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Electrosynthesis of Stable Betulin-Derived Nitrile Oxides
and their Application in Synthesis of Cytostatic Lupane-
Type Triterpenoid-Isoxazole Conjugates

Jevgenija Luginina®,” Martin Linden*,™ Maris Bazulis,® Viktors Kumpins,®
Anatoly Mishnev,"” Sergey A. Popov,® Tatiana S. Golubeva,” Siegfried R. Waldvogel,*"’

Elvira E. Shults,* and Maris Turks*®

Novel lupane-type triterpenoid-isoxazole conjugates were de-
signed by direct placing of isoxazole linker at C(17) of
triterpenoid. The suggested synthetic sequence demonstrates
successful combination of electro-organic synthesis and con-
ventional approaches. TEMPO-mediated electrooxidation of
betulin to betulinal was developed and optimized at boron-
doped diamond anodes with potassium acetate as inexpensive
supporting electrolyte. Betulinal-derived oxime was further
selectively electro-oxidized at a graphite anode to nitrile oxide,
which proved to be stable and isolable species. The same

Introduction

Betulin (1) is a naturally occurring pentacyclic lupane-type
triterpenoid (lup-20(29)-ene-3f3,28-diol), which is found in wide
variety of plants, but mostly in the outer bark of birch trees
(Betula sp., Betulaceae). Historically observed anticancer and
antiviral activity of betulin, its abundance in the bark (up to
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reaction sequence was performed with 3f-lupane-3,28-diol.
Nitrile oxides were characterized by N NMR and X-ray
crystallography. The isolable nitrile oxides allowed creation of
isoxazole library by 1,3-dipolar cycloaddition reactions with
various alkynes. Some of the title conjugates exhibit cytostatic
properties against breast cancer cell line MCF7, glioblastoma
multiform cell line U-87 MG and lung carcinoma cell line A549
with growth inhibition (Gls,) concentrations up to 11 um, while
being harmless to immortalized human fibroblasts hTERT (Gls,
> 100 m).

30% of dry weight), and a facile isolation process made it an
attractive target for the synthesis of pharmacologically impor-
tant semisynthetic analogues.!" Literature reports during the
past decade demonstrate broad spectrum of biological proper-
ties of modified betulin analogues that include antibacterial,”
antimalarial,””’ anti-inflammatory,” anti-diabetic,” anti-hyperlipi-
demic activity,”” and a potential to inhibit human immunodefi-
ciency virus (HIV).” Since the first report by Trumbull et al. in
1976, on anticancer activity of betulinic acid against lympho-
cytic leukemia, there have been many reports on the prepara-
tion of novel betulin derivatives with enhanced therapeutic
efficiency against different cancer cell lines and improved
solubility in biological media.”’ It has also been demonstrated
that installation of a nitrogen-containing heterocyclic system to
the triterpenoid scaffold can greatly improve their biological
activity.'” 1,2,3-Triazoles as a common example of azoles are
mostly introduced using the copper(l)-catalyzed alkyne-azide
cycloaddition reaction on O- or N-propargyl function installed
at different positions (C(3), C(28), C(19)) of the betulin
scaffold."” On the other hand, isoxazole moiety also belongs to
the accepted linkers"? and amide isosteres™ in medicinal
chemistry. To the best of our knowledge, there are only few
reports of betulin isoxazole conjugates, in which the isoxazole
ring was attached to the betulin core using modification in
triterpenoid A ring (Figure 1). For example, Grishko published
synthesis of C(1)-C(2) fused isoxazole-betulin derivatives A and
their cytotoxicity studies against different tumor cell lines."
Also for betulin type triterpenoids containing C(2)-C(3) fused
isoxazoles B have been studied for their anticancer activity and
as hypoxia-inducible factor prolyl hydrolase and osteoclasto-
genesis inhibitors."

© 2021 The Authors. European Journal of Organic Chemistry
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electro-
synthesis

Betulin (1)

lupane-oxadiazole hybrids C

lupane-isoxazole hybrids D

Figure 1. Diversity of betulin -isoxazole and betulin-oxadiazole hybrids.

