Accepted Manuscript =

EUROPEAN JOURNAL OF

Lupane and 18a-oleanane derivatives substituted in the position 2, their cytotoxicity
and influence on cancer cells A

Lucie Borkova, Sona Gurska, Petr Dzubak, Renata Burianova, Marian Hajduch, Jan 7,
Sarek, Igor Popa, Milan Urban 4

PII: S0223-5234(16)30425-1
DOI: 10.1016/j.ejmech.2016.05.029
Reference: EJMECH 8621

To appearin:  European Journal of Medicinal Chemistry

Received Date: 10 March 2016
Revised Date: 11 May 2016
Accepted Date: 13 May 2016

Please cite this article as: L. Borkova, S. Gurska, P. Dzubak, R. Burianova, M. Hajduch, J. Sarek, I.
Popa, M. Urban, Lupane and 18a-oleanane derivatives substituted in the position 2, their cytotoxicity
and influence on cancer cells, European Journal of Medicinal Chemistry (2016), doi: 10.1016/
j-ejmech.2016.05.029.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2016.05.029

R = N3, SH, NH2, N02
X=H, OHorO



Lupane and I1&-oleanane derivatives substituted in the

position 2, their cytotoxicity and influence on cancells

Lucie Borkova® Sona Gurskd,Petr DzubaK, Renata Burianova,Marian Hajductf, Jan

Sarelé Igor Popa;? Milan Urbart-?*

!Department of Organic Chemistry, Faculty of Scierealacky University Olomouc, 17.
listopadu 1192/12, 771 46 Olomouc, Czech Republic.
’Institute of Molecular and Translational Medicineaculty of Medicine and Dentistry,

Palacky University Olomouc, Hnevotinska 5, 779 06rabuc, Czech Republic.

*Milan Urban is the corresponding author. Tel.: 84885 632 197, Fax: +420 585 632 180

E-mail: milan.urban@gmail.com



Abstract

Lupane derivatives containing an electronegativesstwent in the position 2 of the skeleton
are often cytotoxic, however, the most active conmals are not selective enough. To further
study the influence of a substituent in the positbin lupane and DBoleanane derivatives
on their biological properties, we prepared a $e3&®triterpenoid compounds, 19 of them
new, most of them substituted in the position 2onfrbetulin, we obtained 2-bromo
dihydrobetulonic acid and 2-bromo allobetulon ahdirt substitutions yielded derivatives
with various substituents in the position 2 suchaasnes, amides, thiols, and thioethers.
Nitration of allobetulon and dihydrobetulonic agdve 2-nitro and 2,2-dinitro derivatives.
Fifteen derivatives had Kg< 50uM on a chemosensitive CCRF-CEM (acute lymphoblastic
leukemia) cell line and were tested on anotherrseamcer cell lines including resistant and
two non-cancer lines. 2-Amino allobetulin hadsd@.6 pM and caused significant block of
the tumor cells in S and slightly in G2/M transitiand caused strong inhibition of DNA and
RNA synthesis at 5 x Kg. 2-Amino allobetulin is the most active derivativel8x-oleanane

skeletal type prepared in our research group te. dat
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1. Introduction

Triterpenes are natural compounds usually occuiringlants, marine organisms, fungi, and
bacteria. There are hundreds of new triterpenesgbisiolated from natural sources every
year! Pentacyclic triterpenes display a wide range oldgjical activities* they are often
cytotoxic? antiviral? antimicrobial® antifungal® antimalarial’ anti-inflammatory’ antiulcer?
hepatoprotectivé® and cardioprotectivE: A large number of triterpenes are cytotoxic agains
various cancer cell lines and anti-tumor activitpswalso observed in preclinical animal
models? Cytotoxicity of the isolated natural terpenes ofiaspires researchers to prepare
quantities of semisynthetic derivatives, such a®rbeyclic compound¥ derivatives with
modified positions C-33"° C-201°'8 or C-28'° Recently, a number of patents emerged on
betulinic acid derivatives dealing with low solutyil in water while retaining selective
cytotoxicity against cancer cefl$. Recent review summarizes synthesis and biological
activity of 1&-oleanane (allobetulin) derivativesAcute toxicity of triterpenes is usually

low, which is important for their potential usethsrapeutics.

Despite that triterpenes are biologically actiia various mechanisms of acti6fiz’ the
parent compounds isolated from natural resourceallyshave two main drawbacks. Firstly,
triterpenes are not active at sufficiently low ceniration. The value of Kg reaches low
micromolar ranges at best, which usually cannot peim with the already available
therapeutics. Therefore, significant improvementhaf activity of triterpenoid derivatives is
one of the major goals of many research groupgpimgriate pharmacological properties are
the second drawback. Low solubility in water is of¢he main reasons why compounds with
high in vitro activities often fail duringn vivo screening and why their administration is
difficult.

The main interest in our group is to modify thaisture of triterpenoid derivatives in order to
improve their pharmacological properties and toaase their activity and selectivity against
tumors. We had synthesized a number of lupanenatesn and other terpenoid derivatives
and in some of them, we found significant anticaneffects. In addition to that, we are

developing tools to identify molecular targets afiwe triterpened’ Very promising are



derivatives with modified A-ring§ and E-ring® heterocyclic structure®¥;*! various ester$
and fluoroderivatived® Based on this research, we made structure-actitgtionship
assumptions and discovered trends how the cherstoatture may affect the anti-tumor
activity. One of the significant trends shows timitoducing an electronegative substituent to
the position 2 of lupane skeleton increases cytoityxsignificantly and this works especially
well for betulinic acid derivatives. The examplege a2,2-difluoroderivatives of
dihydrobetulinic aciéf and diosphenof¥:*> However, among the most active 2,2-

difluoroderivatives, selectivity was compromised.

In this work, we choose to introduce more substitugypes to the position 2 of
dihydrobetulonic acid 2b) and allobetulon 3b) via nucleophilic substitution of 2-bromo
derivatives or by selective nitration of the 2-pisi in 3-oxocompounds. New derivatives
were designed to contain heteroatoms such as eitrogulfur, and oxygen. Resulting
compounds were further reduced to get a largeofsetore variable derivatives in order to
make more accurate assumption about the influeheaah substituent at C-2 on cytotoxic
activity. Hemisuccinates were prepared from amimssause they are soluble in water based
y-cyclodextrine formulation and this would be usefal the intended futurdan vivo

experiments.
2. Resultsand discussion
2.1. Chemistry

From betulin {), we prepared betulonic acig@a), dihydrobetulonic acid2p), and a mixture
of diastereoisomers of 2-bromo dihydrobetuloniocdagic).**® From betulin {), we also
prepared allobetulin 3@), allobetulon 8b), and a diastereomeric mixture of 2-bromo

allobetulonesc by known proceduré§* (Scheme 1).



A X

;ab (C3||:||2 gg < e 3a CH H p-OH—
2 :_| c 3b CH, O :_I:—(lz
2c CHBr SB 3c CHBr O

Scheme 1. Preparation of the starting material. DB = double bond, SB = single bond. Reagents and conditions:
(a) Montmorillonit-K10, CHCI, reflux; (b) TEACC, CHCIs, 0 °C; (c) Br,, CHCI3, r.t.; (d) Jones reagent, aceton, 0
°C; (e) Ho/Raney Nickel, iPrOH, THF, 48 h, 1 MPa, r.t.

Reaction of bromo keton2c with sodium azide was performed Mrmethylpyrrolidone
(NMP) in a presence of a small amount of acetid acicording to a precedent from steroid
chemistry** An attempt to purify crude azido acidon a silica gel column failed due to fast
decomposition which yielded yellow enaminoket&niat spontaneously dimerizes to imine
6 the same way as it was described for analogouditietacid derivative’ It is worth to
mention, that in general, compounds with an eleegative substituent at C-2 often occur in
their enolforms”* Unlike azide4, both enaminoketon® and dimer6 were stable enough that
we were able to isolate and characterize them. M@mecompound$ and6 were prepared
directly and faster when a reaction of bromo ket@oevith sodium azide was stirred in a
solution of DMSO containing a drop of,850, at 70 °C. All attempts to reduce aziddo
aminoketone, azido alcohol or aminoalcohol leddmpounds and6 (Scheme 2).

Reaction of bromo keton& with sodium azide in NMP in presence of a smalban of
acetic acid yielded azido ketoieCompound’ was more stable than its analogu&Ve were
able to obtain sufficient amount of purdoy HPLC to get the physical and spectral data and
also to perform basic cytotoxicity assay on a igiee CCRF-CEM cell line. It was observed,
that the compound remained stable at -18 °C foreast 6 months and that slow
decomposition was occurring at room temperaturelviias fastened by heating, especially
in oxygen containing solvents such as EtOAc, THEQHE (especially during attempts to
crystallize the compound) giving enaminoket@m all cases. Attempts to reduce the azido
ketone7 with PP also gave enaminoketoBeHeating8 in refluxing xylene gave dimed
similarly to lit*® In order to obtain enaminoketoBalirectly and faster, a reaction of bromo

ketone 3c with sodium azide was performed in DMSO angS8, as mentioned earlier.



