. = 169-171 °@&4 NMR (CDCk, 300 MHz):5 7.77 (1H, s), 5.87 (1H, d,=

3.6 Hz), 5.17 (1H, d) = 17.7 Hz), 5.14 (1H, dl = 17.7 Hz), 4.86 (1H, dl = 12.6 Hz), 4.81 (1H, d] =

12.6 Hz), 4.73 (1H, s), 4.60 (d, J=3.3 Hz, 1H), 4.60-4.53 (2H, m), 4.34-4.28 (1H, m), 4.15-4.08 (2H, m),
4.07 (1H, brs), 4.02-3.97 (1H, m), 3.03- 2.96 (1H, m), 2.29-2.10 (3H, m), 2.04-1.91 (3H, m), 1.68 (3H, s),
1.64-1.56 (9H, m), 1.49 (3H, s), 1.42 (3H, s), 1.35 (3H, s), 1.31 (3H, s), 1.28-1.01 (10H, m), 0.96 (3H, s),
0.88 (3H, s), 0.83 (6H, brs), 0.75 (3H, 8t NMR (CDCE, 75 MHz): 182.0, 165.9, 150.3, 145.2, 123.8,
111.8, 109.7, 109.0, 105.2, 83.8, 82.5, 81.7, 81.0, 72.3, 67.3, 63.9, 56.3, 55.2, 51.0, 50.2, 49.1, 46.8, 42.3,
40.6, 38.2, 37.8, 37.0, 34.1, 32.1, 30.5, 29.6, 27.9, 26.8, 26.1, 25.4, 23.5, 20.8, 19.2, 18.0, 16.3; MS (ESI)
860.24 [M+Na]. HRMS (FAB) m/z calculated for GH7,NsO10[M+H] " 838.52177, found 838.51849.

4.1.3.4. (®)-3-[2-{4-(2,4-dimethoxypyrimidin-5-yl)-1H-1,2,3-triazol-1-yltacetyloxy]-lup-20(29)-en-
28-oic acid (2e)

Yield: 82%; white solid; ¢]*°s + 10.5 (¢ 0.27, MeOH); IR (Neat)., 3444, 2948, 2871, 1744, 1617,
1568, 1467, 1381, 1284, 1223, 1141, 1086, 1043, 1013"ehNMR (CDCk, 300 MHz):8 9.17 (1H, s),

8.04 (1H, s), 5.23 (1H, d,=17.2 Hz), 5.21 (1H, dl = 17.2 Hz), 4.73 (1H, s), 4.60-4.57 (1H, m), 4.08
(3H, s), 4.05 (3H, s), 3.00-2.99 (1H, m), 2.29-2.18 (3H, m), 2.04-1.95 (3H, m), 1.68 (3H, s), 1.64-1.56
(6H, m), 1.48-1.32 (10H, m), 1.28-1.01 (4H, m), 0.96 (3H, s), 0.92 (3H, s), 0.83 (3H, s), 0.79 (3H, s), 0.74
(3H, s);®°C NMR (CDCL,75 MHz): § 182.1, 166.8, 166.0, 164.5, 156.2, 150.4, 140.0, 123.7, 109.7,
106.2, 83.9, 56.3, 55.2, 55.0, 54.3, 51.1, 50.3, 49.2, 46.9, 42.4, 40.6, 38.3, 38.2, 37.8, 37.0, 34.1, 32.1,
30.5, 29.6, 27.9, 25.3, 23.5, 20.8, 19.3, 18.1, 16.3, 16.1; MS (ESI) 726.08 [MHRAMS (FAB) m/z
calculated for GgHsgNsOg [M+H] * 704.43871, found 704.43878.



4.1.3.5. (¥)-3-{2-[4-(1H-indol-5-yl)-1H-1,2,3-triazol-1-yl]lacetyloxy}-lup-20(29)-en-28-oic acid (2f)

Yield: 70%; white solid, m.p. = 207-209 °Gy]{% + 16.7 (c 0.16, MeOH); IR (Neat).,: 3414, 2946,

2870, 1741, 1640, 1449, 1371, 1223 *chid NMR (DMSO-d;, 300 MHz):5 11.1 (1H, s), 8.44 (1H, s),

8.01 (1H, s), 7.58 (1H, dd,= 8.4, 1.2 Hz), 7.44 (1H, d,= 8.4 Hz), 7.36 (1H, ] = 2.5 Hz), 6.47 (1H, s),

5.49 (1H, dJ = 17.4 Hz), 5.36 (1H, d] = 17.7 Hz), 4.68 (1H, s), 4.55 (1H, s), 4.47 (1H %, 7.8 Hz),

4.05 (1H, brs), 2.99-2.91 (3H, m), 2.25-2.08 (3H, m), 1.90-1.72 (3H, m), 1.63 (3H, s), 1.50 (6H, m), 1.47-
1.10 (10H, m), 0.93 (3H, s), 0.85 (3H, s), 0.80 (3H, ), 0.78 (3H, S), 0.68 (31, BIMR (DMSO-d, 75

MHz): & 166.9, 150.3, 147.9, 135.7, 127.9, 126.1, 121.6, 121.5, 119.0, 116.8, 111.8, 101.4, 82.0, 55.4,
54.4,50.6, 49.5, 48.5, 46.6, 42.0, 37.5, 36.5, 33.6, 31.7, 30.1, 29.2, 27.5, 25.0, 23.2, 20.4, 18.9, 17.6, 16.1,
15.8, 15.7, 14.3; MS (ESI) 703.36 [M+Na]HRMS (FAB) m/z calculated for GHs:N,O,

[M+H] *681.43798, found 681.43800.

