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Abstract

A series of picolyl amides of betulinic aciBa-3c and6a—6c) was prepared and subjected to
the cytotoxicity screening tests. Structure-acfivélationships studies resulted in finding
differences in biological activity in dependenceosym- andp-substitution of the pyridine
ring in the target amides, when cytotoxicity dat@@-3c and6a—6¢c were obtained and
compared. The amid&b and3a displayed cytotoxicity (given in the igvalues) in G-361
(0.5+0.1 pM and 2.4 + 0.0 uM, respectively), MGEA £ 0.1 uM and 2.2 £ 0.2 uM,
respectively), HeLa (2.4 £ 0.4 uM and 2.3 + 0.5 ubgpectively) and CEM (6.5 + 1.5 uM
and 6.9 £ 0.4 uM, respectively) tumor cell linesd ahowed weak effect in the normal human
fibroblasts (BJ). Selectivity against all testedaar cells was determined and compared to
normal cells with therapeutic index (TI) betweeand 100 for compounda and3b. The
therapeutic index (Tl = 100) was calculated for Bammalignant melanoma cell line (G-361)
versus normal human fibroblasts (BJ). The cytotoxicityodier target amideS¢ and6a—6c¢)

revealed lower effects th&a and3b in the tested cancer cell lines.

Key words: betulinic acid; picolyl amine; amide; cytotoxigitherapeutic index

1. Introduction

In the past years, we have published a paper dealith the investigation of heteroaromatic
amides of selected steryl hemiesters [1]. Sevérdlase compounds were basedoeynm-
andp-picolyl amines, displaying only moderate cytotatyicThose compounds suffered from
low polarity of the steryl skeleton. Neverthelesgen in that range of biological activity,
difference in cytotoxicity values could be seersdzhoro-, m- or p-substitution in picolyl
amides. More recently, our attention has been ftas the investigation of triterpenoid acid

and their derivatives, which mostly showed consiikr cytotoxicity and high and sometimes
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selective antimicrobial activity. The compounds @beted a majority of ADME parameters
required for prediction of potential drugs, andh-several cases — displayed important
supramolecular characteristics, among which foromadif supramolecular hydrogels was one
of the most important features [2,3].

Betulinic acid, (B)-3-hydroxylup-20(29)-en-28-oic acid, is practigathsoluble in water,
mainly due to the presence of large lipophilic lemke and inadequate number of hydrophilic
groups [4]. Even with this feature, which meandait, that this natural product does not
correspond to the Lipinski [5] and Ghose [6] rudescribing potentially biologically active
compounds, it displays anti-HIV activity [7], amtmhor [8,9] and antidiabetic activity [10,11].
Nature itself possesses natural mechanisms fagasorg bioavailability of natural products
by forming their water-soluble conjugates (e.gcghbides) [12]. To improve its
pharmacological characteristics in forms of theel@ompounds has always been a challenge
for researchers, to find its new derivatives anateel compounds [12]. Betulinic acid is a
plant product, to be found in genBetulla, Diospiros, Paeonia, Syzigium or Ziziphus [13].
Concerning the antitumor effect, derivatives ofuliaic acid have been used against a variety
of tumor cell lines: malignant brain tumor, primgineuroectodermal tumor [14], human
chronic myelogenous leukemia, and against mostesfgbent human cancer types, such as
cervical, prostate, breast, lung or colorectal eaft2].

Many bioactive secondary metabolites of plantduitiag betulinic acid, induce apoptosis
pathway in cancer cells to exert their selectivietoxic effects [15]. The cysteine-aspartic
acid protease (caspase) family proteins play aaemte in the execution phase of apoptosis,
and the mechanism of initiation of apoptosis is iaed by the caspase cascade activation
[16]. Caspase-3 and caspase-7 are downstreamdactivated by caspase-8 and caspase-9,
which — in turn — are activated predominantly by éxtrinsic (death receptor) and intrinsic

(mitochondrial) pathways, respectively [17]. Cagpd3ss an executioner protease that results
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in cleavage of poly-(ADP-ribose) polymerase (PARfsequent DNA degradation and
apoptotic death [18]. Previous studies showedhbatlinic acid also displays anti-
inflammatory, anti-HIV, anti-helminthic, anti-no@ptive activities [19]. Several studies were
done to explain the molecular mechanisms of batusinid mediated antitumor activity. The
process seems to be largely dependent on theyalfiltetulinic acid to trigger the
mitochondrial pathway of apoptosis in cancer c@ktulinic acid shows direct effect on
mitochondria. Successive treatment of betulinid &ci cancer cells disrupts the
mitochondrial transmembrane potential, which féatiés the cells to undergo apoptosis.
Involvement of excessive amount of reactive oxyggeecies was found to be the most
important factor for loss of mitochondrial membramegrity of melanoma cells treated with
betulinic acid. It directly targets to mitochondnghich — in turn — regulates the downstream
caspase activation and side by side overcomesarsesproperty. Thus, betulinic acid has
not developed resistance in cancer cells, andellyert became permissible agents for future
cancer therapy [15].

Aminomethylpyridines (picolyl amines), and relatezteroaromatic amines, including
numbers of their derivatives, and also the derNexkides, had already been investigated for
their pharmacological activity [1,20-22], as maskef solid tumors [23] or agents in
supramolecular self-assembly [24]. Lipophilic datien of picolyl amines have resulted in
obtaining conjugates, bearing ester and amide boadch molecule; that type of study was
made in our previous work [1]. The importance affsaompounds consists in enabling
transportation of potentially biologically activerapounds through biomembrane and they
often form cationic immune-stimulating complexe§,p6]. The derivatives of picolyl amines
have also been found to be involved in activatibthe caspase cascade and promote cell

death [27].
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The objectives of the current research consist)ra(synthesis of a series of picolyl amides of
betulinic acid both, at C(17)-COOH and at C(3)-Qidthe latter subseries using succinic
acid as a junction unit), and (b) investigatiorcgtiotoxicity of the target compounds. A
comparison of the current series of compounds thitse published earlier [1] will also be

discussed.

2. Experimental part

2.1. General

The'H NMR and the*C NMR spectra were recorded on a Bruker AVANCE 504z
spectrometer at 600.13 MHz and 150.90 MHz in deatdoroform, using tetramethylsilane
(8 = 0.0) as internal referencé! NMR data are presented in the following ordeeroital

shift (5) expressed in ppm, multiplicity (s, singlet; dutet; t, triplet; g, quartet; m,
multiplet), coupling constants in Hertz, numbepadtons. For unambiguous assignment of
both'H and**C signals 2D NMRH,**C gHSQC and gHMBC spectra were measured using
standard parameters sets and pulse programs eelilbgrproducer of the spectrometer.
Copies of the NMR spectra are presented in the IBomgmtary material. Infrared spectra (IR)
were measured with a Nicolet 205 FT-IR spectroméfass spectra (MS) were measured
with a Waters ZMD mass spectrometer in a positi8érmode. Optical rotation was measured
on an Autopol IV instrument (Rudolph Research AhedJ, USA) at 589 nm wavelength, and
the value was corrected to 20°C. The PE 2400 SBri&4NS/O Analyzer (Perkin Elmer,
USA) was used for simultaneous determination diCand N (accuracy of CHN
determination better than 0.30 % abs.). TLC wasezhout on silica gel plates (Merck
60F,s4) and the visualization was performed by the U\edebn and by spraying with the
methanolic solution of phosphomolybdic acid (5%)owed by heating. For column

chromatography, silica gel 60 (0.063-0.200 mm) fiderck was used. All chemicals and
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solvents were purchased from regular commerciaicesun analytical grade and the solvents

were purified by general methods before use.

2.2. (P)-3-[(3-Carboxypropanoyl)oxy]lup-20(29)-en-28-oicic (2)

Succinic anhydride (1.62 g; 16.2 mmol; 3.5 eq) BMIAP (170 mg; 1.39 mmol, 0.30 eq)
were added to a solution of betulinic aclgd2.1 g; 4.6 mmol) in dry pyridine (20 mL). The
reaction mixture was stirred at r.t. for 5 daysteAtopping the reaction, the resulting
mixture was poured onto ice, hydrochloric acid wedded to adjust pH = 7, the organic layer
was extracted with chloroform, and the extract diasd over sodium sulfate. Evaporation of
the solvent afforded a solid that was purified biumn chromatography, yielding 1.93 g
(75%) of2.

