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Graphical Abstract 

New series of TBA amino acid/dipeptide derivatives were synthesized and evaluated 
for their antitumor activity. BA-25 was found to be the most active one. 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Original article 1 

Combination of Amino Acid/Dipeptide with 2 

Ligustrazine-Betulinic Acid as Antitumor Agents 3 
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Abstract: The lead compound TBA, 3β-Hydroxy-lup-20(29)-ene-28-oic acid-3, 10 

5, 6-trimethylpyrazin-2-methyl ester, which exhibited promising antitumor 11 

activity and induced tumor cell apoptosis in various cancer cell lines, had 12 

previously been reported. Moreover, reports have revealed that the introduction 13 

of amino acid to betulinic acid could improve selective cytotoxicity as well as 14 

water solubility. Thus, a series of novel TBA amino acid and dipeptide 15 

derivatives were designed, synthesized and screened for selective cytotoxic 16 

activity against five cancer cell lines (HepG2, HT-29, Hela, BCG-823 and A549) 17 

and the not malignant cell line MDCK by standard MTT assay. Most of the 18 

tested TBA-amino acid and dipeptide analogues showed stronger 19 

anti-proliferative activity against all tested tumor cell lines than TBA. Among 20 

them, BA-25 exhibited the greatest cytotoxic activity on tumor cell lines (mean 21 

IC50 = 2.31+0.78 µM), that was twofold than the positive drug cisplatin (DDP), 22 

while it showed lower cytotoxicity on MDCK cell line than DDP. Further cell 23 

apoptosis analyses indicated BA-25-induced apoptosis was associated with loss 24 

of mitochondrial membrane potential and increase of intracellular free Ca2+ 25 

concentration. 26 

Keywords: Betulinic acid, Amino acids derivatives, Dipeptide derivatives, Selective 27 

cytotoxicity, Structure-activity relationships, Apoptosis; 28 
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1. Introduction 29 

Cancer is one of the major diseases which threats human life and health seriously 30 

[1-2]. The cytotoxic agents are still one of the main clinical treatments for the 31 

malignant tumor. However, these drugs usually have some severe side effects with 32 

poor patients compliance, therefore the discovery of the targeted anti-tumor drugs is 33 

of great significance [3-6]. Because of their strong selective cytotoxicity and potent 34 

apoptosis induction activity, pentacyclic triterpenoids and their derivatives had 35 

become the focus of scientific interest [7-10]. 36 

Ligustrazine (2,3,5,6-tetramethylpyrazine, TMP), a major effective component of 37 

traditional Chinese medicine Rhizoma Chuanxiong (Ligusticum, chuanxiong Hort), 38 

has been used for the treatment of cardiovascular and cerebrovascular diseases in the 39 

clinic in China for many years [11-13]. Recently, ligustrazine was found to possess 40 

anticancer activity in vivo and in vitro, it could induce cancer cell apoptosis and 41 

reverse multidrug resistance in tumors [14-16]. Meanwhile, recent researches revealed 42 

that the introduction of ligustrazine to the anti-tumor components could increase their 43 

cytotoxicity and selectivity [17, 18]. This has stimulated interest in using ligustrazine 44 

as the scaffold to synthesize new anticancer agents by combination it with other 45 

anti-tumor ingredients [16, 19-21]. In our previous study, we successfully synthesized 46 

a series of novel ligustrazine-triterpenes derivatives and observed that these 47 

derivatives possessed potent selective cytotoxicity, of which, 48 

3β-Hydroxy-lup-20(29)-ene-28-oic acid-3, 5, 6-trimethylpyrazin-2-methyl ester (TBA) 49 

displayed promising selective cytotoxicity (IC50 < 5.23 µM) [17-19, 21, 22]. In 50 

addition, reports have shown that the introduction of amino acid or dipeptide to 51 

triterpenes could improve selective cytotoxicity as well as water solubility [8, 21, 52 

23-25]. Based on the above, we attempted the synthesis of several TBA amino acids 53 

and dipeptide derivatives BA-X by introducing various amino acids or dipeptides to 54 

the C3 of TBA, in order to improve its antitumor activities and tumor targeting. All 55 

newly synthesized compounds were fully characterized by 1H-NMR, 13C-NMR, 56 

HRMS and tested for cytotoxic activity against a panel of tumor cell lines and normal 57 

cell line, including HepG2, HT-29, Hela, BGC823, A549 and MDCK. Meanwhile, the 58 
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preliminary anti-tumor mechanisms of the most potent compound were also 59 

investigated by fluorescence staining observation and flow cytometric analysis in 60 

present study. In addition, the structure-activity relationships of these derivatives were 61 

briefly discussed. 62 

2. Results and discussion  63 

2.1. Chemistry 64 

The designed derivatives were prepared following the procedures in Scheme 1-4. 65 

The compound TBA (BA-01) was prepared according to our previous study with 66 

some modifications [19]. According to the literature procedure, the intermediate 67 

(3,5,6-trimethylpyrazin-2-yl)methanol (4) was successively obtained [26]. Then the 68 

intermediate 4 was further reacted with tosyl chloride (TsCl) in tetrahydrofuran (THF) 69 

in the presence of triethylamine (TEA) and 4-dimethylaminopyridine (DMAP) to 70 

yield the important intermediate 2-(chloromethyl)-3,5,6-trimethylpyrazine (5) 71 

(Scheme 1). Subsequently, it underwent alkylation reaction in N, 72 

N-dimethylformamide (DMF) with betulinic acid (BA) to afford the compound TBA 73 

(BA-01) (Scheme 2). 74 

(Insert Scheme 1) 75 

(Insert Scheme 2) 76 

The TBA amino acid derivatives BA-02---BA-15 (Scheme 3, Table 1) were 77 

obtained by 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI) 78 

mediated esterification from the corresponding protected (N-Boc, N-Cbz) amino acids  79 

and TBA. Deprotection was performed with trifluoroacetic acid (TFA) in dry 80 

dichloromethane (DCM) or by treating the compounds with Pd/C (10%) in methanol 81 

(MeOH). It was worth noting that, to avoid the formation of undesirable by-products, 82 

the hydroxyl groups of Cbz-L-serine and Cbz-L-threonine should be protected with 83 

tert-Butyldimethylsilyl chloride (TBDMSCl) before esterification with TBA in the 84 

synthesis of BA-14 and BA-15. Removal of the TBDMS groups was achieved using 85 
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1M tetrabutylammonium fluoride (TBAF) solution in THF (Scheme 3). 86 

(Insert Scheme 3) 87 

(Insert Table 1) 88 

(Insert Table 1) 89 

In similar fashions, the TBA dipeptide derivatives BA-16---BA-27 were prepared 90 

according to the procedures in Scheme 4. In brief, the TBA amino acids derivatives 91 

BA-02, BA-04, BA-06 and BA-12 underwent peptide coupling reactions with the 92 

corresponding N-Boc protected amino acids (L-Gly, L-Sar, L-Pro, L-Ala) in the 93 

presence of EDCI, 1-hydroxybenzotriazole (HOBt) and N, N-Diisopropylethylamine 94 

(DIPEA) in dry DCM to afford the corresponding TBA dipeptide intermediates, 95 

which were further treated with TFA in dry DCM to give the final compounds 96 

BA-16---BA-27 (Table 2). The structures of all target derivatives were confirmed by 97 

spectral (1H-NMR, 13C-NMR and HRMS) analysis. 98 

(Insert Scheme 4) 99 

(Insert Table 2) 100 

2.2. Biology 101 

2.2.1 Cytotoxicity Assay 102 

The in vitro antitumor activity of TBA amino acids and dipeptide derivatives was 103 

evaluated on five tumor cell lines (HepG2, HT-29, Hela, BCG-823, A549) using the 104 

standard MTT assay, and their toxicity was tested using MDCK cells. The IC50 values 105 

were summarized in Table 3. As shown in Table 3, after combination with amino acid 106 

or dipeptide, most of the targeted compounds showed significantly improved 107 

cytotoxicity on all tested tumor cell lines compared to the starting material TBA. The 108 

cytotoxicity detection also revealed that most of TBA amino acids derivatives (such 109 

as BA-02, BA-09, BA-10, BA-12 et al) and nearly all TBA dipeptide derivatives 110 

exhibited better antiproliferative activities than the positive drug DDP, while they 111 

showed lower cytotoxicity than DDP on MDCK cell line. Among the candidates, 112 
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BA-25 was the most active one, which exhibited perfect antiproliferative activities 113 

(mean IC50 = 2.31+0.78 µM) on all tested cancer cell lines. For example, the IC50 114 

values of BA-25 for HT-29, Hela and BGC-823 (1.70+0.34 µM, 1.74+0.99 µM, 115 

1.79+0.28 µM) is much lower than those of the positive drug cisplatin (DDP) 116 

(4.10+1.17 µM, 5.60+0.78 µM, 4.25+0.32 µM). Meanwhile BA-25 exhibited higher 117 

cytotoxic selective towards MDCK cells (IC50 = 10.84+0.27 µM) than DDP. It is 118 

worth noting that, although the compound BA-10, BA-23 and BA-24 exhibited 119 

slightly lower cytotoxicity than BA-25 on the tested cancer cells, their pronounced 120 

cytotoxic selective (therapeutic index (TI)>10) towards MDCK cells distinguished 121 

them from this series. Their IC50 value for MDCK cells was more than 40 uM (see 122 

Table 3). 123 

From the obtained results, it was observed that TBA aliphatic amino acids 124 

derivatives exhibited better anti-proliferative activities than those aromatic amino 125 

acids and heterocyclic amino acids derivatives, as exemplified by BA-02, BH-04, 126 

BA-10, BA-12 > BA-03, BA-11; Structure-activity relationship analysis among the 127 

TBA aliphatic amino acids derivatives also revealed that the compounds with small 128 

molecule aliphatic amino acids seemed to be more active than those with high 129 

molecular weight aliphatic amino acids, such as BA-02, BA-04 > BA-07, BA-08. In 130 

addition, it was observed the TBA basic amino acids derivatives seemed to be more 131 

active than those acidic amino acids derivatives, such as BA-10 > BA-05. The result 132 

also revealed that the TBA dipeptide derivatives were more active than the amino 133 

acids derivatives. Potency is an important criterion for assessing leads, but it is not the 134 

only consideration when selecting a lead compound for further optimization into a 135 

drug [27, 28]. The selectivity, solubility and hydrophobicity were also essential to the 136 

perfect drug candidates, because these properties were closely associated with 137 

absorption, distribution, metabolism, excretion and toxicity (ADMET) properties of 138 

the compounds [29-31]. Thus the compound BA-10, BA-23, BA-24 and BA-25 was 139 

selected for further pharmacodynamics and pharmacokinetic evaluation, including the 140 

in vivo antitumor activity and plasma stability, in vivo pharmacokinetics, in the hope 141 

of producing drug candidates for drug development. And the results will be reported 142 

in due course. Meanwhile the most active compound BA-25 (mean IC50 = 2.31+0.78 143 