4.1.3.6. (¥)-3-[2-(4-phenyl-LH-1,2,3-triazol-1-yl)acetyloxy]-lup-20(29)-en-28-oic acid (2g)

Yield: 98%; white solid, m.p. = 148-151 °Gy]{’ -119.8 (c 0.21, CHG); IR (Neat)vy.,: 3442, 3138,

3074, 2946, 1746, 1718, 1643, 1465, 1376, 1266, & NMR (CDCk, 300 MHz):8 7.90 (1H, s), 7.84

(2H, d,J = 7.2 Hz), 7.46-7.32 (3H, m), 5.21 (2H, s), 4.73 (1H, s), 4.60 (1H, s), 4.57-4.55 (1H, m), 3.00-
2.98 (1H, m), 2..28- 2.14 (3H, m), 2.04-1.95 (3H, m), 1.68 (3H, s), 1.64-1.56 (3H, m), 1.45-1.37 (10H,
m), 1.28-1.06 (6H, m), 0.96 (3H, s), 0.92 (3H, s), 0.84-0.83 (6H, m), 0.74 (3ECYMR (CDC}, 75

MHz): § 181.4, 165.9, 150.3, 148.2, 130.3, 128.8, 128.2, 125.8, 120.9, 83.9, 56.3, 55.3, 51.2, 50.3, 49.2,
46.9, 42.4, 40.6, 38.3, 37.9, 37.1, 34.1, 32.1, 30.5, 29.6, 28.0, 25.4, 23.6, 20.8, 19.3, 18.1, 16.3, 16.1, 15.9,
14.6; MS (ESI) 664.36 [M+N4] HRMS (FAB) m/z calculated for GHsgN:O4 [M+H]* 642.42708,

found 642.42600.

4.1.3.7. (¥)-3-{2-[4-(4"-nitrophenyl)-1H-1,2,3-triazol- 1-yl]acetyloxy}-lup-20(29)-en-28-oic acid (2h)

Yield: 80%; white solid, m.p. = 233-235 °Gy]{ + 18.1 (c 0.15, CHG);IR (Neat)vyax 3442, 3139,

3074, 2948, 2871, 1743, 1688, 1606, 1517, 1459, 1341, 1231, 1108, 184%HcKMR (CDCk, 300

MHz): 5 8.31 (1H, dJ = 8.7 Hz), 8.07 (1H, s), 8.02 (1H, = 8.7 Hz), 5.25 (2H, s), 4.73 (1H, s), 4.60-

4.57 (2H, m), 2.99-2.96 (1H, m), 2.28-2.15 (3H, m), 1.97-1.95 (3H, m), 1.68 (3H, s), 1.64-1.56 (8H, m),
1.45-1.37 (8H, m), 1.28-1.15 (5H, m), 0.96 (3H, s), 0.92 (3H, s), 0.85 (3H, s), 0.84 (3H, s), 0.76 (3H, S);
B¥C NMR (DMSO-d, 75 MHz):6 177.2, 166.6, 150.3, 146.7, 144.4, 136.9, 125.9, 124.9, 124.6, 115.6,
109.6, 82.2, 55.8, 55.4, 54.3, 50.8, 49.5, 48.5, 46.6, 42.0, 37.5, 37.4, 36.5, 36.3, 33.6, 32.1, 31.6, 30.1,
29.1, 29.0, 27.5, 25.0, 23.2, 20.4, 18.9, 17.6, 16.1, 15.8, 15.6, 14.3; MS (ESI) 709.57 IMHRMB

(FAB)" m/z calculated for &HssN4Os[M+H] " 687.41216, found 687.41205.



4.1.3.8. (¥)-3-{2-[4-(4'-methoxycarbonyl-phenyl)-H-1,2,3-triazol-1-yl]lacetyloxy}-lup-20(29)-en-28-

oic acid (2i)

Yield: 91%; white solid, m.p. = 181-182 °Gy]{"> + 11.0 (c 0.13, MeOH); IR (Neat),.: 3427, 3143,

3072, 2948, 2871, 1722, 1616, 1458, 1375, 1281, 1226, 1109, 101 HMMR (CDCk, 600 MHZz):5

8.10 (2H, dJ = 8.4 Hz), 8.00 (1H, s), 7.91 (2H, 8= 8.4 Hz), 5.24 (1H, d] = 17.4 Hz), 5.21 (1H, dl =

17.4 Hz), 4.72 (1H, s), 4.60 (1H, s), 4.57 (1H) &,4.8 Hz), 3.93 (3H, s), 3.01-2.97 (1H, m), 2.26 (1H, d,
J=12.6 Hz), 2.17 (1H, t] = 5.4 Hz), 2.02-1.94 (2H, m), 1.78-1.70 (2H, m), 1.68 (3H, s), 1.65-1.58 (3H,
m), 1.53-1.42 (4H, m), 1.41-1.34 (7H, m), 1.32-1.23 (4H, m), 1.85-1.62 (1H, m), 1.06-0.99 (2H, m), 0.96
(3H, s), 0.91 (3H, m), 0.83 (3H, s), 0.82 (3H, s), 0.78-0.76 (1H, m), 0.74 (3HCSNMR (CDCE,
150MHz): 8 166.7, 165.8, 150.3, 147.2, 134.6, 130.2, 129.7, 125.6, 121.8, 109.7, 84.0, 56.2, 55.3, 52.1,
51.2, 50.3, 49.2, 46.9, 42.4, 40.6, 38.3, 38.2, 37.8, 37.06, 37.01, 36.5, 34.1, 32.1, 31.4, 30.5, 29. 7, 29.6,
28.0, 25.3, 23.6, 20.8, 19.3, 18.0, 16.3, 16.1, 16.0, 14.6. MS (ESI) 722.49 [MHRAIS (FAB) m/z
calculated for GHsgN3Og [M+H] ™ 700.43256, found 700.43353.

4.1.3.9. (¥)-3-{2-[4-(4'-ethoxycarbonyl-phenyl)-H-1,2,3-triazol-1-yl]acetyloxy}-lup-20(29)-en-28-

oic acid (2))

Yield: 90%; white solid, m.p. = 144-146 °Gy]f + 16.9 (c 0.23, CHG); IR (Neat)vya,: 3443, 3144,

3072, 2947, 2871, 1714, 1617, 1460, 1372, 1277, 1228, 1107, 1018+MMR (CDCk, 600 MHz):5

8.10 (2H, dJ = 8.4 Hz), 8.00 (1H, s), 7.91 (2H, = 7.8 Hz), 5.24 (1H, d] = 18 Hz), 5.21 (1H, d] =

18 Hz), 4.72 (1H, s), 4.60 (1H, s), 4.59-4.57 (1H, m), 4.40 (18,=d7.2 Hz), 4.37 (1H, d] = 7.2 Hz),
3.01-2.97 (1H, m), 2.26 (1H, d,= 12.6 Hz), 2.19-2.15 (1H, m), 2.05-2.00 (2H, m), 1.73-1.70 (1H, m),
1.68 (3H, s), 1.65-1.56 (3H, m), 1.54-1.46 (4H, m), 1.49-1.39 (7H, m), 1.36-1.32 (3H, m), 1.30-1.21 (4H,
m), 1.20-1.59 (1H, m), 1.07-0.99 (2H, m), 0.96 (3H, s), 0.91 (3H, s), 0.83 (3H, s), 0.82 (3H, s), 0.78-0.76
(1H, s), 0.74 (3H, s)**C NMR (CDCk, 150MHz):5 166.2, 165.8, 150.3, 147.2, 134.5, 130.1, 125.5,
121.8, 109.7, 84.0, 61.0, 55.2, 51.2, 50.3, 49.2, 46.9, 42.4, 40.6, 38.3, 38.2, 37.8, 37.0, 34.1, 32.1, 30.5,
29.6, 27.9, 25.3, 23.6, 20.8, 19.3, 18.0, 16.3, 16.1, 16.0, 14.6, 14.3. MS (ESI) 736.50 [NHRMB

(FAB)" m/z calculated for GHgoNsOs[M+H] " 714.44821, found 714.44507.