'H NMR: 8 0.79 (3H, s, H23), 0.79 (3H, s, H24), 0.80 (3H185), 0.87 (3H, s, H26), 0.94
(3H, s, H27), 1.64 (3H, dd; = 0.7 Hz,J,= 1.4 Hz, H29), 2.09-2.13 (2H, m, H16), 2.22 (1H,
ddd,J; = 3.6 Hz,J,= 11.6 Hz,J;= 12.9 Hz, H13), 2.44-2.52 (4H, m, H2'-H3"), 2.95{( dt,J;
=4.8Hz,J,=11.0 HzJ3= 11.0 Hz, H19), 4.38 (1H, dd; = 4.7 Hz,J,= 11.6 Hz, H3), 4.56
(1H, dg,d1 = 1.4 Hz,J,= 1.4 Hz,Js= 1.4 Hz,J,= 2.4 Hz, H30), 4.69 (1H, dd,= 0.7 Hz,J, =
0.7 Hz,J5= 0.7 Hz,J,= 2.4 Hz, H30)*C NMR: § 14.31 (g, C27), 15.65 (g, C24), 15.81 (q,
C25), 16.35 (q, C26), 17.67 (t, C6), 18.90 (q, G29)42 (t, C11), 23.27 (t, C2), 25.00 (t,
C12), 27.56 (g, C23), 28.77 (t, C2"), 29.15 (t, £2D.15 (t, C3"), 30.06 (t, C15), 31.64 (t,
C16), 33.68 (t, C22), 36.28 (t, C1), 36.60 (s, CB@)38 (s, C4), 37.54 (d, C13), 37.67 (t,
C7), 40.21 (s, C8), 41.99 (s, C14), 46.57 (d, C48)50 (d, C18), 49.61 (d, C9), 54.62 (d,
C5), 55.36 (s, C17), 79.98 (d, C3), 109.58 (t, C26p.26 (s, C20), 171.56 (s, C1'), 173.32 (s,
C4'), 177.17 (s, C28). MSWz 555.2 [M-HJ. IR (KBr; cm™): 2946 (C—H val.), 2872 (-GH
val.), 1734 (—C=0 val.). For4Hs,0¢ (556.77) calculated C (73.34), H (9.41), found C

(73.37), H (9.40). M.p. 244-24€.
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2.3. (P)-3-({4-Ox0-4-[(pyridin-n-ylmethyl)amino]butanoyl}y)lup-20(29)-en-28-oic acid
[3a (n=2),3b (n=3) and3c (n=4)]

o-, m- or p-Picolyl amine (2Qul; 0.198 mmol; 1.1 eq) and T3P (0.32 ml; 0.54 mn3o&Qq)
were added to a solution 2100 mg; 0.18 mmol) in dry pyridine (2 mL), anetfeaction
mixture was stirred at r.t. for 1 day. After stapgpithe reaction, saturated solution of sodium
bicarbonate (4 mL) was added to reaction mixtund, stirring continued for several more
hours. The resulting mixture was extracted wittoobflorm, and dried over sodium sulfate.
Evaporation of the solvent afforded a solid, whigds purified by column chromatography.
Yields: 3a (85 %),3b (91 %),3c (89 %).

3a: 'H NMR: 8 0.77 (3H, s, H23), 0.78 (3H, s, H24), 0.80 (3H;185), 0.87 (3H, s, H26),
0.95 (3H, s, H27), 1.65 (3H, dd,= 0.7 Hz,J, = 1.3 Hz, H29), 2.09-2.14 (2H, m, H16), 2.23
(1H, ddd,J;=4.7 Hz,J,=11.7 Hz J3= 12.9 Hz, H13), 2.44-2.55 (4H, m, H2'-H3'), 2.95{(
dt,J;=5.3 Hz,J,=11.0 Hz J;= 11.0 Hz, H19), 4.31 (1H, dd; = 6.0 Hz,J,= 15.9 Hz, H5'),
4.35 (1H, ddJ;= 6.0 Hz,J,= 15.9 Hz, H5'), 4.38 (1H, dd; = 4.8 Hz,J,= 11.6 Hz, H3),

4.56 (1H, dgJ1=1.3 Hz,J,=1.3 Hz,J3= 1.3 Hz,J,= 2.4 Hz, H30), 4.69 (1H, bd,= 2.4 Hz,
H30), 7.24 (1H, dddt); = 0.6 Hz,J,= 0.6 Hz,J3= 1.2 Hz,J,= 4.8 Hz,J5= 7.5 Hz, H8'), 7.26
(1H, dtt,J;=0.6 Hz,J,=0.6 Hz,J3=1.1 Hz,J4,= 1.1 Hz,Js= 7.8 Hz, H10"), 7.72 (1H, di;
=1.8Hz,J,=7.7 Hz,J3= 7.7 Hz, H9'), 8.45 (1H, i = 6.0 Hz, NH), 8.48 (1H, ddd; = 0.9
Hz,J,= 1.8 Hz,J;= 4.8 Hz, H7"):*C NMR: § 14.32 (g, C27), 15.66 (q, C24), 15.82 (q, C25),
16.36 (g, C26), 17.67 (t, C6), 18.90 (g, C29), 3q4C11), 23.29 (t, C2), 25.01 (t, C12),
27.58 (g, C23), 29.16 (t, C21), 29.35 (t, C2")879t, C3'), 30.06 (t, C15), 31.66 (t, C16),
33.70 (t, C22), 36.29 (t, C1), 36.59 (s, C10), 818 C4), 37.54 (d, C13), 37.69 (t, C7),
40.22 (s, C8), 41.99 (s, C14), 44.17 (t, C5"), 8&ch C19), 48.50 (d, C18), 49.62 (d, C9),

54.63 (d, C5), 55.37 (s, C17), 79.87 (d, C3), 189t5C30), 120.88 (d, C10"), 121.97 (d, C8),



175 136.56 (d, C9'), 148.71 (d, C7'), 150.28 (s, C28§.64 (s, C6'), 170.88 (s, C1'), 171.88 (s,
176 C4"), 177.18 (s, C28). Mz 647.3 [M+H], 645.0 [M-H]. IR (KBr; cm™): 3377 (N-H val.
177  amide), 2945 (C—H val.), 2871 (—GMal.), 1728 (—C=0 val. ester), 1659 (-C=0 val.cahi
178  For GoHsgN20s (646.90) calculated C (74.27), H (9.04), N (4.38und C (74.29), H (9.03),
179 N (4.35). M.p. 121-124C. [0]p*° = +15.5 € 0.323).

180  3b: *H NMR: § 0.70-0.73 (1H, m, H5), 0.76 (3H, s, H24), 0.76 (3HH23), 0.78 (3H, dl =

181 0.6 Hz, H25), 0.88 (3H, s, H26), 0.92 (3HJ&; 0.7 Hz, H27), 1.63 (3H, ddy= 0.7 Hz,J,=
182 1.3 Hz, H29), 2.17 (1H, ddd; = 3.7 Hz,J,= 11.6 Hz J;= 12.9 Hz, H13), 2.22 (2H, ddd, =
183 2.9 Hz,J,= 4.0 Hz,J3= 13.1 Hz, H16), 2.46 (2H, §,= 6.6 Hz, H3"), 2.58-2.66 (2H, m, H2'),
184  2.94 (1H, dtJ;=5.0 Hz,J,= 11.0 Hz,Js = 11.0 Hz, H19), 4.39 (1H, ddy= 5.9 Hz,J,= 14.9
185 Hz, H5'), 4.41 (1H, dd); = 5.7 Hz,J,= 14.9 Hz, H5'), 4.42 (1H, dd; = 6.2 Hz,J,= 10.1 Hz,
186 H3), 4.55 (1H, dg)y= 1.3 Hz,J, = 1.3 Hz,J3= 1.3 Hz,J,= 2.4 Hz, H30), 4.68 (1H, dd, =

187 0.7 Hz,J,= 0.7 Hz,J3= 0.7 Hz,J,= 2.3 Hz, H30), 6.20 (1H, bf,= 5.8 Hz, NH), 7.23 (1H,
188 ddd,J;= 0.8 Hz,J,= 4.8 Hz,Js= 7.8 Hz, H10"), 7.63 (1H, ddk = 0.7 Hz,J,= 0.7 Hz,Js =

189 1.8 Hz,J;= 2.1 Hz,J5= 7.8 Hz, H11"), 8.48 (1H, bdd; = 1.8 Hz,J,= 4.8 Hz, H9"), 8.50 (1H,
190  bs, H7).1°C NMR: § 14.71 (g, C27), 16.13 (g, C24), 16.17 (g, C25)516q, C26), 18.24 (t,
191  C6), 19.41 (q, C29), 20.99 (t, C11), 23.77 (t, @560 (t, C12), 28.02 (q, C23), 29.78 (t,
192 C21),29.78 (t, C2"), 30.72 (t, C3"), 31.25 (t, {1&.29 (t, C16), 34.38 (t, C22), 37.09 (t, C1),
193 37.23 (s, C10), 37.95 (s, C4), 38.49 (d, C13), B&AC7), 40.85 (t, C5'), 41.09 (s, C8), 42.56
194 (s, C14), 47.01 (d, C19), 49.46 (d, C18), 50.570@), 55.56 (d, C5), 56.38 (s, C17), 81.68
195  (d, C3), 109.64 (t, C30), 123.82 (d, C10'), 134$5C6"), 136.46 (d, C11"), 147.92 (d, C9),
196  148.35 (d, C7"), 150.45 (s, C20), 171.74 (s, ATP.73 (s, C4"), 179.99 (s, C28). MBz

197  647.3 [M+H], 645.3 [M-H]. IR (KBr; cm™): 3350 (N-H val. amide), 2946 (C—H val.), 2871

198 (—CHgval.), 1729 (—C=0 val. ester), 1657 (—C=0 val.dahi For GoHssN.Os (646.90)



199 calculated C (74.27), H (9.04), N (4.33), found7@.80), H (9.02), N (4.35). M.p. 131-134
200 °C.[0]p® = +12.8 £ 0.383).