Higher stability of7 allowed its reduction with sodium borohydride tlgaive a mixture of
diastereomers of azido alcohdlfa and 10b that were separable by HPLC. Reduction of
azide7 with LAH afforded a diastereomeric mixture of amwétcoholsll. It was impossible
to separate them directly (due to very low soltyjilbut a reaction of this mixture with acetic
anhydride gave less polar diacetat®a (2o-acetamidoallobetulin (Bacetate) and2b (2f-
acetamidoallobetulin [Bacetate) which were separable by HPLC and whaosetstes were
unambiguously determined by NMR. Similarly, reactiaf aminoalcoholdl with succinic
anhydride gave hemisuccinatE3a (20; 3p isomer) andl3b, (23; 3B isomer). Because their
spectral data was difficult to interpret (very widggnals caused by low solubility),
methylesterd4a and14b were prepared and the full characterization wafpaed on them
(Scheme 2).
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Scheme 2. Reagents and conditions: (a) NaN3, NMP, AcOH, r.t.; (b, c) spontaneous decomposition at r.t., increased by silica gel, Ph3P,
heating etc.; reflux in xylene affords 9 exclusively; (d) NaNs;, DMSO, H,SOy4, 70 °C; (e) NaBH,, EtOH, 0 °C to r.t.; (f) LAH, THF, refl,; (g)
Ac,0, py, r.t.; (h) Suc,O, THF, py, r.t.; (i) CH,N,, Et,O, CHCI3, Et,0.

A reaction of bromo ketongc with sodium sulfide gave compourd® which was unstable
while chromatographed but when transformed to itethylester before HPLC
chromatography, we were able to obtain and charaetat as methyl ested6. Both
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derivatives15 and 16 succumb to slow decomposition while being purified silica gel
column or using HPLC. In order to obtainot8leanane analogue of compouts] a number

of reactions of bromo ketorg&c with variety of reaction conditions were investeggh The
most promising reaction gave a mixture of three poumds that was supposed to contain the
desired thiol derivative; however, the only iso&lproduct was known compourd,* the
rest was repeatedly lost during the chromatograginpbably due to decomposition
(Scheme 3).

Nucleophilic substitution of bromo ketoi@e with mercaptoethanol gave two compounds: 2-
hydroxyethylsulfanylderivativel8 and a heterocycld9, formed by dehydratation of8.
Structure of19 was confirmed by full assignment of NMR signalsngsmultiple 2D
techniques; diosphend0a was a byproduct of this reaction. Since 2,3 -dioyl”,4"-
oxathiine derivativel9 is a very interesting heterocycle, we attempteattain its lupane
analogue from bromo ketore; however, the only isolated product in all expents was
diosphenol0b, which is similar result as for many attempts tosdiibte bromine atom in 2-
bromo-3-oxoterpenes described in the*iitBoth diosphenols20a and 20b are known
compound$®*’ It is worth to point out, that it has been obsergeveral times that a reaction
that works well at the A-ring of lupane analoguesginot work in 18-oleanane derivatives
and vice versa We often see that a chemical modification thatuog on one side of the
terpenoid skeleton may interfere with a reactiaityits other side.



Scheme 3. Reagents and conditions: (a) Na,S, N-methylpyrolidone, r.t.; (b) CHoN, Et,O, CHCI3 r.t;
(c) Na,S, DMSO, a drop of water, 75 °C; (d) mercaptoethanol (used as cosolvent), NaOH, EtOH
(anh.), 0 °C to r.t.; (e) mercaptoethanol (1 eq.), NaOH, EtOH (anh.), 0 °C to r.t.

Nitroderivatives21 - 24 were obtained in rather low yields by using nitmatconditions
analogous to it®*® to nitrate dihydrobetulonic acid 2lf) and allobetulin Ja).
Dihydrobetulonic acid?b gave mononitroderivativ@l after 24 h treatment with nitration
mixture (Scheme 4) at 25 °C while dinitroderivat®Bformed in 6 h using the same nitration
mixture when temperature was elevated to 35 °Gob&lulin @a) gave a mixture of three
compound22, 24, and25 while the same enolaceta&?6 became the only isolated product
when the reaction time was extended. Once we haditlo derivative?l, it was reduced by
zinc in acetic acid to give aminoketoP@that was directly acetylated to get acefatelt was
necessary to acetylate compouwttdbecause the unprotected product was extremeliguliff
to isolate during the work-up procedure due tdows solubility in organic solvents and its co-
precipitation with inorganic zinc salts, which ttlger diminished its yield. In contrast,
extraction of acetates into organic phase proceedledys well. We found that it is also
possible to prepare acetylated enaminokehehen heatind®6 in toluene and acetic acid

under reflux without inert atmosphei®cheme 4).



Type

21 lupane 23 lupane 25 18a-oleanane
22 18c-oleanane 24 18o-oleanane

Type Type Type
27 18o-oleanane 26 18o-oleanane 28 18c-oleanane

Scheme 4. Reagents and conditions: (a) HNO3 (d = 1.35), AcOH, r.t. or 35 °C; (b) Zn, AcOH, reflux; (c)
Ac,0, AcOH, r.t.; (d) toluene, AcOH, reflux.

2.2. Biological assays
2.2.1 Cytotoxicity

Cytotoxic activity of all synthesized compounds atable intermediates was investigaited
vitro against human acute T lymphoblastic leukemialtel CCRF-CEM using the standard
MTS test (Table 1). New derivatives withsibelow 50uM were further examined on seven
different cancer cell lines derived from leukemk562) and multiresistant counterparts
(CEM-DNR, K562-TAX), solid tumors including lung &%9) and colon (HCT116,
HCT116p53-/-) carcinomas, osteosarcoma cell lin@dBP), and for comparison, on two
human non-cancer fibroblast lines (BJ, MRC-5) (€a®). From this set of new derivatives,
containing a substituent at the position C-2 detgenic skeleton, only one compound had
activity lower than 10uM; aminoalcohol1l with 1Cso 4.6 uM. Other derivatives with
cytotoxicity in low micromolar range prepared withthis paper 2b, 2c, 20b) are already
known fronf! and therefore they were not further examined. Amicohol11 is up to date
the most active derivative with @8leanane skeleton found by our research groupjtut

cytotoxic activity is not limited to the tumor cell



2.2.2. Cell cycle analysis

As a part of the study into the mechanism of actcdncompoundll and to further

characterize the anti-tumor properties, we analytsadfluence on the cell cycle regulation in
highly sensitive CCRF-CEM cells (Table 3). AfteetB4 hour treatment with 1 x and 5 x
ICso concentration, the apoptotic, sub-G1 populatiors Jest slightly increased (2.79% /
7.1%). There was visible interference with the asitle regulation at 5 x Kg showing

accumulation of the cells in S and slightly in G2Ménsition. Phosphorylation of the
Histone-3 at Serl0 was not increased in the stuckddpopulation which is indicating that
cells were accumulating in the G2 phase and nefrieigt the M phase of the cell cycle. Itis in

the concordance with the observation that DNA / R3yAthesis was inhibited significantly.

Based on the collected data it seems that somtidikd triterpenoid derivatives are showing
interesting cytotoxic activity. Unfortunately, selivity towards cancer cell lines is low and

not sufficient to starin vivo anticancer tests.

Table 1. Cytotoxic activity of compound$ — 28 against the acute T lymphoblastic leukemia
CCRF-CEM cell line.

ICs0 (meI/La) Com ICs0 (umol/L?) Com ICs0 (WMo L% Com ICs0 (WMo L%

comp. CCRF-CEM " CCRF-CEM ' CCRF-CEM ' CCRF-CEM
1 >50 5° 27 12a >50 20a 13
2a 14 6° 27 12b >50 20b 6
2b 4 7 >50 13a >50 21 32
2c 2 8 >50 13b >50 22 >50
3a >50 9 >50 14a >50 23 29
3b >50 10a >50 14b >50 24 >50
3c >50 10b >50 16 45 27 32
4 17 11 5 19 >50 28 30

¥The lowest concentration that kills 50% of cellseTstandard deviation in cytotoxicity assays iscaily up to
15 % of the average value. Compounds witk, F£50uM are considered inactivBCompounds were tested as
mixture.

Table 2.

Cytotoxic activities of selected compounds on eighhor (including resistant) and two

normal fibroblast cell lines.
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ICqo (UM/L)?

comp. CC(;RMF' CDE’\INF'{' K562 ff;' A549 HCTllGHEJ;,ELG U20Ss BJ MRC-5 TI¢
4 17.5 16.0 14.2 10.6 25,7 >50.0 >50.0 48.9 >50.0 >50.0 >2.9
b 26.6 339 >50.0 201 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.9
&P 26.6 339 >50.0 20.1 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.9
11 4.6 5.9 4.5 3.9 6.2 4.9 4.8 6.2 7.1 6.3 1.4
" 16 453 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 .1>1
20a 131 >50.0 16.9 453 >50.0 416 33.4 458 >50.0 25.4 >2.9
"a 31.8 36.1 10.1 20.6 313 >50.0 >50.0 >50.0 >50.0 >50.0 >1.6
" 23 28.6 46,6 >50.0 299 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.7
T o7 322 >50.0 324 >50.0 >50.0 429 38.7 >50.0 >50.0 21.6 >1.1
" 28 29.9 35.3 37.9 305 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.7

#The lowest concentration that kills 50% of celleeTstandard deviation in cytotoxicity assays isciaity up to
15 % of the average valudompounds were tested as mixture. Compounds wigh>G0puM are considered

inactive.“Therapeutic index is calculated fors§@f CCRF-CEM line vs average of both fibroblasts.

Table 3.

