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Several alkynes and azides were prepared starting from betulinic acid and Baylis-Hillman 
reaction-derived allylic alcohols. These alkynes and azides were then coupled under click 
cycloaddition conditions to obtain functionalized betulinic acid-triazole conjugates. Similarly, 
pyrazinyl- and indolylbetulinic acid-triazoles were also prepared employing cycloaddition 
chemistry. All the synthetic compounds were tested for their cytotoxicity against murine breast 
cancer (4T1) and human pancreatic cancer (MIA PaCa-2) cell lines.  Based on these in vitro
assays, two series of compounds have been identified as lead compounds for further 
development. 

2016 Elsevier Ltd. All rights reserved.
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Introduction 

Pentacyclic triterpenoids such as betulin 1 and betulinic acid 2 
(Figure 1) are readily found in >200 types of trees.1 Betulin is 
abundantly available in nature and can be readily extracted from 
the bark of birch trees.  Various parts of the birch tree including 
the leaves, bark, and stem have been used in herbal and folk 
medicine as diuretics as well as for reducing the effects of 
arthritis and rheumatism.2 Betulin and related analogs show 
diverse medicinal activities ranging from anti-cancer, anti-
microbial, anti-HIV, and anti-inflammatory properties.3 While the 
detailed mechanism of action is not entirely clear, it is generally 
understood that betulinic acid affects the mitochondrial pathways 
and increases the caspase-3 activity thereby leading to apoptosis.4  
Betulinic acid is also known to be selective toxic to a variety of 
cancer cells while the normal cells are typically resistant to this 
molecule.5 Recently, betulinic acid was found to exhibit in vivo 
protective effect against dexamethasone induced thymocyte 
apoptosis in mice.6 Several recent reports also indicated excellent 
in vivo activity for betulin via the inhibition of NF-κB pathway.7  
In addition to their medicinal effects, these natural products have 
also found other applications such as their use as anti-feedants,8 

bio-based coatings,9 solder pastes,10 and bio-hybrid polymers.11 

Multicomponent coupling reactions offer ready access to 
complex and diversely functionalized libraries of compounds and 
they are valuable tools in drug design and discovery. Baylis-
Hillman (BH) reaction involves the coupling of aldehydes or 
aldimines with activated olefins (acrylates, acrylonitriles, 
vinylsulfones, etc.) to furnish the allylic alcohols or amines in a 
one-step transformation.12 Passerini reaction is an isocyanide 
based three component coupling reaction used for the preparation 
of α-acyloxyamides.13 Click chemistry involves the cycloaddition 
of azides and alkynes for the preparation of 1,2,3-triazoles.14 We 
have been working on the development of novel small 
molecules15 as medicinal agents utilizing Baylis-Hillman16 and 
Passerini17 reactions.  Previously, we had reported the synthesis 
of chalcone (3), α-acetoxyamide (4), and amine (5) derivatives of 
betulin utilizing aldol condensation, Passerini reaction, and 
reductive amination respectively (Figure 1).3e,18 

Owing to the impressive therapeutic effects as well as the 
abundant availability of these natural products, we undertook a 
project involving the development of triazole derivatives of 
betulinic acid as anti-cancer agents using BH reaction and Click 
chemistry as the key steps in our synthesis.  The synthesis of two 
precursors (alkyne and azide) required for Click chemistry was 
envisioned from betulinic acid and BH templates.  While there 
have been multiple reports on click coupling using 
betulin/betulinic acid and related analogs, so far, limited success 
has been achieved in terms of identifying potent lead molecule 
for further development.19 We hypothesized that molecular 
hybridization of modestly cytotoxic betulinic acid with the BH 
reaction-derived and pharmacologically active 1,4-acceptor unit 
should lead to the compounds with higher potency than the 

parent betulinic acid for their development as anti-cancer agents.  
Additionally, the BH template offers multiple avenues for 
chemical manipulations, which should further assist us in 
understanding a detailed structure-activity relationship profile for 
these analogs, once active molecules have been identified.  

Results and Discussion 

We initiated our synthesis with the preparation of BH reaction 
derived allylic azide and alkyne motifs (Scheme 1). The reaction 
of benzaldehyde with methyl acrylate in the presence of DABCO 
yielded the allylic alcohol 8. The three allylic azides 9a-c were 
then obtained from the alcohol 8.  Reaction of 8 with HBr and 
H2SO4 followed by nucleophilic displacement of the resulting 
allylic bromide with sodium azide resulted in the formation of the 
azide 9a. Hydrolysis of 9a with NaOH and the coupling of the 
resulting acid with N,N,N’-trimethylethylenediamine in the 
presence of TBTU and Hünig’s base furnished the azide 9b.  
Azide 9c was also obtained from 9a upon alkaline hydrolysis and 
coupling with N-methylpiperazine (Scheme 1).   

The two β-azidoethylamide derivatives 9d-e were prepared 
with utmost ease starting from the BH alcohol 8. Acetylation of 8 
with acetic anhydride followed by the treatment of the acetate 10 
with N,N,N’-trimethylethylenediamine and potassium carbonate 
in DMF furnished the allylic amine 11.  Alkaline hydrolysis of 11 
and the coupling of the resulting acid with 2-azidoethylamine20 in 
the presence of HOBt and EDCI produced the azide 9d. The 
azide 9e was obtained from the BH acetate 10 via the 
displacement with N-methylpiperazine followed by hydrolysis 
and coupling with 2-azidoethylamine.  Azide 9f was obtained via 
the reaction of cinnamic acid 16 with 2-azidoethylamine 
(Scheme 1).   

The alkyne precursors 13a-c were derived via HOBt, EDCI 
mediated coupling of propargyl amine with the cinnamic acids 
12, 15, and 16 respectively (Scheme 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Functionalized Betulin/Betulinic Acid Analogs 
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Reaction Conditions: (a) DABCO, 25 °C, 14d, 78%; (b) HBr, H2SO4, 0-25 °C, 3h, 74%; (c) NaN3, acetone:H2O (4:1), 25 °C, 3h, 85%; 
(d) NaOH, MeOH:THF (1:9), 25 °C, 78%; (e) R2NH, iPr2NEt, TBTU, DMF, 0-25 °C, 12-16h, 72-74%; (f) Ac2O, NEt3, DMAP, CH2Cl2, 
25 °C, 2h, 91%; (g) R2NH, K2CO3, DMF, 25 °C, 13-15h, 77-81%; (h) NaOH, MeOH:THF (1:9), 0-25 °C, 8-10h, 71-74%; (i) 2-
Azidoethylamine, iPr2NEt, HOBt, EDCI, CH2Cl2, 0-25 °C, 12-16h, 72-74%; (j) Propargyl amine, iPr2NEt, HOBt, EDCI, CH2Cl2, 0-25 
°C, 12-16h, 71-76%. 

Scheme 1: Preparation of azides 9a-f and alkynes 13a-c  

Having prepared the azides 9a-f and alkynes 13a-c from BH 
template, we focused our efforts on the functionalization of 
betulin for the preparation of click reaction counterparts.  
Oxidation of betulin 1 with Jones reagent yielded betulonic acid 
17. Reaction of 17 with propargyl amine under peptide coupling 
conditions using TBTU and Hünig’s base resulted in N-propargyl 
betulonamide 18 (Scheme 2).  The azide motifs 9a-f (Scheme 1) 
were then utilized for click coupling with 18.  Our initial efforts 
towards click coupling of methyl α-azidomethylcinnamate 9a 
with 18 employing copper iodide were not fruitful and the 
product triazole 19a was obtained in trace quantities even after 
performing the reaction in various solvents or heating the 
reaction.  However, cycloaddition was realized upon using 
sodium ascorbate and copper sulphate in t-butyl alcohol/water as 
the solvent medium and the corresponding triazole derivative 19a 
was obtained in 89% yield (Entry 1, Table 1).21 Reaction of 19a 
with sodium borohydride resulted in the reduction of the C3 

ketone to yield the corresponding alcohol 20a. In an effort 
towards increasing the hydrophilicity, alcohol 20a was further 
converted to the succinic acid hemiester 21a upon refluxing with 
succinic anhydride in toluene.  Under identical conditions, 
reaction of the remaining azides 9b-f with N-propargyl 
betulonamide 18 led to the triazoles 19b-f in high yield (Entries 
2-6, Table 1). Treatment of 19b-f with NaBH4 afforded 20b-f, 
which upon succinylation furnished the hemiesters 21b-f 
(Scheme 2). All the compounds 19-21 were characterized using 
NMR and mass spectrometric analyses. 
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Reaction Conditions: (a) Jones reagent, acetone, 0-25 °C, 4h, 75%; (b) Propargyl amine, iPr2NEt, TBTU, DMF, 0-25 °C, 14h, 73%; (c) 
9a-f, CuSO4, sodium ascorbate, tBuOH:H2O (1:1), 25 °C, 12-15h, 85-90%; (d) NaBH4, CH3OH, 0-25 °C, 2-3h, 84-90%; (e) Succinic 
anhydride, DMAP, toluene, 80 °C, 12-15h, 80-87%. 

Scheme 2: Coupling of N-propargyl betulonamide with azido cinnamates/cinnamamides 

 

Table 1: Preparation of betulin conjugates 19-21 

# R Compound 
Yield 
(%) 

Melting  
Point 
(oC) 

Compound 
Yield 
(%) 

Melting  
Point 
(oC) 

Compound 
Yield 
(%) 

Melting  
Point 
(oC) 

1 

 

19a 89 124-126 20a 86 123-125 21a 87 122-125 

2 

 

19b 88 98-101 20b 85 118-121 21b 80 130-132 

3 

 

19c 90 134-137 20c 88 134-136 21c 83 142-145 

4 

 

19d 85 108-110 20d 90 119-122 21d 82 114-116 

5 

 

19e 87 118-120 20e 89 130-132 21e 84 132-134 

6 

 

19f 91 139-141 20f 90 185-187 21f 81 141-144 

 

We were able to synthesize pyrazinylbetulinic acid derivative 
22, via the cycloaddition of betulonic acid 17 with 
ethylenediamine upon refluxing with sulphur and morpholine.22 

Amide coupling of 22 with propargyl amine was accomplished 
using TBTU and Hünig’s base to generate 23, which was then 
subjected to cycloaddition with azides 9a-f under click reaction 
conditions (CuSO4 and sodium ascorbate). The resulting triazoles 
24a-f were purified by silica gel column chromatography and 
characterized via spectroscopic techniques (Scheme 3).   

 

In an analogous protocol, betulonic acid 17 was converted to 
the indolylbetulinic acid 25 upon refluxing with phenyl hydrazine 
in acetic acid under Fischer-Indole synthesis conditions.22d,23  The 
reaction of 25 with propargyl amine yielded the N-propargyl 
indolylbetulinamide 26.   Click coupling of 26 with methyl α-
azidomethylcinnamate 9a and N-2-azidoethylcinnamamide 9f 
yielded triazoles 27a and 27f respectively (Scheme 3).  
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Reaction Conditions: (a) Ethylenediamine, Sulfur, Morpholine, reflux, 24h, 71%; (b) Phenylhydrazine, CH3COOH, reflux, 4h, 45%; (c) 
Propargyl amine, iPr2NEt, TBTU, DMF, 0-25 °C, 14-20h, 71-80%; (d) 9a-f, CuSO4, sodium ascorbate, tBuOH:H2O (1:1), 25 °C, 12-
15h, 80-88%. 

Scheme 3: Coupling of fused heterocyclic N-propargyl betulinamides with azido cinnamates/cinnamamides 

 

 

Reaction Conditions: (a) 2-Azidoethylamine, iPr2NEt, TBTU, DMF, 0-25 °C, 20h, 74%; (b) 13a-c, CuSO4, sodium ascorbate, 
tBuOH:H2O (1:1), 25 °C, 12-15h, 79-86%; (c) NaBH4, CH3OH, 0-25 °C, 2-3h,  86-91%. 