µM) was selected for further analysis to study its mechanism of growth inhibition on 144 

HepG2 cell line in this study. 145 
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(Insert Table 3.) 146 

2.2.2. Analyses of apoptosis  147 

2.2.2.1. Morphological detection of apoptosis using Giemsa staining 148 

To investigate the mechanism of HepG2 cell death induced by BA-25, the 149 

morphologic changes of cells were observed by Giemsa staining. As shown in Fig. 1, 150 

the morphology of HepG2 cells in the negative control was normal; When the cells 151 

treated with BA-25 (1.5, 3, 6 µM) for 72 h, typical signs for apoptosis were found. 152 

Even at low concentration of BA-25 (1.5 µM), cells had showed typical apoptosis 153 

morphological features, such as cell shrinkage, chromatin margination and nuclear 154 

fragmentation. With the increase of the concentration of BA-25, the characteristic of 155 

apoptosis was more and more obvious. When the concentration of BA-25 was raised 156 

up to 6 µM, almost all cells showed typical apoptotic morphological changes such as 157 

nuclear condense, nuclear fragmentation. These results indicated that BA-25 158 

significantly induced HepG2 cells apoptosis. 159 

(Insert Fig. 1) 160 

2.2.2.2. Morphological detection of apoptosis using DAPI staining 161 

To further characterize the effects of apoptosis induction of BA-25 on HepG2, the 162 

nucleus morphological changes in BA-25-treated HepG2 were observed by DAPI 163 

staining. After BA-25 treatment for 72 h, HepG2 cells showed nuclear morphological 164 

changes typical of apoptosis in a dose-dependent manner, such as nuclear 165 

condensation, nuclear fragmentation and the formation of apoptotic bodies (Fig. 2). 166 

(Insert Fig. 2) 167 

2.2.2.3. Detection of apoptosis using Annexin V-FITC/PI staining 168 

To further perform a comprehensive view on the apoptosis induced by BA-25, 169 

apoptotic rates were analyzed by flow cytometry using an Annexin V-FITC/PI 170 

staining. As shown in Fig. 3, the HepG2 cells demonstrated a remarkable response to 171 

the apoptotic effect of BA-25 in a dose-dependent fashion. The apoptotic effect was 172 

determined by counting the apoptosis ratios (including the early and late apoptosis 173 

ratios). Following different concentrations (2, 3, 4 µM) of BA-25 treatment, the 174 

apoptosis ratios increased from 6.3% of the control to 10.9%, 17.8%, 36.8%, 175 
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respectively. These results indicated that BA-25 had the potential to induce HepG2 176 

cell apoptosis. 177 

(Insert Fig. 3) 178 

2.2.2.4. Measurement of mitochondrial membrane potential 179 

Disruption of mitochondrial membrane potential (∆Ψm) is one of the earliest 180 

intracellular events that occur following the onset of apoptosis [32, 33]. To study 181 

whether the mitochondrial events were involved in the apoptosis induced by BA-25, 182 

∆Ψm was measured quantitatively using flow cytometry with cell-permeable cationic 183 

dye Rhodamine 123 (Rh123). Rh123 accumulates in normal mitochondria due to its 184 

high negative charge, and the reduction of ∆Ψm will lead to the release of Rh123 and 185 

reduction of its fluorescence intensity [34]. As shown in Fig. 4, the fluorescent 186 

intensity decreased in a dose-dependent manner. HepG2 cells treated with BA-25 (2 187 

µM, 3 µM, 4 µM) for 72 h exhibited a lower fluorescent intensity (MFI: 6416, 5411, 188 

2147) compared with untreated HepG2 cells (MFI: 26410) (Fig. 4).  189 

(Insert Fig. 4) 190 

2.2.2.5. Assessment of intracellular Free Ca2+  191 

A sustained increase in intracellular Ca2+ concentrations is recognized as a factor for 192 

cell death or injury [35]. The membrane-permeable Ca2+-sensitive fluorescent dye 193 

Fluo-3AM was used to evaluate the level change of intracellular free Ca2+ in HepG2 194 

cell line after co-culture with BA-25. The Fluo-3 AM can across the cell membrane 195 

and be cut into Fluo-3 with the cells. The Fluo-3 can specifically combine with the 196 

Ca2+ and has a strong fluorescence with an excitation wavelength of 488 nm [36, 37]. 197 

As shown in Fig. 5, with the increase of BA-25 concentration, intracellular free Ca2+ 198 

fluorescence increased dramatically (MFI 2743, 3760, 6353) compared with the control 199 

group (MFI 1992). The results indicated that the increase of intracellular Ca2+ was 200 

related with BA-25-induced HepG2 cell apoptosis (Insert Fig. 5). 201 

3. Conclusions 202 

In this study, we successfully synthesized 27 novel TBA amino acid and dipeptide 203 

derivatives by attaching different amino acids or dipeptides to the C3 of TBA. Their 204 

cytotoxicity was determined by the standard MTT assay. The result indicated that 205 
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most of the synthesized TBA-amino acid and dipeptide analogues showed 206 

significantly improved selective cytotoxicity against all tested tumor cell lines 207 

compared to TBA. From the obtained result, we also observed that the compounds 208 

with small molecule aliphatic amino acids seemed to be more active than those with 209 

high molecular weight aliphatic amino acids, such as BA-02, BA-04 > BA-07, BA-08; 210 

The TBA dipeptide derivatives were more active than the amino acids derivatives. 211 

Among all the new derivatives, compound BA-25 showed the greatest cytotoxicity on 212 

tumor cell lines (IC50 = 2.31+0.78 µM), that was twofold than the positive drug DDP, 213 

while it showed lower cytotoxicity on MDCK cell line than DDP. Further anti-tumor 214 

mechanistic investigation showed that BA-25-induced apoptosis in HepG2 cells was 215 

involved loss of the mitochondria membrane potential and increase of intracellular 216 

free Ca2+ concentration. In addition, although the compound BA-10, BA-23 and 217 

BA-24 exhibited slightly lower cytotoxicity than BA-25 on the tested cancer cells, 218 

their pronounced cytotoxic selective towards MDCK cells distinguished them from 219 

this series. And the compound BA-10, BA-23, BA-24 and BA-25 was selected for 220 

further pharmacodynamics and pharmacokinetic evaluation, including the in vivo 221 

antitumor activity and plasma stability, in vivo pharmacokinetics, in the hope of 222 

producing drug candidates for drug development. These results suggested that the 223 

attempt to discover high selectivity anti-tumor lead compounds by introduction of 224 

amino acid or oligopeptides to cytotoxic agents was viable. 225 

4. Experimental Section 226 

4.1. Chemistry 227 

Reagents were bought from commercial suppliers without any further purification. 228 

Melting points were measured at a rate of 5 °C/min using an X-5 micro melting point 229 

apparatus (Beijing, China) and were not corrected. Reactions were monitored by TLC 230 

using silica gel coated aluminum sheets (Qingdao Haiyang Chemical Co., Qingdao, 231 

China).  The specific rotation was measured using an Autopol I (Rudolph Instruments) 232 

automatic polarimeter at 25 °C in MeOH. NMR spectra were recorded on a BRUKER 233 

AVANCE 500 NMR spectrometer (Fällanden, Switzerland) with tetramethylsilane 234 

(TMS) as an internal standard; chemical shifts δ were given in ppm and coupling 235 
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constants J in Hz. HR-MS were acquired using a Thermo Sientific TM LTQ Orbitrap 236 

XL hybrid FTMS instrument (Thermo Technologies, New York, NY, USA). Cellular 237 

morphologies were observed using an inverted fluorescence microscope (Olympus 238 

IX71, Tokyo, Japan).  239 

(3,5,6-trimethylpyrazin-2-yl)methanol (4). Compound 4 was prepared according to  240 

the method described by Deng et al. [26].  241 

2-(chloromethyl)-3,5,6-trimethylpyrazine (5). To a solution of the important 242 

intermediate (3,5,6-trimethylpyrazin-2-yl)methanol (4) (10mmol) in dry 243 

tetrahydrofuran (20 mL), TsCl (13mmol), TEA (20mmol) and DMAP (2mmol) were 244 

added. The mixture was allowed to stir at room temperature for 12 h. Then the 245 

solution was evaporated under vacuum and washed with brine. After drying the 246 

organic layer over anhydrous Na2SO4 and evaporating the solvent under vacuum, the 247 

crude product was purified by flash chromatography (silica gel, petroleum ether: 248 

acetone = 10:1).  249 

3β-Hydroxy-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester (TBA). 250 

Compound 5 (5.0 mmoL) and betulinic acid (5.0 mmoL) were dissolved in 25 mL dry 251 

DMF, then K2CO3 (5.0 mmoL) was added and the mixture was at 25 °C for 12 h. 252 

Then the reaction mixture was poured into ice-water and the crude product was 253 

extracted with ethyl acetate. After drying the organic layer over anhydrous Na2SO4 254 

and evaporating the solvent under vacuum, the crude product was purified by flash 255 

chromatography (silica gel, petroleum ether: acetone = 10:1). White powder, yield 256 

54.1%, mp: 184.6–185.4 °C, [α]D = +16 (c 0.50, MeOH); 1H-NMR (CDCl3) (ppm): 257 

0.78, 0.80, 0.82, 0.96, 0.98, 1.67 (s, 3H, 30-CH3 of BA), 2.51 (s, 3H, -CH3), 2.53 (s, 258 

3H, -CH3), 2.57 (s, 3H, -CH3), 3.02 (m, 1H), 3.19(m, 1H), 4.61, 4.74 (each, brs, 1H, 259 

=CH2), 5.20, 5.23 (each, d, J = 12.5 Hz, 1H, -CH2); 
13C-NMR (CDCl3) (ppm): 14.7, 260 