Influence of compound1 on cell cycle, DNA and RNA synthesis &t<land 5 x ICsq.

cl:JoSnec?I sub Gl GU/GL S G2IM pHsserlo syatNrﬁ\esissyitl\rI]A(;sk
' % % % % :

PO B O S CO B OO B O B G
Control - ' 180 3641 5033 1328 1.66 56.37 43.37
11 466 '~ 279 4073 4777 1150 1.44 53.53 42.98
11 2308 71 2890 5492  16.18  0.49 1.88" 2.23

3. Conclusion

We prepared a set of 38 triterpenoid compoundsofiiem new) and studied the influence
of the substituent in the position C-2 on theirdgical properties. Higher electronegativity of
the substituents resulted in compounds with higlkp which is in agreement with our
previous hypothesis. Aminoallobetulld is the most active compound amongid@enanane
derivatives. However, in most of the new derivativehe cytotoxicity was not limited to
cancer cell lines exclusively and therefore these was therapeutics is unlikely. A lot of
difficulties had to be overcome during the synthedtirst of all, most of the reactions
produced mixtures of epimers. In few cases, it p@ssible to separate the products or their
derivatives by HPLC, however, in some cases it iwgsossible and therefore the biological
testing had to be done with epimeric mixtures. Botel with hydrophilic substituents at C-2

(e. g. amines) are strongly amphiphilic and thégrofio not dissolve well in solvents used for
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NMR and therefore their characterization had tpé&dormed after acetylation or methylation
of carboxylic groups or amines. Despite all difftees with synthesis and small chance to find
a new therapeutic agent among the presented dettevpenes, these compounds gave us
important data points for our structure-activityat®nships evaluations and based on those
data, structures of better anti-cancer inhibitoraynibe proposed in the future research.
Aminoallobetulin11 is most cytotoxic compound of this study and is mafluence on cell
cycle (cells accumulate in S and slightly in G2dnisition) and causes strong inhibition of
DNA and RNA synthesis at 5 x §g

4. Experimental part

4.1. General experimental procedures
4.1.1. Materials and instruments

Melting points were determined using a Blchi B-Bffparatus and are uncorrected. Optical
rotations were measured on an Autopol Ill (RuddR@search, Flanders, USA) polarimeter in
MeOH at 25 °C unless otherwise stated and are0t fteg cni g*]. *H and**C NMR spectra
were recorded on Varidl™ Inova 400 (400 MHz fotH) or Varia™'™ Inova 300 (300
MHz for *H) or Jeol ECX-500SS (500 MHz fdH) instruments, using CD&|Ds-DMSO or
CD3;0D as solvents (25°C). Chemical shifts were eid&renced to the residual signal of the
solvent (CDC}, De-DMSO) or to tetramethylsilane added as an intestahdard*C NMR
spectra were eider referenced to CPCI7.00 ppm) or pDMSO (39.51 ppm) or to
tetramethylsilane added as an internal standardd&ispectra were recorded on an INCOS
50 (Finigan MAT) spectrometer at 70 eV and an ionrse temperature of 150 °C. The
samples were introduced from a direct exposureeatla heating rate of 10 mA/s. Relative
abundances stated are related to the most aburmteint the region oim/z > 180. HRMS
analysis was performed using an Orbitrap Elite frggolution mass spectrometer (Thermo
Fischer Scientific, MA, USA) operating at positiftdl scan mode (120 000 FWMH) in the
range of 200-900 m/z. The settings for electrospoayzation were as follows: oven
temperature of 300 °C, sheath gas of 8 arb. uniissaurce voltage of 1.5 kV. The acquired
data were internally calibrated with diisooctyl Iphate as a contaminant in methanol (m/z
391.2843). Samples were diluted to a final conegioim of 20pumol/L with 0.1% formic acid

in water and methanol (50:50, v/v). The samplesewsjected by direct infusion into the
mass spectrometer. IR spectra were recorded onadiiAvatar 370 FTIR. DRIFT stands for

Diffuse Reflectance Infrared Fourier Transform. Tis@s carried out on Kieselgel 60 F254
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plates (Merck) detected by spraying with 10% aqeddi50O, and heating to 150 - 200 °C.
Starting triterpenes — betulinl)( dihydrobetulonic acid 2p), and allobetulin 3a) were
obtained from company Betulinines (www.betulinimesn). All other chemicals and solvents

were obtained from Sigma-Aldrich.
4.2. Synthetic procedures
4.2.1. Starting material

2-Bromo dihydrobetulonic acid2€) was obtained from dihydrobetulonic aci2b) using a
procedure which we described earlier, all spe@ral physical data was in agreement with
published datd}*®

2-Bromo allobetulone8c was obtained from allobetulon8&hb) using a procedure that we

described earlier, all spectral and physical data im agreement with published dt4"

4.2.2. Reaction of acigc with sodium azide; 2-azido-4-oxolupan-28-oic agipl

Sodium azide (219 mg; 3.37 mmol) was added to atisal of bromo derivativ@c (300 mg;
0.56 mmol) in N-methylpyrrolidone (NMP, 15 mL). &ft 15 minutes, bromo derivatige
was converted completely to azideaccording to TLC (toluene/ED 5:1 with a drop of
AcOH). Azide4 was precipitated by pouring the reaction mixturéenfold volume of water,
filtered off, dried under vacuum and lyophilizedrrtert-butanol to give 183 mg (66 %), mp.
was not possible to measure due to decompositidrit@enaminoketod before melting. All
physical and spectral data were obtained from crodeéure of 2x and B diastereoisomers
(1:1): [e]p +27.8 (c 0.36). IR (DRIFT): 2500 — 3500, 21001971656 crit. *H NMR (400
MHz, CDCk): & = 0.75, 0.76, 0.77, 0.86, 0.87, 0.92, 0.94, 01980, 1.08, 1.09, 1.13, 1.14,
1.15 (42H, all s, 14 x CHfrom both diastereoisomers), 2.18 (t, 1H, ¢dflom 2B isomer),
2.22 - 2.28 (m, 6H, H-13, H-18, H-19 all from babmers), 2.32 (dd, 1H; = 12.6 Hz,J,=
6.0 Hz, H-B from 20 isomer), 4.25 (dd, 1HJ); = 13.3 Hz,J, = 6.0 Hz, H-B from 2u
isomer), 4.29 (dd, 1H}; = 11.2 Hz J, = 8.7 Hz, H-2& from 2B isomer).>*C NMR (100 MHz,
CDCl): & = 14.50, 14.63, 14.66, 15.35, 16.16, 16.31, 1718136, 19.07, 19.46, 19.90,
21.14, 21.37, 22.03, 22.72, 22.94, 24.92, 26.6086629.25, 29.57, 29.62, 29.70, 29.73,
30.63, 31.90, 31.98, 32.84, 33.98, 37.02, 37.36843738.12, 38.44, 39.98, 40.56, 40.80,
42.62, 42.74, 44.07, 44.13, 46.56, 46.61, 47.6659848.63, 48.74, 49.48, 49.61, 49.82,
52.03, 56.72, 56.79, 56.95, 59.89, 60.81, 181.80,8P, 210.62, 213.43. MS (E3Im/z (%)
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= 498 (100, [M+H]), 520 (75, [M+Nal), 540 (40, [M+K]). MS (ESI): m/z(%) = 496 (100,
[M-H] ). HRMS (ESI-TOF)m/zcalcd for GoHaN3O3 [M+H] " 498.3696, found 498.3692.

4.2.3. 2-amino-3-oxolup-1-en-28-oic ack) and its dime

Bromo derivative2c (500 mg; 0.9 mmol) was dissolved in DMSO (15 mhgl sodium azide
(486 mg; 7.5 mmol) and one drop of sulfuric acidrevadded. The reaction mixture was
stirred at 70 °C, monitored on TLC in toluene&t:1. After 4 hours, the reaction mixture
was poured to double volume of water and extrawiiétal chloroform. The organic phase was
collected, washed with water and the solvents wemmoved in vacuo. The crude
enaminoketoné was purified by column chromatography on a siljgh in CHCKE/EtOAC
10:1 and was spontaneously decomposing. Fractimmsiaing mixture of compoundsand

6 were collected and evaporated to give 134 mg (30n8p. 242 — 243 °C (CHEEtOAC);
[a]p -41° (c 0.20). IR (DRIFT): 3337, 2400 — 3400, 163875, 1613 ci. *H NMR (400
MHz, CDCk): 6 = 0.78 (d, 9HJ = 6.3 Hz, 3 x CH), 0.93 (d, 9HJ = 6.3 Hz, 3 x ChH), 0.96
(s, 9H, 3 x CH), 1.05 (s, 9H, 3 x CkJ, 1.13 (s, 9H, 3 x C¥), 1.19 (s, 9H, 3 x CkJ, 1.22 (s,
9H, 3 x CH), 2.27 — 2.34 (m, 9H, H-13, H-18, H-19 all fromtlhanonomer and dimer), 6.14
(s, 1H, H-1 monomer), 6.55 (s, 3H, H-1, H-1', NHnei), 11.42 (bs, 2H, NpL *C NMR
(100 MHz, CDCY¥): 6 = 14.60, 14.72, 16.56, 18.97, 21.12, 21.31, 2129177, 23.07, 26.90,
27.72, 29.69, 29.77, 31.96, 34.10, 37.63, 38.17538841.64, 42.97, 44.04, 44.41, 45.74,
48.49, 53.14, 56.96, 132.28, 132.81, 183.45, 200088 (ESI): m/z (%) = 471 (100,
[M+H]"). MS (ESI): m/z(%) = 469 (100, [M-H), 423 (70, [M-COOH). HRMS (ESI-TOF)
m/zcalcd for GoHs7NOs [M+H] " 470.3629, found 470.3628.