Scheme 4: Coupling of N-azidoethyl betulinamide with N-alkynylcinnamamides 

The triazoles shown in Schemes 2-3 were obtained upon click 
coupling of betulin-derived alkynes 18, 23, and 26 with Baylis-
Hillman motif-derived azides 9a-f. In order to understand the 
complete SAR profile of our template, we decided to switch the 
coupling partners for the click reaction.  Accordingly, we chose 
the BH reaction-derived alkynes (13a-c, Scheme 1), for coupling 
with N-(2-azidoethyl) betulonamide 28. The amide 28 was 
obtained upon coupling betulonic acid 17 with 2-azidoethylamine 
in the presence of TBTU and N,N-diisopropylethylamine.  It was 
noticed that an excess of the amine was required for this coupling 
as the use of molar equivalent of 2-azidoethylamine furnished the 
unreacted intermediate benzotriazolyl ester of betulonic acid and 
led to lower yields of the amide 28.   Coupling of 28 with N-
propargyl α-(dialkylaminomethyl)cinnamamides 13a-b and N-
propargyl cinnamamide 13c under click conditions proceeded 
smoothly to provide triazoles 29a-c. Reduction of 29a-c with 

sodium borohydride yielded the betulinic acid based triazole 
derivatives 30a-c in 86-91% yield (Scheme 4).  

All the synthesized betulinic acid-triazole conjugates as well 
as some of the intermediates were evaluated for their general 
cytotoxicity against murine breast cancer (4T1) and pancreatic 
cancer (MIA PaCa-2) cell lines. The cells were purchased from 
ATCC and the assays were performed under standard conditions 
by seeding the cells in 96 well plates and the cell viability was 
determined using MTT assay.  All the candidate compounds were 
tested at 50 µM, 12.5 µM, and 1.5 µM concentrations.  While 
betulinic acid showed moderate activity at 12.5 µM (~60% cell 
death for 4T1 and ~40% cell death for MIA PaCa-2), majority of 
the betulinic acid-triazole conjugates (eg. 20b-e, 24d-e, and 30a-
c, etc.) that were tested showed promising activity at this 
concentration (>90% cell death for 4T1 and ~80-90% cell death 
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for MIA PaCa-2).  The compounds showing moderate to good 
cytotoxicity were then selected for determining the IC50 values 
(Table 2). 

 

Table 2: In vitro cytotoxicity of the BH-template derived 
betulinic acid-triazole derivatives 

# Compound 
4T1  

IC50 (µM)* 
MIA PaCa-2 
IC50 (µM)* 

1 19a NT NT 

2 19b 6.93 ± 1.09 9.87 ± 0.79 

3 19c 7.15 ± 0.18 14.99 ± 2.12 

4 19d 5.67 ± 0.10 8.11 ± 1.54 

5 19e 5.17 ± 0.60 5.98 ± 0.99 

6 19f NT NT 

7 20a 39.75 ± 9.45 NT 

8 20b 3.97 ± 0.73 2.44 ± 0.36 

9 20c 4.37 ± 0.43 8.69 ± 0.33 

10 20d 2.38 ± 0.45 1.36 ± 0.21 
11 20e 2.62 ± 0.24 1.64 ± 0.20 
12 20f 27.26 ± 12.2 32.50 ± 7.92 

13 21a 5.26 ± 0.65 47.58 ± 5.51 

14 21b 7.48 ± 0.59 21.73 ± 5.12 

15 21c 6.13 ± 0.81 14.44 ± 3.44 

16 21d 4.13 ± 0.22 9.66 ± 0.51 

17 21e 7.05 ± 0.53 24.28 ± 3.24 

18 21f 8.61 ± 2.27 NT 

19 23 39.33 ± 7.0 26.73 ± 3.70 

20 24a NT NT 

21 24b 5.14 ± 0.80 8.26 ± 0.91 

22 24c 17.28 ± 5.00 15.21 ± 1.91 

23 24d 2.88 ± 0.06 3.87 ± 0.56 

24 24e 2.88 ± 0.04 4.36 ± 0.44 

25 24f 13.47 ± 2.10 33.21 ± 2.80 

26 26 NT NT 

27 27a NT NT 

28 27f NT NT 

29 28 NT NT 

30 29a 5.39 ± 0.40 5.02 ± 0.47 

31 29b 4.74 ± 0.93 8.10 ± 2.42 

32 29c NT NT 

33 30a 1.49 ± 0.06 1.34 ± 0.19 

34 30b 5.38 ± 0.22 3.86 ± 0.39 

35 30c 0.81 ± 0.03 3.56 ± 0.38 

36 
Betulinic 

acid 
6.29 ± 0.96 25.63 ± 3.79 

*IC 50 values reported as average ± SEM 

*Minimum of three independent experiments. 

NT = Not toxic 

 

Based on the detailed IC50 analysis, it was revealed that the C3 
ketone containing betulin analogs (19a-f, Entries 1-6, Table 2) 
showed lower biological activity than the corresponding C3-
alcohol based triazoles 20a-f (Entries 7-12).  Further, it was 

interesting to note that the conversion of C3-alcohol to the 
succinic acid hemi ester 21a-f (Entries 13-18) did not improve 
the biological activity.  Compounds 19a-f and 21a-f showed 
comparable activity to that of the parent molecule betulinic acid 
(Entry 36) in both 4T1 and MiaPaCa-2 cells, however, the C3-
alcohol containing analogs 20b-e (Entries 8-11) showed two-
fold (4T1) and ~20-fold (MiaPaCa-2) increase in biological 
activity.  While most of the pyrazine and indole containing 
analogs did not show significant activity, analogs 24d-e (Entries 
23-24), which contain the allylic amine moiety 
(trimethylethylenediamine and piperazine respectively) showed 
2-6 fold increase in potency.  It was encouraging to note that the 
betulinic acid derivatives 30a-c (Entries 33-35), which were 
obtained upon switching coupling partners for the click reaction, 
showed comparable or better cytotoxicity when compared to their 
structurally analogous counterparts 20d-f (Entries 10-12). 

Based on these findings, we recognize the importance of C3-
alcohol unit (eg. compounds 20 &  30), and the N,N,N’-
trimethylethylenediamine motif (eg. compounds 20b, 20d, 24d, 
30a, etc.) for enhancing the biological activity of these 
molecules.   It should also be noted that none of the intermediates 
tested showed any toxicity, which leads us to believe that the BH 
motif is also required for the activity.  Efforts are currently 
underway to identify the mechanism of action for the lead 
derivatives as well as for the identification of potent candidate for 
further development. 

 

Conclusion 

In conclusion, we have prepared betulinic acid-triazole 
derivatives utilizing Baylis-Hillman reaction and click chemistry 
as the key protocols in our synthesis.  We have also prepared 
pyrazinyl and indolyl betulinic acid derivatives employing the 
above protocol.  These compounds were tested for their 
biological efficacy against murine breast cancer cell line (4T1) 
and human pancreatic cancer cell line  (MIA PaCa-2).  Based on 
these in vitro assays, we have been able to identify two series of 
betulin derivatives for further SAR and pre-clinical studies.  The 
ready availability of betulin from natural resources as well as the 
great chemical diversity afforded by the Baylis-Hillman template 
imparts significance to this class of compounds for potential 
development as anti-cancer agents. 

 

Experimental Section 

General Methods: All operations were carried out under an inert 
atmosphere of nitrogen. Glassware for all reactions was oven 
dried at 125 °C and cooled under nitrogen prior to use. Liquid 
reagents and solvents were introduced by oven-dried syringes or 
cannulas through septa sealed flasks under a nitrogen 
atmosphere. THF was distilled from sodium benzophenone ketyl. 
All other solvents and reagents were purchased and used without 
further purification. The 1H and 13C NMR spectra were plotted on 
a Varian-400 spectrometer fitted with a Quad probe.  

General amide-coupling procedure A: To a stirred solution of 
the appropriate acid (1.0 mmol) in dimethylformamide (10.0 
mL), was added N,N-diisopropylethylamine (2.0 mmol) followed 
by TBTU (1.1 mmol) at 0 °C and stirred for 30 min. The 
appropriate amine (1.0 mmol) was then added in one portion and 
stirred overnight at room temperature. Upon completion (as 
indicated by TLC), the reaction mixture was quenched by the 
addition of saturated NaHCO3 and extracted with 
dichloromethane (2 x 10.0 mL). The combined extracts were 
washed with cold water (10.0 mL) and brine (10.0 mL). The 
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organic layer was dried over anhydrous Na2SO4, concentrated in 
vacuo, and purified by column chromatography (silica gel, 
hexanes:ethyl acetate) to obtain pure amides.  This procedure was 
utilized for the preparation of amides 9b-c, 23, 26, and 28. 

General amide-coupling procedure B: N,N-
diisopropylethylamine (2.0 mmol), HOBt (1.1 mmol), and EDCI 
(1.1 mmol) were added at 0 °C to a stirred solution of the 
appropriate acid (1.0 mmol) in dichloromethane (10.0 mL) and 
the reaction was stirred for 30 min. The appropriate amine (1.0 
mmol) was added in one portion and the reaction was stirred 
overnight at room temperature. After completion of the reaction 
as indicated by TLC, the reaction mixture was quenched by the 
addition of saturated NaHCO3 solution and worked up with 
dichloromethane (2 x 10.0 mL). The combined extracts were 
washed with brine (10.0 mL), dried over anhydrous Na2SO4, 
concentrated in vacuo, and purified by column chromatography 
(silica gel, hexanes:ethyl acetate) to obtain pure amides in good 
yields. This procedure was utilized for the preparation of amides 
9d-f and 13a-c.  

Preparation of N-(2-N,N-dimethylaminoethyl) (E)-2-
azidomethyl-3-phenyl acrylamide, 9b: The reaction of (E)-2-
(azidomethyl)-3-phenylacrylic acid (1.0 g, 4.9 mmol) with 
N,N,N’-trimethylethylenediamine (602 mg, 5.9 mmol) as per the 
general amide coupling procedure A yielded 1.02 g (72%) of 9b 
as a pale brown liquid.  1H NMR (400 MHz, CDCl3): δ (ppm) 
7.31 – 7.44 (m, 3H), 7.26 – 7.31 (m, 2H), 6.78 (s, 1H), 4.30 (s, 
2H), 3.61 (t, J = 7.1 Hz, 2H), 3.15 (s, 3H), 2.55 (t, J = 7.1 Hz, 
2H), 2.28 (s, 6H); 13C NMR (101 MHz, CDCl3): δ (ppm) 169.5 
134.4, 133.5, 131.6, 128.8, 128.6, 128.4, 49.4, 45.7; ESIMS: m/z 
calculated for C15H21N5O (M+H)+ 288.18, found 288.38. 

Preparation of (E)-2-azidomethyl-1-(4-methylpiperazin-1-yl)-
3-phenylprop-2-en-1-one, 9c: The reaction of (E)-2-
(azidomethyl)-3-phenylacrylic acid (1.0 g, 4.92 mmol) with N-
methylpiperazine (590 mg, 5.90 mmol) as per the general amide 
coupling procedure A furnished 1.04 g (74%) of 9c as a pale 
brown liquid. 1H NMR (400 MHz, CDCl3): δ (ppm) 7.24 – 7.41 
(m, 5H), 6.69 (s, 1H), 4.26 (s, 2H), 3.61 – 3.80 (m, 4H), 2.37 – 
2.50 (m, 4H), 2.29 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 
(ppm) 169.9, 134.3, 134.0, 131.2, 129.0, 128.9, 128.8, 55.0, 49.5, 
46.2; ESIMS: m/z calculated for C15H19N5O (M+H)+ 286.16, 
found 286.30. 

Preparation of N-2-azidoethyl (E)-2-(N-(2-dimethylamino 
ethyl)-N-methylaminomethyl)-3-phenyl acrylamide, 9d: The 
reaction of 12 (500 mg, 1.90 mmol) with 2-azidoethylamine (180 
mg, 2.09 mmol) as per the general amide-coupling procedure B 
yielded 460 mg (74%) of 9d as a pale orange liquid.  1H NMR 
(400 MHz, CDCl3): δ (ppm) 10.10 (s, 1H), 7.96 (s, 1H), 7.21 – 
7.41 (m, 5H), 3.49 – 3.53 (m, 4H), 3.39 (s, 2H), 2.43 – 2.51 (m, 
2H), 2.34 – 2.42 (m, 2H), 2.24 (s, 6H), 2.14 (s, 3H); 13C NMR 
(101 MHz, CDCl3): δ (ppm) 168.6, 140.1, 136.1, 131.0, 129.2, 
128.4, 128.0, 56.8, 54.6, 53.1, 50.8, 45.6, 42.0, 39.7; ESIMS: m/z 
calculated for C17H26N6O (M+H)+ 331.22, found 331.35. 