15.4, 15.9, 16.1, 18.3, 19.4, 20.4 (-CH3), 20.9, 21.4 (-CH3), 21.6 (-CH3), 25.5, 27.4, 261 

28.0, 29.7, 30.6, 32.1, 34.4, 36.9, 37.2, 38.1, 38.7, 38.9, 40.7, 42.4, 46.9, 49.5, 50.6, 262 

55.4, 56.7, 64.3 (-CH2), 79.0, 109.6, 145.4, 148.7, 148.9, 150.5, 150.9, 175.5 (-COO-); 263 

HRMS (ESI) m/z: 591.45212 [M + H]+, calcd. for C38H58N2O3 590.44474. 264 

4.1.1. General Procedure for the Preparation of TBA amino acids derivatives 265 

BA-02---BA-13 266 
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4.1.1.1. General procedure for esterification at carbon C3 (method A)  267 

The compound TBA (1 equiv.) was dissolved in dry DCM (25 mL), DMAP (0.1 equiv.) 268 

and the protected amino acid (1.3 equiv.) were added. After addition of EDCI (1.5 269 

equiv.), the mixture was stirred at 25 °C for 12 h. The reaction mixture was diluted with 270 

50 ml CH2Cl2, then successively washed with water and brine (10 mL each), dried over 271 

sodium sulphate and filtered, and the solvent was evaporated. Then the crude product 272 

was purified by flash chromatography (silica gel, dichloromethane: methanol = 40:1). 273 

4.1.1.2. General procedure for deprotection (method B) 274 

To a solution of the Boc-protected compound in dry DCM (10 mL), TFA (1 mL/10 275 

mL DCM) was added. The mixture was allowed to stir in ice bath for 2 h. After 276 

completion of the reaction (as monitored by TLC), the solution was evaporated and 277 

washed with a saturated sodium carbonate solution (20 mL). The aqueous layer was 278 

extracted with DCM (3 × 25 mL), the combined organic extracts were washed with 279 

brine (20 mL), dried over sodium sulfate, filtrated and evaporated. Purification was 280 

performed by flash chromatography (silica gel, dichloromethane: methanol = 40:1). 281 

4.1.1.3. General procedure for the deprotection (method C) 282 

Pd/C (10%; 80 mg) was added to a solution of the Cbz-protected compound in 30 mL 283 

MeOH. The mixture was stirred at room temperature for 12 h. After completion of the 284 

reaction (as monitored by TLC), the solvent was filtered to remove Pd/C. The filtrate 285 

was concentrated in vacuum and the residue was purified by flash chromatography 286 

(silica gel, dichloromethane: methanol = 40:1). 287 

3β-(Glycyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 288 

(BA-02). Obtained from TBA by method A and method B as a colorless powder; 289 

Yield: 75.3%; mp: 104.7–105.4 °C, [α]D = +22 (c 0.50, MeOH); 1H-NMR (500 MHz, 290 

CDCl3): δ (ppm) 0.77, 0.83, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.82 (s, each, 291 

6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.53 (s, each, 3H, 292 

3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.44-3.47 (m, 2H, 293 

-CH2NH2), 4.50-4.53 (m, 1H, -OCOCH-), 4.58, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 294 

(d, each, 1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 295 

16.3, 16.6, 18.3, 19.5, 20.6 (-CH3), 21.0, 21.5 (-CH3), 21.8 (-CH3), 23.9, 25.6, 28.1, 296 
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30.7, 32.2, 34.4, 37.1, 37.2, 38.0, 38.2, 38.5, 40.8, 42.5 (-CH2NH2), 47.0, 49.6, 50.6, 297 

55.6, 56.8, 64.5 (-CH2), 81.9 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 298 

151.1 (-CH=C-), 173.9 (-CONH2), 175.7 (-COO-); HRMS (ESI) m/z: 648.47040 299 

[M+H] +, calcd. for C40H61N3O4 647.46621. 300 

3β-(L-Phenylalanyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 301 

ester (BA-03). Obtained from TBA by method A and method C as a colorless powder; 302 

Yield: 65.3%; mp: 82.0–82.7 °C; [α]D = +186 (c 0.50, MeOH); 1H-NMR (500 MHz, 303 

CDCl3): δ (ppm) 0.76, 0.77, 0.80, 0.82, 0.94 (s, each, 3H, 5×-CH3, methyl of BA), 304 

1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.54 (s, each, 3H, 3×-CH3, methyl of TMP), 305 

2.82-2.86 (m, 1H, -CH2CH-), 2.96-3.02 (m, 1H, -CCHCH2-), 3.15-3.18 (m, 1H, 306 

-CH2CH-), 3.72-3.76 (m, 1H, -CHNH2), 4.49-4.52 (m, 1H, -OCOCH-), 4.59, 4.71 (brs, 307 

each, 1H, =CH2), 5.17, 5.20 (d, each, 1H, J = 15Hz, -OCH2-), 7.19-7.33 (m, 5H, 308 

-C6H5); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.6, 15.9, 16.2, 16.6, 18.1, 19.3, 20.5 309 

(-CH3), 20.9, 21.4 (-CH3), 21.7 (-CH3), 23.7, 25.5, 28.0, 29.6, 30.5, 32.0, 34.2, 36.9, 310 

37.1, 37.9, 38.1, 38.3, 40.7, 41.1, 42.4, 46.9, 49.5, 50.4, 55.4, 56.1, 56.7, 64.4 (-CH2), 311 

81.9, 109.7 (-CH=C-), 126.8, 128.6, 129.3, 137.3, 145.3, 148.8, 150.5, 156.0 312 

(-CH=C-), 174.4, 175.5 (-COO-); HRMS (ESI) m/z: 738.51666 [M+H]+, calcd. for 313 

C47H67N3O4 737.51316.  314 

3β-(L-Alanyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 315 

(BA-04). Obtained from TBA by method A and method B as a colorless powder; 316 

Yield: 73.0%; mp: 126.3–127.2 °C, [α]D = +20 (c 0.50, MeOH); 1H-NMR (500 MHz, 317 

CDCl3): δ (ppm) 0.78, 0.84, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.82 (brs, 6H, 318 

2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.53 (s, each, 3H, 319 

3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.45-3.55 (m, 1H, -CHNH2), 320 

4.48-4.51 (m, 1H, -OCOCH-), 4.58, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 321 

1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 322 

18.3, 19.5, 20.6 (-CH3), 20.8, 21.0, 21.5 (-CH3), 21.8 (-CH3), 23.8, 25.6, 28.1, 29.8, 323 

30.7, 31.1, 32.2, 34.4, 37.0, 37.2, 38.1, 38.2, 38.5, 40.8, 42.5, 47.0, 50.5 (-CHNH2), 324 

50.6, 55.5, 56.8, 64.5 (-CH2), 81.6 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 325 
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150.6, 151.1 (-CH=C-), 175.7 (-COCH-), 176.3 (-COO-); HRMS (ESI) m/z: 326 

662.48627 [M+H]+, calcd. for C41H63N3O4 661.48186. 327 

3β-(L-Aspartyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 328 

(BA-05). Obtained from TBA by method A and method C as a colorless powder. Yield: 329 

45.6%; mp: > 210 °C, [α]D = +36 (c 0.50, MeOH); HRMS (ESI) m/z: 706.47534 330 

[M+H] +, calcd. for C42H63N3O6 705.47169. 331 

3β-(L-Prolyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 332 

(BA-06). Obtained from TBA by method A and method B as a colorless powder; 333 

Yield: 72.7%; mp: 147.4–148.3 °C, [α]D = +13 (c 0.50, MeOH); 1H-NMR (500 MHz, 334 

CDCl3): δ (ppm) 0.77, 0.83, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.82 (brs, 6H, 335 

2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.53 (s, each, 3H, 336 

3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.22-3.25 (m, 1H, 337 

-CH2CH2-), 4.10-4.13 (m, 1H, -NHCHCH2-), 4.47-4.56 (m, 1H, -OCOCH-), 4.59, 338 

4.71 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 1H, J = 15Hz, -OCH2-); 
13C-NMR 339 

(125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.2, 19.5, 20.6 (-CH3), 21.0, 21.5 340 

(-CH3), 21.8 (-CH3), 23.8, 24.6, 25.5, 28.2, 29.7, 29.8, 30.6, 32.1, 34.3, 37.0, 37.2, 341 

38.2, 38.4, 40.8, 42.5, 46.4, 47.0, 49.6, 50.6, 55.5, 56.8, 59.7 (-NHCH-), 64.5 (-CH2), 342 

83.5 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 171.5 343 

(-COCH-), 175.7 (-COO-); HRMS (ESI) m/z: 688.50122 [M+H] +, calcd. for 344 

C43H65N3O4 687.49751. 345 

3β-(L-Leucyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 346 

(BA-07). Obtained from TBA by method A and method B as a colorless powder; 347 

Yield: 58.4%; colorless powder; mp: 81.8–82.5 °C, [α]D = +24 (c 0.50, MeOH); 348 

1H-NMR (500 MHz, CDCl3): δ (ppm) 0.78, 0.83 (s, each, 3H, 2×-CH3, methyl of BA), 349 

0.84 (brs, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.54 (s, 350 

each, 3H, 3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.48 (brs, 1H, 351 

-CHNH2), 4.48-4.51 (m, 1H, -OCOCH-), 4.59, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 352 

(d, each, 1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 353 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

16.3, 16.8, 18.3, 19.5, 20.6 (-CH3), 21.0, 21.5 (-CH3), 21.8 (-CH3), 22.0, 23.1, 23.8, 354 

25.0, 25.6, 28.2, 29.8, 30.7, 32.2, 34.4, 37.1, 37.2, 38.1, 38.2, 38.5, 40.8, 42.5, 47.0, 355 

49.6, 50.6, 55.6, 56.8 (-CHNH2), 64.5 (-CH2), 69.1, 81.9 (-OCOCH-), 109.8 356 

(-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 175.7 (-COO-); HRMS (ESI) 357 

m/z: 704.53546 [M+H]+, calcd. for C44H69N3O4 703.52881. 358 

3β-(L-Isoleucyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 359 

(BA-08). Obtained from TBA by method A and method B as a colorless powder; 360 

Yield: 60.5%; mp: 88.6–89.4 °C, [α]D = +27 (c 0.50, MeOH); 1H-NMR (500 MHz, 361 

CDCl3): δ (ppm) 0.78, 0.82 (s, each, 3H, 2×-CH3, methyl of BA), 0.85 (brs, 6H, 362 

2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.54 (s, each, 3H, 363 

3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.48 (brs, 1H, -CHNH2), 364 

4.50-4.53 (m, 1H, -OCOCH-), 4.59, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 365 