4.2.Biology

4.2.1.Ethics Statement

Ethical approvals of blood samples used in this study and consent procedure were obtained from Internal
Review Board (Ethical Committee on Human Subjects) of CSIR-Indian Institute of Chemical Biology.



All clinical investigations have been conducted according to the principles expressed in the Declaration of

Helsinki.
4.2.2.Materials

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) was purchased from USB
Corporation (USA). Pen strep, RPMI 1640, High Glucose DMEM, and Heat inactivated Fetal Bovine
Serum (FBS), 5,5',6,6'-tetrachloro-1,1',3,3"- tetraethyl benzimidazolyl carbocyanine iodide (JC-1), and 5-
(and-6)-chloromethyl-2',7'-dichloro dihydrofluorescein diacetate (GRIEFDA) were obtained from
Invitrogen (Carlsbad, CA, USA). Caspase-3, Caspase-8, Caspase-9 colorimetric assay kits were procured
from Biovision (Milpitas, CA, USA). The antibodies against Bcl2, Bax, Bcl-xl, Ba#ictin, and PARP,

Alkaline phosphatase/Horseradish peroxidase conjugated secondary antibodies, and enhanced
chemiluminescence kit were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

4.2.3.Apoptosis Assay

In brief, HT-29 cells (2.5 x fIml) were incubated with or without compoud, the most potent
betulinic acid derivative (I6: 14.9uM), for 12, 24 and 48 h at 37 °C, 5% & Q@ells were then washed
twice in PBS and resuspended in Annexin V binding buffer (10 mM HEPES, 140 mM NacCl, 2.5 mM
CaCl; pH 7.4). Annexin V-FITC was then added according to the manufacturer’s instructions and the
mixture was incubated for 15 min under dark conditions at 25 °C. PI (0.1 mg/ml) was added just prior to
acquisition. Data was acquired using a FACS Aria flow cytometer (Becton Dickinson, USA) at an
excitation wavelength of 488 nm and an emission wavelength of 530 nm, and analyzed with BD FACS
Diva software (Becton Dickinson, USA).

4.2.4.Measurement of Intracellular Reactive Oxygen Species (ROS)

The effect of 1G,concentratiomf compound2c on generation of ROS was measured in HT-29 cells (2.5

x 10°/ml). After treatment for 0-2 h, cells were washed with PBS (2000 x g, 5 min), resuspended in PBS
and then incubated with CM,BCFDA (5 uM in1X PBS) for 30 min at 3PC in dark condition.
Subsequently, cells were again washed and resuspended ipl 0PBS. DCF fluorescence was
determined by flow cytometry at an excitation wavelength of 488 nm and an emission wavelength of 530
nm in FACS Calibur (Becton Dickinson, USA) using forward vs. side scatter to gate the cell population
and a FL1 histogram to quantify fluorescence of viable cells. The subsequent analyses were done using
BD CellQuest Pro software. To confirm the elevated levels of ROS induc2d foy the inhibition of

ROS generation, cells were pre-incubated with 2.5 mM of N-Acetyl cysteine (NAC), an established anti-



oxidant, for 3 h before treatment wi2c and analyzed for cell viability assay. Mean fluorescence

intensities (MFI) were obtained using the FACS Diva software.
4.2.5.Detection of Mitochondrial Membrane Potential

Briefly, HT 29 cells (2.5 x 10ml) were incubated with compourat (14.9 pM) for 12, 24, and 48 h at

37 °C, 5% CQ. The cells were then washed with PBS and incubated with JC-1 (7.5 mM in PBS) under
dark conditions for 15 min at 20-25 °C. Cells were acquired using FACS and analyzed using FACS Diva
software. HT-29 cells treated with,®, (30 mM; 3PC; 15 min), illustrative of cells with depolarized

mitochondrial membrane potential, served to set the quadrants.
4.2.6.Western Blotting Analysis

Control and2c treated (14.9 uM; 0-48 h) HT-29 cells were lysed in lysis buffer (50 mM Tris—HCI| pH

7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mg/ml protease inhibitor cocktail, 5 mM PMSF and

1 mM DTT containing 1% Triton X-100), sonicated and centrifuged for 10 min at 4 °C at 10,000xg,
and the protein concentration was estimated. Electrophoretic separations (50 mg protein/lane) were
carried out on 10% SDS-polyacrylamide gel, and electrotransferred onto a PVDF membrane. Blots were
blocked for 1 h at 37 °C in 20 mM Tris-HCI, pH 7.4, 150 mM NaCl, 0.02% Tween 20 (TBST) containing
5% skimmed milk, and probed using 1:2000 dilution of appropriate antibodies (Bax, Bad, Bcl-2, Bcl-xl,
PARP, and3-Actin) by incubating overnight at 4 °C. The membranes were washed thrice with TBST,
incubated with alkaline phosphatase/Horseradish peroxidase conjugated secondary antibody, and the
bands were visualized using a 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium substrate or

enhanced chemiluminescence kit.
4.2.7.Caspase activity analysis

The enzymatic activities of caspase -8, -9, -3 were assayed in cell lysates (100 g protein in 50 pl lysis
buffer) using colorimetric assay kits as per the manufacturer's instructions. Briefly, control and
compound2c treated (14.9 uM; 0-48 h) HT-29 cells (2.5%ffl) were washed with ice cold PBS, cell

lysates were prepared and subsequently protein concentration was estimated. Lysates were combined with
reaction buffer and incubated with specific colorimetric peptide substrates (Ac-IETD-pNA for Caspase-8,
Ac-LEHD-pNA for Caspase-9, Ac-DEVD-pNA for Caspase-3; 4 mM, 5 ul) at 37 °C for 6 h. The
emission of paranitroanilide (pNA) was measured at 405 nm in an ELISA reader every 30 min for 6 h.