201 3c: 'H NMR: 8 0.70-0.74 (1H, m, H5), 0.76 (3H, s, H23), 0.76 (3HH24), 0.78 (3H, s,

202 H25), 0.87 (3H, s, H26), 0.91 (3H, bd, H27), 0.98I(dq,J, = 4.0 Hz,J,= 13.0 Hz,J;= 13.0
203 Hz,J4=13.0 Hz, H12), 1.62 (3H, ddy = 0.7 Hz,J,= 1.3 Hz, H29), 2.16 (1H, ddd; = 3.6
204  Hz,J,=11.5 HzJ;= 12.8 Hz, H13), 2.21 (2H, ddd; = 3.2 Hz,J,= 3.8 Hz,J3= 13.0 Hz,

205  H16), 2.48 (1H, dt);= 6.5 Hz,J,= 6.5 Hz,Js= 15.0 Hz, H3"), 2.50 (1H, df; = 5.7 Hz,J,=
206 5.7 Hz,J3= 15.0 Hz, H3'), 2.62 (1H, di; = 5.7 Hz,J,= 5.7 Hz,Js= 17.3 Hz, H2"), 2.66 (1H,
207 dt,J1= 6.6 Hz,J,= 6.6 Hz,Js= 17.3 Hz, H2"), 2.95 (1H, df; = 5.0 Hz,J,= 10.9 Hz,J;=

208 10.9 Hz, H19), 4.38 (1H, bdd; = 6.1 Hz,J,= 16.0 Hz, H5"), 4.42 (1H, bdd; = 6.1 Hz,J,=
209 16.0 Hz, H5'), 4.43 (1H, dd; = 5.5 Hz,J,= 11.0 Hz, H3), 4.54 (1H, d§; = 1.3 Hz,J,= 1.3
210  Hz,J;= 1.3 Hz,J4= 2.3 Hz, H30), 4.67 (1H, ddy= 0.7 Hz,J,= 0.7 Hz,J3= 0.7 Hz,J,= 2.3
211 Hz, H30), 6.30 (1H, t) = 6.1 Hz, NH), 7.16-7.18 (2H, m, H7"), 8.47-8.4%{(2n, H8").1°C

212 NMR: § 14.68 (q, C27), 16.06 (q, C24), 16.15 (q, C25)494q, C26), 18.18 (t, C6), 19.37
213 (g, C29), 20.92 (t, C11), 23.75 (t, C2), 25.500(t2), 28.01 (q, C23), 29.73 (t, C21), 29.94 (t,
214 C2"), 30.64 (t, C3"), 31.16 (t, C15), 32.26 (t, ;134.28 (t, C22), 37.08 (t, C1), 37.16 (s,
215 C10), 37.90 (s, C4), 38.38 (t, C7), 38.40 (d, C48)75 (s, C8), 42.42 (s, C14), 42.48 (t, C5'),
216  46.97 (d, C19), 49.33 (d, C18), 50.47 (d, C9), 8%} C5), 56.34 (s, C17), 81.73 (d, C3),
217 109.63 (t, C30), 122.47 (d, C7'), 148.49 (s, C#R.08 (d, C8'), 150.49 (s, C20), 171.98 (s,
218 C1'), 172.91 (s, C4"), 180.46 (s, C28). M%z 647.2 [M+HT], 645.3 [M-H]. IR (KBr; cm™):
219 3358 (N-H val. amide), 2946 (C—H val.), 2870 (=Gdl.), 1729 (~C=0 val. ester), 1663 (-
220 C=0 val. amide). For £Hs5sN20s (646.90) calculated C (74.27), H (9.04), N (4.38und C
221 (74.26), H (9.05), N (4.31). M.p. 145-14@. [0]p*° = +12.8 € 0.188).

222

223 2.4, (P)-3-(Acetyloxy)lup-20(29)-en-28-oic acid



224  Acetic anhydride (0.45 mL; 4.7 mmol; 1.44 eq), DMA&2 mg; 0.43 mmol, 0.13 eq) and
225 EDIPA (1 mL) were added to a solution of betulia@d (L; 1.5 g; 3.3 mmol) in dry THF (10
226 mL). The reaction mixture was refluxed for 3 h.e&fstopping the reaction, water (10 mL)
227 was added and the resulting mixture was stirred floour. The resulting mixture was

228  extracted with chloroform, and the extract wasdioger sodium sulfate. Evaporation of the
229  solvent afforded a solid, which was purified bywsoh chromatography, resulting finally in
230 1.55 g (95 %) of.

231 H NMR: 5 0.83 (3H, s, H23), 0.84 (3H, s, H25), 0.85 (3H,H24), 0.93 (3H, s, H26), 0.97
232 (3H, bs, H27), 1.05 (2H, dd. = 4.9 Hz,J,= 13.0 Hz,Js = 13.0 Hz,J,= 13.0 Hz, H12), 1.19
233 (2H, dt,J;=3.2 Hz,J,= 3.2 Hz,J3=13.6 Hz, H21), 1.70 (3H, dd; = 0.7 Hz,J,= 1.4 Hz,

234 H29), 2.04 (3H, s, OAC), 2.13 (2H, ddH= 3.7 Hz,J,= 11.6 Hz,J;= 12.8 Hz, H1), 2.27

235 (2H, dt,J;=3.8 Hz,J,= 3.8 Hz,J3=13.1 Hz, H16), 3.01 (1H, di; = 5.0 Hz,J,=10.9 Hz J;
236 =10.9 Hz, H19), 4.47 (1H, dd, = 5.5 Hz,J,= 10.9 Hz, H3), 4.61 (1H, ddy= 1.4 Hz,J,=
237  1.4Hz,J3=1.4HzJ,=2.3 Hz, H30), 4.74 (1H, dg§; = 0.7 Hz,J,= 0.7 Hz,J3= 0.7 Hz,J4=
238 2.3 Hz, H30)!°C NMR: § 14.64 (q, C27), 16.02 (g, C24), 16.17 (g, C25)466q, C26),

239 18.15 (t, C6), 19.32 (q, OAC), 19.33 (g, C29), 20(8 C11), 23.68 (t, C2), 25.43 (t, C12),
240  27.94 (g, C23), 29.68 (t, C21), 30.54 (t, C15)132t, C16), 34.22 (t, C22), 37.03 (d, C13),
241 37.11 (s, C10), 37.79 (t, C7), 38.37 (s, C4), 3§t381), 40.68 (s, C8), 42.41 (s, C14), 46.92
242 (d, C19), 49.25 (d, C18), 50.38 (d, C9), 55.400H), 56.35 (s, C17), 80.94 (d, C3), 109.74 {(t,
243  C30), 150.36 (s, C20), 171.06 (s, OAc), 181.4TE3). MS:m/z497.1 [M-H]J. IR (KBr; cm’
244 1:2945 (C-H val.), 2871 (-GHal.), 1735 (~C=0 val. ester), 1694 (—C=0 val.jugated
245  acid). For GHs5004 (498.74) calculated C (77.06), H (10.10), foun(ZZ.09), H (10.08).

246 M.p. 263-266°C.

247

10



248  2.5. (P)-28-0Ox0-28-[(pyridin-n-ylmethyl)amino]lup-20(29)e3-yl acetatea (n=2),5b

249  (n=3) andsc (n=4)]

250 A solution of oxalyl chloride in dry dichloromethaif2 M; 1.4 mL; 2.8 mmol; 7 eq) was

251 added to a solution @f (200 mg; 0.4 mmol) in dry dichloromethane (4 nthg reaction

252  mixture was stirred for 3 h, then evaporated asdalved again in dry dichloromethane (4
253 mL). EDIPA (0.182 mL; 1.04 mmol; 2.6 eq) aad m- or p-picolyl amine (0.049 mL; 0.48
254  mmol; 1.2 eq) were added, and the reaction mixtae stirred at r.t. through night (for 12 h).
255  After stopping the reaction, evaporation of thevent afforded a solid, which was purified by
256  column chromatography. YieldSa (86 %),5b (99 %),5c (87 %).

257  5a H NMR:§ 0.72 (1H, ddJ, = 2.1 Hz,J,= 11.7 Hz, H5), 0.75 (3H, s, H24), 0.77 (3H, s,
258 H25), 0.77 (3H, s, H23), 0.78 (3H, s, H26), 0.98(8,J = 0.6 Hz, H27), 1.08 (2H, df; =

259  3.2Hz,J,=3.2Hz,J3=13.4 Hz, H21), 1.64 (3H, dd; = 0.7 Hz,J,= 1.4 Hz, H29), 1.99

260 (3H, s, H2"), 2.04 (2H, d8; = 3.3 Hz,J,= 3.3 Hz,J3=13.6 Hz, H16), 2.38 (1H, ddd,= 3.7
261  Hz,J=115HzJ3=12.9 Hz, H13), 3.10 (1H, di; = 4.6 Hz,J,=11.1 Hz J;= 11.1 Hz,

262 H19), 4.41 (1H, ddJ; = 5.5 Hz,J,= 10.0 Hz, H3), 4.46 (1H, dd; = 5.2 Hz,J,= 15.9 Hz,

263  H3"),4.52 (1H, ddJ; = 5.2 Hz,J,= 15.9 Hz, H3'), 4.54 (1H, dd; = 1.4 Hz,J,= 1.4 Hz,J3=
264 1.4 Hz,J4= 2.4 Hz, H30), 4.69 (1H, dd; = 0.7 Hz,J,= 0.7 Hz,J3= 0.7 Hz,J;,= 2.4 Hz,

265 H30), 6.85 (1H, tJ=5.2 Hz, NH), 7.17 (1H, m}; = 0.6 Hz,J,= 0.6 Hz,J3=1.2 Hz,J,= 4.9
266 Hz,Js=7.5Hz, H7"), 7.29 (1H, nd; = 0.6 Hz,J,= 0.6 Hz,J3=1.2 Hz,J,= 7.8 Hz, H9'),