Preparation of N-(2-azidoethyl) (E)-2-(N-methylpiperazin-1-
ylmethyl)-3-phenyl acrylamide, 9e: The reaction of 15 (250 
mg, 0.96 mmol) with 2-azidoethylamine (90 mg, 1.05 mmol) as 
per the general amide-coupling procedure B yielded 226 mg, 
(72%) of 9e as a pale orange liquid. 1H NMR (400 MHz, CDCl3): 
δ (ppm) 10.04 (s, 1H), 7.92 (s, 1H), 7.18 – 7.36 (m, 5H), 3.50 – 
3.56 (m, 2H), 3.45 – 3.49 (m, 2H), 3.39 (s, 2H), 2.33 – 2.68 (m, 
8H), 2.25 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 168.6, 
140.7, 135.7, 129.8, 129.2, 128.5, 128.2, 55.3, 54.9, 52.5, 51.2, 
46.2, 38.9; ESIMS: m/z calculated for C17H24N6O (M+H)+ 
329.20, found 329.33. 

Preparation of Methyl (E)-2-(N-(2-dimethylaminoethyl)-N-
methylaminomethyl)-3-phenyl acrylate, 11: N,N,N’-
Trimethylethylenediamine (521 mg, 5.1 mmol) and K2CO3 (883 
mg, 6.40 mmol) were added to a stirred solution of 10 (1.0 g, 
4.27 mmol ) in N,N-dimethylformamide (10.0 mL) at room 
temperature and the reaction mixture was stirred overnight. Upon 
completion (TLC), the reaction was quenched with cold water 
and extracted with ethyl acetate (2 x 20.0 mL). The combined 
organic layers were washed thoroughly with cold water (2 x 10.0 
mL), brine (2 x 10.0 mL) and dried over anhydrous Na2SO4.  The 
ethyl acetate was concentrated in vacuo and purified by column 
chromatography (silica gel, hexanes: ethyl acetate, 1:4) to obtain 
11 as brown liquid (912 mg, 77%). 1H NMR (400 MHz, CDCl3): 
δ (ppm) 7.80 (s, 1H), 7.57 – 7.61 (m, 2H), 7.29 – 7.41 (m, 3H), 
3.82 (s, 3H), 3.39 (s, 2H), 2.48 – 2.54 (m, 2H), 2.37 – 2.44 (m, 
2H), 2.21 (s, 6H), 2.18 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 
(ppm) 168.9, 142.6, 135.3, 130.4, 130.2, 128.7, 128.3, 57.2, 55.5, 
53.1, 51.9, 45.8, 41.9; ESIMS: m/z calculated for C16H24N2O2 
(M+H)+ 277.19, found 277.38. 
 
Preparation of (E)-2-(N-(2-dimethylaminoethyl)-N-methyl 
aminomethyl)-3-phenyl acrylic acid, 12: aq. NaOH (2.9 mL, 
2.5 M, 7.3 mmol) was added to a solution of 11 (1.0 g, 3.6 mmol) 
in THF:MeOH (9:1, 20.0 mL) at 0 °C and the reaction was stirred 
overnight at room temperature. Upon completion (TLC), the 
solution was acidified to pH 6 with 1N HCl.  The solution was 
concentrated in vacuo and the resulting slurry was dissolved in 
isopropyl alcohol to effect the precipitation of sodium chloride. 
The reaction was then filtered and the filtrate was concentrated in 
vacuo to yield 671 mg (71%) of 12 as pale cream-colored semi-
solid.  1H NMR (400 MHz, CDCl3): δ (ppm) 7.96 (s, 1H), 7.33 – 
7.42 (m, 3H), 7.26 – 7.31 (m, 2H), 3.81 (s, 2H), 3.45 (m, 2H), 
3.19 (m, 2H), 2.89 (s, 6H), 2.43 (s, 3H); 13C NMR (101 MHz, 
DMSO-d6): δ (ppm) 169.5, 142.9, 134.9, 130.4, 129.5, 129.1, 
52.9, 52.7, 51.3, 42.6, 41.4; ESIMS: m/z calculated for 
C15H22N2O2 (M+H)+ 263.17, found 263.37. 
 
Preparation of N-propargyl (E)-2-(N-(2-dimethylamino 
ethyl)-N-methylaminomethyl)-3-phenyl acrylamide, 13a: The 
reaction of 12 (430 mg, 1.6 mmol) with propargyl amine (99 mg, 
1.8 mmol) as per the general amide-coupling procedure B 
yielded 364 mg (72%) of 13a as a pale orange liquid. 1H NMR 
(400 MHz, CDCl3): δ (ppm) 10.08 (s, 1H), 7.98 (s, 1H), 7.21 – 
7.39 (m, 5H), 4.11 (dd, J = 2.5, 5.3 Hz, 2H), 3.38 (s, 2H), 2.36 – 
2.50 (m, 4H), 2.24 (s, 6H), 2.17 (t, J = 2.6 Hz, 1H), 2.14 (s, 3H); 
13C NMR (101 MHz, CDCl3): δ (ppm) 167.9, 140.3, 136.1, 
130.9, 129.2, 128.4, 127.9, 80.9, 70.5, 56.8, 54.6, 52.8, 45.5, 
42.1, 29.1; ESIMS: m/z calculated for C18H25N3O (M+H)+ 
300.20, found 300.41. 
 
Preparation of Methyl (E)-2-(N-methylpiperazin-1-ylmethyl)-
3-phenyl acrylate, 14: Procedure similar to that of 11.  The 
reaction of 10 (1.0 g, 4.3 mmol) with N-methylpiperazine (512 
mg, 5.1 mmol) and K2CO3 (883 mg, 6.4 mmol) provided 943 mg 
(81%) of 14 as a pale cream liquid. 1H NMR (400 MHz, CDCl3): 
δ (ppm) 7.84 (s, 1H), 7.63 – 7.68 (m, 2H), 7.32 – 7.41 (m, 3H), 
3.81 (s, 3H), 3.35 (s, 2H), 2.31 – 2.63 (m, 8H), 2.26 (s, 3H); 13C 
NMR (101 MHz, CDCl3): δ (ppm) 169.3, 143.6, 135.6, 130.7, 
129.9, 129.1, 128.6, 55.5, 53.4, 52.8, 52.3, 46.3; ESIMS: m/z 
calculated for C16H22N2O2 (M+H)+ 275.17, found 275.10. 
 
Preparation of (E)-2-(N-methylpiperazin-1-ylmethyl)-3-
phenyl acrylic acid, 15: Procedure similar to that of 12.  The 
reaction of 14 (1.0 g, 3.6 mmol) and aq. NaOH (2.9 mL, 2.5 M, 
7.3 mmol) yielded 710 mg (74%) of 15 as a pale cream-colored 
solid.  1H NMR (400 MHz, CDCl3): δ (ppm) 8.02 (s, 1H), 7.38 – 
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7.42 (m, 3H), 7.30 – 7.32 (m, 2H), 3.66 (s, 2H), 2.95 – 3.10 (m, 
8H), 2.69 (s, 3H). 13C NMR (101 MHz, CDCl3): δ (ppm) 169.5, 
142.9, 134.6, 129.5, 128.8, 128.3, 127.9, 53.2, 52.9, 49.4, 43.4; 
ESIMS: m/z calculated for C15H20N2O2 (M+) 260.15, found 
260.80. 
 
Preparation of N-propargyl (E)-2-(N-methylpiperazin-1-
ylmethyl)-3-phenyl acrylamide, 13b: The reaction of 15 (210 
mg, 0.8 mmol) with propargyl amine (48 mg, 0.9 mmol) as per 
the general amide-coupling procedure B yielded 176 mg (71%) 
of 13b as a pale orange liquid. 1H NMR (400 MHz, CDCl3): δ 
(ppm) 10.08 (s, 1H), 7.90 (s, 1H), 7.27 – 7.31 (m, 2H), 7.22 – 
7.26 (m, 1H), 7.15 – 7.19 (m, 2H), 4.07 (dd, J = 2.6, 4.8 Hz, 2H), 
3.35 – 3.38 (m, 2H), 2.25 – 2.60 (m, 8H), 2.21 (s, 3H), 2.18 (t, J 
= 2.6 Hz, 1H); 13C NMR (101 MHz, CDCl3): δ (ppm) 167.9, 
140.8, 135.6, 129.4, 129.2, 128.5, 128.2, 80.4, 71.4, 55.3, 54.8, 
52.4, 46.2, 29.4; ESIMS: m/z calculated for C18H23N3O (M+H)+ 
298.19, found 298.40. 
 
Preparation of triazole 19a: To a stirred solution of alkyne 18 
(450 mg, 0.9 mmol) and azide 9a (198 mg, 0.9 mmol) in a 
mixture of t-butanol/water (1:1, 8.0 mL), was added CuSO4 (23 
mg, 0.1 mmol) and sodium ascorbate (36 mg, 0.2 mmol). The 
reaction mixture was stirred overnight at room temperature. Upon 
completion (TLC), the reaction was concentrated in vacuo and 
diluted with water to effect precipitation. The resulting solid was 
filtered, washed with water, and further purified via column 
chromatography (silica gel, methanol:dichloromethane, 2:3) to 
obtain 528 mg (89%) of 1,2,3-triazole 19a as a white solid.  Mp 
124 – 126 °C, 1H NMR (400 MHz, CDCl3): δ (ppm) 8.07 (s, 1H), 
7.74 (s, 1H), 7.62 (d, J = 7.4 Hz, 2H), 7.39 – 7.46 (m, 3H), 6.36 
(t, J = 5.2 Hz, 1H), 5.35 (s, 2H), 4.72 (s, 1H), 4.58 (s, 1H), 4.40 – 
4.56 (m, 2H), 3.84 (s, 3H), 3.11 (dt, J = 4.2, 11.0 Hz, 1H), 2.33 – 
2.49 (m, 3H), 0.70 – 2.04 (m, 21H), 1.66 (s, 3H), 1.03 (s, 3H), 
0.95 (s, 3H), 0.93 (s, 3H), 0.83 (s, 3H), 0.75 (s, 3H); 13C NMR 
(101 MHz, CDCl3): δ (ppm) 218.4, 176.5, 167.2, 151.1, 146.2, 
145.2, 133.7, 130.2, 129.9, 129.2, 125.1, 123.4, 109.6, 55.8, 55.1, 
52.8, 50.2, 50.1, 47.5, 47.1, 46.9, 42.6, 40.8, 39.8, 38.4, 37.9, 
37.0, 34.8, 34.3, 33.7, 33.6, 31.0, 29.5, 26.8, 25.8, 21.6, 21.2, 
19.8, 19.7, 16.1, 15.8, 14.7; ESIMS: m/z calculated for 
C44H60N4O4 (M+H)+ 709.47, found 709.55. 
 
Preparation of triazole 19b: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 18 with 
azide 9b. Yield: 88%; cream color solid; mp 98 – 101 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 7.62 (s, 1H), 7.33 – 7.46 (m, 
5H), 6.92 (s, 1H), 6.25 (t, J = 5.3 Hz, 1H), 5.31 – 5.42 (m, 2H), 
4.73 (s, 1H), 4.55 – 4.61 (m, 1H), 4.50 (dd, J = 5.5, 15.0 Hz, 1H), 
4.44 (dd, J = 5.5, 15.2 Hz, 1H), 3.42 – 3.50 (m, 2H), 3.12 (dt, J = 
4.3, 11.2 Hz, 1H), 3.00 (brs, 3H), 2.33 – 2.52 (m, 5H), 2.24 (brs, 
6H), 0.78 – 2.01 (m, 21H), 1.67 (s, 3H), 1.05 (s, 3H), 0.99 (s, 
3H), 0.94 (s, 3H), 0.87 (s, 3H), 0.82 (s, 3H); 13C NMR (101 
MHz, CDCl3): δ (ppm) 218.0, 176.2, 150.8, 145.0, 134.8, 134.0, 
130.2, 128.8 (2C), 128.7, 123.2, 109.4, 55.5, 54.9, 50.0, 49.9, 
48.5, 47.2, 46.6, 45.6, 42.4, 40.6, 39.6, 38.2, 37.7, 36.8, 34.7, 
34.1, 33.6, 33.4, 30.8, 29.6, 29.3, 26.6, 25.6, 21.4, 20.9, 19.6, 
19.4, 15.9, 15.6, 14.5; ESIMS: m/z 779.70 [100%, (M+H)+], 
HRMS-ESI: calculated for C48H70N6O3 [M+H] + 779.5582, found 
779.5578. 
 