4.2.4. Reaction of 2-bromo allobetulone 3¢ withigsodazide; 2-azido allobetulon

Bromo derivative3c (100 mg; 0.193 mmol) was dissolved in NMP (3 mLijwa drop of
acetic acid and then sodium azide (75 mg; 1.154 linwes added. The reaction mixture was
stirred at r.t. 30 min, while monitored on TLC iaXane/EtOAc 5:1. The reaction mixture was
poured to tenfold volume of water and extractedrimrganic solvent. The organic phase was
collected, washed with water and the solvents wemngoved in vacuo. A pale yellow honey
like product was crystallized from cyclohexane ainéd under the flow of Nto give white
crystals of azidg (24 mg; 26 %), mp. 152 — 154 °C (cyklohexarie) NMR was identical to

the spectrum in lit?

4.2.5. 2-amino-18-olean-1-en-3-oned)
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Sodium azide (5.1 g; 78 mmol) and 20 drops of sidfacid were added to the solution of 2-
bromallobetulone 3c) (5.6 g; 10.8 mmol) in DMSO (150 mL). The reactionxture was
heated 4 hours at 70 °C under continuous stirfiing. reaction mixture was poured to double
volume of water, extracted to CHClvashed with water and solvents were evaporated. T
crude product was chromatographed on silica gé) (30n toluene/ED 5:1 and crystallized
from EtOAc to give enaminoketor@(2.5 g; 50 %). 700 mg of enaminoketdhevas purified
by HPLC in hexane/EtOAc 4:1 and crystallized fron®Ec to give pure compound (500
mg; 71 %), mp. 223 — 226 °C (ethylacetate)p[+38° (c 0.35)'H NMR was identical to the

spectrum in lit*®
4.2.6. Dimer9

Azido allobetuloner (1.1 g; 2.3 mmol) was added to triphenylphosplithé g; 9.2 mmol) in
anhydrous THF (22 mL) under argon atmosphere. Haetion mixture was stirred for 6
hours at r.t. Initially, formation of nitrogen ihé mixture was observed as small bubbles and
originally colorless solution became yellowish. mheater (1.1 mL) was added to the
solution. The reaction mixture was stirred undegoar atmosphere for 45 hours while the
solution darkened. At this time, azido allobetuldheias completely consumed according to
TLC (toluene/E4O 20:1). The reaction mixture was processed by @wedijon of solvents
under vacuo; residues of water were removed byaseotropic distillation with toluene under
vacuo. After toluene evaporation the mixture waatég with xylene under reflux for 30
hours. Xylene was evaporated under vacuo, dry uesihs dissolved with p-toluenesulfonic
acid (40 mg) in EtOH (55 mL) and the solution wagovously stirred 3 days in presence of
air. The resulting precipitate was filtered over @mpad of cellite, washed with EtOH and
eluted from the column by chloroform. Chloroformsavavaporated under vacuo and crude
product was purified by HPLC (hexane/EtOAc 20:3)teA the crystallization from the
mixture EtOAc/MeOH compoun@ obtained as yellow crystals (200 mg; 17 %), mb 34
348 °C (Lit*® > 300 °C); j]p +60° (c 0.31) (Li® +47° (c 0.1, CHG)). *H NMR was

identical to the spectrum in f.
4.2.7. Reduction of azido allobetul@mwith sodium borohydride

Azido ketone7 (500 mg; 1.0 mmol) was dissolved in EtOH (1 mLd&he solution was
cooled to 0 °C. NaBI(0.5 g; 13.5 mmol) was added to the mixture amdsiiispension was
stirred for 2 hours while temperature was allowedrd¢ach r.t. The reaction mixture was

poured to double volume of diluted hydrochloricda¢i:4) and extracted with an organic
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solvent. The organic phase was washed with watér58a solution of NaHC® Solvents
were removed on vacuo. The crude product was pdrifly column chromatography on silica
gel (100 g) in CHGL Pure azido alcohol¥0a and10b were obtained. &azido alcohollOa
(0.14 g; 28 %), mp. 216 - 219 °C (MeOH)]g +9° (c 0.29). IR (DRIFT): 3605, 2103, 1454
cm™. *H NMR (400 MHz, CDCJ) &: 0.80, 0.82, 0.91, 0.93, 0.94, 0.98, 1.03 (21Hsa¥ x
CHs), 1.67 (1H, dmJ(H-1a, H-1B) = 12.5 Hz, H-&), 2.09 (1H, ddJ(H-1p, H-10) = 12.5 Hz,
J(H-1p, H-2B) = 4.4 Hz, H-B), 3.03 (1H, ddJ(H-30, H-28 = 10.7 Hz J(H-30, H-OH) = 3.1
Hz, H-3u), 3.44 (1H, dJ = 7.8 Hz, H-28a), 3.50 (1H, dd(H-2B, H-30) = 10.7 Hz,J(H-2B,
H-1B) = 4.4 Hz, H-B), 3.53 (1H, s, H-19), 3.77 (1H, d,= 7.8 Hz, H-28b)*C NMR (100
MHz, CDCk) &: 13.44, 15.67, 16.33, 17.37, 18.12, 21.07, 2426019, 26.24, 26.34, 28.33,
28.75, 32.65, 33.66, 34.04, 36.22, 36.68, 38.19343940.49, 40.65, 41.42, 43.91, 46.75,
50.92, 55.23, 61.53, 71.19, 81.30, 87.88. MS-Ek (#) [for GeHigN3sO, : M* 483]: 483
(M*, 14), 455 (31), 441 (100), 424 (5), 412 (86), 382), 370 (12). HRMS (ESI-TOR)/z
calcd for GoH49N30, [M+H] " 484.3903, found 484.3908.

2B-azido alcoholl0b (0.12 g; 24 %), mp. 260 - 262 °C (MeOHyp]4 +50° (c 0.31). IR
(DRIFT): 3671, 2112, 1454 c¢fn*H NMR (400 MHz, CDGJ) &: 0.80, 0.85, 0.91, 0.93, 0.94,
1.00, 1.12 (21H, all s, 7 x GH 1.67 (1H, dmJ(H-1a, H-18) = 13.6 Hz, H-&), 2.23 (1H, dd,
J(H-1p, H-1a) = 14.7 Hz J(H-1B, H-20) = 2.9 Hz, H-B), 3.27 (1H, ddJ)(H-3a, H-OH) = 9.8
Hz, J(H-3a, H-2u) = 4.7 Hz, H-8), 3.44 (1H, d,J) = 7.8 Hz, H-28a), 3.53 (1H, s, H-19), 3.78
(1H, dd,J; = 7.9 Hz,J, = 1.8 Hz, H-28b), 4.04 (1H, ddd&(H-20, H-10) = 4.7 Hz,J(H-20, H-
30) = 4.7 Hz,J(H-20, H-1B) = 2.9 Hz, H-2). *C NMR (100 MHz, CDG) &: 13.42, 15.77,
16.35, 16.68, 18.05, 21.19, 24.53, 26.22, 26.27372628.75, 29.47, 32.70, 33.72, 34.04,
36.26, 36.73, 36.94, 38.54, 40.70, 40.87, 41.46764146.79, 50.71, 55.31, 62.65, 71.23,
77.58, 87.89. MS-EI: m/z (%) [for4H4oN3O, : M* 483]: 483 (M, 20), 455 (24), 440 (100),
424 (35), 412 (67), 382 (57), 369 (28). HRMS (ESIF) m/zcalcd for GoHagNzO, [M+H]*
484.3903, found 484.3902.

4.2.8. Reduction of azido allobetulahwith LAH and further modifications of resulting
aminoalcoholll
LAH (10 g; 0.3 mmol) was added to the solution nfla ketone7 (10 g; 20.8 mmol) in THF

(250 mL) and the reaction mixture was headed ureflrx for 2 hours. After cooling to r.t.,
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unreacted LAH was slowly decomposed by gradualyeddEtOAc (10 mL), EtOH (10 mL)
and 10% HCI (15 mL). The organic phase was filteofidinorganic salts and THF was
removed in vacuo. Crude aminoalcolidlwas purified in Soxhlet extractor ¢g&x to remove
impurities) and by purification over silica gel () in CHChk/isopropanol 1:1. Derivativél
was obtained (5.8 g; 61 %, a mixture of two enamés based on NMR analysis 85:15;
major one is @-amino-1&r-oleanane-g-ol), mp. 280 - 283 °C (non-crystallizedy]f +65°

(c 0.16 in CHC] with 5% MeOH). IR (nujol): 3648 cth *H NMR (400 MHz, CDC)) &:
0.83, 0.92, 0.96, 0.98, 1.04, 1.22, (21H, all 8, CHs), 3.46 (1H, dddJ(H-28, H-1a) = 10.5
Hz, J(H-2, H-18) = 7.9 Hz, J(H-2, H-3B) = 2.4 Hz, H-2), 3.49 (1H, d,= 7.8 Hz, H-28a), 3.53
(1H, d,J(H-3, H-2) = 2.4 Hz, H-3), 3.56 (1H, s, H-19), 3., bd,J = 7.6 Hz, H-28b)*°C
NMR (100 MHz, CDC}) &: 13.82, 16.19, 19.46, 20.23, 20.68, 23.15, 24283309, 27.51,
27.70, 29.24, 29.24, 33.75, 34.32, 35.89, 37.20573738.62, 38.71, 41.27, 42.01, 42.20,
42.69, 49.54, 51.94, 53.00, 72.21, 75.72, 80.0GBMS-El: m/z (%) [for GoHs:NO, : M*
457]: 457 (M, 100), 442 (15), 424 (19), 384 (35), 236 (11), 208), 189 (14), 149 (67).
HRMS (ESI-TOF)m/zcalcd for GoHs:NO, [M+H] " 458.3998, found 458.3991.