1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 11.9, 12.0, 14.8, 15.9, 366 

16.0, 16.3, 16.9, 18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.9, 24.8, 367 

25.6, 26.2, 28.2, 29.8, 30.7, 32.2, 34.4, 37.1, 37.2, 37.9, 38.2, 38.5, 40.8, 42.5, 47.0, 368 

49.6, 55.6, 56.8 (-CH-NH2), 59.3, 64.5 (-CH2), 82.5 (-OCOCH-), 109.8 (-CH=C-), 369 

136.9, 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 175.7 (-COO-); HRMS (ESI) m/z: 370 

704.52814 [M+H]+, calcd. for C44H69N3O4 703.52881. 371 

3β-(L-Pyroglutamyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 372 

ester (BA-09). Obtained from TBA by method A as a colorless powder; Yield: 52.8%; 373 

mp: 118.2–119.1 °C, [α]D = +24 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ 374 

(ppm) 0.78, 0.82, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.83 (brs, 6H, 2×-CH3, 375 

methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.54 (s, each, 3H, 3×-CH3, 376 

methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 4.22-4.24 (m, 1H, -NHCH-), 377 

4.52-4.55 (m, 1H, -OCOCH-), 4.59, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 378 

1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 379 

18.3, 18.5, 20.5, 21.0 (-CH3), 21.5 (-CH3), 21.7 (-CH3), 23.8, 25.2, 25.6, 28.2, 29.4, 380 

29.7, 29.8, 30.7, 32.1, 34.3, 37.0, 37.2, 38.1, 38.2, 38.4, 40.8, 42.5, 47.0 (-CH-NH-), 381 

49.6, 50.6, 55.5, 55.8, 56.8, 64.4 (-CH2), 82.7 (-OCOCH-), 109.8 (-CH=C-), 145.6, 382 
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148.8, 149.1, 150.6, 151.0 (-CH=C-), 171.7 (-COCH-), 175.7 (-COO-), 177.7 383 

(-CONH-); HRMS (ESI) m/z: 702.48419. [M+H]+, calcd. for C43H63N3O5 701. 47677. 384 

3β-(L-Lysyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 385 

(BA-10). Obtained from TBA by method A and method C as a colorless powder; 386 

Yield: 56.8%; mp: >220 °C, [α]D = +30 (c 0.50, MeOH); 1H-NMR (500 MHz, 387 

CD3OD): δ (ppm) 0.67, 0.88, 0.89, 0.91, 1.00 (s, each, 3H, 5×-CH3, methyl of BA), 388 

1.67 (s, 3H, 30-CH3 of BA), 2.52, 2.53, 2.60 (s, each, 3H, 3×-CH3, methyl of TMP), 389 

2.93-3.01 (m, 2H, -CH2NH2), 3.01-3.04 (m, 1H, -CCHCH2-), 3.57-3.60 (m, 1H, 390 

-CHNH2), 4.52-4.55 (m, 1H, -OCOCH-), 4.61, 4.71 (brs, each, 1H, =CH2), 5.23, 5.27 391 

(d, each, 1H, J = 20Hz, -OCH2-); 
13C-NMR (125 MHz, CD3Cl+ CD3OD): δ (ppm) 392 

14.0, 15.1, 15.5, 15.9, 17.6, 18.5, 19.3 (-CH3), 20.3 (-CH3), 20.4 (-CH3), 21.7, 23.1, 393 

25.0, 26.4, 27.4, 29.1, 30.0, 31.5, 31.6, 33.7, 36.3, 36.6, 37.4, 37.7, 37.9, 38.7, 40.2, 394 

41.9, 46.6, 48.9, 50.0, 52.9, 55.0, 56.3 (-CH-NH2), 63.5 (-CH2), 82.5 (-OCOCH-), 395 

111.5 (-CH=C-), 145.2, 148.6, 149.3, 150.0, 150.8 (-CH=C-), 168.7 (-COCH-), 175.4 396 

(-COO-); HRMS (ESI) m/z: 719.54608. [M+H]+, calcd. for C44H70N4O4 718.53971. 397 

3β-(L-Tryptophanyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 398 

ester (BA-11). Obtained from TBA by method A and method C as a colorless powder; 399 

Yield: 61.2%; mp: 119.8–120.6 °C, [α]D = +30 (c 0.50, MeOH); 1H-NMR (500 MHz, 400 

CDCl3): δ (ppm) 0.78 (s, 6H, 2×-CH3, methyl of BA), 0.83 (s, 6H, 2×-CH3, methyl of 401 

BA), 0.94 (s, 3H, -CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.49, 2.50, 2.54 402 

(s, each, 3H, 3×-CH3, methyl of TMP), 2.95-3.02 (m, 2H, -CH2NH2), 3.35-3.37 (m, 403 

1H, -CCHCH2-), 3.70-3.81 (m, 1H, -CHNH2), 4.45-4.53 (m, 1H, -OCOCH-), 4.68, 404 

4.72 (brs, each, 1H, =CH2), 5.18, 5.21 (d, each, 1H, J = 15Hz, -OCH2-), 7.05-7.20, 405 

7.29-7.37, 7.60-7.63 (m, 4H, -C6H5); 
13C-NMR (125 MHz, CDCl3) : δ (ppm) 14.8, 406 

16.0, 16.3, 16.7, 18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.8, 25.6, 407 

28.1, 29.8, 30.1, 30.7, 32.2, 34.4, 37.1, 37.2, 38.1, 38.2, 38.5, 40.8, 42.5, 47.0, 49.6, 408 

50.6, 54.9, 55.5, 56.8 (-CH-NH2), 64.5 (-CH2), 82.5 (-OCOCH-), 109.8 (-CH=C-), 409 

110.3, 111.6, 111.4, 118.8, 119.6, 122.3, 123.8 (-NHCH-), 127.3, 136.5, 145.5, 148.9, 410 

148.9, 150.6, 151.1 (-CH=C-), 175.7 (-CO-); HRMS (ESI) m/z: [M+H]+ 777.53125, 411 
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calcd. for C49H68N4O4 776.52406. 412 

3β-(L-Sarkosyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 413 

(BA-12). Obtained from TBA by method A and method B as a colorless powder; 414 

Yield: 76.9%; mp: 172.6–173.4 °C, [α]D = +42 (c 0.50, MeOH); 1H-NMR (500 MHz, 415 

CDCl3) : δ (ppm) 0.77, 0.84, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.82 (brs, 6H, 416 

2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.40, 2.50, 2.53 (s, each, 3H, 417 

3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.52 (brs, 2H, -CH2NH-), 418 

4.48-4.51 (m, 1H, -OCOCH-), 4.56, 4.59 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 419 

1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.6, 420 

18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.9, 25.6, 28.2, 29.8, 30.7, 421 

32.2, 34.4, 34.6, 37.0, 37.2, 38.0, 38.2, 38.5, 40.8, 42.5, 47.0, 49.6, 50.6, 50.7, 55.6, 422 

56.8 (-CH-NH2), 64.5 (-CH2), 83.2 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 423 

150.6, 151.1 (-CH=C-), 168.6 (-COCH-), 175.7 (-COO-); HRMS (ESI) m/z: [M+H]+ 424 

662.48975, calcd. for C41H63N3O4 661.48186. 425 

3β-(L-Valyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 426 

(BA-13). Obtained from TBA by method A and method C as a colorless powder; 427 

Yield: 52.3%; mp: > 220 °C, [α]D = +20 (c 0.50, MeOH); 1H-NMR (500 MHz, 428 

CDCl3): δ (ppm) 0.78, 0.82, 0.94 (s, each, 3H, 3×-CH3, methyl of BA), 0.85 (brs, 6H, 429 

2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.54 (s, each, 3H, 430 

3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, -CCHCH2-), 3.33-3.34 (m, 1H, -CHNH2), 431 

4.49-4.52 (m, 1H, -OCOCH-), 4.59, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 432 

1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.8, 433 

18.3, 17.1, 18.3, 19.5, 19.6, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.9, 25.6, 434 

28.2, 29.8, 30.7, 31.6, 32.2, 34.4, 37.1, 37.2, 38.0, 38.2, 38.5, 40.8, 42.5, 47.0, 49.6, 435 

50.6, 55.6, 56.8 (-CH-NH2), 60.2, 64.5 (-CH2), 82.2 (-OCOCH-), 109.8 (-CH=C-), 436 

145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 175.7 (-COO-); HRMS (ESI) m/z: 437 

[M+H] + 690.52112, calcd. for C43H67N3O4 689.51316. 438 
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4.1.2. General Procedure for the Preparation of TBA amino acids derivatives 439 

BA-14---BA-15 440 

It was worth noting that, to avoid the formation of by-products, the hydroxyl groups 441 

of Cbz-L-serine Cbz-L-threonine should be protected with TBDMSCl before 442 

esterification with TBA in the synthesis of BA-14 and BA-15. To a magnetically 443 

stirred solution of the corresponding N-Cbz-protected amino acid (N-Cbz-L-serine 444 

N-Cbz-L-threonine) (1.0 equiv.) and imidazole (2.0 equiv.) in dry N, N-dimethyl 445 

formamide (10 mL) at 0°C, the TBDMSCl (1.5 equiv.) was added. Then the reaction 446 

mixture was allowed to warm to room temperature and stirred for 24h. After 447 

completion of the reaction (as monitored by TLC), the reaction mixture was poured 448 

into ice-water, and the sediment was filtered and washed with water. Then the residue 449 

was dissolved with DCM, dried over sodium sulfate and evaporated under vacuum, 450 

and the crude product (N-Cbz-TBDMS-L-serine, N-Cbz-TBDMS-L-threonine) was 451 

obtained.  452 

The starting material TBA (1 equiv.) was dissolved in dry DCM (20 mL), DMAP (0.1 453 

equiv.) and the protected amino acid (1.3 equiv.) were added. After addition of EDCI 454 

(1.5 equiv.), the mixture was stirred at 25 °C for 12 h. Then the solution was washed 455 

with brine. After drying the organic layer over anhydrous Na2SO4 and evaporating the 456 

solvent under vacuum, the crude product was purified by flash chromatography (silica 457 

gel, dichloromethane: methanol = 40:1).  458 

The Cbz-protected compound was dissolved in 20 mL MeOH, Pd/C (10%; 80 mg) 459 

was added. The mixture was allowed to stir at room temperature for 12 h and filtered 460 

to remove Pd/C. The filtrate was concentrated in vacuum and the residue was further 461 

reacted with 1.5 equivalents of 1M TBAF in THF for 1.5 h at 25 °C. Then the solvent 462 

was evaporated under vacuum. Purification was performed by flash chromatography 463 