4.2.8.Cellular and Nuclear Morphology Analysis

HT 29 cells were seeded (2.5 x°t8lls/ml) in a 6-well tissue culture plate and the d2g) was added.

Plates were incubated for 48 h at 37 °C in a humidified 5% if€dibator. Hoechst 33258 solution was
prepared in MilliQ water at a concentration of 5 pg/ml. Cells were washed twice in PBS, fixed in 4%
paraformaldehyde, and incubated at 4 °C for 30 min. Cells were again washed twice in PBS. Hoechst
33258 was added to a final concentration of 5 ug/ml and incubated at 37 °C for 30 min under dark
conditions. Cells were again washed twice in PBS [35], and spotted on to poly-L-lysine coated slides and
mounted using 50% glycerol. Slides were then analyzed in a laser scanning confocal microscope (Leica
TCS SP2 System Leica Microsystem, Heidelberg, Germany, 100x). At least 20 randomly selected

microscopic fields were observed per sample.

4.3.Bio-physical studies
4.3.1.UV-vis absorption spectroscopic study

Unless otherwise stated, all chemicals were of analytical grade and were purchased from Sigma-Aldrich

Chemicals. The CT-DNA was purchased from Bangalore Genie.

The UV-vis absorption spectrophotometric studies were carried out with 1 cm path length quartz
cuvette using UV-vis spectrophotometer; (UV-2401PC, Shimadzu). The spectra were scanned in the
wavelength range 200-400 nm. Stock solution of each of the compounds having different concentration
was prepared in 60% ethanol in 50 mM Tris-HCI/NaCl buffer (pH 7.5) and then diluted to varied
concentrations with the buffer. Then the absorption spectra for different concentrations were taken to
obtain the molar extinction coefficient which was used to determine the actual concentration of the
compound throughout the experiment. CT DNA concentration was kept fixed at 50 pg/ml and the
concentration of the compound was varied from 0 to a higher concentration as required for individual
compounds. The DNA-compound complex was incubated at 37 °C for 2 h and the absorption spectra

were taken with proper dilution in the range 200-400 nm.
4.3.2.Circular dichroism (CD) spectroscopic study
CD spectroscopic measurements were performed at 25 °C with cuvettes having path length 1 mm using

CD spectrometer (Jasco J- 815) with the sensitivity of 100 millidegree and in continuous scanning mode
with a speed of 100 nm/min; band-width was 1 nm and the number of accumulations was three. Scans



were taken from 190 to 250 nm. CT-DNA (1000 mg/ml) was used for recording spectra in the presence

and absence of compoufd (100 pM).

4.3.3.Molecular Docking Study

A crystallographic DNA with no gap (PDB entry 1DNE, resolution 2.4 A), which was a crystal structure
of a minor groove binder netropsin-DNA complex, was chosen as the receptor capable of accommodating
a minor groove binder. Water molecules and the bound netropsin were removed from the structure. The

obtained DNA structure was used as receptor.

The compound structure was optimized using Gaussian 09W with DFT method and basis set 3-21G. The
obtained structure was used as ligand model. Netropsin was used as control with DNA as receptor.
AutoDock Tools was used for docking. Polar and aromatic hydrogens were added with computing the
Gasteiger charges on ligand atoms. Torsional degree of freedom for the ligand was defined automatically
using the software. The grid box was centered on the receptor and the dimension of the grid was adjusted
to include the entire DNA fragment with the spacing between the grid points 0.403 A. Grid potential
maps were calculated using the module AutoGrid 4.0. The Lamarckian genetic algorithm was used to
perform docking simulation, with an initial population of 150 randomly placed individuals with a
maximum number of 250000 energy evaluations, 150000 generations, mutation rate of 0.02, a crossover
rate of 0.8 and an elitism value of 1. The number of docking runs was chosen to be 100. Then least

energetical docking conformation was chosen from the output file.
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Captions for Figures, Schemes and Tables

Figure 1. Betulinic acid {) and its designed analod (

Scheme 1Preparation of 1,2,3-triazole derivatives of betulinic &itReagents and condition&)
chloro acetyl chloridelN,N-diisopropylethylamine (DIPEA), 4-dimethylaminopyridine (DMAP, cat.),
THF, r.t., 2 h, 86%; (b) sodium azi@MF, 70 °C, 4 h, 77%; (c) alkyl/aryl acetyleBgsodium
ascorbate, copper sulphate (Cu%68,0), DMSO, 2-18 h, 70-98%.

Table 1.Synthesis of 1,2,3-triazole derivativesusing ‘Click chemistry

Table 2.Cytotoxic activity of betulinic acid derivativéson different cancer cell lines

Figure 2: Analogue 2c triggers redox imbalance in HT-29 cells. (Ancrease in ROS levels. HT29
cells (2.5x18mL) were treated with 1§ concentration of2c for 0-2 h (time-dependence). After
treatment, cells were washed and resuspended in PBS, incubated withDENHBA (5 uM) for 30 min,

and the fluorescence was measured using flow cytometry as described in materials and B&thods. (
the inhibition of ROS generation, cells were pre-treated with NAC (2.5 mM) for 3 h before treatment with



2c (14.9 uM; 48 h) and ROS was similarly quantified. Values are expressed as Mean Fluorescence

Intensity + SEM of three independent experiments ( ***p<0.001).

Figure 3: Induction of apoptosis by 2cControl and®c (at ICso concentration) treated (for 12, 24, and 48
h) HT-29 cells (2.5x10mL). HT-29 cells were co-stained with Pl and Annexin-V FITC and analysed
using flow cytometry as described in materials and methods. The figure is a representative profile of at

least three experiments

Figure 4: Analogue 2c causes depolarization of mitochondrial transmembrane potenti@stimation

of involvement of mitochondrial pathway in apoptosis induced by comp@tiadd loss of mitochondrial
membrane potential. Cells were incubated vAth(14.9 uM, 0-48 h) and loaded with JC-1 for flow
cytometric analysis of mitochondria transmembrane potential. Data is a representative of three different

experiments.