267 7.64 (1H, dtJ;=1.8 Hz,J,= 7.6 Hz,J3= 7.6 Hz, H8'), 8.49 (1H, ddd; = 0.8 Hz,J,= 1.8

268 Hz,Js= 4.9 Hz, H6)!°C NMR: § 14.58 (g, C27), 15.98 (g, C24), 16.17 (g, C25)45€q,

269 C26), 18.15 (t, C6), 19.42 (g, C29), 20.91 (t, GPW).31 (q, C2'), 23.67 (t, C2), 25.56 (t,

270  C12), 27.91 (q, C23), 29.41 (t, C21), 30.86 (t, 3 B3.65 (t, C16), 34.26 (t, C22), 37.08 (s,
271 C10), 37.71 (d, C13), 37.76 (s, C4), 38.33 (t, GB)35 (t, C7), 40.70 (s, C8), 42.45 (s, C14),

272 44.17 (t, C3'), 46.78 (d, C19), 50.06 (d, C18)45Qd, C9), 55.40 (d, C5), 55.76 (s, C17),
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273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

80.93 (d, C3), 109.35 (t, C30), 122.34 (d, C7'R.62 (d, C9'), 137.12 (d, C8'), 148.50 (d,
C6'), 150.98 (s, C20), 157.08 (s, C4'), 171.0C(), 176.39 (s, C28). M$wz 589.2

[M+H]*, 587.2 [M-HI. IR (KBr; cm™): 2946 (C—H val.), 2870 (-GHal.), 1734 (-C=0 val.
ester), 1651 (—C=0 val. amide). Fofss¢N.O3 (588.86) calculated C (77.51), H (9.59), N
(4.76), found C (77.53), H (9.58), N (4.75). M.[101115°C.

5b: 'H NMR: § 0.72 (1H, ddJ, = 2.1 Hz,J,= 11.0 Hz, H5), 0.77 (3H, s, H24), 0.78 (3H,)d,
= 0.7 Hz, H25), 0.78 (3H, s, H23), 0.79 (3H, s, HZ690 (3H, s, H27), 1.07 (2H, dk= 3.3
Hz,J,= 3.3 Hz,J;= 13.5 Hz, H21), 1.64 (3H, ddi = 0.7 Hz,J,= 1.4 Hz, H29), 1.89 (2H, dt,
J1=3.4 Hz,J,= 3.4 Hz,J;= 13.7 Hz, H16), 1.99 (3H, s, H2"), 2.39 (1H, ddick 3.7 Hz,J, =
11.5Hz,J3=12.9 Hz, H13), 3.09 (1H, di; = 4.5 Hz,J,= 11.2 Hz J;= 11.2 Hz, H19), 4.31
(1H, dd,J, = 5.9 Hz,J,= 14.9 Hz, H3"), 4.41 (1H, dd, = 5.3 Hz,J,= 9.6 Hz, H3), 4.48 (1H,
dd,J;=6.1 Hz,J,=14.9 Hz, H3"), 4.55 (1H, d§;= 1.4 Hz,),= 1.4 Hz,J3= 1.4 Hz,J,=2.4
Hz, H30), 4.69 (1H, dgl,= 0.7 Hz,J,= 0.7 Hz,Js= 0.7 Hz,J,= 2.4 Hz, H30), 6.08 (1H, §

= 6.0 Hz, NH), 7.24 (1H, ddd; = 0.9 Hz,J,= 4.9 Hz,J;= 7.8 Hz, H8'), 7.66 (1H, bddd, =
1.8 Hz,J,= 2.2 Hz,J;= 7.8 Hz, H9'), 8.47 (1H, dd; = 1.8 Hz,J,= 4.9 Hz, H7"), 8.52 (1H,
bd,J = 2.2 Hz, H5")*C NMR: § 14.57 (g, C27), 16.01 (g, C24), 16.21 (q, C25)45&q,
C26), 18.14 (t, C6), 19.45 (g, C29), 20.91 (t, C2N).31 (q, C2'), 23.67 (t, C2), 25.56 (t,
C12), 27.91 (g, C23), 29.39 (t, C21), 30.81 (t, £BB.68 (t, C16), 34.29 (t, C22), 37.09 (s,
C10), 37.68 (d, C13), 37.77 (s, C4), 38.32 (t, GB)37 (t, C7), 40.71 (t, C3"), 40.73 (s, C8),
42.44 (s, C14), 46.65 (d, C19), 50.10 (d, C18)55@d, C9), 55.43 (d, C5), 55.66 (s, C17),
80.91 (d, C3), 109.48 (t, C30), 123.66 (d, C85.13 (s, C4'), 136.22 (d, C9'), 148.24 (d,
C7'), 148.73 (d, C5'), 150.74 (s, C20), 171.0%(K), 176.26 (s, C28). M3z 589.2

[M+H] *, 587.2 [M-H]. IR (KBr; cm™): 3270 (N-H val. amide), 2941 (C—H val.), 2871 HC
val.), 1725 (—C=0 val. ester), 1659 (—C=0 val. aidror GgHs¢N-O3 (588.86) calculated C

(77.51), H (9.59), N (4.76), found C (77.50), H6®), N (4.78). M.p. 241-24°C.
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299
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305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

5¢: '"H NMR: § 0.72 (1H, ddJy = 2.1 Hz,J,= 11.1 Hz, H5), 0.78 (3H, s, H24), 0.79 (3H, s,
H25), 0.79 (3H, s, H23), 0.82 (3H, s, H26), 0.98,(8, H27), 1.11 (2H, dtl, = 3.4 Hz,J,=
3.4 Hz,J3= 13.5 Hz, H21), 1.64 (3H, ddy = 0.7 Hz,J,= 1.4 Hz, H29), 1.91 (2H, di; = 3.3
Hz,J,= 3.3 Hz,Js= 13.9 Hz, H16), 1.99 (3H, s, H2"), 2.39 (1H, ddics 3.7 Hz,J,= 11.6
Hz,Js= 13.0 Hz, H13), 3.08 (1H, dly = 4.5 Hz,J,= 11.1 Hz J;= 11.1 Hz, H19), 4.31 (1H,
dd,J; = 6.0 Hz,J,= 15.6 Hz, H3'), 4.42 (1H, dd; = 5.9 Hz,J,= 10.7 Hz, H3), 4.45 (1H, dd,
Ji= 6.1 Hz,J,= 15.6 Hz, H3"), 4.55 (1H, ddy= 1.4 Hz,J,= 1.4 Hz,Js= 1.4 Hz,J,= 2.4 Hz,
H30), 4.69 (1H, dgJ;= 0.7 Hz,J,= 0.7 Hz,Js= 0.7 Hz,J;= 2.4 Hz, H30), 6.10 (1H, 8, =

6.1 Hz, NH), 7.18-7.21 (2H, m, H5'), 8.48-8.51 (2h,H6").°C NMR: § 14.58 (q, C27),
16.09 (g, C24), 16.22 (q, C25), 16.45 (q, C26)158t, C6), 19.45 (g, C29), 20.91 (t, C11),
21.31 (q, C2'), 23.66 (t, C2), 25.55 (t, C12), 27(@, C23), 29.46 (t, C21), 30.80 (t, C15),
33.72 (t, C16), 34.34 (t, C22), 37.09 (s, C10)687d, C13), 37.77 (s, C4), 38.38 (t, C7),
38.38 (t, C1), 40.77 (s, C8), 42.24 (s, C14), 42t463'), 46.60 (d, C19), 50.10 (d, C18),
50.52 (d, C9), 55.44 (d, C5), 55.72 (s, C17), 8@13), 109.55 (t, C30), 122.57 (d, C5'),
148.98 (s, C4'), 149.41 (d, C6"), 150.65 (s, C20).04 (s, C1'), 176.38 (s, C28). Mz
589.2 [M+HJ, 587.2 [M-H]. IR (KBr; cm™): 3378 (N-H val. amide), 2946 (C—H val.), 2869
(-CHg val.), 1734 (—C=0 val. ester), 1642 (—C=0 val.dani For GgHssN>03 (588.86)
calculated C (77.51), H (9.59), N (4.76), found7Z.49), H (9.57), N (4.78). M.p. 105-108

°C.

2.6. (P)-3-HydroxyN-(pyridin-n-ylmethyl)lup-20(29)-en-28-amidéd (n=2),6b (n=3) and
6c (n=4)]

LIOH-H,0 (54 mg; 1.3 mmol; 5 eq) was added to a solutidsap5b or 5¢ (151 mg; 0.26
mmol) in methanol (15 mL), and the reaction mixtwaes refluxed for 5 h. After stopping the

reaction, the solvent was evaporated, and theuesics dissolved in chloroform and filtered.
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343

344
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347

Evaporation of the solvent afforded a solid, whigds purified by column chromatography.
Yields: 6a (82 %),6b (84 %),6¢c (83 %).