Preparation of triazole 19c: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 18 with 
azide 9c. Yield: 90%; cream color solid; mp 134 – 137 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 7.61 (s, 1H), 7.34 – 7.43 (m, 
5H), 6.87 (s, 1H), 6.25 (m, 1H), 5.35 (s, 2H), 4.73 (s, 1H), 4.59 
(s, 1H), 4.52 (dd, J = 4.0, 16.0 Hz, 1H), 4.42 (dd, J = 4.0, 16.0 

Hz, 1H), 3.63 (m, 4H), 3.12 (dt, J = 4.3, 11.2 Hz, 1H), 2.34 – 
2.52 (m, 3H), 2.17 – 2.30 (m, 4H), 2.25 (s, 3H), 0.77 – 1.94 (m, 
21H), 1.67 (s, 3H), 1.05 (s, 3H), 1.01 (s, 3H), 0.94 (s, 3H), 0.87 
(s, 3H), 0.81 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 
218.4, 176.5, 169.0, 150.9, 145.3, 134.8, 134.1, 129.9, 129.1, 
129.0, 128.9, 123.7, 109.6, 55.8, 55.2, 54.9, 50.3, 50.1, 48.8, 
47.5, 46.9, 46.2, 42.7, 40.9, 39.8, 38.4, 37.9, 37.1, 34.9, 34.3, 
33.8, 33.7, 31.0, 29.6, 26.8, 25.8, 21.6, 21.2, 19.8, 19.7, 16.2, 
15.8, 14.8; ESIMS: m/z 777.65 [100%, (M+H)+], HRMS-ESI: 
calculated for C48H68N6O3 [M+Na]+ 799.5245, found 799.5239. 
 
Preparation of triazole 19d: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 18 with 
azide 9d. Yield: 85%; cream color solid; mp 108 – 110 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 9.89 (brs, 1H), 7.94 (s, 1H), 
7.59 (s, 1H), 7.22 – 7.40 (m, 5H), 6.37 (brs, 1H), 4.73 (s, 1H), 
4.56 – 4.60 (m, 3H), 4.51 (dd, J = 5.4, 15.0 Hz, 1H), 4.44 (dd, J = 
5.5, 15.0 Hz, 1H), 3.65 – 3.82 (m, 2H), 3.34 (s, 2H), 3.12 (dt, J = 
4.2, 11.1 Hz, 1H), 2.34 – 2.52 (m, 7H), 2.19 (brs, 3H), 2.07 (s, 
6H), 0.82 – 1.97 (m, 21H), 1.67 (s, 3H), 1.05 (s, 3H), 1.01 (s, 
3H), 0.94 (s, 3H), 0.90 (s, 3H), 0.84 (s, 3H); 13C NMR (101 
MHz, CDCl3): δ (ppm) 218.1, 176.4, 168.5, 150.8, 145.0, 140.1, 
135.6, 130.5, 128.9, 128.3, 127.9, 122.9, 109.4, 55.9, 55.5, 54.9, 
53.8, 52.7, 50.0, 49.9, 49.2, 47.3, 46.7, 44.9, 42.4, 41.6, 40.6, 
39.9, 39.6, 38.2, 37.7, 36.9, 34.7, 34.1, 33.6, 33.4, 30.8, 29.6, 
29.3, 26.6, 25.6, 21.4, 21.0, 19.7, 19.4, 15.9, 15.6, 14.5; ESIMS: 
m/z 822.65 [100%, (M+H)+], HRMS-ESI: calculated for 
C50H75N7O3 [M+Na]+ 844.5824, found 844.5831. 
 
Preparation of triazole 19e: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 18 with 
azide 9e. Yield: 87%; cream color solid; mp 118 – 120 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 9.87 (s, 1H), 7.92 (s, 1H), 
7.61 (s, 1H), 7.22 – 7.37 (m, 3H), 7.20 – 7.25 (m, 2H), 6.23 – 
6.29 (m, 1H), 4.73 (s, 1H), 4.59 (s, 1H), 4.38 – 4.55 (m, 4H), 
3.79 – 3.92 (m, 2H), 3.34 (s, 2H), 3.08 – 3.15 (m, 1H), 2.29 – 
2.52 (m, 11H), 2.25 (s, 3H), 0.76 – 1.92 (m, 21H), 1.75 (s, 3H), 
1.04 (s, 3H), 1.00 (s, 3H), 0.94 (s, 3H), 0.90 (s, 3H), 0.81 (s, 3H); 
13C NMR (101 MHz, CDCl3): δ (ppm) 218.3, 176.7, 168.9, 
150.9, 145.5, 140.9, 135.4, 129.5, 129.2, 128.5, 128.3, 123.2, 
109.7, 55.7, 55.2, 54.9, 54.9, 52.3, 50.2, 50.1, 49.9, 47.5, 46.9, 
45.9, 42.7, 40.9, 39.8, 39.4, 38.4, 38.0, 37.1, 35.0, 34.3, 33.8, 
33.7, 31.0, 29.6, 26.8, 25.8, 21.6, 21.2, 19.8, 19.7, 16.2, 15.8, 
14.8; ESIMS: m/z 820.70 [100%, (M+H)+], HRMS-ESI: 
calculated for C50H73N7O3 [M+H] + 820.5848, found 820.5877. 
 
Preparation of triazole 19f: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 18 with 
azide 9f. Yield: 91%; white solid; mp 139 – 141 °C; 1H NMR 
(400 MHz, CDCl3): δ (ppm) 7.62 (d, J = 15.6 Hz, 1H), 7.60 (s, 
1H), 7.46 – 7.51 (m, 2H), 7.32 – 7.36 (m, 3H), 6.26 – 6.42 (m, 
3H), 4.70 (s, 1H), 4.57 (s, 1H), 4.46 – 4.54 (m, 3H), 4.40 (dd, J = 
5.7, 15.0 Hz, 1H), 3.85 – 3.94 (m, 2H), 3.12 (dt, J = 4.4, 11.1 Hz, 
1H), 2.32 – 2.51 (m, 3H), 0.75 – 1.95 (m, 21H), 1.64 (s, 3H), 
1.02 (s, 3H), 0.98 (s, 3H), 0.92 (s, 3H), 0.88 (s, 3H), 0.80 (s, 3H); 
13C NMR (101 MHz, CDCl3): δ (ppm) 218.5, 176.9, 166.7, 
150.8, 145.7, 141.7, 134.8, 130.1, 129.0, 128.0, 123.6, 120.3, 
109.8, 55.8, 55.1, 50.2, 50.1, 49.9, 47.5, 46.9, 42.7, 40.8, 39.8, 
38.4, 37.9, 37.1, 35.0, 34.4, 33.8, 33.6, 31.0, 29.6, 26.8, 25.8, 
21.6, 21.2, 19.8, 19.6, 16.2, 15.9, 14.7; ESIMS: m/z 708.55 
[100%, (M+H)+], HRMS-ESI: calculated for C44H61N5O3 [M+H] + 
708.4847, found 708.4833. 
 
Preparation of Alcohol 20a: To a stirred solution of the 
appropriate ketone 19a (180 mg, 0.2 mmol) in methanol at 0 °C, 
was added NaBH4 (14 g, 0.4 mmol), and stirred for 2 h at room 
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temperature. Upon completion of reaction (as monitored by 
TLC), the reaction mixture was concentrated in vacuo, diluted 
with water and extracted with ethyl acetate (2 x 10.0 mL). The 
combined organic extracts were washed with brine (10.0 mL), 
dried over anhydrous Na2SO4, concentrated under vacuum and 
purified via column chromatography (silica gel, hexane:ethyl 
acetate, 1:2) to obtain 155 mg (86%) of pure alcohol 20a as a 
white solid. Mp 123 – 125 °C; 1H NMR (400 MHz, CDCl3): δ 
(ppm) 8.06 (s, 1H), 7.72 (s, 1H), 7.57 – 7.64 (m, 2H), 7.39 – 7.46 
(m, 3H), 6.49 (m, 1H), 5.33 (s, 2H), 4.70 (s, 1H), 4.56 (s, 1H), 
4.50 (dd, J = 5.7, 15.0 Hz, 1H), 4.41 (dd, J = 5.5, 15.0 Hz, 1H), 
3.82 (s, 3H), 3.03 – 3.22 (m, 2H), 2.34 (dt, J = 3.5, 12.7 Hz, 1H), 
0.59 – 2.02 (m, 24H), 1.64 (s, 3H), 0.91 (s, 3H), 0.90 (s, 3H), 
0.72 (s, 3H), 0.70 (s, 3H), 0.69 (s, 3H); 13C NMR (101 MHz, 
CDCl3): δ (ppm) 176.5, 167.2, 151.2, 146.2, 145.2, 133.8, 130.2, 
129.9, 129.2, 125.1, 123.3, 109.6, 79.1, 55.8, 55.5, 52.8, 50.8, 
50.3, 47.1, 47.0, 42.6, 40.9, 39.0, 38.9, 38.4, 37.9, 37.4, 34.8, 
34.5, 33.7, 31.1, 29.6, 28.2, 27.6, 25.8, 21.1, 19.7, 18.5, 16.3, 
16.0, 15.6, 14.8; ESIMS: m/z calculated for C44H62N4O4 (M+H)+ 
711.48, found 711.70. 
 
Preparation of 20b: Procedure similar to that of 20a. Yield: 
85%; cream color solid; mp 118 – 121 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 7.60 (s, 1H), 7.33 – 7.43 (m, 5H), 6.99 (s, 1H), 
6.25 – 6.34 (m, 1H), 5.35 (s, 2H), 4.72 (s, 1H), 4.58 (s, 1H), 4.49 
(dd, J = 5.6, 15.1 Hz, 1H), 4.42 (dd, J = 5.6, 15.1 Hz, 1H), 3.61 
(brs, 2H), 3.05 – 3.18 (m, 5H), 2.29 – 2.77 (m, 10H), 0.63 – 1.94 
(m, 23H), 1.66 (s, 3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.77 (s, 3H), 
0.76 (s, 3H), 0.73 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 
176.4, 150.8, 135.1, 133.9, 129.8, 128.84, 128.80, 128.78, 123.3, 
109.4, 78.9, 55.6, 55.3, 50.5, 50.1, 48.6, 46.8, 44.9, 44.8, 42.4, 
40.7, 38.8, 38.7, 38.2, 37.7, 37.1, 34.8, 34.3, 33.5, 30.8, 29.4, 
27.9, 27.4, 25.6, 20.9, 19.4, 18.3, 16.1, 15.8, 15.4, 14.6; ESIMS: 
m/z 781.70 [100%, (M+H)+], HRMS-ESI: calculated for 
C48H72N6O3 [M+Na]+ 803.5558, found 803.5558. 
 