Figure 5: Caspase activation by2c. Activities of caspase @), 9 (B), 8 (C) were measured in control

and 2c treated (14.9 uM, 0-48 h) HT-29 cells using colorimetric tetrapeptide substrates. Results are
expressed as meantSEM from three independent experinfieht®ARP cleavage was evaluated by
Western blotting analysis in extracts of control @ed14.9 uM, 0-48 h) treated cells. The compound

enhances PARP cleavage. Data was confirmed with three different sets of experiments.

Figure 6: Nuclear degradation induced by 2cControl and2c treated (14.9 uM; 0-48 h) HT-29 cells
(2.5x10/mL) were stained with Hoechst 33258 and observed under a Leica confocal microscope (100x).
The figure is a representative profile of at least three experiments.

Figure 7: Expression of pro- and anti-apoptotic proteins in control and 2c treated HT-29 cell§A)
Expression levels of pro- and anti-apoptotic proteins. Whole cell lysates were prepared from control and
HT-29 cells (2.5x1UmL) treated with IG, concentration of betulinic acid analog@e. Then equal
amounts of cell lysates were loaded in each lane for SDS-PAGE and probed with specific antibodies

against Bax, Bad, Bcl-Bcl-xlI andB-actine. Analysis was confirmed with three different sets of extracts.



B-Actin served as a loading contr@B) Histogram shows time dependent decrease in Bcl-2/Bax ratio

(**p<0.01, as compared with control).

Figure 8: UV-VIS absorption spectra of DNA (100g/mL) in 50 mM Tris-HCI/NaCl, pH 7.5, after
incubation with different concentrations2d, at 37 °C for 2 h(A) original plot,(B) normalized plot.

Figure 9: Binding isotherm of DNA in presence of compowa

Figure 10: CD spectra of DNA in the presence2ufin 50 mM Tris-HCI, NaCl buffer: Blue and red lines
represent the spectra of DNA itself (500 pg/mL) and DNA in the presence of composd mM)

respectively.

Figure 11:  (A) Energy minimized docked structure of compo@ad and DNA (PDB ID: 1DNE);

DNA is shown in surface representation (with colour code green for C, blue for N, red for O, white for H,
orange for P), wheredX: is represented as sticks (whole compound was coloured in white) rtdel.
Energy minimized docked structure of netropsin and DNA (PDB ID: 1DNE); DNA is shown in surface
representation (with colour code green for C, blue for N, red for O, white for H, orange for P), whereas

netropsin is represented as sticks (whole compound was coloured in white) model.



Table 1

Entry R™—CH. (5) Timein Products 2 % Yieldb
_ hours
R=
1¢ —H (5a) 18 2a 60
2 NS (Bb) 10 2b 98
\ (50)
3 OH 4 2c 84
o 0
4 - Ho 2 2d 98
0" Ny ><(5d)
¢}
5 & )—OMe (5¢) 3 2e 82
N
MeO
6 \©\/\> (5f) 5 2t 70
N
H

7 @ (59) 15 g 98
8 ONOz (5h) 2 2h 80
9 OCOOMe i) 2 2i 91
10 Ocooa ©) 2 % %

®Reagents and conditions: Acetylenél.1 eqv.), azidéd (1.0 eqv.), sodium ascorbate (1.01 eqv.)
and CuSQ5H,0 (1.01 eqv.) in dry DMSO (2 mL) were stirred at r.t. for 2-18"Yield was
calculated based on the pure product obtained through silica gel (100-200 mesh) column
chromatographyFor product?a, acetylene gas (ballogmessure) was used in lieu of any acetylenic
reagent.



Table 2

Compounds  Cell growth inhibition in terms of 1Csq(UM)

U937 HT29 Jurkat HepG2 MCF-7 PBMC
2a >50 >50 >50 >50 >50 >50
2b >50 >50 >50 49.8+0.9 >50 N.D
2c >50 14.9+1.3 41.41+1.9 >50 >50 >50
2d >50 >50 >50 >50 >50 N.ID
2e 41.93+2.1  39.80+2.4 >50 >50 44.6942.9 >50
2f >50 >50 >50 >50 >50 N.D
2g >50 >50 >50 >50 >50 >50
2h >50 >50 44.8+1.6 427122 457117 >50
2i >50 >50 >50 >50 >50 N.D
2j 40.1+2.8 >50 >50 >50 >50 N.D
2k >50 >50 >50 >50 >50 N.D
2| >50 >50 >50 >50 >50 N.ID

Log phase cells (1.25-2.5x1000 pL of RPMI 1640 medium/well) were treated with betulinic acid
analogs (0-50 uM) for 48 h, and cell viability was measured by MTT assay as described in materials
and methods. Each §g&(Mean £ SEM) has been derived from at least three experiments in duplicate.



Schemes and Figures

Scheme 1
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Highlights

« Several betulinic acid analogues belonging to a novel family have been synthesized.
» The products were screened against different cancer cell lines and normal human PBMC by MTT assay.

» Compound2c was the most potent inducer of apoptosis in HT-29 cells but was negligibly cytotoxic to
normal PBMC.

» Studies showed th@t causes apoptosis via mitochondrial dependent pathway.

» Molecular Modeling and CD experiments suggestedabbinds to a minor groove of DNA.
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1. Preparation of (3S)-3-(2-chloroacetyloxy)-lup-20(29)-en-28-oic acid (3)

To a well-stirred solution of betulinic acid (500 mg, 1.0 eqv.) in dry THF (2 mL) were added
successively chloroacetyl chloride (0.08 mL, 1.2 eqv.), diisopropylethyl amine ( 0.2 mL, 1.5 eqv.) and
a catalytic amount of 4-dimethylaminopyridine (7 mg, 0.1 eqv.). The mixture was allowed to stir at
room temperature (for 2 h) until the completion of the reaction (monitored by TLC). Solvent was
removed in vacuo; the residue was mixed with H,O (10 mL) and then extracted with EtOAc (3x15
mL). The combined organic extracts were dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The resulting residue was purified through silica gel (100-200 mesh)

chromatography to afford the desired product 3 (565 mg, 96% vyield).