6a: *H NMR: § 0.62 (1H, ddJ; = 2.3 Hz,J,= 11.5 Hz, H5), 0.70 (3H, s, H24), 0.74 (3H,)d,
= 0.8 Hz, H25), 0.75 (3H, s, H23), 0.90 (3H, s, HZ691 (3H, dJ = 0.6 Hz, H27), 1.08 (2H,
dt,J; = 3.1 Hz,J,= 3.1 Hz,J3= 13.5 Hz, H21), 1.64 (3H, dd; = 0.7 Hz,J,= 1.4 Hz, H29),
2.04 (2H, dtJ); = 3.3 Hz,J,= 3.3 Hz,J3= 13.5 Hz, H16), 2.38 (1H, ddd, = 3.6 Hz,J,= 11.6
Hz,J;=13.1 Hz, H13), 3.10 (1H, d}; = 4.6 Hz,J,=11.1 Hz J;=11.1 Hz, H19), 3.13 (1H,
dd,J;=4.9 Hz,J,=11.5 Hz, H3), 4.46 (1H, dd;=5.1 Hz,J,=12.0 Hz, H1"), 4.53 (1H, dd,
J1=5.1Hz,J,=12.0 Hz, H1"), 4.54 (1H, d§;= 1.4 Hz,J,= 1.4 Hz,J3= 1.4 Hz,J,= 2.4 Hz,
H30), 4.69 (1H, dgJ; = 0.7 Hz,J,= 0.7 Hz,J5= 0.7 Hz,Js= 2.4 Hz, H30), 6.85 (1H, bd,=
5.1 Hz, NH), 7.17 (1H, dddj; = 1.3 Hz,J,= 5.0 Hz,J;= 7.6 Hz, H5'), 7.29 (1H, bdi; = 1.0
Hz,J,=1.0 Hz,J;= 7.7 Hz, H7"), 7.64 (1H, d§; = 1.8 Hz,J,= 7.6 Hz,J3= 7.6 Hz, HE'),

8.49 (1H, dddJ; = 1.0 Hz,J,= 1.8 Hz,J3= 5.0 Hz, H4)*C NMR: 5 14.63 (g, C27), 15.34
(g, C24), 15.98 (g, C25), 16.12 (q, C26), 18.2&€4), 19.46 (g, C29), 20.90 (t, C11), 25.61
(t, C12), 27.40 (t, C2), 27.99 (q, C23), 29.43t5), 33.67 (t, C16), 33.88 (t, C21), 34.34 (t,
C22), 37.17 (s, C10), 37.74 (d, C13), 38.34 (t,,3B)69 (t, C1), 38.83 (s, C4), 40.69 (s, C8),
42.46 (s, C14), 44.21 (t, C1'), 46.77 (d, C19)p3Qd, C18), 50.59 (d, C9), 55.34 (d, C5),
55.77 (s, C17), 78.95 (d, C3), 109.30 (t, C30),.322d, C4"), 122.61 (d, C7"), 137.05 (d,
C6'), 148.58 (d, C3'), 151.02 (s, C20), 157.1Z@), 176.36 (s, C28). Mz

547.3[M+H]', 545.3 [M-H]. IR (KBr; cm™): 3368 (N—H val. amide), 2942 (C—H val.), 2868
(-CHz val.), 1649 (—C=0 val. amide). FogdEis4N.O, (546.83) calculated C (79.07), H
(9.95), N (5.12), found C (79.09), H (9.93), N @.IM.p. 210-21FC. [a]p*° = +10.3 ¢
0.350).

6b: 'H NMR: 5 0.61 (1H, dd,); = 2.3 Hz,J,= 11.0 Hz, H5), 0.70 (3H, s, H24), 0.76 (3H,]d,

= 0.7 Hz, H25), 0.79 (3H, s, H23), 0.91 (3H, s, HZBI1 (3H, dJ = 0.8 Hz, H27), 1.07 (2H,

14



348

349
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365
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367
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dt, J;= 3.2 Hz,J,= 3.2 Hz,J3= 13.4 Hz, H21), 1.63 (3H, ddy= 0.7 Hz,J,= 1.4 Hz, H29),
1.88 (2H, dtJ; = 3.3 Hz,J,= 3.3 Hz,Js= 13.5 Hz, H16), 2.39 (1H, ddd = 3.7 Hz,J,= 11.5
Hz,Js= 13.0 Hz, H13), 3.09 (1H, dl; = 4.4 Hz,J,= 11.0 Hz,J;= 11.0 Hz, H19), 3.12 (1H,
dd,J; = 4.9 Hz,J,= 11.4 Hz, H3), 4.31 (1H, dd; = 5.8 Hz,J,= 15.0 Hz, H1'), 4.47 (1H, dd,
J1= 6.1 Hz,J,=15.0 Hz, H1"), 4.55 (1H, ddy= 1.4 Hz,J,= 1.4 Hz,Js= 1.4 Hz,J,= 2.4 Hz,
H30), 4.69 (1H, dgJ;= 0.7 Hz,J,= 0.7 Hz,Js= 0.7 Hz,J4= 2.4 Hz, H30), 6.06 (1H, bl,=
6.0 Hz, NH), 7.22 (1H, dddj; = 0.9 Hz,J,= 4.9 Hz,Js= 7.9 Hz, H6"), 7.64 (1H, bddd,; =

1.7 Hz,J,= 2.3 Hz,J3= 7.6 Hz, H7'), 8.49 (1H, bdd; = 1.7 Hz,J,= 4.9 Hz, H5'), 8.50 (1H,
bdg,J. = 0.7 Hz,J,= 0.7 Hz,Js= 0.7 Hz,J,= 2.3 Hz, H3)*C NMR: § 14.62 (g, C27), 15.34
(q, C24), 16.02 (g, C25), 16.15 (q, C26), 18.2€@), 19.49 (g, C29), 20.90 (t, C11), 25.60
(t, C12), 27.39 (t, C2), 27.96 (q, C23), 29.410(15), 30.83 (t, C21), 33.70 (t, C16), 34.37 (t,
C22), 37.17 (s, C10), 37.71 (d, C13), 38.33 (t,,@B)70 (t, C1), 38.83 (s, C4), 40.42 (s, C8),
40.72 (t, C1'), 42.45 (s, C14), 46.63 (d, C19)180d, C18), 50.61 (d, C9), 55.35 (d, C5),
55.67 (s, C17), 78.94 (d, C3), 109.42 (t, C30),.623d, C6'), 135.04 (s, C2"), 136.06 (d,
C7'), 148.41 (d, C5'), 148.83 (d, C3"), 150.7700), 176.23 (s, C28). MB/z

547 .3[M+HJ', 545.3 [M-H]. IR (KBr; cm™): 3284 (N-H val. amide), 2933 (C-H val.), 2867
(-CHz val.), 1640 (—C=0 val. amide). FogdEls4N.O, (546.83) calculated C (79.07), H
(9.95), N (5.12), found C (79.05), H (9.96), N (B.IM.p. 254-256C. [0]p?° = +11.1 €
0.307).

6¢c: 'H NMR: 6 0.62 (1H, ddJ; = 2.2 Hz,J,= 11.1 Hz, H5), 0.71 (3H, s, H24), 0.77 (3H, bs,
H25), 0.82 (3H, s, H23), 0.92 (3H, bs, H27), 0.881,(s, H26), 1.12 (2H, df; = 3.5 Hz,J,=
3.5 Hz,J3= 13.5 Hz, H21), 1.64 (3H, ddy = 0.7 Hz,J,= 1.4 Hz, H29), 1.74 (2H, ddd; =

0.9 Hz,J,= 8.1 Hz,Js= 12.3 Hz, H7), 2.39 (1H, ddd; = 3.6 Hz,J,= 11.6 Hz,J;= 12.8 Hz,
H13), 3.09 (1H, dt); = 4.6 Hz,J,= 11.1 Hz,J;= 11.1 Hz, H19), 3.13 (1H, dd; = 4.9 Hz,J,

=11.4 Hz, H3), 4.32 (1H, dd; = 6.0 Hz,J,= 15.6 Hz, H1"), 4.45 (1H, dd; = 6.1 Hz,),=
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373  15.6 Hz, H1'), 4.55 (1H, dd; = 1.4 Hz,J,= 1.4 Hz,Js= 1.4 Hz,J,= 2.4 Hz, H30), 4.69 (1H,
374 dg,Ji=0.7 Hz,J,= 0.7 Hz,J5= 0.7 Hz,J, = 2.4 Hz, H30), 6.05 (1H, bd,= 6.0 Hz, NH),

375  7.16-7.18 (2H, m, H4'), 8.49-8.51 (2H, m, H3%C NMR: $ 14.63 (g, C27), 15.33 (g, C24),
376  16.10 (g, C25), 16.16 (g, C26), 18.27 (t, C6), 29d C29), 20.90 (t, C11), 25.60 (t, C12),
377 27.39 (t, C2), 27.96 (q, C23), 29.47 (t, C15), 23 C21), 33.75 (t, C16), 34.42 (t, C22),
378 37.18 (s, C10), 37.71 (d, C13), 38.39 (t, C7), 3§t7C1), 38.84 (s, C4), 40.76 (s, C8), 42.21
379 (t, C1), 42.48 (s, C14), 46.59 (d, C19), 50.128), 50.61 (d, C9), 55.37 (d, C5), 55.73 (s,
380 C17), 78.96 (d, C3), 109.49 (t, C30), 122.47 (d)(318.49 (s, C2'), 149.78 (d, C4"), 150.70
381 (s, C20), 176.23 (s, C28). MBVz 547.3[M+H]’, 545.3 [M-H]. IR (KBr; cm™): 3352 (N-H
382 val. amide), 2942 (C—-H val.), 2871 (—etAhl.), 1670 (—C=0 val. amide). FogdEl54N0,

383  (546.83) calculated C (79.07), H (9.95), N (5.18und C (79.06), H (9.94), N (5.15). M.p.
384  246-248°C. [a]p™ = +3.7 € 0.454).