(silica gel, dichloromethane: methanol = 40:1). 464 

3β-(L-Threonyl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 465 

(BA-14). Yield: 46.7%; colorless powder; mp: 103.1-103.9 °C, [α]D = -4 (c 0.50, 466 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.78, 0.85, 0.86 (s, each, 3H, 3×-CH3, 467 
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methyl of BA), 0.82 (brs, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA),  468 

2.48, 2.50, 2.54 (s, each, 3H, 3×-CH3, methyl of TMP), 2.97-3.00 (m, 1H, -CCHCH2-), 469 

3.39-3.58 (m, 1H, -CHNH2), 3.85-3.98 (m, 1H, -CHOH), 4.54-4.55 (m, 1H, 470 

-OCOCH-), 4.58, 4.71 (brs, each, 1H, =CH2), 5.16, 5.19 (d, each, 1H, J = 15Hz, 471 

-OCH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.8, 18.3, 19.5 472 

(CH3CH-), 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.9, 25.5, 27.7, 28.2, 29.0, 473 

29.7, 30.6, 32.1, 34.3, 37.0, 37.2, 38.0, 38.2, 38.5, 40.8, 42.5, 47.0, 49.6, 50.5, 55.6 474 

(-CH-NH2), 56.8, 64.5 (-CH2), 67.2 (-CHOH), 82.6 (-OCOCH-), 95.8, 109.8 475 

(-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 175.75 (-CO-); HRMS (ESI) 476 

m/z: [M+H]+ 692.49957, calcd. for C42H65N3O5 691.49242. 477 

3β-(L-Seryl)-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl ester 478 

(BA-15). Yield: 47.5%; colorless powder; mp: 133.2-134.1 °C, [α]D = +16 (c 0.50, 479 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.77, 0.82, 0.93 (s, each, 3H, 3×-CH3, 480 

methyl of BA), 0.83 (brs, 6H, 2×-CH3, methyl of BA), 1.66 (s, 3H, 30-CH3 of BA),  481 

2.48, 2.50, 2.53 (s, each, 3H, 3×-CH3, methyl of TMP), 2.97-3.00 (m, 1H, -CCHCH2-), 482 

3.32-3.35 (s, 1H, -CHNH2), 3.63 (brs, 1H, -OH), 3.72-3.75 (m, 1H, -CH2OH), 483 

3.86-3.94 (m, 1H, -CH2OH), 4.52-4.56 (m, 1H, -OCOCH-), 4.58, 4.71 (brs, each, 1H, 484 

=CH2), 5.16, 5.19 (d, each, 1H, J = 15Hz,-OCH2-); 
13C-NMR (125 MHz, CDCl3): δ 485 

(ppm) 14.8, 16.0, 16.3, 16.7, 18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 486 

23.9, 24.3, 25.5, 28.1, 29.7, 30.6, 32.1, 34.3, 37.0, 37.2, 38.1, 38.2, 38.4, 40.8, 42.5, 487 

47.0, 49.6, 50.5, 55.5 (-CH-NH2), 56.8, 62.5 (-CH2OH), 64.5 (-CH2), 82.4 488 

(-OCOCH-), 82.7, 109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 489 

175.7 (-COO-); HRMS (ESI) m/z: [M+H]+ 678.48480, calcd. for C41H63N3O5 490 

677.47677 . 491 

4.1.3. General Procedure for the Preparation of TBA dipeptide derivatives 492 

BA-16---BA-27 493 

The corresponding TBA amino acid derivatives (BA-02, BA-04, BA-06, BA-12) (1.0 494 

equiv.), DMAP (0.1 equiv.) and N-Boc-protected amino acids (Boc-L-glycine, 495 

Boc-L-alanine, Boc-L-sarcosine, Boc-L-proline) were dissolved in 25 mL dry DCM, 496 
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EDCI (0.1 equiv.) was added. The mixture was stirred at room temperature overnight. 497 

Then the solution was washed with brine, dried over sodium sulfate, filtered and the 498 

solvent was evaporated. Purification was performed by flash chromatography (silica 499 

gel, dichloromethane: methanol = 40:1). Then the Boc-protected compounds were 500 

further reacted with TFA (1mL per 10mL DCM) in dry DCM in ice bath for 2 h. After 501 

completion of the reaction (as monitored by TLC), the solution was evaporated and 502 

washed with a saturated sodium carbonate solution (20 mL). The aqueous layer was 503 

extracted with DCM (3 × 25 mL), the combined organic extracts were washed with 504 

brine (20 mL), dried over sodium sulfate, filtrated and evaporated. Purification was 505 

performed by flash chromatography (silica gel, dichloromethane: methanol = 30:1). 506 

3β-[(L-Glycyl)-L-Glycyl]-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 507 

ester (BA-16).Yield: 52.8%; colorless powder; mp: 130.8-131.7 °C, [α]D = +15 (c 508 

0.50, MeOH); 1H-NMR (500 MHz, CD3OD): δ (ppm) 0.67, 0.98 (s, each, 3H, 2×-CH3, 509 

methyl of BA), 0.88 (brs, 9H, 3×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 510 

2.52, 2.53, 2.60 (s, each, 3H, 3×-CH3, methyl of TMP), 2.98-3.04 (m, 1H, -CCHCH2-), 511 

3.35 (s, 2H, -CH2NH2), 3.98 (s, 2H, -CH2NH-), 4.50-4.53 (m, 1H, -OCOCH-), 4.61, 512 

4.71 (brs, each, 1H, =CH2), 5.23, 5.26 (d, each, 1H, J = 15Hz, -OCH2-), 5.51 (s, 1H, 513 

-NH-). 13C-NMR (125 MHz, CD3OD): δ (ppm) 15.1, 16.4, 16.7, 16.9, 19.2, 19.5, 20.4, 514 

21.2 (-CH3), 21.4 (-CH3), 22.0 (-CH3), 24.6, 26.7, 28.4, 30.7, 31.6, 33.1, 35.4, 37.8, 515 

38.2, 39.0, 39.6, 41.9 (-CH2-NH-), 42.1, 43.5 (-CH2-NH2), 45.6, 50.6, 51.7, 54.8, 56.8, 516 

57.9, 65.0 (-CH2), 83.4 (-OCOCH-), 110.4 (-CH=C-), 147.1, 150.3, 150.7, 151.7, 517 

152.5 (-CH=C-), 160.0, 171.3 (-CONH-), 175.7 (-COCH2-), 177.0 (-COO-); HRMS 518 

(ESI) m/z: [M+H]+ 705.49500, calcd. for C42H64N4O5 704.48767. 519 

3β-[(L-Sarkosyl)-L-Sarkosyl]-lup-20(29)-ene-28-oic 520 

acid-3,5,6-trimethylpyrazin-2-methyl ester (BA-17). Yield: 62.3%; colorless powder; 521 

mp: 118.4-119.2 °C, [α]D = +12 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ 522 

(ppm) 0.76, 0.81, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 1.66 (s, 3H, 30-CH3 of 523 

BA), 2.48, 2.50, 2.53 (s, each, 3H, 3×-CH3, methyl of TMP), 3.04-3.17 (m, 2H, 524 

-CH2NH-), 2.98 (s, 3H, CH3-N-), 2.98-3.04 (m, 1H, -CCHCH2-), 3.96 (s, 3H, 525 
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CH3-NH-), 3.96-4.12 (m, 2H, -CH2N-), 4.50-4.51 (m, 1H, -OCOCH-), 4.58, 4.70 (brs, 526 

each, 1H, =CH2), 5.16, 5.19 (d, each, 1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, 527 

CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.4, 19.5, 21.0 (-CH3), 21.5 (-CH3), 21.8 528 

(-CH3), 23.8, 25.6, 28.1, 29.7, 30.7, 32.2, 33.4, 34.4, 35.8 (CH3N-), 37.0, 37.3, 38.0, 529 

38.2, 38.8, 39.0, 40.8, 42.5, 47.0, 49.6, 50.6, 51.8, 55.4 (-CH-NH2), 56.8, 64.5 (-CH2), 530 

79.1 (CH3NH-), 82.9 (-OCOCH-), 109.7 (-CH=C-), 145.5, 148.9, 149.0, 150.7, 151.1 531 

(-CH=C-), 163.3, 168.4 (-CH2COO-), 175.7 (-CO-); HRMS (ESI) m/z: [M+H]+ 532 

733.52527, calcd. for C44H65N3O5 732.51897. 533 

3β-[(L-Prolyl)-L-Sarkosyl]-lup-20(29)-ene-28-oic 534 

acid-3,5,6-trimethylpyrazin-2-methyl ester (BA-18). Yield: 60.7%; colorless powder; 535 

mp: 158.5-159.3 °C, [α]D = +52 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ 536 

(ppm) 0.78, 0.81, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.82 (s, 6H, 2×-CH3, 537 

methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.50, 2.53, 2.56 (s, each, 3H, 3×-CH3, 538 

methyl of TMP), 2.95-2.99 (m, 1H, -CCHCH2-), 3.11 (s, 3H, CH3N-), 3.42, 3.46 (brs, 539 

each, 1H, -CH2-NH-), 3.68-3.71 (m, 1H, -CHNH-), 4.51-4.53 (m, 1H, -OCOCH-), 540 

4.59, 4.71 (brs, each, 1H, =CH2), 5.18, 5.21 (d, each, 1H, J = 15Hz, -OCH2-); 
 541 

13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.3, 19.5, 20.4, 21.0 542 

(-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.9, 25.6, 28.2, 29.4, 29.8, 30.7, 32.1, 34.3, 36.4, 543 

37.0, 37.2, 38.0, 38.2, 38.5, 40.8, 42.5, 47.0, 49.6, 50.4, 50.6, 55.5, 56.8, 58.3, 62.4, 544 