2. (3S)-3-(2-chloroacetyloxy)-lup-20(29)-en-28-oic acid (3)

Yield: 96%, white solid yield, m.p. = 284-286 °C. IR (KBr) vma: 3071, 2946, 2872, 1733, 1693,
1457, 1372, 1287, 1189 cm™; *H NMR (CDCls, 300 MHz): &
4,74 (1H, s), 4.61 (1H, s), 459-4.53 (1H, m), 4.05 (2H, s),
3.00-2.97 (1H, m), 2.29-2.14 (2H, m), 1.98-1.91 (2H, m), 1.69
(3H, s), 1.66-1.57 (8H, m), 1.52-1.33 (9H, m), 1.29-1.16 (5H,
m), 0.97 (3H, s), 0.93 (3H, s), 0.86 (3H, s), 0.85 (6H, s); °C
NMR (CDCls, 75 MHz): 6 182.4, 167.1, 150.3, 109.7, 83.3, 56.4, 55.3, 50.3, 49.2, 46.9, 42.4, 41.2,
40.6, 38.3, 38.2, 38.0, 37.1, 34.1, 32.1, 30.5, 29.6, 27.9, 25.3, 23.5, 20.8, 19.3, 18.1, 16.3, 16.1, 16.0,
14.6; MS (ESI) 555.20 [M+Na]*. HRMS [EI]" m/z calculated for Cj;H4CIO, 532.33194, found
532.33203.

3. Preparation of aryl/alkyl substituted terminal acetylenes 5

Some of the requisite aryl substituted terminal acetylenes (5) used as substrate in the
preparation of the 1,2,3-triazole library of betulinic acid were prepared employing “Sonogashira
reaction”™ followed by base induced desilylation (Scheme 1), while rest of the acetylenes (5a, 5b, 5¢
and 5g) were purchased from commercial sources. Thus, iodide 6 (500 mg) was allowed to react with
trimethyl silyl acetylene (1.5 eqv.) at room temperature in the presence of Pd(PPh3),Cl, (2 mol% ),
Cul (4 mol%) and triethylamine (0.5 mL) in dry DMF under argon atmosphere to yield the
intermediate product 7, which was desilylated by treating with a solution of K,CO; (1 eqv.) dissolved

in dry methanol (4.0 mL) to yield the terminal acetylene 5.



Scheme 1
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Scheme 1. Reagents and conditions: (a) TMS-Acetylene, Pd(PPh3),Cl, (2 mol%), Cul (4 mol%), NEt; (2
eqv.), dry DMF, r. t., 2h, 98%; (b) K,COs (1.1 eqv.), dry methanol, r. t., 2 h, 95%.

On the other hand, acetylenic substrate 5d (see Table 1 in text) was synthesized from
commercially available diacetone-D-glucose as shown in Scheme 2. To a well stirred solution of
diacetone-D-glucose (500 mg, 1.9 mmol) in dry dichloromethane (25 mL) were successively
added propargyl bromide (343 mg, 1.5 eqv.), 25 mL of 50% sodium hydroxide solution (aqueous)
and a catalytic amount (10 mg) of tetrabutyl ammonoum bromide (TBAB). The reaction mixture
was allowed to stir at room temperature for overnight. The crude product was isolated using standard
work-up and separated through silica gel (100-200 mesh) column chromatography using 15% ethyl
acetate in petroleum ether as eluent to obtain the the desired propargylated diacetone-D-glucose (5d)
with 82% yield (448 mg).

Scheme 2
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4. Procedure for the synthesis of compound (3S)-3-[2-(1H-1,2,3-triazol-1-yl)acetyloxy]-
lup-20(29)-en-28-oic acid (2a)
To a well stirred solution of azide 4 (40 mg, 1.0 eqv.) in dry DMSO (2 mL) were added

sodium ascorbate (1.01 eqv.) and CuSO4.5H,0 (1.01 eqv.) successively. The reaction mixture was
then stirred under acetylene gas atmosphere (balloon pressure). The reaction mixture was stirred
another 18 h at room temperature. After completion of the reaction (monitored by TLC), the reaction

mixture was extracted with ethyl acetate (2x10 mL); the extract was dried over Na,SO, and

3



evaporated under reduced pressure. The crude residue obtained was separated through column
chromatography using 70% ethyl acetate in petroleum ether (v/v). Finally, this crude product was
further purified (>99%) by HPLC where acetonitrile/water/acetic acid (65:35:1) was used as mobile

phase and the flow rate was kept at 2.5 mL/min.

5. (35)-3-[2-(1H-1,2,3-triazol-1-yl)acetyloxy]-lup-20(29)-en-28-oic acid (2a)

Yield: 60%; white solid, m.p. = 259-262 °C; [a]*p +23.5 (¢ 0.28, CHCI,); IR (Neat) vima: 3443, 2942,
2870, 1747, 1695, 1459, 1375, 1224, 1110, 1078, 1028 cm’
' 'H NMR (CDCl; 300 MHz): § 7.78 (1H, s), 7.70 (1H, s),
5.20 (2H, s), 4.73 (1H, s), 4.60-4.53 (2H, m), 3.03-2.97
(1H, m), 2.29-2.11 (2H, m), 1.99-1.95 (2H, m), 1.68 (3H,
s), 1.64-1.57 (6H, m), 1.52-1.31 (10H, m), 1.27-1.10 (5H,
m), 0.96 (3H, s), 0.92 (3H, s), 0.82 (3H, s), 0.81 (3H, ),
0.71 (3H, s); ®*C NMR (CDCls, 75MHz): & 181.5, 165.8, 150.3, 134.0, 124.7, 109.6, 83.7, 56.2, 55.2,
50.9, 50.2, 49.1, 46.8, 42.3, 40.5, 38.2, 38.1, 37.7, 36.9, 34.0, 32.0, 30.4, 29.5, 27.8, 25.2, 23.4, 20.7,
19.2, 17.9, 16.2, 16.0, 15.9, 14.5, 0.91; MS (ESI) 566.13 [M+H]". HRMS [EI] ©* m/z calculated for
CasHs:N50,565.38796, found 565.38806

6. Transformations of compounds 2 to other derivatives:
A. Deprotection of isopropylidene group of 2d

To a well-stirred solution of compound 2d (30 mg, 0.03 mmol) in 1,4-dioxane (ImL) was
added 2 mL aqueous acetic acid (7:1, v/v) and the whole reaction mixture was then allowed to stir at
room temperature for 1h (Scheme 3). After completion of the reaction (monitored by TLC), the
solvent was evaporated under reduced pressure. The crude residue obtained was separated through
column chromatography using 88% ethyl acetate in petroleum ether (v/v) as eluent. Finally, this
product was further purified (>99%) by HPLC where acetonitrile/water/acetic acid (65:35:1) was used
as mobile phase and the flow rate was kept at 2.5 mL/min. The retention times tr (for compound 2k)

was found to be 18.8 min.Yield: 92% (after purification on silica-gel column);



Scheme 3

Scheme 3. Reagents and conditions: (a) acetic acid/water (7:1) in 1,4-dioxane, r.t, 1h, 92%.