Diacetatesl2a and 12b. Crude aminoalcohdll (400 mg; 0.88 mmol) was dissolved in the
mixture of pyridine (10 mL) and A© (3 mL; 30 mmol) and the solution was stirred gdat

r.t. The reaction mixture was poured to double rawf diluted hydrochloric acid (1:4) and
extracted with an organic solvent. The organic phaas washed with water and 5% solution
of NaHCGQ. Solvents were removed on vacuo. Crude product etemematographed on
HPLC in hexane/EtOAc 1:3. Fractions containit® and12b were crystallized from MeOH
to give acetate$2a and12b. 20-acetamido-18-oleanane-f-yl acetatel2a (274 mg; 58 %),
mp. 208 — 211 °C (MeOH)a]p +10° (c 0.24). IR (DRIFT): 3428, 3375, 1722, 166820
cm’. '"H NMR (400 MHz, CDGJ) &: 0.80, 0.88, 0.91, 0.92, 0.93, 0.98, 1.00 (21HsaV x
CHs), 1.90 (3H, s, 2-NHACc), 2.08 (3H, s, 3-OAc), 3dH, d,J = 7.8 Hz, H-28a), 3.52 (1H,
s, H-19), 3.76 (1H, ddl; = 7.8 Hz,J, = 1.4 H-28b), 4.25 (1H, m, H-2), 4.45 (1H,J¢H-3, H-

2) = 11.0 Hz, H-3), 5.58 (1H, d, = 8.6 Hz, NH).**C NMR (100 MHz, CDG)) &: 13.44,
15.64, 17.15, 17.20, 18.20, 21.10, 24.51, 26.2128626.37, 28.30, 28.76, 32.67, 33.69,
34.05, 36.23, 36.71, 38.02, 38.86, 40.64, 40.71434146.45, 46.77, 46.77, 50.97, 55.53,
71.20, 82.19, 87.85. MS-El: m/z (%) [forElssNO, : M* 541]: 541 (M+, 89), 511 (6), 481
(40), 470 (23), 449 (8), 440 (31), 422 (38), 182)(A.39 (100). HRMS (ESI-TORy/zcalcd
for CasHssNO4 [M+H] " 542.4209, found 542.4210.
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2B3-acetamido-18-oleanane-3-yl acetatel2b (85 mg; 18 %), mp. 269 — 271 °C (MeOH);
[a]p +51° (c 0.24). IR (DRIFT): 3446, 1737, 1668, 150" *H NMR (400 MHz, CDCJ) &:
0.80, 0.86, 0.92, 0.93, 0.98, 1.04, 1.10 (21Hsall x CH), 1.96 (3H, s, 2-NHAc), 2.11 (3H,
s, 3-OAc), 3.44 (1H, dJ = 7.8 Hz, H-28a), 3.52 (1H, s, H-19), 3.79 (1H, bd 7.8 Hz, H-
28b), 4.32 (1H, bd) = 6.6 Hz, H-2), 4.85 (1H, dl = 2.6 Hz, H-3), 5.58 (1H, bs, NH}’C
NMR (100 MHz, CDC}) &: 13.41, 15.70, 18.78, 19.10, 19.10, 21.12, 2123149, 24.52,
26.20, 26.32, 26.45, 28.78, 29.96, 32.68, 33.27323436.23, 36.70, 37.49, 37.60, 40.86,
40.96, 41.47, 42.21, 45.39, 46.70, 51.36, 51.5347179.35, 87.93, 169.69, 170.89. MS-EI:
m/z (%) [for GuHssNO, : M* 541]: 541 (M, 85), 481 (21), 470 (9), 440 (20), 422 (17), 203
(19), 187 (60), 139 (100). HRMS (ESI-TORy/z calcd for G4HssNO4 [M+H]™ 542.42009,
found 542.4215.

Hemisuccinatesl3a and 13b were prepared by reaction of crude aminoalcdtibl(5 g;
10.9 mmol) with Succinic anhydride (11g; 93 mmal)the mixture of solvents THF (100
mL) and pyridine (20 mL). The reaction mixture wasured to double volume of diluted
hydrochloric acid (1:4) and extracted with an oigaolvent. The organic phase was washed
with water and 5% solution of NaHGO5olvents were removed on vacuo. Crude product was
chromatographed by HPLC with reverse phase in thetune MeCN/HO 6:1. Two
compounds were obtainet3a (1.2 g; 19 %), mp. 290 — 294 °C (MeOHy]4 +18° (c 0.27).

IR (KBr): 3303, 1718, 1646 cth*H NMR (400 MHz, CDCJ) &: 0.81, 0.93, 0.97, 1.24, 1.24,
1.43, 1.46 (21H, all bs, 7 x GH 2.5 (3H), 3.45 (1H, m, H-28a), 3.56 (1H, s, H;1R76 (1H,

m, H-28b). MS-EI: m/z (%) [for €HssNOs : M* 557]: 557 (M, 3), 513 (2), 457 (100), 441
(13). HRMS (ESI-TOF)n/zcalcd for G4HssNOs [M+H] * 558.4158, found 558.4157.

13b (1.3 g; 21 %), mp. 279 — 281 °C (MeOH}]4 +58° (c 0.36). IR (KBr): 3284, 1718,
1643 cni. *H NMR (400 MHz, CDCJ) &: 0.80, 0.91, 0.93, 0.97, 1.24, 1.43 (21H, allbs,
CHs), 2.5 (2H), 3.45 (1H, bd] = 7.4 Hz, H-28a), 3.55 (1H, s, H-19), 3.77 (1H, b& 7.4
Hz, H-28b). EI-MS: m/z (%) [all &HssNOs : M* 557]: 557 (M, 1), 513 (6), 457 (100), 441
(25). HRMS (ESI-TOFn/zcalcd for G4HssNOs [M+H] * 558.4158, found 558.4152.

Esters14a and 14b. The solution of the mixture of hemisuccinat&a and 13b (0.5 g;

1.1 mmol) was alkylated by diazomethane igCEaccording to the common procedure. After
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the purification by HPLC in hexane/EtOAc 10:1 awydgdhilization fromt-BuOH methyl-
estersl4a and14b were obtainedida (0.25 g; 49 %), mp. 140 — 143 °C (MeOHy]{ +23°

(c 0.26). IR (DRIFT): 3426, 1741, 1668, 1520 tmH NMR (400 MHz, CDC}) &: 0.80,
0.85, 0.91, 0.93, 0.95, 0.97, 1.01 (21H, all s,@Hk), 1.95 (1H, ddJ(H-1a, H-1b) = 12.4 Hz,
J(H-1a, H-31) = 4.1 Hz, H-1a), 2.49 (2H, m, GH Suc), 2.66 (2H, m, Ci+ Suc), 2.95 (1H,
d,J=10.5 Hz), 3.47 (1H, dl = 8.8 Hz, H-28a), 3.51 (1H, s, H-19), 3.70 (3HOsCH), 3.77
(1H, dJ = 7.3 Hz, H-28b), 4.04 (1H, m, H3®, 5.66 (1H, dJ(H-30, H-20) = 7.8 Hz, H-8).
¥C NMR (100 MHz, CDGJ) &: 13.47, 15.65, 16.26, 17.32, 18.19, 21.09, 24630, 26.30,
26.35, 26.35, 28.24, 28.78, 31.19, 32.67, 33.71053436.24, 36.70, 38.18, 39.77, 40.63,
40.73, 41.44, 45.75, 46.78, 48.94, 50.95, 51.972/5/1.21, 83.38, 87.87, 173.11, 173.67.
FAB-MS: [for C3sHs/NOs : M* 571]: 572 (M + H), 557, 516. HRMS (ESI-TOF)/z calcd
for CasHs7NOs [M+H]* 572.4315, found 572.4321.

14b (0.21 g; 41 %), mp. 167 — 170 °C (MeOH)]d +70° (c 0.20). IR (DRIFT): 3424, 1734,
1670, 1522 cm. *H NMR (400 MHz, CDCJ) &: 0.80, 0.91, 0.93, 0.98, 1.10 (21H, all s, 7 x
CHs), 2.38 (1H, bs), 2.47 (2H, 3,= 6.9 Hz, CH- Suc), 2.68 (2H, m, CH Suc), 3.45 (1H,
m, H-28a), 3.52 (1H, s, H-19), 3.69 (1H, s, Q.77 (1H, dJ = 7.7 Hz, H-28b), 4.22 (1H,
qd, J(H-2a, H-30) = 7.8 Hz,J, = 3.2 Hz, H-2), 6.02 (1H, dJ(H-3a, H-20) = 7.8 Hz, H-3).

¥C NMR (100 MHz, CDGJ) &: 13.40, 15.73, 18.63, 18.85, 19.07, 21.49, 24621, 26.30,
26.41, 28.78, 29.39, 30.26, 31.32, 32.38, 33.38243436.23, 36.70, 37.29, 37.74, 40.84,
40.88, 41.45, 42.05, 46.71, 47.37, 51.45, 51.88%11.24, 77.91, 87.89, 171.28, 173.52.
FAB-MS: [for CzsHs/NOs : M* 571]: 572 (M + H), 557, 517. HRMS (ESI-TOR/zcalcd
for CasHs:NOs [M+H] * 572.4315, found 572.4318.