We were interested in the installation of isoxazole moiety
by forming a C—C bond at the C(17) position of betulin (lupane-
type triterpenoid-isoxazole hybrids D, Figure 1). The only
precedent in the literature for the synthesis and cytotoxic
activity of C(17)-linked lupane-type triterpenoid-azole hybrids of
type C was explored by Shults and co-workers.'®

Isoxazoles among other methods are frequently synthesized
by 1,3-dipolar cycloaddition reaction (1,3-DCR) between alkyne
and nitrile oxide." The latter can be obtained either by
dehydration of nitromethyl moiety"™ or oxidation of an
aldoxime™® which is commonly done by electrophilic chlorina-
tion followed by HCl elimination.”™ Electrophilic C(20)-C(29)
double bond of betulin skeleton is not compatible with such a
classic approach.

Therefore, the aldoxime oxidation route seems like an ideal
platform to challenge the electro-organic synthesis. Indeed,
electro-organic synthesis has begun to reemerge as an
attractive and competitive technique alongside classical syn-
thesis in the recent decades, almost 200 years after the first
steps were made by Kolbe.?' The avoidance of stoichiometric
chemical oxidizers and reducing agents leads to a significant
lowering of reagent waste. Furthermore, these often expensive
and hazardous substances e.g. (hypo)chlorites or chromium(VI)
reagents and other transition metal compounds, which are
commonly used in classical synthesis routes, are cancelled out
from the process and replaced by inexpensive electricity?"?>**%!
or — in the case of active electrodes — can be immobilized as
the system’s working electrode and recycled in situ.***” Re-
cently, electrosynthesis was employed to generate anti-tumor
agents.”® Against the background of the increasing expansion
of the renewable energy sector,” electricity is thus up to
becoming the green reagent of the 21* century and econom-
ically attractive.*”

Here we report electro-organic synthesis of exceptionally
stable betulin-derived nitrile oxide and its further transforma-
tion into novel C(17)-linked lupane-type triterpenoid-isoxazole
hybrids. The key steps of the sequence are 1) a selective
electrooxidation of primary C(28)-alcohol to aldehyde; 2) an
electrochemical generation of nitrile oxides from the corre-
sponding oximes; 3) cycloaddition with various alkynes. The
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developed sequence demonstrates application of electro-
oxidation for acquiring semisynthetic betulin derivatives that
are important addition to biologically active triterpenoids.

Results and Discussion

Protocols for betulin oxidation into its corresponding C(28)-
aldehyde 2 are readily available in literature.®'*¥ Among these
there are mostly Anelli®'~® and Jones®"***”*¥ type oxidations
employed, both coming along with several drawbacks. In
particular, the Jones oxidation and related transformations
suffer from the use of highly toxic/mutagenic chemicals and a
poor discrimination between the primary and the secondary
alcohol moieties,”'**3"*J whereas N-oxyl radical-mediated oxi-
dation frequently employs expensive terminal oxidizers®® and
co-catalysts®? or reagents incompatible with the betulin 20(29)-
double bond (namely bleach).?'**3% Moreover, the excessive
usage of those reagents leads to tedious workup procedures to
ensure removal of reagent traces and byproducts and creates
large amounts of waste. However, only few electrooxidations
for the transformation 1—2 have been reported.*" The
lipophilic nature of betulin (logP >8)*¥ classifies it as a very
challenging substrate for electrosynthesis — the outstanding
lipophilicity and polar, ionic feature for electrolysis seem to be
contradictory. The objective complications are due to the
adjustment of solvent system that would ensure sufficient
solubility of the starting material, a redox mediator and a
supporting electrolyte. Highly polar solvents that are common
for electrochemical experiments such as water or polar organic
solvents are incompatible with the unique solubility properties
of betulin. On the other hand, the supporting electrolytes,
which should provide the conductivity during the electro-
oxidation process, are mostly insoluble in less polar solvents."”