6.1. (3S)-3-[2-(4-{[5-(1,2-dihydroxyethyl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-

6-yloxy]methyl}-1H-1,2,3-triazol-1-yl)acetyloxy]-lup-20(29)-en-28-oic acid (2k).

Yield: 92%:; white solid, m.p. = 162-165 °C; [a]”b + 5.44 (c 0.15, MeOH); IR (Neat) vy 3435,
2946, 2872, 1742, 1642, 1459, 1377, 1221, 1082, 1019

OH cm™; *H NMR (CD50D, 300 MHz): & 8.04 (1H, s), 5.83
) O .nQ
O\Hm )< /H// (1H, d, J = 3.6 Hz), 5.36 (LH, d, J = 17.4 Hz), 5.29 (1H,
o © d, J = 17.4 Hz), 4.80 (1H, s), 4.75 (LH, s), 4.71-4.69
L\ o (2H, m), 4.66 (1H, d, J = 3.6 Hz), 4.58-4.50 (4H, m),
N.
NN 4.09-4.06 (2H, m), 3.90-3.86 (1H, m), 3.74 (1H, dd, J =

11.4, 2.7 Hz), 3.56 (1H, dd, J = 11.5, 5.8 Hz), 3.34 (1H,
s), 3.05-2.99 (1H, m), 2.34-2.17 (3H, m), 1.97-1.85 (3H, m), 1.68 (3H, s), 1.61-1.48 (2H, m), 1.44
(3H, s), 1.40-1.34 (9H, m), 1.29 (3H, s), 1.28-1.23 (3H, m), 1.18-1.04 (3H, m), 1.00 (3H, s), 0.96
(3H, s), 0.87 (3H, s), 0.84 (3H, s), 0.74 (3H, s); *C NMR (CDs0OD, 75 MHz): & 180.1, 168.3, 152.1,
146.0, 126.7, 113.0, 110.3, 106.8, 84.8, 83.4, 83.2, 81.3, 69.9, 65.4, 64.1, 57.6, 56.8, 52.2, 51.9, 50.5,
43.7, 42.1, 39.7, 39.6, 39.1, 38.4, 38.2, 35.5, 33.4, 31.8, 30.9, 28.5, 27.1, 26.9, 26.6, 24.6, 22.2, 19.7,
19.3, 17.0, 16.9, 16.7, 15.3; MS (ESI) 820.59 [M+Na]’. HRMS (FAB)" m/z calculated for
CuHe7N3O1 [M+H]* 797.48265, found 797.48278.

B. Synthesis of uracil derivative 2|

To a well-stirred solution of compound 2e (32 mg, 0.045 mmol) in anhydrous acetonitrile were added
trimethylsilyl chloride (0.02 mL, 0.13 mmol) and sodium iodide (21 mg, 0.13 mmol) successively and
the reaction mixture was allowed to stir at room temperature overnight under argon atmosphere
(Scheme 4). After completion of the reaction (TLC), the solvent was evaporated under reduced

pressure; the residue was triturated with saturated aqueous solution of sodium metabisufite (5 mL)

5



and filtered. The solid residue was washed with water (5 mL) and dried to get the expected uracil
derivative 21 (15 mg, 72%).

Scheme 4

Scheme 4. Reagents and conditions: (a) Trimethylsilyl chloride (3 eqv.), sodium iodide (3 eqv.), dry CH;CN, rt,
overnight, 72%.

6.2. (3S)-3-{2-[4-(2,4-diox0-1,2,3,4-tetrahydropyrimidin-5-yl)-1H-1,2,3-triazol-1lyl]acety-
loxy}-lup-20(29)-en-28-oic acid (21)

Yield: 72%:; white solid, m.p. = 298-300 °C; [a]*p + 9.9 (c 0.34, CHCL); IR (Neat) vimax : 3448, 2945,
1714, 1692, 1551, 1455, 1386, 1199, 1113 cm™; 'H
NMR (DMSO-ds, 300 MHz): & 11.4 (1H, brd), 8.40
(1H, s), 8.31 (1H, s), 8.05 (1H, s), 5.48 (1H, d, J =
17.4 Hz), 5.37 (1H, d, J = 17.7 Hz), 4.68 (1H, 9),
455 (1H, s), 4.45-4.42 (1H, m), 3.00-2.80 (3H, m),
2.29-1.77 (8H, m), 1.64 (3H, s), 1.58-1.51 (7H, m),
1.37-1.29 (8H, m), 1.23 (3H, s), 0.93 (3H, s), 0.86
(3H, s), 0.79 (3H, s), 0.69 (3H, s); *C NMR (DMSO0-d6, 75 MHz): & 177.3, 167.0, 162.2, 150.6,
150.3, 138.9, 137.6, 123.5, 109.7, 103.7, 82.0, 55.5, 54.4, 50.4, 49.6, 48.5, 46.6, 42.0, 37.5, 36.6, 36.3,
33.7,31.7, 30.1, 29.2, 29.0, 27.5, 25.0, 23.2, 20.5, 18.9, 17.6, 16.1, 15.8, 15.7, 14.3; MS (ESI) 698.21
[M+Na]*, 676.25 [M+H]" HRMS (FAB)" m/z calculated for C3Hs4NsOs [M+H]" 676.40741, found
676.40801.

7. HPLC separations:

The crude 1,2,3-triazole derivates 2 obtained through silica gel chromatography were further purified
by HPLC using reverse phase C18 column (5 um, 250 mm x 10 mm) in isocratic mode using detector
at wavelength of 220 nm. Compounds 2a-d, 2k and 2l were separated using acetonitrile/water/acetic

acid (65:35:1) as mobile phase with flow rate 2.5 mL/min. The retention times (tzr) of these

6



compounds were found to be 30.2, 22.5, 15.0, 18.8, 19.2 and 26.4 min, respectively. On the other
hand, compounds 2f-j were separated using acetonitrile/water/acetic acid (90:10:1) as mobile phase
with the same flow rate as maintained above; the retention times were 18.2, 17.3, 14.3, 15.6 and 17.0

min, respectively.