385

386  2.7. Cell Cultures

387 The screening cell lines: T-lymphoblastic leuke@B&M; breast carcinoma MCF7; cervical
388 carcinoma Hela; malignant melanoma G-361; and huoraskin fibroblasts BJ were

389 obtained from the American Type Culture Collect{ptanassas, VA, USA). Cells were

390 cultured in DMEM (Dulbecco's Modified Eagle MediuBigma, MO, USA). Media used

391  were supplemented with 10% fetal bovine serum, 2 imdfutamine, and 1% penicillin-

392  streptomycin. The cell lines were maintained uredendard cell culture conditions at 37 °C
393 and 5% CQin humid environment. Cells were subcultured twacéhree times a week using
394 the standard trypsinization procedure.

395

396  2.8. Cytotoxicity screening tests

397  Description of the experimental procedure usedstotoxicity test was already published
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[1,2]. ICs0 values obtained with the compour8#s-3c and6a—6¢ are shown in Table 1.

2.9. Flow cytometry analysis

G-361 cancer cells were trypsinized, seeded inmi@0culture dishes, and after 24 h of
stabilization incubated with the tested compouddier additional 24 h, the cells were again
detached with trypsin, washed, fixed and staine@l 186 [v/v] Triton X-100, 0.2 mg.mt
RNase A and 10 pg.mipropidium iodide in PBS. Their DNA contents werer assessed

by a flow cytometer (FACS Ver8%, Becton Dickinson, NJ, USA), and the distributizfn

cells in subG (“apoptotic cells”), G/G1, S and G/M peaks were quantified by histogram
analysis using BD FACSuite software (Becton DickimsNJ, USA). The experiments were
repeated three times. The differences betweenaland treated cells were analyzed by one-
way analysis of variance ANOVA using Microsoft Ek2810. Signification was marked

with asterisk (p< 0.05).

2.10. SDS—polyacrylamide gel electrophoresis andumoblotting

Cells (G-361) were seeded into culture medium B-d0n culture dishes at a density of 1.5 x
10° cells.mL* and after 24 h of stabilization treated with tdstempounds. DMSO was used
as a vehicle for controls. After another 24 h eatment, the cells were washed three times
with cold PBS (10 mM, pH 7.4) and lysed in ice-cBIIPA protein extraction buffer (20 mM
Tris-HCI, pH 7.4, 5 mM EDTA, 2 mM EGTA, 100 mM Na& mM NaF, 0.2% Nonidet P-
40, 30 mM PMSF, 1 mM DTT, 10 mg.ritlof aprotinin and leupeptin). The lysate was
collected into a microfuge tube and incubated erfac 1 h. It was then cleared by
centrifugation at 18,000 x g for 30 min at 4 °C #melsupernatant was collected. Proteins in
lysates were quantified by the Bradford method dihded with Laemmli electrophoresis

buffer. The proteins were then separated on 109%2% SDS-polyacrylamide gels,
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transferred to nitrocellulose membranes (Bio-Rabldratories, CA, USA) and stained with
Ponceau S (Sigma Aldrich, St. Louis, MO, USA) tedkhequal protein loading. The
membranes were blocked with 5% (w/v) non-fat drikrand 0.1% Tween-20 in PBS for 2 h
and probed with specific primary antibodies (Cafjrtaling Technology, Danvers, MA, USA,;
Santa Cruz Biotechnology, CA, USA) overnight. Acdispase-3 and anti-caspase-7
recognized zymogen and also its fragment. Afterhweasin PBS and PBS with 0.1% Tween-
20, the membranes were probed with horseradistxiglexge-conjugated secondary antibodies
and visualized with West Pico Supersignal chemihesacent detection reagent (Thermo
Fisher Scientific, Rockford, USA). Signal was déteicby a CCD camera (Fujifilm, Tokio,
Japan). To confirm equal protein loading, immuned&bn was performed with arfiractin
monoclonal antibody (Santa Cruz Biotechnology, O8A). The experiments were repeated

three times. The protein expression in treated eedls compared to untreated controls.

2.11. Activities of caspase 3/7

Treated G-361 cells were harvested by centrifugadincd homogenized in an extraction buffer
(10 mM KCI, 5 mM HEPES, 1 mM EDTA, 1 mM EGTA, 0.2@HAPS, plus protease
inhibitors: aprotinin, leupeptin,\®SF; pH 7.4) on ice for 20 min. The resulting homogenates
were clarified by centrifugation at 18,000 x g 8 min at 4°C. The protein contents of the
samples were quantified by the Bradford methodthag were diluted to equivalent protein
concentrations. Lysates were then incubated fowitlhh100 mM Ac-DEVD-AMC as a
substrate (Sigma, MO, USA) in an assay buffer (26 FIPES, 2 mM EGTA, 2 mM MgG|

5 mM DTT, pH 7.3). For negative controls, the lgsaivere supplemented with 100 mM Ac-
DEVD-CHO (Sigma, MO, USA) as a caspase-3/7 inhibifbe fluorescence of the product
was measured using a Fluoroskan Ascent micropgaiger (Labsystems, Vantaa, Finland) at

346/442 nm (ex/em). Experiments were repeated thress in triplicates. The differences
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between control and treated cells were analyzeshleyway analysis of variance ANOVA

using Microsoft Excel 2010. Signification was matkeith asterisk (p< 0.05).

3. Resultsand Discussion

3.1. Synthetic protocol

The synthesis of both series of the target picatyldes Ba—3c and6a—6c¢) is efficient and
easy. To geBa—3c (Scheme 1), betulinic acid)(was first esterified by succinic anhydride
[2,26] to prepare its hemiest&rwhich was then subjected to a formation of andanbiond
with o-, m- andp-picolyl amines, using T3P as condensation ageB7]2To getta—6¢
(Scheme 2), protecting of the C(3)-OH group asaeedster was required, and achieved by
reacting betulinic acidlj with acetic anhydride in dry THF, using EDIPAabase and
DMAP as reaction promotor [2]. Free carboxylic graf 1 was then converted to betulinic
acyl chloride by means of oxalyl chloride in dicldmethane [2,28], and used subsequently
without isolation in a formation of amide with, m- andp-picolyl amines, using again
EDIPA as a base [27], affordirig—5c. Protecting acetate group was removed by LIGB.H
in methanol [2], yielding the required amidgss-6c¢.

Cytotoxicity: The experimental data obtained (Table 1) revehigh importance o8b and

3a, while 3c and6a—6c¢ displayed only moderate cytotoxicity. The cytototi data of3a—3c
clearly demonstrate the importance of substitutibpyridine ring in structure-activity
relationship studies: while- andm-substitution of the pyridine ring resulted in high
cytotoxic compound8a and3b, p-substitution revealed its disadvantag@enBoth cytotoxic
compounds3a and3b, showed very low cytotoxicity in normal fibroblasend became
potential candidates for cytotoxic agents again86G (2.4 £ 0.0 uM and 0.5 £ 0.1 uM,
respectively), MCF7 (2.2 £ 0.2 uM and 1.4 = 0.1 ubgpectively), HeLa (2.3 £ 0.5 uM and

2.4 £ 0.4 uM, respectively) and CEM (6.9 £ 0.4 uMi&.5 + 1.5 pM, respectively) cancer

19



473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

cell lines. Moreover3b was the most active in melanoma cancer cell lir@6G{1Gso 0.5 £
0.1uM) compared to other tested cancer cell lines wiglak activity in normal human cells
(BJ) that is important for wide therapeutic winddiwe determined selectivity against all
tested cancer cells compared to normal cells wighaipeutic index between 7 and 100 for
compounds3a and3b. The highest therapeutic index (TI = 100) was caltad for human
malignant melanoma cell line (G-36drsus normal human fibroblasts (BJ) wigh.
Difluoroderivatives of dihydrobetulinic acid showsélectivity with therapeutic index
between 2 and 8 against cancer lines [29]. In anattudy, therapeutic index of 9.1 was
measured for conjugate offfj33-O-acetylbetulinic acid with a triazole ring further
substituted by benzaldehyde [30]. Based on theatilee search, no derivative of betulinic
acid was as highly active in melanoma cancer tel G-361 ag8b. In a future, we would like
to design other compounds with higher selectivitgjnly based on the structure3it.
Together with obtained results, these derivativigdcbe promising fom vivo experiments
for development new anticancer drugs.

Concerningoa—6c, their lower cytotoxicity has been expected duth&osubstitution of
carboxyl group in these derivatives of betuliniddatlowever, the great disadvantagea+
6¢ is their cytotoxicity in normal fibroblasts, whith sometimes even higher than that in the
cancer cell lines. The cytotoxicity 68—6c in CEM, MCF7 and HeLa cancer cell lines is
comparable with the cytotoxicity of the compounageistigated earlier [1]. The equal
moderate cytotoxicity with no selectivity as 8a—6¢ was also shown for saponins of

betulinic acid in different cancer cell lines [33].