4.2.9. 2-sulfanyl-3-oxolupane-28-oic acith)

Bromo derivative2c (1.0 g; 1.9 mmol) was dissolved in NMP (100 mL§@aodium sulfide
(800 mg; 10.3 mmol) was added. The reaction waeedti9o0 minutes at r.t., monitored on
TLC in toluene/ELO 5:1 with a drop of AcOH. The reaction was quench#en poured to
volume of water and extracted to an organic solvEm¢ organic phase was collected, washed
with water and the solvents were removed in vacugite 854 mg (81 %) of cruds. IR
(DRIFT): 2500 — 3300, 1704, 1683 ¢rMS (EST): m/z(%) = 528 (15, [M+K]). MS (ESI

): m/z(%) = 470 (100, [M-HQO]). CompoundLl5 decomposed when being purified on column
chromatography, probably due to oxidation by atrhesie oxygen.
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4.2.10. Methyl estel6

100 mg (0.204 mmol) of crud# was transformed to methyl ester by the reactior wit
diazomethane in a mixture of&x and CHG, and purified by HPLC in cyklohexane/EtOAc
13:1 to give methyl estel6 (8 mg; 8 %), mp. 110 — 112 °C (CHEI'H NMR (500 MHz,
CDCl3): 3 =0.76 (d, 3HJ = 6.9 Hz), 0.87 (d, 3H] = 6.8 Hz), 0.94 (s, 3H), 0.95 (s, 3H), 0.98
(s, 3H), 1.07 (s, 3H), 1.21 (s, 3H, 7 x gH2.22 — 2.26 (m, 3H, H-13, H-18, H-19), 2.31 (dd,
1H, J; = 13.7 Hz,J,= 7.4 Hz, H-2), 3.66 (s, 3H, GH 3.91 (dd, 1HJ; = 10.9 Hz,J, = 7.5

Hz, SH).**C NMR (125 MHz, CDGJ): 6 = 14.12, 14.50, 14.66, 15.78, 19.65, 20.08, 22.63,
22.74, 22.97, 26.82, 28.24, 29.60, 29.69, 29.73923031.57, 31.91, 31.99, 37.85, 38.07,
40.60, 42.60, 44.11, 47.72, 48.79, 51.21, 55.2866.76.85, 201.73. HRMS (ESI-TO#)z
calcd for G1H5003S [M+H]" 503.3559, found 503.3557.

4.2.11. Reactions of bromo derivatBewith sodium sulfide; olefing7

Bromo derivative3c (200 mg; 0.385 mmol) was dissolved in DMSO (10 miith a drop of
water and then sodium sulfide (1 g; 12.820 mmol)s wvadded. According to TLC
(hexane/EtOAc 5:1), starting bromo derivatide was completely converted to three
compounds after 5.5 hours at 75 °C. The reactiotiurg was poured to tenfold volume of
water and extracted to chloroform. The organic phaas collected, washed with water and
the solvents were removed in vacuo to give 165 ngude mixture of products which was
then chromatographed on silica gel (25 g) in gnadirom toluene to toluene/EtOAc 10:1.
The only isolated product was olefid€. Derivativel7 was crystallized from a mixture of
solvents dichloromethan and methanol dried under flow of N, and purified by
chromatography on silica gel in hexane/EtOAc 1@1re olefinl7 was obtained (13 mg; 7.7
%), mp. 196 — 198 °C (hexane/EtOAc) (13t249 — 251 °C)'H NMR was identical to the
spectrum in lit*® The other two compounds were not obtained probéi#y decomposed

while being chromatographed.
4.2.12. Reactions of bromo derivat@ewith mercaptoethanol; diosphenzdb

The mixture of sodium hydroxide (19 mg; 0.468 mmamercaptoethanol (330 pL;
4.696 mmol) and anhydrous ethanol (15 mL) was estirat r.t. until the solution was
completed. The reaction mixture was cooled to 0°€ %an ice-bath) and then bromderivative
2c (250 mg; 0.467 mmol) was slowly added. The icdrbaas removed and the reaction

mixture was stirred 3 days at r.t., while monitocedTLC in toluene/&D 5:1 with a drop of
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AcOH. The reaction mixture was poured to tenfolduwte of water and extracted to an
organic solvent. The organic phase was collectehed with water and the solvents were
removed in vacuo. The mixture of products was sdpdrby column chromatography on
silica gel in toluene/BO 15:1 with 0.5 % AcOH with gradient of & to 50 % to give
diosphenol20b (46 mg; 21 %). The other compounds decomposedgludhie attempts for

theit purification.'H NMR was identical to the spectrum init.
4.2.13. Thioderivativa8

Sodium hydroxide (3.9 mg; 0.095 mmol) in mercagtaabl (7 mL) and anhydrous ethanol
(2 mL) was stirred at r.t. until fully dissolvedh& reaction mixture was cooled by ice bath
and then bromo derivativc (100 mg; 0.19 mmol) was slowly added. The ice-bats
removed and the reaction mixture was stirred 5 datyst., while monitored on TLC in
hexne/EtOAc 5:1. The reaction mixture was pouretétdold volume of water and extracted
to an organic solvent. Organic phase was collesteghed with water and the solvents were
removed in vacuo. Thioderivativi8 was crystallized from EtOAc to give 81 mg (78 %) o
pure compound. IR (DRIFT): 1033, 1654, 3341 tHRMS (FAB)m/zcalcd for GHs05S
[M+Na]* 537.3457, found 537.3455. Compound was unstatilelaring NMR measurement
and during attempts for its purification, it dehgtd to heterocyclé9. 40 mg of crystals
were purified by chromatography on silica gel ixdmee/EtOAc 30:1; however, dehydratation
to 2',3'-dihydro-1',4'-oxathiin derivativid (17 mg; 36 %) was observed again. Spectral data

for 19 are shown in the experiment below that describesntional synthesis d.
4.2.14. 2',3'-dihydro-1',4"-oxathiin derivatid® and diosphena20a

The mixture of sodium hydroxide (79 mg; 1.927 mmalercaptoethanol (135 pL;
1.927 mmol) and anhydrous ethanol (10 mL) was estirat r.t. until the solution was
completed. The reaction mixture was cooled to °€ %an ice-bath) and then bromderivative
3c (850 mg; 1.638 mmol) was slowly added. The icdtbats removed and the reaction
mixture was stirred 3 days at r.t., while monitoedTLC in hexne/EtOAc 5:1. The reaction
mixture was poured to tenfold volume of water amttaeted to an organic solvent. The
organic phase was collected, washed with wateitlamdolvents were removed in vacuo. The
mixture of products was separated by column chrography on silica gel in hexane/EtOAc
10:1 with gradient of EtOAc to 100 % to give whitgystals of 2',3'-dihydro-1',4'-oxathiin
derivative 19 (89 mg; 11 %), mp. 269 — 271 °C (cyclohexane]p[+88.2° (c 0.34). IR
(DRIFT): 1655 crit. The full assignment of NMR signals was perforrusihg the 2D NMR
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that is part of the supplemental fifed NMR (500 MHz, CDCY): § = 0.79 (s, 3H, H-29), 0.90
(s, 3H, H-27), 0.92 (s, 3H, H-30), 0.92 (m, 1H, PR}, 0.93 (s, 6H, H-24,26), 0.98 (s, 3H, H-
25), 1.04 (s, 3H, H-23), 1.27 (m, 1H, H-7a), 1.88 (H, H-11a), 1.30 (m, 1H, H-a), 1.30 (it
1H, J; = 12.3 Hz,J, = 3.7 Hz, H-21a), 1.38 (m, 1H, H-9), 1.40 (m, HHBb), 1.42 (m, 1H,
H-7b), 1.43 (m, 1H, H-16b), 1.44 (m, 1H, H-12b%3 (m, 1H, H-11b), 1.46 (m, 1H, H-22b),
1.46 (mm, 2H, H-13,18), 1.52 (dd, 1Bi= 12.3, 4.7 Hz, H-21b), 1.63 (m, 1H, H-15b), 1.79
(d, 1H,J = 15.2 Hz, H-1a), 1.87 (d, 1H,= 15.2 Hz, H-1b), 2.92 (dqg, 1H; = 12.8 Hz,J, =
2.5 Hz, H-31a), 3.04 (m, 1H, H-31b), 3.36 (m, 1HF&), 3.43 (d, 1H) = 7.8 Hz, H-28a),
3.52 (m, 1H, H-19), 3.77 (d, 1H,= 7.8 Hz, H-28b), 4.06 (m, 1H, H-32a), 4.27 (m,, HH
32b). *C NMR (125 MHz, CDG)): & = 13.56, 15.53, 16.28, 19.79, 19.48, 21.55, 24.65,
26.33, 26.51, 26.52, 27.09, 28.19, 28.89, 32.8208334.37, 36.36, 36.85, 37.12, 38.77,
40.57, 40.78, 41.57, 45.79, 46.87, 49.58, 53.2827%571.36, 88.00, 96.28, 149.23. MS
(ESI): m/z (%) = 499 (65, [M+H]), 521 (100, [M+Na]), 1019 (45, [2M+Nd]). HRMS
(ESI-TOF)m/zcalcd for GoHs¢02S [M+H]* 499.3604, found 499.3604.