64.4 (-CH2), 83.1 (-OCOCH-), 109.8 (-CH=C-), 145.8, 148.6, 149.3, 150.6, 151.1 545 

(-CH=C-), 163.3, 168.0 (-CH2COO-), 169.3 (-CON-), 175.6 (-COO-); HRMS (ESI) 546 

m/z: [M+H]+ 759.54059, calcd. for C46H70N4O5 758.53462. 547 

3β-[(L-Alanyl)-L-Glycyl]-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 548 

ester (BA-19). Yield: 58.9%; colorless powder; mp: 117.8-118.7°C, [α]D = +17 (c 0.50, 549 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.77, 0.83, 0.93 (s, each, 3H, 3×-CH3, 550 

methyl of BA), 0.82 (s, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 551 

2.50, 2.53 (s, each, 3H, 3×-CH3, methyl of TMP), 2.87-2.95 (s, each, 2H, -NH2-), 552 

2.96-3.01 (m, 1H, -CCHCH2-), 3.61-3.63 (m, 1H, -CH-), 4.01 (d, 2H, -NHCH2-), 553 

4.50-4.53 (m, 1H, -CHCH3), 4.58, 4.70 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 1H, 554 
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J = 15HZ, -OCH2-), 7.80 (s, 1H, -NH-CH2-); 
13C-NMR (125 MHz, CDCl3): δ (ppm) 555 

14.8, 16.0, 16.3, 16.6, 18.3, 19.5, 21.0, 20.6 (-CH3), 21.4, 21.5 (-CH3), 21.8 (-CH3), 556 

23.8, 25.6, 28.1, 29.7, 30.7, 32.2, 34.4, 37.0, 37.2, 38.0, 38.2, 38.5, 39.0, 40.8, 41.4 557 

(-NH-CH2-), 42.5, 47.0, 49.6, 50.6 (-CHNH2), 50.7, 55.5, 56.8, 64.5 (-CH2), 82.6, 558 

109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 169.9 (-CH2-COO-), 559 

175.7 (-COO-); HRMS (ESI) m/z: [M+H]+ 719.51080, calcd. for C43H66N4O5 560 

718.50332. 561 

3β-[(L-Prolyl)-L-Glycyl]-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 562 

ester (BA-20). Yield: 59.3%; colorless powder; mp: 122.6-123.5 °C, [α]D = +4 (c 0.50, 563 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.77, 0.83, 0. 93 (s, each, 3H, 3×-CH3, 564 

methyl of BA), 0.82 (s, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 565 

2.50, 2.53 (s, each, 3H, 3×-CH3, methyl of TMP), 2.99-3.03 (m, 2H, -CH2NH-), 566 

3.07-3.12 (m, 1H, -CCHCH2-), 3.94-3.97 (m, 1H, -NHCH-), 4.00-4.02 (m, 2H, 567 

-CH2CH2-), 4.49-4.52 (m, 1H, -OCOCH-), 4.58, 4.71 (brs, each, 1H, =CH2), 5.17, 568 

5.20 (d, each, 1H, J = 15Hz,-OCH2-), 8.19 (s, 1H, -NH-); 13C-NMR (125 MHz, 569 

CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.6, 18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 570 

21.8 (-CH3), 23.8, 25.6, 26.1, 28.2, 29.8, 30.7, 30.8, 32.2, 34.4, 37.1, 37.2, 38.0, 38.2, 571 

38.5, 40.8 (-NHCH-), 41.4, 42.5, 47.0, 47.3, 49.6, 50.6, 55.5, 56.8, 60.5, 62.4 572 

(-CHNH-), 64.5 (-CH2), 82.6 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 150.6, 573 

151.1 (-CH=C-), 169.9 (-CONH-), 175.7 (-COOCH-), 175.7 (-COO-); HRMS (ESI) 574 

m/z: [M+H]+ 745.52527, calcd. for C45H68N4O5 744.51897. 575 

3β-[(L-Sarkosyl)-L-Glycyl]-lup-20(29)-ene-28-oic 576 

acid-3,5,6-trimethylpyrazin-2-methyl ester (BA-21). Yield: 57.6%; colorless powder; 577 

mp: 117.8-118.6 °C, [α]D = +16 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ 578 

(ppm) 0.77 (s, each, 3H, -CH3, methyl of BA), 0.82 (brs, 9H, 3×-CH3, methyl of BA), 579 

0.93 (s, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.53 (s, 580 

each, 3H, 3×-CH3, methyl of TMP), 2.97-3.01 (m, 1H, -CCHCH2-), 3.32 (s, 2H, 581 

-NHCH2-), 3.78-4.03 (m, 2H, -CH2CO-), 4.50-4.53 (m, 1H, -OCOCH-), 4.58, 4.71 582 

(brs, each, 1H, =CH2), 5.16, 5.19 (d, each, 1H, J = 15Hz, -OCH2-); 
13C-NMR (125 583 
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MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.6, 18.3, 19.4, 20.6, 21.0 (-CH3), 21.5 584 

(-CH3), 21.8 (-CH3), 21.9, 22.0, 23.7, 25.6, 28.0, 29.7, 30.7, 32.2, 34.4, 34.6, 37.0, 585 

37.2, 38.0, 38.2, 38.5, 40.8, 42.5, 47.0, 49.6, 50.6, 55.5 (-NHCH2-), 56.8, 64.5 (-CH2), 586 

82.6 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.1, 151.1 (-CH=C-), 168.6 587 

(-CONH-), 170.8 (-COOCH-), 175.7 (-COO-); HRMS (ESI) m/z: [M+H]+ 719.51044, 588 

calcd. for C43H66N4O5 718.50332. 589 

3β-[(L-Alanyl)-L-Alanyl]-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 590 

ester (BA-22). Yield: 53.1%; colorless powder; mp: 118.3-119.2 °C, [α]D = -2 (c 0.50, 591 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.78, 0.94 (s, each, 3H, 2×-CH3, 592 

methyl of BA), 0.82-0.83 (m, 9H, 3×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of 593 

BA), 2.48, 2.50, 2.54 (s, each, 3H, 3×-CH3, methyl of TMP), 2.96-3.01 (m, 1H, 594 

-CCHCH2-), 3.56-3.60 (m, 1H, NH2CH-), 4.49-4.52 (m, 1H, -OCOCH-), 4.52-4.57 595 

(m, 1H, -NHCH-), 4.58, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 1H, J = 15Hz, 596 

-OCH2-), 7.75-7.76 (d, 1H, -NH-); 13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 597 

16.3, 16.7, 18.3, 18.7, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.8, 25.6, 598 

28.1, 29.8, 30.7, 32.2, 34.4, 37.1, 37.2, 38.1, 38.2, 38.4, 40.8, 41.6, 42.5, 47.0, 48.4 599 

49.6 (NH2CH-), 50.6, 55.5, 56.8 (-NHCH-), 64.5 (-CH2), 82.4 (-OCOCH-), 109.8 600 

(-CH=C-), 145.5, 148.9, 149.0, 150.1, 151.1 (-CH=C-), 172.8 (-COOCH-), 175.7 601 

(-COO-); HRMS (ESI) m/z: [M+H]+ 733.52606, calcd. for C44H68N4O5 732.51897. 602 

3β-[(L-Glycyl)-L-Alanyl]-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 603 

ester (BA-23). Yield: 55.3%; colorless powder; mp: 172.4-173.3 °C, [α]D = -2 (c 0.50, 604 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.78, 0.83, 0.94 (s, each, 3H, 3×-CH3, 605 

methyl of BA), 0.82 (s, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 606 

2.50, 2.54 (s, each, 3H, 3×-CH3, methyl of TMP), 2.97-3.01 (m, 1H, -CCHCH2-), 3.56 607 

(brs, 2H, -CH2NH2), 4.49-4.52 (m, 1H, -OCOCH-), 4.58 (m, 1H, -NHCH-), 4.58, 4.71 608 

(brs, each, 1H, =CH2), 5.17, 5.20 (d, each, 1H, J = 15Hz, -OCH2-), 7.87 (s, 1H, -NH-); 609 

13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.3, 18.8, 19.5, 20.6, 610 

21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.8, 25.6, 28.1, 29.8, 30.7, 32.2, 34.4, 37.1, 611 

37.2, 38.1, 38.2, 38.4, 40.8, 42.5 (NH2CH2-), 47.0, 48.2, 49.6, 50.6, 50.7, 55.5 612 
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(-NHCH-), 56.8, 64.5 (-CH2), 82.3 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 613 

150.6, 151.1 (-CH=C-), 172.9 (-COCH-), 175.7 (-COO-); HRMS (ESI) m/z: [M+H]+ 614 

719.51044, calcd. for C43H66N4O5 718.50332. 615 

3β-[(L-Prolyl)-L-Alanyl]-lup-20(29)-ene-28-oic acid-3,5,6-trimethylpyrazin-2-methyl 616 

ester (BA-24). Yield: 56.4%; colorless powder; mp: 113.7-114.5 °C, [α]D = -6 (c 0.50, 617 

MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 0.77, 0.79, 0.93 (s, each, 3H, 3×-CH3, 618 

methyl of BA), 0.81-0.86 (m, 6H, 2×-CH3, methyl of BA), 1.67 (s, 3H, 30-CH3 of 619 

BA), 2.48, 2.49, 2.53 (s, each, 3H, 3×-CH3, methyl of TMP), 2.65-2.70 (m, 1H, 620 

-NHCH-), 2.91-3.03 (m, 2H, -CH2NH-), 3.04-3.08 (m, 1H, -CCHCH2-), 3.82-3.83 (m, 621 

1H, -CHNH-), 4.47-4.56 (m, 1H, -OCOCH-), 4.70, 4.73 (brs, each, 1H, =CH2), 5.16, 622 

5.19 (d, each, 1H, J = 15Hz, -OCH2-), 8.07-8.09 (d, 1H, -NH-); 13C-NMR (125 MHz, 623 

CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 624 

21.8 (-CH3), 23.8, 25.6, 28.1, 29.7, 30.7, 31.0, 32.2, 34.3, 37.0, 37.2, 38.0, 38.2, 38.5, 625 

40.8, 42.5, 47.0, 47.3, 49.6, 50.0, 50.6 (-NHCH-), 55.5, 56.8, 60.5, 62.8, 64.5 (-CH2), 626 

78.9, 82.2 (-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 627 

170.8 (-CONH-), 174.7 (-COOCH-), 175.7 (-COO-); HRMS (ESI) m/z: [M+H]+ 628 

759.54053, calcd. for C46H70N4O5 758.53462. 629 

3β-[(L-Sarkosyl)-L-Alanyl]-lup-20(29)-ene-28-oic 630 

acid-3,5,6-trimethylpyrazin-2-methyl ester (BA-25). Yield: 58.7%; colorless powder; 631 

mp: 136.5-137.3 °C, [α]D = -2 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ (ppm) 632 