3.2. Picolyl amides of betulinic acid caused apsisto
We have observed whether compouBas3c influence the cell cycle and cause apoptosis in

human malignant melanoma cells G-361. Cells wexadéd with 0.5, 2.5, 12.5 or 25 uM of
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three substance84-3c) for 24 h. Then the cells were harvested, staametianalyzed by
flow cytometry, western blotting or caspase actoratssay. Flow cytometric analysis
showed an increase in the syljghase of the cell cycle (apoptotic cells) in G-86éll line

after treatment witl8a and3b. In turn,3c did not enhance the number of sylw@lls and
caused no changes in the cell cycle distributiorihése cells, treatment wiila and3b
increased the proportion of cells in thg @ phase and decreased their proportion in the
concomitant phases, mainly/@l (Figure 1). Apoptotic markers were detected lastern
blotting to examine the antiproliferative activetief tested compoun@ds—3c. The initiation

of apoptosis is mediated by caspase cascade amtiya#l]. Caspase-3 and caspase-7 are
executioner proteases that result in cleavage lgf(®P-ribose) polymerase (PARP) and
subsequent DNA degradation and apoptotic death 3% western blots showed degradation
of caspase-7 into cleaved fragments (a part capoptotic cascade) after treatments \8dh
and3b in G-361 cells (Figure 2). PARP cleavage, a fstap of caspase activation, was
observed in human malignant melanoma cells trday&a and3b (Figure 2). pRb was
downregulated by 12.5 uM and 25 pM3afand3b, but total Rb also decreased in those
treatments. It is probably due to reaching thetoydgity towards human melanoma cells. No
changes in the expressions of anti-apoptotic prstBcl-2 and Mcl-1 and also p53 were
observed. Downregulation of phospho-p44/42 MAPKk(ER) (Thr202/Tyr204) was
detected after the treatment with 12.5 and 25 uBhafnd3b for 24 h. Total level of p44/42
was not changed. This kinase is responsible fdif@ration, differentiation, motility, and
death of cells. The compoun8sa and3b inhibited those activities mediated by Erk 1/2e3é
data were supplemented by estimation of caspasae8lity in G-361 treated cells using the
fluorogenic substrate Ac-DEVD-AMC and/or caspaséiBhibitor Ac-DEVD-CHO.
Compound3a increased activity of caspase-3/7 after the treatrwith 25 M up to eighteen

fold. Compoundb induced the activity of caspase-3/7; after 24eatiment with
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concentration 25 uM, a twelve fold increase indffector caspases was observed compared
to the untreated control (Figure 3). UnliBaand3b, compoundc did not affect the activity
of caspases-3/7 after 24 h. These results shov@aratd3b can induce apoptosis by caspase-

3 activation, and target proliferation and diffdration in G-361 cells.

3.3. Physico-chemical parameters

To support rational design of the target compoundsstigated in this work, their physico-
chemical parameters have been calculated using REIY software and databases [36]. The
parameters calculated fBa—3c and6a—6¢c were compared with the Lipinski [5] rule of five
and with the Ghose [6] rules. The rules describ&oubar properties important for a small
molecule drug pharmacokinetics in the human bawluding their absorption, distribution,
metabolism and excretion (known as ADME parametétsjvever, the rules do not predict
displaying of the pharmacological activity. Lipin$k] rule of five considers partition
coefficient (logP, range -0.4 to +5.6), molar refractivity (rangetd@30), molecular weight
(range 180 to 500), number of atoms in the mole20eo 70) and polar surface area (up to
14 nm). The data for comparison are presented lteTA However, the target compounds
3a—3c andba—6¢ do not correspond to the range given for any efdhove Lipinski and
Ghose rules [5,6], except of the parameter givitegrtumber of atoms in the molecule.
Despite those fact8a—3c and6a—6c¢ display cytotoxicity. Exceptions are already known
where pharmacologically active compounds do natespond to all rules, we have observed
such result as well [1,2].

The most important molecular descriptors are thiétfpen coefficient (logP) and the
distribution coefficient (lod>) [37]. In chemical and pharmaceutical sciencet),dogP and
log D are measures of hydrophilicity or hydrophobicityee studied compound, and are

useful for estimating distribution of a drug withiime body, where lo® shows the
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dependence on the pH of the matrix. Hydrophobigslare then preferentially distributed to
hydrophobic compartments (e.g., lipid bilayer afg)ewhile hydrophilic drugs are
preferentially distributed to hydrophilic compartme (e.g., blood serum). The distribution
coefficient is a pH dependent value, and, therefitwevalue at pH = 7.4 (the physiological
pH value of blood serum) is of particular importarfsee also Table 2). Thus, IBgxpresses
a ratio of concentrations of non-ionized compouatieen two phases, non-polar (octanol)
and polar (water), while loD expresses the ratio of the sum of the concentrsivd all forms
of the compound (ionized and non-ionized) in edd® two phases. In pharmacology, g
and logD indicate how easily the drug can reach its intertdeget in the body, how strong
its effect will be once it reaches its target and/ong it will remain in the body in an active
form. The logP values calculated for eithBa—3c or 6a—6c¢ are identical, and they exceed the
values given by the Lipinski and Ghose rules [BJ&lble 2). Another supportive parameter is
the predicted aqueous solubility, 189S (in mol dni®) is the concentration of the solute in a
saturated solution that is in equilibrium with grgstalline solid, and it is a pH dependent
parameter. Standard range for Bgt pH 7.4 is —6.5/+0.5. Among the prepared comgdsu

only 3a—3c show values for lo&in this range (Table 2).

3.4. ADME parameters:

The importance of some of the ADME parameters vatieation of pharmacokinetic
properties of the prepared compounds is summaiiz&dble 2. The blood brain barrier
(BBB) and plasma protein binding are two of the amant factors affecting distribution of
the compound in the human body. Several paramassist in evaluation of each potential
drug for its BBB transport [38] The rate of braienetration, lodPS is a logarithm of the
permeability-surface area coefficient that meastivesbility of a drug to cross the BBB and

to move into brain tissue over time. It is onehd televant parameters for evaluation of the
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rate of BBB penetration. The extent of brain peat&in parameter, 08B, indicates if the
drug might be active or inactive on the centralvoas system (CNS). The typical values for
log PB are —1.5/+1.5. Most of the current drugs showldgePB value up to +2 (active on
CNS) or down to -2 (inactive on CNS). The g values calculated fda—3c and6a—6c¢
indicate that these compounds will be inactive di6GTable 2). However, the complex of
the BBB parameters is completed by the brain/plasgualibration rate, the parameter
expressed as IdgS* f, wrain that is @ mathematical modeling parameter baseohen

required for reaching brain equilibrium. It is dagent on the brain unbound fractidf fain)-
This value indicates if the drug may potentiallydmtive on CNS together with the 18§
parameter, the predicted brain/blood partition toent (cf. Supplementary material). The
parameter lo@®B is a hybrid parameter determined by permeabpitgsma and brain tissue
binding, and active transport mechanism, standarde —3.0/+1.2. The log BB values
calculated foBa—3c and6a—6¢ appear in the required range of this parametereileeless,
there are numerous exceptions already known. Atigp parameter, plasma protein
binding (PPB) gives calculated quantity of a drogid to a protein.

Another important ADME parameter is bioavailabilisymong the prepared compounds, the
calculated bioavailability foBa—3c is lower than that foBa—6¢c. However, the experimental
data show tha®a—3c are generally more cytotoxic to the tested canekiines tharba—6c.
The rules [5,6] describe molecular properties ingratrfor a small molecule drug
pharmacokinetics in the human body, including thésorption, distribution, metabolism and
excretion (ADME parameters). However, the rulesxdbpredict whether a compound will
display pharmacological activity. Nevertheless,ithportance of several ADME parameters,
namely blood-brain barrier and plasma protein lmgdreflects the distribution of the
compound in the human body [39]. A comparison efc¢hlculated physico-chemical

properties with the measured cytotoxicity shows évery time a new class of compound is
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being investigated, no available experimental sergemay be intentionally omitted (Tables

1 and 2).

3.5. A comparison a3a—3c and6a—6c¢ with the compounds prepared earlier [1, 2]
Earlier prepared compound, bearing picolyl aminéetyan the molecule, derived either
from lanosterol, cholesterol or sitosterol, disgldyytotoxicity in the range of kg= 25-45
MM, or were inactive (I > 50uM). The earlier published data also show that tingsizo-
chemical and ADME parameters calculated for tha@sepounds, corresponded to the
Lipinski and Ghose rules [5,6] partially only. Toerrent compound3a—3c and6a—6¢ show
generally higher cytotoxicity than the earlier ssrof compounds. OnBa and3b display
considerable cytotoxicity, arth show the I1G, value on G361 in the ranges{> 0.5 £ 0.1
MM, with the therapeutic index T1 = 100. This findiaugments the importance of this
particular compoun@b. In turn, everBa and3b corresponded to a limited number of
calculated physico-chemical and ADME parameters; éaiculation of those parameters is
useful and often desired in the drug design. Howetie conclusions of the calculations

should always be supported by the experimentalfdaizonfirmation or correction.

4. Conclusion

Amides3b and3a represent the most important members of this sefieompounds because
of their high cytotoxicity against human melanored kine G-361 (Table 1). The former of
this couple of amides3h) is active in concentration 0.5 + 0.1 uM, and,sduently it does

not damage healthy cells. It also displays higlotoxicity in other tested cell lines.
Investigating structure-activity relationship inpg@dence on substitution of pyridine ring, the
conclusions are different for each subseries. énfohmer subserie84-3c), the cytotoxicity

of amides bearingt ando-substituted pyridine ring3p and3a) showed high cytotoxicity in
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all tested cell lines, whilp-substitution of the pyridine rin@¢) resulted in weak cytotoxicity
(Table 1). Our hypothesis is that this result miglatconnected with different mechanism of
action of3b and3a in comparison witt8c due to the modifications in their structures. This
hypothesis will be focused in a future investigatibecause its confirmation may be
important for better understanding of structuravagtrelationship. However, in the latter
subseriesGa—6c), amides bearing- ando-substituted pyridine ring showed either
comparable cytotoxicity, gr-substituted amide was more active, andntheubstituted
derivative displayed the lowest cytotoxicity (Talile The most important finding witba—6¢
was their high activity in the normal human celdsie to that findingba—6¢ are much less

suitable anti-cancer agents ttza-3c that are, in turn, potential anti-cancer candidatents.