8. Cytotoxic activity of betulinic acid and standard drug 5-fluorouracil

Compound HT29 cells(I1Cs, pM J48h PBMC([ICsgM J48h
Betulinicacid 42.9+1.2 =50
5-Fluorouracil 31.240.9 =50
2c 14.9+1.3 =50

Table S1: Log phase cells (1.25-2.5x10%100 pL of RPMI 1640 medium/well) were treated with
betulinic acid, its analogue 2c as well as standard drug 5-fluorouracil (0-50 pM) for 48 h, and cell
viability was measured by MTT assay as described in materials and methods. Each ICs, (Mean £
SEM) has been derived from at least three experiments in duplicate.

9. Cell Lines

Five human cancer cell lines, viz. U937-leukemic monocytic lymphoma (a suspension cancer cell
line), HT-29-colon carcinoma (an adherent cancer cell line), MCF-7-breast adenocarcinoma (an
adherent cancer cell line), HepG2-Hepato carcinoma (an adherent cancer cell line), and Jurkat-
immortalized T lymphocytes (a suspension cell line) were obtained from National Centre for Cell
Sciences, Pune, India. All of them were maintained in RPMI-1640 medium except HepG2 which was
maintained in high glucose DMEM. Both the media were supplemented with 10% FBS and antibiotics
(50 1U/mL penicillin G and 50 pg/mL streptomycin). The cells were incubated at 37 °C in a
humidified incubator containing 5% CO,, and subcultured every 72 h using an inoculum of 5 x 10°

cells/mL. Cell viability (>95%) was confirmed by trypan blue exclusion test.

10. Isolation of Human Peripheral Blood Mononuclear Cells (PBMC)

PBMCs were isolated from anticoagulated blood of six healthy donors by density gradient
centrifugation on an equal volume of Ficoll-Hypaque (Histopaque-1077) at 400 x g for 30 min. Cells
were harvested from the interface, washed twice in phosphate buffered saline (PBS, 0.01 M, pH 7.4),
and resuspended in RPMI-1640 medium supplemented with penicillin (50 1U/mL), streptomycin (50
pg/mL) and 10% FBS [3]. Cell viability was confirmed by trypan blue exclusion test (>95%).



11. Cell Viability Assay

The cytotoxic activities of betulinic acid and its derivatives dissolved in DMSO (final DMSO
concentration <0.1%) were evaluated in U937, HT-29, Jurkat, HepG2, MCF-7 and PBMC using MTT
assay. In brief cells (1.25-2.5 x 10" cells/100 ul of RPMI 1640 or high glucose DMEM medium/well)
were seeded in 96-well tissue culture plates and incubated with a solution of betulinic acid or its
derivatives in DMSO (using 0-50 uM concentration) for 48 h at 37 °C, 5% CO,. Following
treatment, cell viability was measured by adding 20 uLL MTT (5 mg/mL in PBS) and cells incubated
for 4 h at 37 °C. Subsequently, 100 uL. DMSO was added to each well and the resultant optical
densities were measured at 540 nm in an ELISA Reader (BIO RAD, CA, USA). The specific
absorbance that represented formazan production was calculated by subtraction of background

absorbance from total absorbance. The mean percentage viability was calculated as follows:

Mean specific absorbance of treated cells ~ x100

Mean specific absorbance of untreated cells

The results were expressed as 1Cs, values which were enumerated by graphical extrapolation using
Graph Pad Prism software (version 5, Graph Pad Prism software Inc, San Diego, CA, USA). Each

experiment was performed at least three times and in duplicate.
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13. Spectra of the synthesized compounds

'H NMR Spectrum of compound 2a
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'H NMR Spectrum of compound 2b
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'H NMR Spectrum of compound 2¢
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'H NMR Spectrum of compound 2d
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'H NMR Spectrum of compound 2e
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'H NMR Spectrum of compound 2f

=
s

0

11.172

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

, |1 h |
LLM*JL JLL,MA_L/ L LJ oM Iy

L
T

T T T

8 5 3 2 1‘ 0 ppm
: ra s rs(:j&ﬁ G st (ﬁ.: i H \.:'shsf F‘asﬂ
- o (o «|v|o e o~ -|e Al |} Njnwﬂc‘o_u
3C NMR Spectrum of compound 2f
I | \\\/////// —
H
N
|
AR VSSPRON X SO PO £ 11 0 VT EONORN PRy .
7 T T T T T T T T T T T T T
170 1&0 150 14j»0 1:;0 12‘0 110 160 20 80 70 60 50 40 30 20 10 0 ppm

14



W4

N\

N

!

Lt
K\
=

N

€T
T
.
T
G 1
T
1
2T
T
G L
‘T
"7
4
e
Z
4
4
[2n4
'z
62
0°¢

IS NN

|

N

J

I

i

|

J

'H NMR Spectrum of compound 2g

*M

!
WY

A

|

|
|

ppm

4.5

|

0.5

1.5

2.0
~
el

25

3.5

4.0

e

—r

5.0

65 6.0 55

7.0

8L'¢

o 08T

3C NMR Spectrum of compound 2g

00°T
59 b1

86°ST

TT°91

€€°91

8081

ze 61

58702

65°€T

6€°5¢
oo.mm/
mw.mm/
£5°0€
S.SW
T1°2€
ﬁ.wm“
90°LE
mm.\.m\
sz 8

pE"8E

L9°0%

€p-ey

06°9%

1Z°6%

S€°0S

zz 15

z6°5s

z€795

L5 9L
oo.i/
GN.FN.NI
ZrLL
v6°E8 —
€L°60T —
167027 —
P8'SZT —~
127821 —
787821 —
9€° 06T —
v 8YT —
PEOST —
86°59T —
6€° 18T —

15

70

T T T T T T T T T
130 120 110 100 90 80

180 170 160 150 140

T




'H NMR Spectrum of compound 2h
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'H NMR Spectrum of compound 2i

MeOOC

i } B ML“V NUMM__JJL_

T T T

T T T T T
40 35 30 25 20 15 10 05 pp
§ 9 EEEReEehaiTE
el ~olo Nl 0Ho e olm oo o

T T T T T T

8.0 7.5 7.0 6.5 6.0 55

5i0 415

m

B

S22 |

@ B

|V

oo EE
27 LR
=g o
|
|
|

T 165.87

o 166.76

MeOOC

T T

T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm




'H NMR Spectrum of compound 2j
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'H NMR Spectrum of compound 2k
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'H NMR Spectrum of compound 2l
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'H-NMR Spectrum of 3-O-Chloroacetyl betulinic acid (3)
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'H NMR Spectrum of Betulinic acid azido acetate (4)
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