0.77, 0.83, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.82 (s, 6H, 2×-CH3, methyl of 633 

BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.53 (s, each, 3H, 3×-CH3, methyl of 634 

TMP), 2.63-2.73 (m, 1H, -NHCH-) 2.94-3.01 (m, 1H, -CCHCH2-), 3.35-3.44 (m, 2H, 635 

-NHCH2-), 4.48-4.51 (m, 1H, -OCOCH-), 4.58, 4.71 (brs, each, 1H, =CH2), 5.17, 5.20 636 

(d, each, 1H, J = 15Hz, -OCH2-), 7.80-7.82 (d, 1H, -NH-); 13C-NMR (125 MHz, 637 

CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.3, 18.7, 19.5, 20.6, 21.0 (-CH3), 21.5 638 

(-CH3), 21.8 (-CH3), 23.8, 25.6, 28.1, 29.8, 30.7, 32.2, 34.4, 36.2, 37.1, 37.2, 38.1, 639 

38.2, 38.4, 40.8, 42.5, 47.0, 48.2, 49.6, 50.6, 53.7, 55.5, 56.8, 64.5 (-CH2), 82.4 640 

(-OCOCH-), 109.8 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 172.7 641 
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(-CONH-), 175.7 (-COO-); HRMS (ESI) m/z: [M+H]+
 733.52521, calcd. for 642 

C44H68N4O5 732.51897.  643 

3β-[(L-Glycyl)-L-Sarkosyl]-lup-20(29)-ene-28-oic 644 

acid-3,5,6-trimethylpyrazin-2-methyl ester (BA-26). Yield: 78.5%; colorless powder; 645 

mp: 117.2-118.1 °C, [α]D = +14 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ 646 

(ppm) 0.77, 0.79, 0.93 (s, each, 3H, 3×-CH3, methyl of BA), 0.81 (s, 6H, 2×-CH3, 647 

methyl of BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.50, 2.53 (s, each, 3H, 3×-CH3, 648 

methyl of TMP), 2.97-3.01 (m, 1H, -CCHCH2-), 3.00-3.06 (m, 2H, -CH2NH2), 649 

3.95-4.13 (m, 3H, CH3NH-), 4.48-4.56 (m, 2H, -CH2-), 4.58, 4.70 (brs, each, 1H, 650 

=CH2), 5.16, 5.20 (d, each, 1H, J = 15Hz, -OCH2-); 
13C-NMR (125 MHz, CDCl3): δ 651 

(ppm) 14.8, 15.5, 16.0, 16.3, 16.7, 18.3, 19.5, 20.6, 21.0 (-CH3), 21.5 (-CH3), 21.8 652 

(-CH3), 25.6, 28.1, 28.2, 29.8, 30.7, 31.1, 32.2, 34.4, 37.1, 37.2, 37.3, 38.0, 38.2, 38.5, 653 

40.8, 42.5 (-CH2NH2), 47.0, 49.6, 50.6, 55.5, 56.8 (-NCH2-), 64.5 (-CH2), 79.1, 109.8 654 

(-CH=C-), 145.5, 148.9, 149.0, 150.6, 151.1 (-CH=C-), 175.7 (-COOCH2-); HRMS 655 

(ESI) m/z: [M+H]+ 719.51044, calcd. for C43H66N4O5 718.50332.  656 

3β-[(L-Alanyl)-L-Sarkosyl]-lup-20(29)-ene-28-oic 657 

acid-3,5,6-trimethylpyrazin-2-methyl ester (BA-27). Yield: 79.8%; colorless powder; 658 

mp: 136.2-137.1 °C, [α]D = +34 (c 0.50, MeOH); 1H-NMR (500 MHz, CDCl3): δ 659 

(ppm) 0.78, 0.93 (s, each, 3H, 2×-CH3, methyl of BA), 0.81 (s, 9H, 3×-CH3, methyl of 660 

BA), 1.67 (s, 3H, 30-CH3 of BA), 2.48, 2.49, 2.53 (s, each, 3H, 3×-CH3, methyl of 661 

TMP), 2.87, 2.95 (s, each, 2H, -CH2-), 4.01 (brs, 2H, -CNH2), 4.06 (brs, 3H, -NCH3), 662 

4.58, 4.70 (brs, each, 1H, =CH2), 5.16, 5.20 (d, each, 1H, J = 15Hz, -OCH2-); 663 

13C-NMR (125 MHz, CDCl3): δ (ppm) 14.8, 16.0, 16.3, 16.7, 18.3, 19.5, 19.6, 20.6, 664 

21.0 (-CH3), 21.5 (-CH3), 21.8 (-CH3), 23.8, 25.6, 28.2, 29.8, 30.7, 31.6, 32.2, 34.4, 665 

36.6 (-NCH3), 37.0, 37.2, 38.0, 38.2, 38.5, 40.8, 41.6, 42.5, 47.0, 49.6, 50.2, 50.6, 666 

55.5, 56.8 (-NCH2-), 64.5 (-CH2), 82.7, 109.81 (-CH=C-), 145.5, 148.9, 149.0, 150.6, 667 

151.1 (-CH=C-), 162.7 (-CH2-COO-), 175.6 (-COOCH2-); HRMS (ESI) m/z: [M+H]+ 668 

733.52545, calcd. for C44H68N4O5 732.51897.  669 
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4.2. Bio-Evaluation Methods 670 

4.2.1. Cell Culture 671 

The human hepatocellular carcinoma cell line (HepG2), human colon carcinoma cell 672 

line (HT-29), human cervical cancer cell line (Hela), human lung cancer cell line 673 

(A549), human gastric cancer cell line (BGC-823) and Madin-Darby canine kidney 674 

cell line (MDCK) were obtained from the Chinese Academy of Medical Sciences & 675 

Peking Union Medical College. The cultures of the cells were maintained as 676 

monolayer in RPMI 1640 supplemented with 10% (v/v) heat inactivated fetal bovine 677 

serum and 1% (v/v) enicillin/streptomycin (Thermo Technologies, New York, NY, 678 

USA) and incubated at 37 °C in a humidified atmosphere with 5% CO2. The TBA 679 

derivatives under study were dissolved in DMSO (Sigma, St. Louis, MO, USA) and 680 

added at required concentrations to the cell culture.  681 

4.2.2. Cytotoxicity Assay 682 

The cytotoxicity of the compounds was evaluated in vitro via the MTT method 683 

against HepG2, HT-29, Hela, BGC-823, A-549 cell lines with cisplatin as the positive 684 

control. Tumor cells growing in the logarithmic phase were seeded in 96-well plates 685 

at a density 3 × 103 cells/well and incubated overnight. The following day, cells were 686 

then treated with serial dilutions of the tested compounds for 72h. At the end of this 687 

incubation, 20µL of 5 mg/mL methylthiazol tetrazolium (MTT) was added to each 688 

well and incubation proceeded at 37°C for another 4 h. After the supernatant medium 689 

was thrown away, 150 µL dimethylsulphoxide (DMSO) were added to each well and 690 

absorbance was measured at 490 nm using a plate reader (BIORAD 550 691 

spectrophotometer, Bio-rad Life Science Development Ltd., Beijing, China). 692 

Experiments were performed in triplicates and the values were the average of three (n 693 

= 3) independent experiments. The concentration of the compound which gives 50% 694 

growth inhibition corresponds to the IC50. Tumor cell growth inhibitory rate was 695 

calculated in the following Equation (1): 696 

% inhibition = (1 − Sample group OD/Control group OD) × 100% (1) 697 

4.2.3. Morphological detection of apoptosis using Giemsa staining  698 

To observe the changes in cell morphology after treatment with BA-25, Giemsa 699 

staining was performed as previously described [19]. Briefly, exponentially growing 700 
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HepG2 cells (4 × 103 cells/well) were cultured in 6-well plates overnight and then 701 

treated with various concentrations of BA-25 (1.5, 3, 6 µM) for an additional 72 h. 702 

Following twice washes with PBS and fixing with cold methanol, cells were stained 703 

with 6% Giemsa (Giemsa, Molecular Probes/Invitrogen Life Technologies, Carlsbad, 704 

CA, USA) solution for 5 min, washed with water and dried. The cell morphological 705 

changes were observed under a fluorescent microscope [38]. 706 

4.2.4. Morphological detection of apoptosis using DAPI staining 707 

Morphological observation of nuclear changes was performed by DAPI staining in 708 

this assay. HepG2 cells were seeded in the six well plates at a density of 4 × 103 709 

cells/well and were allowed to grow for 12 h. Then the cells were treated with 710 

different concentration ranges of BA-25 (1.5, 3, 6 µM) for 72 hours. After the 711 

treatment period, cells were washed with PBS and fixed with 4% paraformaldehyde. 712 

Then the liquid was removed and the cells were stained with 1 mg/mL DAPI (DAPI, 713 

Molecular Probes/Invitrogen Life Technologies, Carlsbad, CA, USA) for 1 min in 714 

dark. After staining, cells were visualised under a fluorescence microscope [39]. 715 

4.2.5. Detection of apoptosis using Annexin V-FITC/PI staining 716 

To determine early apoptosis and secondary necrosis, HepG2 cells were stained with 717 

annexin-V FITC apoptosis detection kit (Beijing BioDee Biotech. Co., Ltd., Beijing, 718 

China) as per manufacturer instruction. After exposure to BA-25 (2, 3, 4 µM) for 72 719 

h, HepG2 cells were collected, washed twice with cold PBS and centrifuged at 1000 720 

rpm for 5 min. The resulting pellet was mixed with 200 µL binding buffer of the 721 

Annexin V-FITC kit, then 10 µL FITC labeled annexin V was added and mixed 722 

gently. After incubation at 4°C for 15min in the dark, the cells were washed twice and 723 

resuspended in 300 µL binding buffer containing 10 µL PI. Then the cells were 724 

immediately analyzed with a flow cytometry [40]. 725 

4.2.6. Measurement of mitochondrial membrane potential 726 

Evaluation of mitochondrial membrane potential in HepG2 cells was performed by 727 

flow cytometry using the rhodamine 123 (Rh123) staining. HepG2 cells (1 × 105 cells/ 728 

well) in logarithmic growth phase were incubated in 6-well culture plate for 24 h. 729 

Then the cells were exposed to 2, 3 and 4 µM BA-25 for 72h and harvested by 730 
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trypsinnization. After twice washes with cold PBS, the cells were incubated at 37°C 731 

with 10 µg/mL Rh123 (Rh123, Beijing BioDee Biotech. Co., Ltd., Beijing, China) for 732 