Preparation of 20c: Procedure similar to that of 20a. Yield: 
88%; white solid; mp 134 – 136 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 7.60 (s, 1H), 7.34 – 7.42 (m, 5H), 6.86 (s, 1H), 
6.24 (t, J = 5.6 Hz, 1H), 5.34 (s, 2H), 4.73 (s, 1H), 4.58 (s, 1H), 
4.52 (dd, J = 5.6, 15.1 Hz, 1H), 4.42 (dd, J = 5.6, 15.1 Hz, 1H), 
3.66 (m, 4H), 3.06 – 3.19 (m, 2H), 2.17 – 2.35 (m, 5H), 2.26 (s, 
3H), 0.63 – 1.93 (m, 24H), 1.67 (s, 3H), 0.94 (s, 3H), 0.93 (s, 
3H), 0.76 (s, 6H), 0.73 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 
(ppm) 176.3, 168.8, 150.8, 145.1, 134.6, 133.8, 129.6, 128.8, 
128.8, 128.7, 123.5, 109.3, 78.8, 55.7, 55.3, 54.7, 50.5, 50.1, 
48.5, 46.7, 45.8, 42.4, 40.7, 38.8, 38.7, 38.2, 37.7, 37.1, 34.7, 
34.3, 33.5, 30.8, 29.4, 27.9, 27.4, 25.6, 20.9, 19.5, 18.3, 16.1, 
15.8, 15.4, 14.6; ESIMS: m/z 779.70 [100%, (M+H)+], HRMS-
ESI: calculated for C48H70N6O3 [M+Na]+ 801.5402, found 
801.5443. 
 
Preparation of 20d: Procedure similar to that of 20a. Yield: 
90%; cream color solid; mp 119 – 122 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 9.95 (s, 1H), 7.96 (s, 1H), 7.58 (s, 1H), 7.24 – 
7.41 (m, 5H), 6.33 (s, 1H), 4.72 (s, 1H), 4.55 – 4.64 (m, 3H), 
4.51 (dd, J = 5.5, 15.0 Hz, 1H), 4.43 (dd, J = 5.5, 15.0 Hz, 1H), 
3.69 – 3.83 (m, 2H), 3.33 (s, 2H), 3.06 – 3.20 (m, 2H), 2.29 – 
2.42 (m, 4H), 2.07 (brs, 3H), 2.07 (s, 6H), 0.63 – 1.95 (m, 25H), 
1.67 (s, 3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.80 (s, 3H), 0.79 (s, 3H), 
0.74 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 176.4, 168.5, 
150.8, 144.9, 140.1, 135.6, 130.5, 129.0, 128.2, 127.9, 122.9, 
109.4, 78.9, 56.1, 55.6, 55.3, 54.0, 52.5, 50.6, 50.1, 49.2, 46.8, 
45.0, 42.4, 41.7, 40.7, 39.9, 38.8, 38.7, 38.2, 37.7, 37.2, 34.7, 
34.3, 33.5, 30.9, 29.4, 27.9, 27.4, 25.6, 20.9, 19.4, 18.2, 16.1, 
15.8, 15.4, 14.6; ESIMS: m/z 824.75 [100%, (M+H)+], HRMS-

ESI: calculated for C50H77N7O3 [M+Na]+ 846.5980, found 
846.5983. 
 
Preparation of 20e: Procedure similar to that of 20a. Yield: 
89%; cream color solid; mp 130 – 132 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 9.86 (t, J = 4.0 Hz, 1H), 7.92 (s, 1H), 7.58 (s, 
1H), 7.20 – 7.39 (m, 5H), 6.26 (t, J = 5.7 Hz, 1H), 4.73 (s, 1H), 
4.58 (s, 1H), 4.46 – 4.56 (m, 3H), 4.40 (dd, J = 5.6, 15.0 Hz, 1H), 
3.79 – 3.91 (m, 2H), 3.34 (s, 2H), 3.08 – 3.18 (m, 2H), 2.21 – 
2.48 (m, 10H), 2.25 (s, 3H), 0.64 – 1.92 (m, 25H), 1.67 (s, 3H), 
0.94 (s, 3H), 0.93 (s, 3H), 0.80 (s, 3H), 0.76 (s, 3H), 0.74 (s, 3H); 
13C NMR (101 MHz, CDCl3): δ (ppm) 176.5, 168.7, 150.8, 
145.3, 140.8, 135.2, 129.3, 128.9, 128.3, 128.0, 123.1, 109.4, 
78.8, 55.6, 55.3, 54.8, 54.6, 52.1, 50.5, 50.1, 49.7, 46.8, 45.7, 
42.4, 40.7, 39.2, 38.8, 38.7, 38.2, 37.8, 37.2, 34.7, 34.3, 33.5, 
30.8, 29.4, 27.9, 27.4, 25.6, 20.9, 19.4, 18.2, 16.2, 15.8, 15.4, 
14.6; ESIMS: m/z 822.70 [100%, (M+H)+], HRMS-ESI: 
calculated for C50H75N7O3 [M+Na]+ 844.5824, found 844.5852. 
 
Preparation of 20f: Procedure similar to that of 20a. Yield: 
90%; gray color solid; mp 185 – 187 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 7.63 (d, J = 15.6 Hz, 1H), 7.60 (s, 1H), 7.45 – 
7.53 (m, 2H), 7.33 – 7.60 (m, 3H), 6.38 (d, J = 15.6 Hz, 1H), 
6.24 – 6.35 (m, 2H), 4.71 (s, 1H), 4.57 (s, 1H), 4.38 – 4.54 (m, 
4H), 3.86 – 3.93 (m, 2H), 3.06 – 3.17 (m, 2H), 2.26 – 2.39 (m, 
1H), 0.62 – 1.94 (m, 24H), 1.65 (s, 3H), 0.92 (s, 6H), 0.78 (s, 
3H), 0.75 (s, 3H), 0.73 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 
(ppm) 176.7, 166.4, 150.7, 145.5, 141.6, 134.6, 129.8, 128.8, 
127.8, 123.4, 120.0, 109.4, 78.9, 55.6, 55.3, 50.5, 50.1, 49.7, 
46.7, 42.4, 40.7, 39.5, 38.8, 38.7, 38.2, 37.8, 37.1, 34.7, 34.3, 
33.4, 30.8, 29.4, 27.9, 27.4, 25.6, 20.9, 19.4, 18.2, 16.1, 15.8, 
15.4, 14.6; ESIMS: m/z calculated for C44H63N5O3 (M+H)+ 
710.50, found 710.65. 
 
Preparation of succinic acid hemiester 21a: A stirred solution 
of alcohol 20a (110 mg, 0.1 mmol), DMAP (19 mg, 0.1 mmol), 
and succinic anhydride (31 mg, 0.3 mmol) in toluene (4.0 mL) 
was refluxed overnight. Upon completion (TLC), the reaction 
mixture was concentrated in vacuo, diluted with water, and 
extracted with ethyl acetate (2 x 10.0 mL). The combined 
extracts were washed with brine (10.0 mL), dried over anhydrous 
Na2SO4, concentrated under reduced pressure, and purified using 
column chromatography (silica gel, hexanes:ethyl acetate, 1:3) to 
obtain 109 mg (87%) of pure succinic acid hemi ester 21a as a 
white solid.  Mp 122 – 125 °C; 1H NMR (400 MHz, CDCl3): δ 
(ppm) 8.07 (s, 1H), 7.73 (s, 1H), 7.58 – 7.63 (m, 2H), 7.41 – 7.47 
(m, 3H), 6.71 (t, J = 5.9 Hz, 1H), 5.34 (s, 2H), 4.71 (s, 1H), 4.57 
(s, 1H), 4.43 – 4.50 (m, 3H), 3.84 (s, 3H), 3.10 (dt, J = 4.3, 11.1 
Hz, 1H), 2.57 – 2.69 (m, 4H), 2.32 (dt, J = 3.6, 12.3 Hz, 1H), 
0.65 – 1.98 (m, 23H), 1.66 (s, 3H), 0.92 (s, 3H), 0.80 (s, 3H), 
0.78 (s, 3H), 0.75 (s, 3H), 0.68 (s, 3H); 13C NMR (101 MHz, 
CDCl3): δ (ppm) 176.6, 176.3, 171.9, 166.9, 150.9, 146.1, 144.9, 
133.5, 130.0, 129.7, 128.9, 124.7, 123.4, 109.3, 81.4, 55.6, 55.5, 
52.6, 50.4, 50.1, 46.9, 46.8, 42.4, 40.6, 38.4, 38.1, 37.8, 37.7, 
37.0, 34.2, 34.0, 33.3, 30.8, 29.4, 29.3, 29.1, 27.8, 25.5, 23.6, 
20.9, 19.4, 18.1, 16.5, 16.1, 15.7, 14.6; ESIMS: m/z 811.65 
[100%, (M+H)+], HRMS-ESI: calculated for C48H66N4O7 [M+H] + 

811.5004, found 811.5038. 
 
Preparation of succinic acid hemiester 21b: Procedure similar 
to that of 21a. Yield: 80%; cream color solid; mp 130 – 132 °C; 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.60 (s, 1H), 7.33 – 7.43 
(m, 5H), 6.99 (s, 1H), 6.29 (m, 1H), 5.33 (s, 2H), 4.72 (s, 1H), 
4.58 (s, 1H), 4.39 – 4.50 (m, 3H), 3.55 – 3.70 (m, 2H), 3.07 – 
3.18 (m, 1H), 3.05 (brs, 3H), 2.70 (m, 1H), 2.29 – 2.77 (m, 8H), 
2.24 – 2.40 (m, 4H), 0.63 – 1.94 (m, 23H), 1.66 (s, 3H), 0.92 (s, 
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3H), 0.80 (s, 6H), 0.76 (s, 3H), 0.75 (s, 3H); 13C NMR (101 
MHz, CDCl3): δ (ppm) 176.5, 176.3, 172.6, 150.8, 145.4, 135.1, 
133.8, 129.8, 129.7, 128.9, 128.7, 113.9, 109.5, 80.9, 55.6, 55.4, 
50.4, 50.1, 48.6, 46.8, 43.8, 42.4, 40.7, 38.3, 38.2, 37.8, 37.7, 
37.0, 34.6, 34.2, 33.4, 30.8, 30.1, 30.0, 29.7, 29.4, 27.9, 25.5, 
23.6, 20.9, 19.4, 18.1, 16.5, 16.2, 15.8, 14.6; ESIMS: m/z 
calculated for C52H76N6O6 (M+H)+ 881.59, found 881.58. 
 
Preparation of succinic acid hemiester 21c: Procedure similar 
to that of 21a. Yield: 83%; cream color solid; mp 142 – 145 °C; 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.61 (s, 1H), 7.36 – 7.44 
(m, 5H), 6.88 (s, 1H), 6.58 (t, J = 5.7 Hz, 1H), 5.34 (s, 2H), 4.72 
(s, 1H), 4.58 (s, 1H), 4.43 – 4.50 (m, 3H), 3.73 (brs, 4H) 3.12 (dt, 
J = 5.4, 11.0 Hz, 1H), 2.57 – 2.65 (m, 4H), 2.26 – 2.53 (m, 5H), 
2.36 (s, 3H), 0.72 – 1.96 (m, 23H), 1.67 (s, 3H), 0.93 (s, 3H), 
0.82 (s, 3H), 0.81 (s, 3H), 0.77 (s, 3H), 0.74 (s, 3H); 13C NMR 
(101 MHz, CDCl3): δ (ppm) 176.6, 175.8, 172.3, 168.9, 150.8, 
145.4, 135.1, 133.7, 129.1, 128.9, 128.9, 128.7, 123.5, 109.4, 
81.1, 55.6, 55.4, 53.8, 50.4, 50.1, 48.6, 46.8, 44.7, 42.4, 40.7, 
38.4, 38.1, 37.8, 37.7, 37.0, 34.5, 34.2, 33.4, 30.8, 29.8, 29.6, 
29.6, 29.4, 27.9, 25.5, 23.6, 20.9, 19.4, 18.1, 16.5, 16.2, 15.8, 
14.6; ESIMS: m/z calculated for C52H74N6O6 (M+H)+ 879.57, 
found 879.65. 
 