Diosphenol 20a was obtained as a byproduct (304 mg; 41 %), mpl 20206 °C
(cyklohexane), lif’ 231.5 — 233 °C (CHGIMeOH). *H NMR was identical to the spectrum

in lit.*’
4.2.15. 2-nitro-3-oxolupane-28-oic aciglj

Dihydrobetulonic acid 2b) (200 mg; 0.44 mmol) was dissolved in acetic g@ddmlL) by
heating. The solution was gradually cooled toartd nitric acid (2 mL, 67 %) was added
dropwise. The reaction mixture was vigorously stir25 h at r.t., monitored on TLC in
hexane/EtOAc 5:1. The reaction mixture was pouredienfold volume of water. The
precipitate was filtered off, washed with KHg@nd water and crystallized from CHGind
cyklohexane. Crude product was chromatographedilaa gel in CHCl;:MeOH:AcOH
500:10:1 and purified by chromatography on silied i cyklohexane/EtOAc 5:1 to give
nitrocompoundl (51 mg; 23 %), mp. 248 — 249 °C (CHf(klohexane). IR (DRIFT): 2450
— 3200, 1692, 1607, 1570 &mH NMR (500 MHz, CDCY): 6 = 0.78 (d, 3HJ = 6.9 Hz),
0.87 (s, 3H), 0.88 (d, 3H,= 7.4 Hz ), 0.98 (s, 6H), 1.19 (s, 3H), 1.27 (4, 3 x CH;), 1.98
(d, 1H,J = 15.5 Hz, H-1a), 2.23 — 2.29 (m, 3H, H-13, H-1819), 2.84 (d, 1HJ = 15.5 Hz,
H-1b). *C NMR (125 MHz, CDGJ): d = 14.52, 14.64, 15.68, 16.07, 19.45, 20.45, 21.40,
22.71, 22.96, 26.68, 28.62, 29.63, 29.71, 31.91043336.31, 37.34, 38.29, 39.99, 40.12,
40.47, 42.62, 44.10, 48.56, 48.61, 51.77, 56.78,88 178.38, 181.90. MS (ERIm/z(%) =
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519 (40, [M+HO]"). (ESI): m/z (%) = 500 (100, [M-H). HRMS (ESI-TOF)m/z calcd for
CszoH47NOs [M+H] " 502.3527, found 502.3527.

4.2.16. 2,2-dinitro-3-oxolupane-28-oic aci23]

Dihydrobetulonic acid 2b) (1.0 g; 2.19 mmol) was dissolved in acetic a@@ (L) by
heating. The solution was gradually cooled to 3%h@ nitric acid (10 mL, 67 %) was added
dropwise. The reaction mixture was vigorously setir6 h at 35 °C, monitored on TLC in
hexane/EtOAc 5:2. The reaction mixture was pouredtienfold volume of water. The
precipitate was filtered off, washed with KHg@nd water and crystallized from CHGind
cyklohexane. Crude product was purified by colunfmomatography on silica gel in
CH.Cl,:MeOH:AcOH 500:10:1. Fractions containir®3 were collected and evaporated to
give shiny white crystals of dinitroderivative3 (432 mg; 36 %), mp. 226 — 228 °C
(CHCl/hexane); ¢]o +9.6° (c 0.47). IR (DRIFT): 2500 — 3300, 1734, 269573 crit. *H
NMR (500 MHz, CDC}): 6 = 0.78 (d, 3H, = 6.3 Hz), 0.88 (d, 3H] = 6.9 Hz), 0.98 (s, 3H),
1.00 (s, 3H), 1.01 (s, 3H), 1.23 (s, 3H), 1.263(8, 7 x CH), 2.25 — 2.30 (m , 3H, H-13, H-
18, H-19), 2.93 (d, 1H] = 16.0 Hz, H-1a), 3.10 (d, 1H,= 16.0 Hz, H-1b), 10.92 (bs, 1H,
COOH).**C NMR (125 MHz, CDGJ): & = 14.50, 14.63, 15.43, 17.32, 19.59, 21.81, 22.71,
22.94, 23.12, 26.57, 29.53, 29.73, 30.34, 31.82653236.73, 37.34, 38.17, 40.56, 42.83,
44.06, 47.49, 48.48, 48.48, 49.32, 52.26, 56.78,181 182.19, 197.20. MS (E$Im/z(%) =
564 (100, [M+HO]"). HRMS (ESI-TOF)m/zcalcd for GoHaeN2O; [M+H] " 547.3383, found
547.3385.

4.2.17. 2-nitroallobetulong2, 2,2-dinitroallobetulon®4, and enolacetat5

Allobetulin (3a) (500 mg; 1.129 mmoljvas dissolved in acetic acid (10 mL) by heating at
80 °C. By gradual cooling to r.t., tiny crystals sthrting material precipitated. Nitric acid
(5 mL, 58%) was added dropwise to the vigorousiygest reaction mixture. The reaction
mixture was stirred for 5 hours at r.t., monitor@a TLC in hexane/EtOAc. The reaction
mixture was poured to tenfold volume of water amttaeted to an organic solvent. The
organic phase was collected, washed with wateitlamdolvents were removed in vacuo. The
mixture of nitroderivative22, dinitroderivative 24 and enolacetat@5 was separated by
chromatography on silica gel in dichlormethan. Eoms containing pure nitroderivatiZ2

or dinitroderivative24 were collected and evaporated to dryness to diugyswhite crystals

of 2-nitroallobetulone22 (111 mg; 20 %), mp. 236 — 238 °C (fft235.8 °C) and white
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crystals of 2,2-dinitroallobetulor4 (109 mg; 18 %), mp. 212 — 213 °C (£§t202.4 °C)H

NMR was in both cases identical to the correspapdrectrum in lif?

By extending the reaction time to 17 hours, allolmet-1(2)-en-3-acetate2$) was the main
product of the identical reaction (74 mg; 14 %), @®7 °C (evaporated from dichlormethan).
Lit.*® 262 — 264 °C (EtOH/CHG). *H NMR was identical to the spectrum in“ft.

4.2.18. Acetat@7

Zinc dust (133 mg; 2.046 mmol) was added to thatsmi of 2-nitroallobetulon2 (100 mg;
0.206 mmol) in acetic acid (6 mL). The reaction g was heated under reflux for 10 min
then the heating was stopped and the mixture dtarether 15 min, while being monitored
by TLC in hexane/EtOAc 5:1. The reaction was queddby filtering the zinc dust out of the
reaction mixture. Acetic anhydride (3 mL; 31.7 minehs added to the reaction mixture. The
acylation was completed after 1 hour of stirring.af monitored on TLC in hexane/EtOAc
1:1. The reaction mixture was poured to tenfolduamd of water and extracted to an organic
solvent. The organic phase was collected, wash#ddwater and the solvents were removed
in vacuo. Crude products from the two identicalctems were collected and purified by
chromatography on silica gel in hexane/EtOAc 1:iackons containing derivativ@7
(mixture of epimers) were collected and evaporatedive white powder o027 (87 mg; 47
%), mp. 230 — 232 °C (cyklohexanej]§ -9.2° (c 0.33). IR (DRIFT): 3426, 1704, 1677 tm
'H NMR (500 MHz, CDCYJ): 6 = 0.73, 0.79, 0.81, 0.88, 0.93, 0.95, 1.03, 11101, 1.12, 1.28
(21H, all s, 7 x CH), 1.82 — 1.84 (m, 1H, H-1a), 2.01 (s, 3H, Ac),2-52.64 (m, 1H, H-1b),
3.45 (d, 1HJ = 8 Hz, H-28a), 3.52 (s, 1H, H-19), 3.77 (d, TH; 8 Hz, H-28b), 4.86 — 4.97
(m, 1H, H-21,2p), 6.49 (dd, 1HJ = 75, 5.5 Hz, NH)}*C NMR (125 MHz, CDGJ): & =
13.40, 13.40, 14.17, 15.00, 15.83, 16.67, 19.03141919.30, 19.83, 20.98, 21.35, 22.06,
23.23, 23.33, 24.49, 24.55, 24.58, 26.18, 26.1824626.24, 26.36, 26.36, 28.75, 28.75,
28.94, 32.34, 32.67, 32,67, 33.69, 34.03, 34.4123636.23, 36.68, 36.68, 36.96, 37.98,
40.37, 40.73, 40.75, 40.79, 41.40, 41.43, 46.306/4646.75, 48.62, 49.12, 50.00, 50.68,
50.78, 51.53, 51.70, 58.49, 71.19, 71.19, 87.89187169.54, 169.70, 212.98, 215.55. MS
(EST): m/z (%) = 498 (100, [M+H]), 996 (18, [2M+H]). MS (ESI): m/z (%) = 496 (100,
[M-H] ). HRMS (ESI-TOF)m/zcalcd for GoHs:NOs [M+H] ™ 498.3942, found 498.3940.

4.2.19. Acetate of enaminoketdtg:
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Zinc dust (100 mg; 1.538 mmol) was added to thatswi of 2-nitroallobetulon@2 (75 mg;
0.155 mmol) in acetic acid (5 mL). The reaction tuig was heated to reflux for 10 min and
stirred 15 min more, monitored on TLC in hexane/&t®:1. The reaction was quenched by
filtered zinc off the reaction mixture. Toluene (&) was added to the reaction vial and the
mixture was boiled for 3 days, monitored on TLChaxane/EtOAc 1:1. The reaction mixture
was poured to tenfold volume of water and extratbe@n organic solvent. The organic phase
was collected, washed with water and the solversewemoved in vacuo. Crude product
(270 mg) from the two identical reactions was pedfby chromatography on silica gel in
cyklohexane/EtOAc 5:1. Fractions contain2fywere collected and evaporated to dryness to
give yellow-orange powder of aceté2® (46 mg; 20 %), mp. 135 — 137 °C (acetone]p[
+58° (c 0.25). IR (DRIFT): 3383, 1693, 1659, 163810, 1035 cm. *H NMR (500 MHz,
CDCl3): 6 = 0.81, 0.92, 0.94, 1.05, 1.13, 1.13, 1.18 (21Hs,a7 x CH), 2.09 (s, 3H, Ac),
3.45 (d, 1HJ = 7.8 Hz, H-28a), 3.55 (s, 1H, H-19), 3.77 (d, IH; 7.5 Hz, H-28b), 7.77 (s,
1H, H-1), 8.16 (s, 1H, NH)**C NMR (125 MHz, CDGJ): & = 13.31, 14.10, 16.14, 18.82,
20.52, 21.24, 21.73, 22.61, 24.47, 26.20, 26.29%728.72, 31.55, 32.64, 34.21, 36.21,
36.65, 38.67, 40.99, 41.40, 41.49, 44.03, 45.86462.67, 71.20, 87.83, 129.13, 140.81,
168.82, 200.09. MS (ESt m/z(%) = 497 (100, [M+H]), 992 (10 [2M]). HRMS (ESI-TOF)
m/zcalcd for GoH4gNOs [M+H] ™ 496.3785, found 496.3784.