30 min. Following twice washes with PBS, fluorescent intensities were determined by 733 

flow cytometry with excitation and emission wavelength set at 488 nm and 530 nm, 734 

respectively [33, 36]. 735 

4.2.7. Assessment of intracellular Free Ca2+  736 

For the measurement of intracellular free Ca2+, HepG2 cells were seeded in 6-well 737 

plate at 1 × 105 cells/well and were allowed to grow for 24h. After BA-25 (2, 3, 4 µM)  738 

treatment for 72h, the cells were harvested and washed twice with cold PBS, then 739 

resuspended in HBSS buffer with 10 µM Fluo-3AM (Fluo-3AM, Shanghai Beyotime 740 

Biotech. Co., Ltd., Shanghai, China), and incubated for 30 min at 37 °C in the dark. 741 

The cells were then subjected to flow cytometric analysis at 488 nm excitation 742 

wavelength [36, 37]. 743 
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Captions to the Tables, Fig.s and Schemes. 903 

Table1 The structures of TBA amino acids derivatives BA-02---BA-15. 904 

Table 2 The structures of TBA dipeptides derivatives BA-16---BA-27. 905 

Table 3 The IC50 values of TBA amine acids or dipeptide derivatives BA-X for 906 

different tumor cells and MDCK cells. 907 

Fig. 1. Morphological detection of apoptosis using Giemsa staining (200×): (a) 908 

Control group; (b) 1.5 µM; (c) 3 µM; and (d) 6 µM. The cell morphology was 909 

observed under the light microscope after Giemsa staining. The most representative 910 

fields are shown. Arrows indicate the typical apoptotic cell. 911 

Fig. 2. Morphological detection of apoptosis using DAPI staining (200×): (a) control 912 

group; (b) 1.5 µM; (c) 3 µM; and (d) 6 µM. The cell morphology was observed under 913 

the fluorescence microscope after DAPI staining. The most representative fields are 914 

shown. Arrows indicate the typical apoptotic cell. 915 

Fig. 3. Detection of apoptosis using Annexin V-FITC/PI staining: (a) control group; 916 

(b) 2 µM; (c) 3 µM; and (d) 4 µM. 917 

Fig. 4. Effect of BA-25 on mitochondrial membrane potential: (a) control group; (b) 2 918 

µM; (c) 3 µM; and (d) 4 µM. Cells were determined by flow-cytometric analysis 919 

stained with Rhodamine 123 for 30 min. Results are expressed as mean fluorescent 920 

intensity (MFI). 921 

Fig. 5. Effect of BA-25 on intracellular free Ca2+ in HepG2 cells: (a) control group; (b) 922 

2 µM; (c) 3 µM; and (d) 4 µM. After being treated with 2.0, 3.0 and 4.0 µM BA-25 923 

for 72 h, cells were determined by flow-cytometric analysis stained with Fluo-3AM 924 

for 30 min. Results are expressed as mean fluorescent intensity (MFI). 925 

Scheme 1. Synthesis of the intermediate 2-(chloromethyl)-3,5,6-trimethylpyrazine (5). 926 

Reagents and Conditions: (a) aceticacid (AcOH), 30% H2O2, reflux, 90°C, 6h; (b) 927 
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acetic anhydride (Ac2O), reflux, 105°C, 2h; (c) THF: MeOH: H2O=3:1:1, NaOH, 1h; 928 

(d) THF, TsCl, TEA, DMAP, 12h. 929 

Scheme 2. Synthesis of the derivative TBA (BA-01). Reagents and Conditions: (a) 930 

dry DMF, dry K2CO3, 25 °C, 12h. 931 

Scheme 3. Synthesis of the TBA amino acids derivatives BA-02---BA-15. Reagents 932 

and Conditions: Boc-amino acids or Cbz-amino acids, DCM, DMAP, EDCI, 25°C, 933 

12h; (b) TFA in dry DCM, 0°C, 2h or Pd/C (10%), MeOH, 25°C, 12h; (c)TBDMSCl, 934 

Imidazole, DMF, 25°C, 12h; (d) TBAF, THF, 25 °C, 1.5h. 935 

Scheme 4. Synthesis of the TBA dipeptide derivatives BA-16---BA-27. Reagents and 936 

Conditions: (a) Boc-amino acids, HOBt, EDCI, DIPEA, 25°C, 12h; (b) TFA in dry 937 

DCM, 0°C, 2h. 938 
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Table1 The structures of TBA amino acids derivatives BA-02---BA-15 950 

Compound R Compound R 

BA-02 L-Gly BA-09 L-Pyr 

BA-03 L-Phe BA-10 L-Lys 

BA-04 L-Ala BA-11 L-Trp 

BA-05 L-Asp BA-12 L-Sar 

BA-06 L-Pro BA-13 L-Val 

BA-07 L-Leu BA-14 L-Thr 

BA-08 L-IIe BA-15 L-Ser 

Table 2 The structures of TBA dipeptides derivatives BA-16---BA-27 951 

compound R1 R2 

BA-16 L-Gly L-Gly 

BA-17 L-Sar L-Sar 

BA-18 L-Sar L-Pro 

BA-19 L-Gly L-Ala 

BA-20 L-Gly L-Pro 

BA-21 L-Gly L-Sar 

BA-22 L-Ala L-Ala 

BA-23 L-Ala L-Gly 

BA-24 L-Ala L-Pro 

BA-25 L-Ala L-Sar 

BA-26 L-Sar L-Gly 

BA-27 L-Sar L-Ala 

Table 3 The IC50 values of TBA amine acids or dipeptide derivatives BA-X for 952 

different tumor cells and MDCK cells 953 

Compd 
IC50 (µM) 

HepG2 HT-29 Hela BGC-823 A549 MDCK 

BA-01 5.70+1.77 7.41+2.34 8.00+1.89 6.87+0.21 3.56+0.31 18.20+0.18 
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BA-02 6.77+0.67 3.97+0.59 4.24+0.70 3.87+0.22 3.62+0.31 5.82+0.50 

BA-03 >40 >20 >40 >20 >40 >40 

BA-04 >20 7.74+0.14 6.62+1.41 6.16+0.58 6.33+0.17 >40 

BA-05 >20 >20 >20 >20 >20 >40 

BA-06 4.54+0.46 2.73+0.35 6.33+0.02 3.47+0.2 3.36+0.48 10.15+4.05 

BA-07 >40 >20 >20 >20 >20 >40 

BA-08 12.73+0.8 15.89+2.9 >20 >20 14.52+5.3 >40 

BA-09 5.86+0.45 3.78+0.89 6.59+0.34 4.70+0.42 4.11+0.56 9.24+0.21 

BA-10 2.39+0.70 2.64+0.5 2.62+0.36 2.16+1.10 1.26+0.83 >40 

BA-11 >40 7.41+2.34 >20 >20 >20 >40 

BA-12 4.5+0.65 1.10+0.67 3.96+1.08 3.97+2.15 3.05+0.34 9.08+0.22 

BA-13 5.91+0.05 >20 8.63+0.75 7.14+1.70 6.90+0.37 >40 

BA-14 3.64+0.49 6.66+0.92 8.39+0.58 7.05+0.53 4.18+0.81 >40 

BA-15 4.03+0.22 4.35+1.31 2.74+0.97 6.21+0.29 4.39+2.76 8.56+1.19 

BA-16 4.0+0.87 3.19+0.4 2.40+0.04 2.88+0.42 1.95+0.58 7.45+1.15 

BA-17 3.94+0.02 8.32+1.07 5.08+1.61 4.10+0.13 4.83+0.01 10.91+1.4 

BA-18 3.75+0.36 5.98+0.29 3.02+0.12 1.83+1.07 3.91+1.13 11.28+0.21 

BA-19 2.27+0.67 3.67+0.42 3.19+0.97 4.99+0.33 3.25+0.15 16.23+5.90 

BA-20 3.48+1.13 4.11+1.05 2.20+0.43 0.84+0.39 2.98+1.61 6.63+0.41 

BA-21 5.27+1.29 3.37+2.59 7.38+0.38 2.07+0.99 3.02+1.08 20.64+5.89 

BA-22 1.93+0.49 4.18+1.20 4.49+0.82 2.51+1.68 2.54+0.44 10.21+1.14 

BA-23 2.17+0.26 4.38+2.39 5.57+0.55 1.49+0.63 2.45+0.80 >40 

BA-24 3.39+1.01 3.56+0.07 2.33+0.46 2.52+0.16 4.08+0.45 >40 

BA-25 3.09+1.49 1.70+0.34 1.74+0.99 1.79+0.28 3.25+1.10 10.84+0.27 

BA-26 4.94+0.04 3.31+0.28 2.62+1.13 3.43+0.42 2.96+0.76 8.08+0.13 

BA-27 4.27+0.25 3.86+1.33 4.55+1.49 4.38+0.57 5.18+1.33 14.56+1.88 

DPP 3.42+0.68 4.1+1.17 5.60+0.78 4.25+0.32 3.85+0.63 12.38+1.23 
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Fig. 1. Morphological detection of apoptosis using Giemsa staining (200×). 962 

 963 

 964 

 965 

 966 

 967 

 968 

 969 

Fig. 2. Morphological detection of apoptosis using DAPI staining (200×). 970 
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Fig. 3. Detection of apoptosis using Annexin V-FITC/PI staining. 972 
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Fig. 4. Effect of BA-25 on mitochondrial membrane potential. 974 
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 975 

Fig. 5. Effect of BA-25 on intracellular free Ca2+ in HepG2 cells. 976 
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Scheme 1. Synthesis of the intermediate 2-(chloromethyl)-3,5,6-trimethylpyrazine 978 

(5). 979 
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Scheme 2. Synthesis of the derivative TBA (BA-01). 981 
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Scheme 3. Synthesis of the TBA amino acids derivatives BA-02---BA-15. 984 

 985 

Scheme 4. Synthesis of the TBA dipeptide derivatives BA-16---BA-27. 986 
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Highlights 

a. Twenty-six TBA amino acid/dipeptide derivatives were synthesized. 

b. TBA amino acid/dipeptide derivatives showed potent cytotoxicity on tumor cell, 

and low toxicity on normal cell. 

c. BA-25-induced apoptosis was associated with loss of mitochondrial membrane 

potential.  

d. BA-25-induced apoptosis was associated with increase of intracellular free Ca2+ 

concentration. 