Preparation of succinic acid hemiester 21d: Procedure similar 
to that of 21a. Yield: 82%; white solid; mp 114 – 116 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 9.68 (s, 1H), 7.91 (s, 1H), 
7.60 (s, 1H), 7.27 – 7.39 (m, 3H), 7.20 – 7.25 (m, 2H), 6.66 (t, J 
= 5.5 Hz, 1H), 4.72 (s, 1H), 4.58 (s, 1H), 4.40 – 4.57 (m, 5H), 
3.73 – 3.85 (m, 2H), 3.34 (s, 2H), 3.12 (dt, J = 4.2, 10.8 Hz, 1H), 
2.40 – 2.68 (m, 8H), 2.34 (m, 1H), 2.28 (s, 6H), 2.05 (s, 3H), 
0.72 – 1.98 (m, 23H), 1.66 (s, 3H), 0.92 (s, 3H), 0.81 (s, 9H), 
0.77 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 176.5 (2C), 
172.7, 168.5, 150.8, 145.3, 140.3, 135.5, 130.3, 129.0, 128.3, 
127.9, 123.0, 109.4, 80.9, 55.6, 55.4, 55.2, 53.9, 53.5, 53.1, 50.6, 
50.5, 50.1, 49.4, 46.7, 44.1, 42.4, 41.4, 40.7, 39.6, 38.4, 38.2, 
37.8, 37.7, 37.1, 34.6, 34.2, 33.4, 30.9, 29.4, 27.9, 25.5, 23.7, 
20.9, 19.4, 18.1, 16.5, 16.2, 15.8, 14.6; ESIMS: m/z calculated 
for C54H81N7O6 (M+H)+ 924.63, found 924.70. 
 
Preparation of succinic acid hemiester 21e: Procedure similar 
to that of 21a. Yield: 84%; cream color solid; mp 132 – 134 °C; 
1H NMR (400 MHz, CDCl3): δ 9.64 (m, 1H), 7.94 (s, 1H), 7.64 
(s, 1H), 7.28 – 7.40 (m, 3H), 7.19 – 7.23 (m, 2H), 6.52 (t, J = 5.0 
Hz, 1H), 4.72 (s, 1H), 4.59 (s, 1H), 4.38 – 4.51 (m, 5H), 3.88 – 
3.92 (m, 2H), 3.38 (s, 2H), 3.11 (dt, J = 4.4, 11.0 Hz, 1H), 2.40 – 
2.76 (m, 10H), 2.44 (s, 3H), 2.33 (m, 3H), 0.71 – 1.95 (m, 23H), 
1.67 (s, 3H), 0.93 (s, 3H), 0.81 (s, 6H), 0.79 (s, 3H), 0.75 (s, 3H); 
13C NMR (101 MHz, CDCl3): δ 176.7 (2C), 172.6, 168.5, 150.7, 
145.7, 141.5, 134.9, 128.9, 128.7, 128.5, 128.3, 123.5, 109.5, 
80.9, 55.6, 55.4, 54.2, 53.3, 50.6, 50.4, 50.1, 50.0, 46.8, 44.0, 
42.4, 40.7, 39.0, 38.3, 38.2, 37.8, 37.7, 37.1, 34.6, 34.3, 33.4, 
30.8, 29.7, 29.4, 27.9, 25.5, 23.6, 20.9, 19.4, 18.1, 16.5, 16.2, 
15.8, 14.6; ESIMS: m/z  calculated for C54H79N7O6 (M+H)+ 
922.62, found 922.75. 
 
Preparation of succinic acid hemiester 21f: Procedure similar 
to that of 21a. Yield: 81%; yellow solid; mp 141 – 144 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 7.64 (d, J = 15.6 Hz, 1H), 
7.63 (s, 1H), 7.46 – 7.52 (m, 2H), 7.34 – 7.38 (m, 3H), 6.60 – 
6.69 (m, 1H), 6.40 (d, J = 15.5 Hz, 1H), 6.26 – 6.34 (m, 1H), 
4.70 (s, 1H), 4.57 (s, 1H), 4.39 – 4.54 (m, 5H), 3.80 – 3.97 (m, 
2H), 3.09 (dt, J = 4.1, 11.0 Hz, 1H), 2.59 – 2.70 (m, 4H), 2.22 – 
2.33 (m, 1H), 0.66 – 1.91 (m, 23H), 1.65 (s, 3H), 0.91 (s, 3H), 
0.80 (s, 3H), 0.79 (s, 6H), 0.71 (s, 3H); 13C NMR (101 MHz, 
CDCl3): δ (ppm) 176.9 (2C), 172.2, 166.6, 150.7, 145.3, 141.8, 

134.5, 129.9, 128.8, 127.9, 123.6, 119.9, 109.5, 81.4, 55.6, 55.4, 
50.4, 50.0, 49.8, 46.8, 42.4, 40.7, 39.5, 38.3, 38.1, 37.8, 37.7, 
37.0, 34.3, 34.2, 33.3, 30.8, 29.6, 29.3, 27.8, 25.5, 23.6, 20.9, 
19.4, 18.1, 16.5, 16.2, 15.7, 14.6; ESIMS: m/z 810.75 [100%, 
(M+H)+], HRMS-ESI: calculated for C48H67N5O6 [M+H] + 

832.4984, found 832.5026. 
 
Preparation of N-Propargyl pyrazinylbetulinamide 23: The 
title compound was prepared by the reaction of compound 22 
(450 mg, 0.9 mmol) and propargyl amine (60 mg, 1.1 mmol) as 
per the general amide-coupling procedure A to yield 387 mg 
(80%) of 23 as a white solid. Mp 122 – 125 °C; 1H NMR (400 
MHz, CDCl3): δ (ppm) 8.38 (s, 1H), 8.25 (s, 1H), 5.77 – 5.89 (m, 
1H), 4.74 (s, 1H), 4.60 (s, 1H), 3.93 – 4.10 (m, 2H), 3.11 – 3.16 
(m, 1H), 3.01 (d, J = 16.6 Hz, 1H), 2.36 – 2.56 (m, 2H), 2.16 – 
2.20 (m, 1H), 0.73 – 1.96 (m, 19H), 1.68 (s, 3H), 1.27 (s, 3H), 
1.25 (s, 3H), 1.00 (s, 6H), 0.78 (s, 3H); 13C NMR (101 MHz, 
CDCl3): δ (ppm) 176.2, 159.8, 151.0, 150.8, 142.4, 141.6, 109.7, 
80.5, 71.2, 55.8, 53.2, 50.3, 49.0, 48.8, 46.8, 42.7, 40.8, 39.7, 
38.3, 37.9, 36.9, 33.7, 33.6, 31.7, 31.0, 29.6, 29.2, 25.8, 24.2, 
21.7, 20.3, 19.8, 16.3, 15.9, 14.8; ESIMS: m/z calculated for 
C35H49N3O (M+H)+ 528.81, found 528.60. 
 
Preparation of triazole 24a: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 23 with 
azide 9a.  Yield: 82%; white solid; mp 127 – 129 °C; 1H NMR 
(400 MHz, CDCl3): δ 8.32 (s, 1H), 8.20 (s, 1H), 7.98 (s, 1H), 
7.68 (s, 1H), 7.49 – 7.60 (m, 2H), 7.45 – 7.29 (m, 3H), 6.30 (brs, 
1H), 5.29 (s, 2H), 4.68 (s, 1H), 4.55 (s, 1H), 4.37 – 4.49 (m, 2H), 
3.78 (s, 3H), 3.07 (dt, J = 4.3, 11.2 Hz, 1H), 2.93 (d, J = 16.4 Hz, 
1H), 2.30 – 2.43 (m, 2H), 0.61 – 1.93 (m, 19H), 1.62 (s, 3H), 
1.20 (s, 3H), 1.15 (s, 3H), 0.91 (s, 3H), 0.73 (s, 3H), 0.66 (s, 3H); 
13C NMR (101 MHz, CDCl3): δ 176.5, 167.2, 159.8, 151.1, 
150.9, 146.2, 142.5, 141.7 (2C), 133.7 (2C), 130.2, 129.9, 129.2, 
125.0, 109.7, 55.9, 53.2, 52.8, 50.3, 49.0, 48.9, 47.1, 46.9, 42.7, 
40.8, 39.6, 38.4, 38.0, 36.9, 34.9, 33.7, 33.5, 31.7, 31.1, 29.6, 
25.8, 24.2, 21.6, 20.3, 19.8, 16.3, 15.6, 14.8; ESIMS: m/z 
calculated for C46H60N6O3 (M+H)+ 745.48, found 745.45. 
 
Preparation of triazole 24b: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 23 with 
azide 9b.  Yield: 84%; white solid; mp 131 – 133 °C; 1H NMR 
(400 MHz, CDCl3): δ 8.39 (d, J = 2.4 Hz, 1H), 8.26 (d, J = 2.4 
Hz, 1H), 7.63 (s, 1H), 7.29 – 7.48 (m, 5H), 6.95 (brs, 1H), 6.23 – 
6.30 (m, 1H), 5.31 – 5.39 (m, 2H), 4.76 (s, 1H), 4.61 (s, 1H), 
4.51 (dd, J = 5.4, 15.1 Hz, 1H), 4.44 (dd, J = 5.6, 15.2 Hz, 1H), 
3.39 – 3.54 (m, 2H), 3.13 (dt, J = 4.2, 10.9 Hz, 1H), 2.92 – 3.05 
(m, 4H), 2.33 – 2.51 (m, 4H), 2.12 – 2.31 (brs, 6H), 0.73 – 1.97 
(m, 19H), 1.69 (s, 3H), 1.28 (s, 3H), 1.25 (s, 3H), 0.99 (s, 3H), 
0.86 (s, 3H), 0.75 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 176.2, 
159.6, 150.8, 150.7, 145.0, 142.2, 141.4 (2C), 134.8, 134.0, 
130.2, 128.8, 128.7, 123.2, 109.4, 55.6, 53.0, 50.0, 48.8, 48.6, 
48.6, 46.6, 45.6, 42.4, 40.6, 39.4, 38.2, 37.7, 36.7, 34.7, 33.4, 
33.3, 31.4, 30.9, 29.4, 25.6, 24.0, 21.4, 20.0, 19.5, 16.0, 15.4, 
14.6; ESIMS: m/z calculated for C50H70N8O2 (M+H)+ 815.57, 
found 815.30. 
 
Preparation of triazole 24c: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 23 with 
azide 9c.  Yield: 84%; white solid; mp 137 – 140 °C; 1H NMR 
(400 MHz, CDCl3): δ (ppm) 8.33 (d, J = 2.4 Hz, 1H), 8.20 (d, J = 
2.4 Hz, 1H), 7.55 (s, 1H), 7.29 – 7.41 (m, 5H), 6.80 (s, 1H), 6.20 
- 6.30 (m, 1H), 5.35 (s, 2H), 4.70 (s, 1H), 4.56 (s, 1H), 4.46 (dd, 
J = 5.5, 15.0 Hz, 1H), 4.36 (dd, J = 5.5, 15.0 Hz, 1H), 3.60 (brs, 
4H), 3.12 (dt, J = 4.3, 11.2 Hz, 1H), 3.01 (d, J = 16.6 Hz, 1H), 
2.05 – 2.39 (m, 9H), 0.64 – 1.89 (m, 19H), 1.63 (s, 3H), 1.22 (s, 
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3H), 1.19 (s, 3H), 0.93 (s, 3H), 0.78 (s, 3H), 0.69 (s, 3H); 13C 
NMR (101 MHz, CDCl3): δ (ppm) 176.6, 169.0, 159.8, 151.0, 
150.9, 145.3, 142.5, 141.7 (2C), 134.8, 134.1, 129.9, 129.0, 
128.9, 123.7, 109.7, 55.8, 54.9, 53.2, 50.3, 49.0, 48.9, 48.8, 46.9, 
46.2, 42.7, 40.8, 39.6, 38.4, 37.9, 36.9, 34.9, 33.7, 33.5, 31.7, 
31.1, 29.6, 25.8, 24.2, 21.6, 20.3, 19.8, 16.3, 15.6, 14.8; ESIMS: 
m/z 835.75 [100%, (M+Na)+], HRMS-ESI: calculated for 
C50H68N8O2 [M+H] + 813.5538, found 813.5503. 
 