The generally good discrimination between primary and
secondary alcohols provided by TEMPO is additionally en-
hanced by the presence of sterically demanding 4,4-dimethyl
moiety®*” of betulin. In 2006, TEMPO-mediated electrooxida-
tion has been reported by the Krasutsky group (Scheme 1).4
They suggested the use of precious platinum electrodes and
relatively costly tetraethylammonium tosylate (NEt,TsO) as

oxidative

- >

conditions

This work:
DMA/10% H,O

Previous:

Krasutsky et al., 2006:
DMA/2.5% H,0

DCM/H,0, TEMPO,

buffer, NaOCI/NaCIO, 26 mMm NEt,TsO 0.15 M KOAc
or 12% TEMPO 15% TEMPO
PCC, DCM Pt|| Cu, 60 °C BDD || Cu, 65 °C

25mAcm? 3.33 F

31mAcm? 10 F )

Scheme 1. Oxidation of betulin 1. TEMPO =2,2,6,6-tetramethylpiperidine N-
oxyl, PCC=pyridinium chlorochromate, DMA = N,N-dimethylacetamide,
BDD = boron-doped diamond.
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supporting electrolyte. Later, scale-up to a 50 L pilot apparatus
with a graphite anode instead of platinum was claimed,
although full experimental details are not available.””’

Here, we report an electrooxidation protocol to produce
betulinic aldehyde up to 5 g scale using considerably cheaper
electrode materials and supporting electrolytes. Noteworthy,
boron-doped diamond (BDD) electrodes are considered as
sustainable, since they are produced from methane as carbon
source and avoid critical elements such as platinum group
metals.®"!

Indeed, carbon-based electrode materials turned out superi-
or to platinum in our studies. BDD electrodes outperformed
platinum as anode material by 20% higher yield (QNMR)
reaching 78% in the initial experiments. Boron-doped diamond
is a high performance carbon electrode which is sustainably
produced, metal- and maintenance-free”"” The commercial
widely available electrode material is superior in many techni-
cally relevant electro-conversions.”? In the beginning we chose
copper as cathodic material, which turned out to be the best
within the electrosynthetic screening. However, copper surpris-
ingly exceeded BDD and graphite only by little (Figure 2a),
indicating a graphite| | graphite system as a particularly inter-
esting approach for future investigation.

With 10 F and 2.5 mAcm 2 we found electrolysis conditions
similar to the already known to be the best. An increased water
content of 10% (v/v) turned out to be beneficial. This might be
attributed to an enhanced hydrogen evolution reaction at the
counter electrode. By increasing the water content further, we
observed a drop in yield due to solubility issues. Since the
catalytic cycle of TEMPO requires neutral to alkaline pH,®¥ we
focused on potassium hydroxide and acetate as inexpensive
and sustainable alternatives of NEt,TsO to serve as supporting
electrolyte. As expected, both showed a better performance
than the previously used NEt,TsO, whereby the acetate out-
performed the hydroxide (Figure 2b).

This can be explained by the formation of the electrochemi-
cally inactive oxoammonium hydroxide adduct of the mediator
species at pH>12 as well as the decomposition of the
hydroxide adduct.®¥ Especially at low concentrations (30 mm)
of the supporting electrolyte, potassium acetate provided
significant better properties than tetraethylammonium tosylate
(Figure 2c).

Next, different solvents were investigated (Figure 2d). Sim-
ilarly to the previously reported protocol,“® N,N-dimeth-
ylformamide and N,N-dimethylacetamide turned out to the best
solvents. DMF was slightly better than DMA at low substrate
concentration, but we observed a drastic decrease of betulinal
yield in DMF moving from 45 to 113 mm of betulin solution.
Finally, N,N-dimethylacetamide was assigned as the best
solvent, which is operational with 113 mm (50 mgmL™") con-
centration betulin.