Supplementary material is available on the web didiee journal.
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771 Abbreviations: CEM, cells of human T-lymphobladaokemia; MCF7, cells of human breast
772  adenocarcinoma; Hela, cells of human cervical cari@e361, cells of human malignant
773  melanoma; BJ, normal human fibroblasts; T3P, pmpy$phonic anhydride; EDIPA, ethyl
774  diisopropyl amine.
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[ Scheme and Figure Captions |

Scheme 1
i: succinic anhydride, DMAP, dry pyridine; ii: 23; or 4-aminomethylpyridine, T3P, dry

pyridine

Scheme 2
i: acetanhydride, EDIPA, DMAP, THF; ii: oxalyl chide, dichloromethane; iii: 2-, 3- or 4-

aminomethylpyridine, EDIPA, dichloromethane; ivQi.H,O, methanol

Figure 1

Histograms with the distributions of G-361 cellshe G/G;, S, and GM cell cycle phases
(A), and the subGfraction of cells B) measured by flow cytometric analysis, after 24 h
treatment with8a, 3b and3c relative to untreated controls. Data indicategércentages (%)
of the number of cells in respective phases. Exrpanis were repeated three times in
triplicates. Error bars are omitted for claritg) (Analysis of variance (one-way ANOVA)
between control and treated cells failed due tt biglogical variability in replicatesBj

Differences between control and treated cells ansoihgz phase were significant 0.05)

*

Figure 2

Western blot analysis of apoptotic proteins (PARRH, Rb, zymogen and fragment of
caspase-7, pAKT, AKT, pp44/42 MAPK (Erk 1/2) (The2lyr204), p44/42 MAPK (Erk 1/2)
in human malignant melanoma cells G-361 treated amides. The expression of proteins in

cells treated with 0.5, 2.5, 12.5 and 25 uM of commuls3a, 3b and3c for 24 h were
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compared with the protein expression of untreatedrol cells (0+ means control with

DMSO). The expression @factin was used as a protein loading marker.

Figure 3

Activity of caspase-3/7 in malignant melanoma c@&i861 treated with 0.5, 2.5, 12.5 and 25
UM amides3a, 3b and3c compared with untreated control cells for 24 he Tlata indicate

the relative increase in caspase-3/7 activity. Erpents were repeated three times in

triplicates. * Differences between control and teglacells were significant (% 0.05).

34



846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

Table 1. IG, [uM] values in four cancer cell lines and normairfan fibroblasts fo8a—3c

and6a—6¢ after 72 h

Compound Cytotoxicity (16 [LM]) TI®
CEM® MCF7°¢ HeLa“ G-361° BJ'
3a 6.9+04 2202 2305 24+00 462+28 19.3
3b 65+15 1401 2404 05+01 50.0%0.0 100.0
3c 22.6+5.9 >50 40.9+47 321+21 >50 ND?
6a 18.6+1.0 27.0+55 147+02 16.4+16 1584 1.0
6b 253+69 387+1.0 23.6+23 181+01 175% 1.0
6C 18.6+3.7 21.1+43 148+02 116+16 1124 1.0

2 Therapeutic index (TI) calculated for G-361 liveesus fibroblasts BJ® CEM, cells of
human T-lymphoblastic leukemiaMCF7, cells of human breast adenocarcinchtéeLa,
cells of human cervical cancér-361, human malignant melanoma cell [in@J, normal

human fibroblasts® ND = not determined.
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Table 2. Physico-chemical and ADME parameters eftdnget compoundda—3c and6a—6c¢ calculated using the ACD/iLabs software [36]

Compd. MW Physico-chemical and ADME parametérs

or ref. log P log D logS(pH bioav. logPS* logPS log PB log BB PPB [%] Hacc/

No. (pH 7.4) 7.4) [%] o, brain Haon/
n.m.b.

3a 646.90 7.56 4.78 -5.01 <30 -5.8 -4.0 -0.89 -0.0 99.80 71219

3b 646.90 7.56 5.26 -5.04 <30 -5.8 F9:9 -0.89 -0.0 99.80 71219

3c 646.90 7.56 5.07 -5.48 <30 -5.8 F9:9 -0.88 -0.0 99.80 71219

6a 546.83 7.00 7.00 -6.76 30-70 -4.1 -1.8 -0.30 -0.0 99.75 4/2/4

6b 546.83 7.00 7.00 -6.61 30-70 -4.1 -1.8 -0.30 -0.0 99.75 4/2/4

6c 546.83 7.00 6.99 -6.58 30-70 -4.1 -1.8 -0.30 -0.0 99.75 4/2/4

ref. [32] max. 500 max. 5.0 max. 10 /
max. 5/ -

ref. [33] Max. 500 Max. 5.6
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% log P — partition coefficient; lodp — distribution coefficient; lo§— predicted aqueous solubility; bioav. = bioauality — the degree of
availability of a chemical by the target tissuey RS * f,, prain — the brain/plasma equilibration rate, the paramidiat is a mathematical modeling
parameter based on time required for reaching leg@ulibrium; logPS— logarithm of the permeability-surface area dogfht; logPB — the
extent of brain penetration parameter; BR)— a hybrid parameter determined by permeabiligsma and brain tissue binding, and active
transport mechanism; PPB — plasma protein bindiag;/ Hgon/ N.m.b. = number of H-bond acceptors / numbéil-tiond donors / number of

movable bonds.
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Table 1. IG, [uM] values in four cancer cell lines and normairfan fibroblasts fo8a—3c

and6a—6¢ after 72 h

Compound Cytotoxicity (16 [LM]) TI®
CEM® MCF7°¢ HeLa“ G-361° BJ'
3a 6.9+04 2202 2305 24+00 462+28 19.3
3b 65+15 1401 2404 05+01 50.0%0.0 100.0
3c 22.6+5.9 >50 40.9+47 321+21 >50 ND?
6a 18.6+1.0 27.0+55 147+02 16.4+16 1584 1.0
6b 253+69 387+1.0 23.6+23 181+01 175% 1.0
6C 18.6+3.7 21.1+43 148+02 116+16 1124 1.0

2 Therapeutic index (TI) calculated for G-361 liveesus fibroblasts BJ® CEM, cells of
human T-lymphoblastic leukemiaMCF7, cells of human breast adenocarcinchtéeLa,
cells of human cervical cancér-361, human malignant melanoma cell [in@J, normal

human fibroblasts® ND = not determined



Table 2. Physico-chemical and ADME parameters eftéinget compound3a—3c and6a—6c¢ calculated using the ACD/iLabs software [36]

Compd. MW Physico-chemical and ADME paramet&rs

or ref. log P logD logS(pH bioav. logPS* logPS log PB log BB PPB [%] Hcc/

No. (pH 7.4) 7.4) [%)] fu, brain Haon/
n.m.b.

3a 646.90 7.56 4.78 -5.01 <30 -5.8 -4.0 -0.89 -0.0 .809 71219

3b 646.90 7.56 5.26 -5.04 <30 -5.8 -3.9 -0.89 -0.0 .809 7/2/9

3c 646.90 7.56 5.07 -5.48 <30 -5.8 -3.9 -0.88 -0.0 .809 71219

6a 546.83 7.00 7.00 -6.76 30-70 -4.1 -1.8 -0.30 -0.0 9.79 4/2/4

6b 546.83 7.00 7.00 -6.61 30-70 -4.1 -1.8 -0.30 -0.0 9.79 4/2/4

6c 546.83 7.00 6.99 -6.58 30-70 -4.1 -1.8 -0.30 -0.0 9.79 4/2/4

ref.[32] max.500 max.5.0 max. 10 /
max. 5/ -

ref. [33]

Max. 500 Max. 5.6




®log P — partition coefficient; lod — distribution coefficient; lo&— predicted aqueous solubility; bioav. = bioauaility — the degree of
availability of a chemical by the target tissuegy RS * f,, nrain — the brain/plasma equilibration rate, the paramiat is a mathematical modeling
parameter based on time required for reaching le@inibrium; logPS — logarithm of the permeability-surface area dogdfht; logPB — the
extent of brain penetration parameter; Rig)— a hybrid parameter determined by permeabiligsmpa and brain tissue binding, and active
transport mechanism; PPB — plasma protein bind#ag;/ Hgon/ N.M.b. = number of H-bond acceptors / numbéi-tiond donors / number of

movable bonds.
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Highlights

Picolyl amides of betulinic acid as antitumor agerdusing tumor cell apoptosis

Uladzimir Bildziukevich, Lucie Rarova, David Samamd Zdesk Wimmer

. Picolyl amides of betulinic acid cause human maigmmelanoma cell apoptosis;
. Comparison of substitution at the C(3)-OH and C{@DOH on cytotoxicity studied,;
. Facilitating cellular uptake and enhancing antitum@perties;

. Cytotoxicity of one of the target compounds on G@-8und with Tl = 100.