Preparation of triazole 24d: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 23 with 
azide 9d.  Yield: 85%; white solid; mp 112 – 114 °C; 1H NMR 
(400 MHz, CDCl3): δ (ppm) 9.96 (s, 1H), 8.39 (d, J = 2.3 Hz, 
1H), 8.26 (d, J = 2.4 Hz, 1H), 7.95 (s, 1H), 7.59 (s, 1H), 7.28 – 
7.39 (m, 3H), 7.21 – 7.25 (m, 2H), 6.37 (s, 1H), 4.75 (s, 1H), 
4.61 (s, 1H), 4.60 – 4.55 (m, 2H), 4.50 (dd, J = 5.4, 15.1 Hz, 1H), 
4.44 (dd, J = 5.4, 15.1 Hz, 1H), 3.82 – 3.65 (m, 2H), 3.33 (s, 2H), 
3.13 (dt, J = 4.3, 11.2 Hz, 1H), 3.01 (d, J = 16.6 Hz, 1H), 2.51 – 
2.26 (m, 6H), 2.14 (s, 6H), 2.06 (s, 3H), 0.76 – 1.97 (m, 19H), 
1.69 (s, 3H), 1.28 (s, 3H), 1.26 (s, 3H), 0.98 (s, 3H), 0.88 (s, 3H), 
0.78 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 176.4, 168.4, 
159.6, 150.8, 150.7, 144.9, 142.2, 141.4, 140.1, 135.6, 130.5, 
128.9, 128.2, 127.9, 122.9, 109.4, 56.1, 55.6, 53.9, 53.0, 52.5, 
50.0, 49.2, 48.8, 48.6, 46.6, 45.0, 42.4, 41.6, 40.6, 39.9, 39.4, 
38.2, 37.7, 36.7, 34.7, 33.4, 33.3, 31.4, 30.9, 29.3, 25.6, 24.0, 
21.4, 20.0, 19.5, 16.1, 15.4, 14.7; ESIMS: m/z  calculated for 
C52H75N9O2 (M+H)+ 858.61, found 858.75. 
 
Preparation of triazole 24e: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 23 with 
azide 9e.  Yield: 87%; cream color solid; mp 132 – 135 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 9.79 (s, 1H), 8.33 (s, 1H), 
8.20 (s, 1H), 7.85 (s, 1H), 7.58 (s, 1H), 7.15 – 7.30 (m, 5H), 6.37 
(s, 1H), 4.69 (s, 1H), 4.55 (s, 1H), 4.34 – 4.51 (m, 4H), 3.69 – 
3.91 (m, 2H), 3.28 (s, 2H), 3.00 – 3.14 (m, 1H), 2.95 (d, J = 16.4 
Hz, 1H), 2.14 – 2.52 (m, 13H), 0.68 – 1.93 (m, 19H), 1.63 (s, 
3H), 1.21 (s, 3H), 1.20 (s, 3H), 0.92 (s, 3H), 0.79 (s, 3H), 0.72 (s, 
3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 176.7, 168.9, 159.8, 
150.9, 150.8, 145.6, 142.5, 141.7, 141.0, 135.4, 129.4, 129.2, 
128.5, 128.3, 123.4, 109.8, 55.8, 54.9, 54.8, 53.2, 52.2, 50.2, 
49.9, 48.9, 48.8, 46.9, 45.8, 42.7, 40.8, 39.7, 39.4, 38.4, 38.0, 
36.9, 34.9, 33.7, 33.5, 31.7, 31.1, 29.6, 25.8, 24.3, 21.6, 20.3, 
19.7, 16.4, 15.6, 14.8; ESIMS: m/z  calculated for C52H73N9O2 
(M+H)+ 856.60, found 856.70. 
 
Preparation of triazole 24f: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 23 with 
azide 9f.  Yield: 88%; white solid; mp 150 – 152 °C; 1H NMR 
(400 MHz, CDCl3): δ (ppm) 8.39 (s, 1H), 8.26 (s, 1H), 7.63 (d, J 
= 15.6 Hz, 1H), 7.61 (s, 1H), 7.45 – 7.52 (m, 2H), 7.30 – 7.39 (m, 
3H), 6.26 – 6.42 (m, 3H), 4.74 (s, 1H), 4.60 (s, 1H), 4.37 – 4.56 
(m, 4H), 3.84 – 3.95 (m, 2H), 3.05 – 3.17 (m, 1H), 3.00 (d, J = 
16.5 Hz, 1H), 2.34 – 2.49 (m, 2H), 0.72 – 1.99 (m, 19H), 1.67 (s, 
3H), 1.26 (s, 3H), 1.25 (s, 3H), 0.97 (s, 3H), 0.84 (s, 3H), 0.77 (s, 
3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 176.9, 166.7, 159.8, 
150.9, 150.8, 145.7, 142.5, 141.9, 141.7, 134.8, 130.1, 129.0, 
128.1, 123.7, 120.3, 109.8, 55.8, 53.2, 50.2, 49.9, 49.0, 48.8, 
46.9, 42.7, 40.8, 39.8, 39.7, 38.4, 38.0, 36.9, 35.0, 33.6, 33.5, 
31.7, 31.1, 29.6, 25.8, 24.3, 21.7, 20.2, 19.7, 16.4, 15.7, 14.8; 
ESIMS: m/z  calculated for C46H61N7O2 (M+H)+ 744.50, found 
744.55. 
 
Preparation of N-Propargyl indolylbetulinamide 26: The title 
compound was prepared by the reaction of compound 25 (300 
mg, 0.6 mmol) and propargyl amine (37.5 mg, 0.7 mmol) as per 
the general amide-coupling procedure A to yield 224 mg (71%) 

of 26 as a yellow solid. Mp  251 – 254 °C; 1H NMR (400 
MHz, DMSO-d6): δ (ppm) 10.64 (s, 1H), 7.98 (s, 1H), 7.26 (d, J 
= 7.7 Hz, 1H), 7.20 (d, J = 7.8 Hz, 1H), 6.81 – 6.98 (m, 2H), 4.68 
(s, 1H), 4.55 (s, 1H), 3.65 – 3.92 (m, 2H), 2.99 – 3.12 (m, 1H), 
2.73 (d, J = 15.2 Hz, 1H), 2.50 – 2.63 (m, 1H), 2.10 – 2.18 (m, 
1H), 2.03 (d, J = 15.1 Hz, 1H), 0.67 – 1.77 (m, 19H), 1.64 (s, 
3H), 1.24 (s, 3H), 1.13 (s, 3H), 0.95 (s, 3H), 0.92 (s, 3H), 0.77 (s, 
3H); 13C NMR (101 MHz, DMSO-d6): δ (ppm) 176.1, 151.5, 
141.9, 136.9, 128.3, 120.6, 118.4, 117.9, 111.1, 109.9, 105.5, 
82.6, 72.5, 55.6, 53.8, 50.3, 49.6, 46.9, 42.6, 41.0, 40.8, 39.6, 
38.5, 38.0, 37.6, 34.6, 33.9, 32.7, 31.1, 30.9, 29.6, 28.5, 26.1, 
23.3, 21.8, 19.7, 19.5, 16.9, 16.3, 15.0; ESIMS: m/z calculated 
for C39H52N2O (M-H)+ 563.40, found 563.50. 
 
Preparation of triazole 27a: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 26 with 
azide 9a.  Yield: 80%; tan color solid; mp 133 – 136 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.01 (s, 1H), 7.48 – 7.76 (m, 
4H), 7.34 – 7.42 (m, 3H), 7.27 – 7.45 (m, 2H), 6.96 – 7.07 (m, 
2H), 6.26 (m, 1H), 5.30 (s, 2H), 4.71 (s, 1H), 4.56 (s, 1H), 4.45 – 
4.53 (m, 1H), 4.39 (dd, J = 5.9, 14.9 Hz, 1H), 3.79 (s, 3H), 3.12 
(dt, J = 6.2, 12.1 Hz, 1H), 2.74 (d, J = 14.9 Hz, 1H), 2.33 – 2.43 
(m, 1H), 2.05 (d, J = 14.8 Hz, 1H), 0.68 – 1.98 (m, 19H), 1.64 (s, 
3H), 1.20 (s, 3H), 1.08 (s, 3H), 0.93 (s, 3H), 0.76 (s, 3H), 0.73 (s, 
3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 175.3, 165.9, 149.9, 
144.9, 143.9, 139.8, 135.1, 132.5, 128.9, 128.7, 127.9, 127.3, 
123.8, 122.1, 119.8, 117.8, 116.8, 109.3, 108.4, 105.9, 54.6, 52.2, 
51.5, 49.1, 49.0, 48.4, 45.8, 41.4, 39.7, 37.2, 37.2, 36.9, 36.2, 
33.8, 33.1, 32.5, 29.8, 29.8, 28.7, 28.4, 24.7, 22.1, 20.4, 18.4, 
18.2, 15.3, 14.6, 13.6; ESIMS: m/z 782.85 [100%, (M+H)+]; 
HRMS-ESI: calculated for C50H63N5O3 [M+H] + 782.5004, found 
782.4986. 
 
Preparation of triazole 27f: Procedure similar to that of 19a. 
This compound was prepared by the reaction of alkyne 26 with 
azide 9f.  Yield: 81%; tan color solid; mp 167 – 169 °C; 1H NMR 
(400 MHz, CDCl3): δ (ppm) 7.75 (s, 1H), 7.64 (d, J = 15.4 Hz, 
1H), 7.61 (s, 1H), 7.44 - 7.54 (m, 2H), 7.33 – 7.41 (m, 4H), 7.28 
– 7.32 (m, 1H), 7.00 – 7.13 (m, 2H), 6.38 (d, J = 15.7 Hz, 1H), 
6.29 – 6.36 (m, 1H), 6.20 – 6.28 (m, 1H), 4.75 (s, 1H), 4.61 (s, 
1H), 4.37 – 4.57 (m, 4H), 3.87 – 3.96 (m, 2H), 3.05 – 3.20 (m, 
1H), 2.80 (d, J = 15.1 Hz, 1H), 2.33 – 2.50 (m, 1H), 2.11 (d, J = 
15.1 Hz, 1H), 0.76 – 1.96 (m, 19H), 1.68 (s, 3H), 1.26 (s, 3H), 
1.17 (s, 3H), 0.99 (s, 3H), 0.85 (s, 3H), 0.83 (s, 3H); 13C NMR 
(101 MHz, CDCl3): δ (ppm) 177.0, 166.7, 150.9, 145.7, 141.9, 
141.2, 136.4, 134.8, 130.1, 129.1, 128.5, 128.1, 123.6, 121.1, 
120.2, 119.0, 118.1, 110.6, 109.9, 107.0, 55.9, 53.5, 50.3, 49.9, 
49.6, 47.0, 42.7, 41.0, 39.8, 38.5, 38.2, 37.5, 35.0, 34.4, 33.8, 
33.7, 31.0, 29.7, 25.9, 23.4, 21.7, 19.6, 19.4, 16.6, 15.9, 14.9; 
ESIMS: m/z calculated for C50H64N6O2 (M+Na)+ 803.50, found 
803.55. 
 
Preparation of N-2-azidoethyl betulonamide 28: The title 
compound was prepared by the reaction of betulonic acid 17 (850 
mg, 1.87 mmol) and 2-azidoethylamine (241 mg, 2.80 mmol) 
using the general amide-coupling procedure A to furnish the 
amide 28 (722 mg, 74%) as a white solid. Mp  82 – 84 °C; 1H 
NMR (400 MHz, CDCl3): δ 5.94 (s, 1H), 4.72 (s, 1H), 4.58 (s, 
1H), 3.32 – 3.48 (m, 4H), 3.03 – 3.15 (m, 1H), 2.35 – 2.49 (m, 
3H), 0.81 – 1.95 (m, 21H), 1.66 (s, 3H), 1.05 (s, 3H), 1.00 (s, 
3H), 0.96 (s, 6H), 0.91 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 
218.4, 176.7, 150.9, 109.7, 55.9, 55.2, 51.4, 50.2, 50.2, 47.5, 
46.9, 42.7, 40.9, 39.8, 38.9, 38.4, 38.0, 37.1, 34.4, 33.9, 31.0, 
29.6, 26.8, 25.8, 21.7, 21.2, 19.8, 19.7, 16.2, 16.1, 14.8; ESIMS: 
m/z calculated for C32H50N4O2 (M-H)+ 521.39, found 521.20. 
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Preparation of triazole 29a: Procedure similar to that of 19a. 
This compound was prepared by the reaction of azide 28 with 
alkyne 13a.  Yield: 79%; off white solid; mp 108 – 111 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 7.86 (s, 1H), 7.61 (s, 1H), 
7.20 – 7.40 (m, 5H), 6.40 (brs, 1H), 4.73 (s, 1H), 4.53 – 4.61 (m, 
3H), 4.35 – 4.50 (m, 2H), 3.69 – 3.79 (m, 2H), 3.41 (s, 2H), 3.07 
(m, 1H), 2.27 – 2.63 (m, 12H), 2.14 (s, 3H), 0.83 – 1.99 (m, 
22H), 1.66 (s, 3H), 1.04 (s, 3H), 1.00 (s, 3H), 0.96 (s, 3H), 0.94 
(s, 3H), 0.91 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 
218.1, 176.9, 168.3, 150.7, 145.7, 139.5, 135.6, 131.3, 128.9, 
128.3, 127.8, 123.4, 109.4, 56.1, 55.6, 54.9, 53.3, 53.1, 49.9, 
49.8, 47.3, 46.5, 44.9, 42.4, 41.8, 40.7, 39.6, 39.3, 38.2, 37.6, 
36.9, 35.3, 34.1, 33.7, 33.4, 30.8, 29.6, 29.4, 26.6, 25.6, 21.5, 
20.9, 19.6, 19.4, 15.9, 15.9, 14.5; ESIMS: m/z 822.60 [100%, 
(M+H)+]; HRMS-ESI: calculated for C50H75N7O3 [M+H] + 
822.6004, found 822.6025. 
 