4.3. Cell lines

All cells (if not indicated otherwise) were purchdsfrom the American Tissue Culture Collection
(ATCC). The CCRF-CEM line is derived from T IympHa$tic leukemia, evincing high
chemosenzitivity, K562 represent cells from an aduyeloid leukemia patient sample with bcr-abl
translocation, U20S line is derived from osteosar@oHCT116 is colorectal tumor cell line and its
p53 gene knock-down counterpart (HCT116p53-/-, HuriDiscovery Ltd, UK) is a model of human
cancers with p53 mutation frequently associatedh witoor prognosis, A549 line is lung
adenocarcinoma. The daunorubicin resistant sul@din€CRF-CEM cells (CEM-DNR bulk) and
paclitaxel resistant subline K562-TAX were seledtedur laboratory by the cultivation of maternal
cell lines in increasing concentrations of daunaiule or paclitaxel, respectively. The CEM-DNR
bulk cells overexpress MRP-1 and P-glycoproteintggnp while K562-TAX cells overexpress P-
glycoprotein only. Both proteins belong to the fgnmof ABC transporters and are involved in the
primary and/or acquired multidrug resistance phesrmon:® MRC-5 and BJ cell lines were used as a
non-tumor control and represent human fibroblate. cells were maintained in nunc/corning 8G cm

plastic tissue culture flasks and cultured in amllture medium according to ATCC or Horizon
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recommendations (DMEM/RPMI 1640 with 5 g/L glucoemM glutamine, 100 U/mL penicillin,
100 mg/mL streptomycin, 10% fetal calf serum, artHREG).

4.4. Cytotoxic MTS assay

MTS assay was performed at Institute of Moleculaat &ranslational Medicine by robotic platform
(HighResBiosolutions). Cell suspensions were pegpand diluted according to the particular cell
type and the expected target cell density (250085000 cells/mL based on cell growth
characteristics). Cells were added by automatietpip(30uL) into 384 well microtiter plates. All
tested compounds were dissolved in 100% DMSO and-fidd dilutions of the intended test
concentration were added in 045 aliquots at time zero to the microtiter plate Mweby the
echoacustic non-contact liquid handler Echo550 ¢ik&). The experiments were performed in
technical duplicates and three biological replisait least. The cells were incubated with the deste
compounds for 72 h at 37 °C, in a 5% £@mosphere at 100% humidity. At the end of thelliration
period, the cells were assayed by using the MTS Adiguots (5uL) of the MTS stock solution were
pipetted into each well and incubated for additidhva4 h. After this incubation period, the optical
density (OD) was measured at 490 nm with an Envisgader (Perkin Elmer). Tumor cell survival
(TCS) was calculated by using the following equatidCS = (ODRug-exposed wdimean ORunirol
wells) X 100%. The IG value, the drug concentration that is lethal t8056f the tumor cells, was

calculated from the appropriate dose-response sum@otmatics software.
4.5. Cell Cycle and Apoptosis Analysis

Suspension of CCRF-CEM cells, seeded at a dengity. 1 cells/mL in 6-well panels, were
cultivated with the 1 or 5 x lg of tested compound in a humidified €@cubator at 37 °C in RPMI
1640 cell culture medium containing 10% fetal dfum, 10 mM glutamine, 100 U/mL penicillin,
and 100ug/mL streptomycin. Together with the treated cadtantrol sample containing vehicle was
harvested at the same time point after 24 h. Afterther 24 hours, cells were then washed with cold
PBS and fixed in 70% ethanol added dropwise an@gdtovernight at -20 °C. Afterwards, cells were
washed in hypotonic citrate buffer, treated with A& (50 ug/mL) and stained with propidium
iodide. Flow cytometer using a 488 nm single beased (Becton Dickinson) was used for
measurement. Cell cycle was analyzed in the progkdmdFitLT (Verity), and apoptosis was
measured in logarithmic model expressing percentdigbe particles with propidium content lower
than cells in GO/G1 phase (<G1) of the cell cyklealf of the sample was used for pt¥% antibody

(Sigma) labeling and subsequent flow cytometry ysiglof mitotic cells”

4.6. BrDU Incorporation Analysis (DNA synthesis)
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For this analysis, the same procedure of cultivatie previously was used. Before harvestinguNIiO
5-bromo-2-deoxyuridine (BrDU), was added to théscidr puls-labeling for 30 min. Cells were fixed
with ice-cold 70% ethanol and stored overnight.déefthe analysis, cellswere washed with PBS, and
resuspended in 2 M HCI for 30 min at room tempeeatto denature their DNA. Following
neutralization with 0.1 M N#8,0; (Borax), cells were washed with PBS containing® - bween-20
and 1% BSA. Staining with primary anti-BrDU antilyoExbio) for 30 min at room temperature in
the dark followed. Cells were than washed with RBf stained with secondary antimouse-FITC
antibody (Sigma). Cells were then washed with PB&rmaand incubated with propidium iodide (0.1
mg/mL) and RNAse A (0.5 mg/mL) for 1 h at room tesrgture in the dark and afterwards analyzed
by flow cytometry using a 488 nm single beam IE&CSCalibur, Becton Dickinsony.

4.7. BrU Incorporation Analysis (RNA synthesis)

Cells were cultured and treated as above. Beforeehting, pulse-labeling with 1 mM 5-bromo

uridine (BrU) for 30 min followed. The cells wereen fixed in 1% buffered paraformaldehyde with
0.05 % of NP-40 in room temperature for 15 min, ahdn stored in 4°C overnight. Before

measurement, they werewashed in PBS with 1% glygashed in PBS again, and stained by primary
anti-BrDU antibody crossreacting to BrU (Exbio) f8® min at room temperature in the dark. After
another washing step in PBS cells were stainedeopralary antimouse-FITC antibody (Sigma).
Following the staining, cells were washed with PB®&d fixed with 1% PBS buffered

paraformaldehyde with 0.05% of NP-40 for 1 hourllCavere washed by PBS, incubated with
propidium iodide (0.1 mg/mL) and RNAse A (0.5 mg/nfor 1 h at room temperature in the dark,
and finally analyzed by flow cytometry using a 48& single beam laser (FACS Calibur, Becton

Dickinson)?’
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Comp.  ICsp(umol/L?)  Comp.  ICg(umol/L?)  Comp.  ICs(umol/L?)  Comp.  1Csy(umol/L?)

" CCRF-CEM " CCRF-CEM " CCRF-CEM " CCRF-CEM
1 >50 5° 27 12a >50 20a 13
2a 14 6° 27 12b >50 20b 6
2b 4 7 >50 13a >50 21 32
2c 2 8 >50 13b >50 22 >50
3a >50 9 >50 14a >50 23 29
3b >50 10a >50 14b >50 24 >50
3c >50 10b >50 16 40 27 32
4 17 11 5 19 >50 28 30

Table 1.

Comp. CCRF- CEM- K562 K562- AB549 HCT116 HCT116 U20S BJ MRC5 TP
CEM DNR TAX p53"

4 175 16.0 142 10.6 25.7 >50.0 >50.0 48.9 >50.0 >50.0 >2.9
5° 26.6 339 >50.0 20.1 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.9
6’ 26.6 339 >50.0 201 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.9
11 4.6 5.9 4.5 3.9 6.2 4.9 4.8 6.2 7.1 6.3 14
16 453 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.1
20a 131 >50.0 16.9 453 >50.0 41.6 334 45.8 >50.0 254 >2.9
21 31.8 36.1 101 20.6 313 >50.0 >50.0 >50.0 >50.0 >50.0 >1.6
23 28.6 46.6 >50.0 29.9 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.7
27 322 >50.0 324 >50.0 >50.0 42.9 38.7 >50.0 >50.0 216 >1.1
28 29.9 353 379 305 >50.0 >50.0 >50.0 >50.0 >50.0 >50.0 >1.7

Table 2.

Used subGl GO/GL S G2IM  pH3®®  DNA RNA

conc. (%) (%) (%) (%) (%) synthesis synthesis
(HM) (%) (%)
Control - 1.80 36.41 50.33 13.28 1.66 56.37 43.37
11 4.60° 2.79 40.73 47.77 11.50 1.44 53.53 42.98
11 23.00° 7.1 28.90 54.92 16.18 0.49 1.88 2.23

Table 3.



Highlights:

19 new lupane and 18a-oleanane derivatives, substituted at C-2, were prepared
Cytotoxicity of compounds was measured on 8 cancer and 2 non-cancer cell lines
Most active compounds interfered with cell cycle and DNA/RNA synthesis
2-amino allobetulin was the most active compound of this series

2-amino allobetulin almost blocked DNA/RNA synthesis at 5 x ICs,