Preparation of triazole 29b: Procedure similar to that of 19a. 
This compound was prepared by the reaction of azide 28 with 
alkyne 13b.  Yield: 86%; cream color solid; mp 115 – 117 °C; 1H 
NMR (400 MHz, CDCl3): δ (ppm) 10.23 (m, 1H), 7.94 (s, 1H), 
7.60 (s, 1H), 7.29 – 7.37 (m, 3H), 7.21 – 7.25 (m, 2H), 6.05 (t, J 
= 5.7 Hz, 1H), 4.73 (s, 1H), 4.59 (s, 2H), 4.57 (s, 1H), 4.38 – 
4.52 (m, 2H), 3.78 (q, J = 5.7 Hz, 2H), 3.41 (s, 2H), 3.07 (dt, J = 
4.3, 11.2 Hz, 1H), 2.31 – 2.62 (m, 10H), 3.69 (s, 3H), 0.87 – 1.66 
(m, 22H), 1.66 (s, 3H), 1.04 (s, 3H), 1.00 (s, 3H), 0.95 (s, 6H), 
0.91 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 218.1, 176.9, 
168.2, 150.6, 145.3, 140.4, 135.3, 129.5, 128.9, 128.3, 128.0, 
122.9, 109.5, 55.6, 54.9, 54.8, 54.6, 52.1, 49.9, 49.9, 49.6, 47.3, 
46.5, 45.7, 42.4, 40.6, 39.6, 39.1, 38.2, 37.6, 36.9, 35.0, 34.1, 
33.6, 33.4, 30.7, 29.4, 26.6, 25.6, 21.4, 20.9, 19.6, 19.4, 15.9, 
15.9, 14.5; ESIMS: m/z 820.60 [100%, (M+H)+]; HRMS-ESI: 
calculated for C50H73N7O3 [M+H] + 820.5848, found 820.5855. 
 
Preparation of triazole 29c: Procedure similar to that of 19a. 
This compound was prepared by the reaction of azide 28 with 
alkyne 13c.  Yield: 81%; white solid; mp 155 – 158 °C; 1H NMR 
(400 MHz, CDCl3): δ (ppm) 7.62 (d, J = 15.9 Hz, 1H), 7.60 (s, 
1H), 7.44 – 7.51 (m, 2H), 7.31 – 7.39 (m, 3H), 6.55 – 6.66 (m, 
1H), 6.43 (d, J = 15.6 Hz, 1H), 6.12 – 6.20 (m, 1H), 4.71 (s, 1H), 
4.62 (d, J = 5.5 Hz, 2H), 4.57 (s, 1H), 4.39 – 4.53 (m, 2H), 3.68 – 
3.80 (m, 2H), 2.97 – 3.09 (m, 1H), 2.29 – 2.53 (m, 3H), 0.82 – 
1.90 (m, 21H), 1.64 (s, 3H), 1.03 (s, 3H), 0.99 (s, 3H), 0.93 (s, 
3H), 0.92 (s, 3H), 0.90 (s, 3H); 13C NMR (101 MHz, CDCl3): δ 
(ppm) 218.5, 177.2, 166.4, 150.8, 145.2, 141.6, 134.8, 130.1, 
129.0, 128.0, 123.5, 120.5, 109.8, 55.8, 55.2, 50.2, 50.1, 49.9, 
47.5, 46.8, 42.7, 40.9, 39.8, 39.4, 38.4, 37.8, 37.1, 35.3, 34.4, 
33.9, 33.6, 30.9, 29.6, 26.8, 25.8, 21.7, 21.2, 19.8, 19.6, 16.2, 
16.2, 14.7; HRMS-ESI: calculated for C44H61N5O3 [M+H] + 
708.4847, found 708.4840. 
 
Preparation of 30a: Procedure similar to that of 20a. Yield: 
86%; pale yellow solid; mp 116 – 118 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 10.21 (brs, 1H), 7.92 (s, 1H), 7.61 (s, 1H), 7.33 
– 7.43 (m, 2H), 7.28 – 7.32 (m, 1H), 7.19 – 7.25 (m, 2H), 6.21 
(brs, 1H), 4.73 (s, 1H), 4.58 (s, 1H), 4.53 – 4.57 (m, 2H), 4.33 – 
4.51 (m, 2H), 3.74 (q, J = 5.5 Hz, 2H), 3.38 (s, 2H), 3.16 (dd, J = 
5.0, 11.2 Hz, 1H), 3.07 (dt, J = 3.7, 11.2 Hz, 1H), 2.36 – 2.51 (m, 
5H), 2.25 (brs, 6H), 2.12 (s, 3H), 0.64 – 1.91 (m, 24H), 1.66 (s, 
3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.91 (s, 3H), 0.80 (s, 3H), 0.73 (s, 
3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 176.9, 168.2, 150.8, 
145.9, 139.7, 135.7, 130.9, 128.9, 128.2, 127.8, 123.2, 109.4, 
78.8, 56.2, 55.6, 55.4, 53.8, 52.8, 50.6, 50.0, 49.6, 46.6, 45.1, 
42.4, 41.8, 40.7, 39.2, 38.8, 38.7, 38.2, 37.5, 37.2, 35.3, 34.4, 
33.4, 30.8, 29.6, 29.4, 27.9, 27.4, 25.6, 20.9, 19.4, 18.3, 16.1, 
15.4, 14.7; ESIMS: m/z 824.75 [100%, (M+H)+]; HRMS-ESI: 

calculated for C50H77N7O3 [M+Na]+ 846.5980, found 846.5954. 
 
Preparation of 30b: Procedure similar to that of 20a. Yield: 
89%; pale orange solid; mp 129 – 131 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 10.22 (t, J = 5.3 Hz, 1H), 7.95 (s, 1H), 7.60 (s, 
1H), 7.33 – 7.37 (m, 2H), 7.28 – 7.31 (m, 1H), 7.21 – 7.24 (m, 
2H), 6.00 – 6.10 (m, 1H), 4.73 (s, 1H), 4.56 – 4.60 (m, 3H), 4.39 
– 4.52 (m, 2H), 3.77 (q, J = 5.7 Hz, 2H), 3.42 (s, 2H), 3.16 (dd, J 
= 5.0, 11.2 Hz, 1H), 3.06 (dt, J = 3.8, 11.1 Hz, 1H), 2.24 – 2.61 
(m, 10H), 2.29 (s, 3H), 0.65 – 1.92 (m, 23H), 1.66 (s, 3H), 0.94 
(s, 6H), 0.90 (s, 3H), 0.80 (s, 3H), 0.74 (s, 3H); 13C NMR (101 
MHz, CDCl3): δ (ppm) 176.9, 168.1, 150.6, 145.2, 140.5, 135.3, 
129.4, 128.9, 128.3, 128.0, 122.9, 109.5, 78.8, 55.7, 55.4, 54.7, 
54.6, 51.9, 50.6, 49.9, 49.6, 46.6, 45.6, 42.4, 40.7, 39.1, 38.8, 
38.7, 38.2, 37.6, 37.2, 35.0, 34.4, 33.4, 30.8, 29.6, 29.4, 27.9, 
27.4, 25.6, 20.9, 19.4, 18.3, 16.1, 15.4, 14.6; ESIMS: m/z 822.80 
[100%, (M+H)+]; HRMS-ESI: calculated for C50H75N7O3 

[M+Na]+ 844.5824, found 844.5885. 
 
Preparation of 30c: Procedure similar to that of 20a. Yield: 
91%; white solid; mp 163 – 166 °C; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 7.63 (d, J = 15.6 Hz, 1H), 7.59 (s, 1H), 7.46 – 
7.50 (m, 2H), 7.33 – 7.39 (m, 3H), 6.50 (brs, 1H), 6.41 (d, J = 
15.6 Hz, 1H), 6.10 (brs, 1H), 4.72 (s, 1H), 4.62 (d, J = 5.8 Hz, 
2H), 4.57 (s, 1H), 4.37 – 4.52 (m, 2H), 3.76 (q, J = 5.6 Hz, 2H), 
3.11 – 3.20 (m, 1H), 3.04 (dt, J = 4.0, 12.0 Hz, 1H), 2.42 (dt, J = 
3.6, 12.7 Hz, 1H), 0.60 – 1.89 (m, 24H), 1.64 (s, 3H), 0.93 (s, 
3H), 0.92 (s, 3H), 0.89 (s, 3H), 0.79 (s, 3H), 0.73 (s, 3H); 13C 
NMR (101 MHz, CDCl3): δ (ppm) 177.0, 166.2, 150.6, 144.9, 
141.3, 134.6, 129.8, 128.8, 127.8, 123.2, 120.4, 109.5, 78.9, 55.6, 
55.3, 50.6, 49.9, 49.7, 46.6, 42.4, 40.7, 39.2, 38.8, 38.7, 38.2, 
37.6, 37.2, 34.9, 34.4, 33.4, 30.8, 29.4, 28.0, 27.4, 25.5, 20.9, 
19.4, 18.3, 16.1, 15.4, 14.6; ESIMS: m/z 710.65 [100%, 
(M+H)+]; HRMS-ESI: calculated for C44H63N5O3 [M+Na]+ 
732.4823, found 732.4836. 
 
Cell Viability Assay: Human pancreatic cancer MIAPaCa-2 
cells were purchased from ATCC. Cells were maintained in D-
MEM supplemented with 10% FBS, 2.5% horse serum, and 1% 
Penicillin Streptomycin in a humidified atmosphere of 5% CO2 at 
37 °C.  Murine breast cancer 4T1 cells were purchased from 
ATCC. Cells were maintained in RPMI-1640 supplemented with 
10% FBS and 1% Penicillin Streptomycin in a humidified 
atmosphere of 5% CO2 at 37 °C.  Cells were seeded in 96 well 
plates at a density of 5 x 104 cells/mL, 100µL/well incubated for 
18-24 hours, then exposed to compounds starting at a 
concentration of 50 µM and serial diluted. Compounds were 
added in duplicate and exposed for 72 hours. Each IC50 was 
reported as an average of a minimum of three trials. Compounds 
were dissolved in DMSO at a concentration of 50 mM and 
diluted into the appropriate media 1:1000. The final 
concentration of DMSO was kept below 0.1%. Furthermore, 
DMSO was added as a negative control. Cellular viability was 
determined using MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-
diphenyltetrazolium bromide). MTT was dissolved in 1X PBS 
solution (5 mg/mL) and 10 µL was added to each well. After 4 
hours of incubation, cells were lysed with 100 µL of a SDS 
(sodium dodecyl sulfate) solution (100 mg/mL of 0.01 N HCl) 
and incubated for an additional 4 hours. The absorbance of each 
well was then measured using a microplate reader at 570 nm. 
Control wells absorbance was defined as 100% viability and all 
of the tested compounds were expressed as percentage relative to 
the control.   
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