As one can expect, a high mediator concentration was
beneficial for the reaction. In contrast to conventional proce-
dures, where a reagent is added and stirring can be continued
until full consumption, addition and consumption of the
terminal oxidant (electricity) have to take place in the same
defined time span. Therefore, a well-balanced ratio between
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Figure 2. Parameter screening for the aldehyde 2 synthesis. (QNMR) (a)
Electrode screening. 45 mm betulin, 0.15 mm KOAc, 20.5 mm TEMPO in
DMA/H,0 (9:1), 65°C, 2.5 mAcm ™2, 10 F. |l yield. [ conversion. (b)
Supporting electrolyte. 45 mm betulin, 0.1 mm supporting electrolyte,

20.5 mm TEMPO in DMA/H,0 (9:1), 65°C, BDD | |Cu, 2.5 mAcm ™ 10 F. |l
yield. 1 conversion. (c) Supporting electrolyte concentration. 45 mm betulin,
supporting electrolyte, 20.5 mm TEMPO in DMA/H,0 (9:1), 65°C, BDD| | Cu,
25mAcm™% 10F. B yield (KOAc). [J conversion (KOAc). A yield (Et,;NOTs).
N\ conversion (Et,NOTs). (d) Solvent. 45 mm betulin, 0.15 mm KOACc,

20.5 mm TEMPO in solvent/H,0 (9:1), 65°C, BDD| | Cu, 2.5 mAcm™2, 10F. |
yield. 1 conversion. (e) Betulin concentration. Betulin, 0.15 mm KOAc, 45 %
TEMPO in DMA/H,0 (9:1), 65°C, BDD| | Cu, 2.5 mAcm~2 10 F. Wl yield
(DMA). ] conversion (DMA). A yield (DMF). A conversion (DMF). DMF=N,N
dimethylformamide, NMP =N methylpyrrolidin-2-one, C , = isostatic graph-
ite.

current density and the concentration of the electron accepting
species, in this case the mediator, is crucial for acceptable
current efficiencies.

However, further increasing the amount of mediator above
30% did not result in a substantial amelioration in yield. Due to
the solubility behavior of betulin within the electrolyte and the
instability of TEMPO at elevated temperatures a maximum in
yield was observed around 65 °C. This is a compromise between
an acceptable amount of dissolved substrate and a high
turnover number. To provide fresh, active mediator over a
longer time, we thus split the electrolysis protocol in several
cycles. An increased yield of 83% (+5%, gNMR) was achieved
by splitting the electrolysis into three cycles with application of
333 F charge and addition of 15% TEMPO for each cycle.
(Figure 3a) Finally, a two-cycle protocol with 3.33F and 15%
TEMPO in each cycle provided a superior yield of 89%. Further
splitting of the electrolysis showed to be detrimental.

© 2021 The Authors. European Journal of Organic Chemistry published
by Wiley-VCH GmbH
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Figure 3. (a) Aldehyde 2 synthesis in dependence of number of electrolysis
cycles (x). 45 mm betulin, 0.15 mm KOAc, (45/x)% TEMPO in DMA/H,0 (9:1),
65°C, 2.5 mAcm 2, BDD| | Cu, (10/x) F. Hl yield (QNMR). [] conversion
(gNMR). (b) Scale-up of aldehyde synthesis. 45 mm betulin, 0.15 mm KOAc in
DMA/H,0 (9:1), 65°C, two cycles a 15% TEMPO, 2.5 mAcm 2, BDD| | Cu,
3.33 F. H yield (gNMR). [J conversion (qNMR). - 113 mm betulin on 5 g/
100 mL scale for comparison (isolated yield).

Scale-up of the two-cycle electrolysis to 2 g scale (100 mL
vessel, Figure 3b) was possible with only a slight drop in yield.
The average yield was 83% (qNMR) with a conversion of 87 %,
giving a yield of 95% based on the consumed starting material.
To isolate the aldehyde, the crude product was precipitated by
either addition of water or cooling the reaction mixture down
to —50°C. The latter may allow for a practically waste free
pathway for recycling solvent and supporting electrolyte by
distillation and crystallization, respectively. Following purifica-
tion of the crude via column chromatography gave isolated
yields of 78-80%, confirming the yields determined by gNMR.
This was transferred to 5 g scale (100 mL vessel) by increasing
the concentration of starting material without any loss in yield.
Compared to the literature known process,”*® we were able to
use a BDD anode instead of platinum and potassium acetate
instead of tetraethylammonium tosylate with competitive
yields. Furthermore, we present a facile workup and purification
procedure, which was not done for galvanostatic electrosyn-
thesis of betulinal before.

Synthesis of betulinal 2 congener lupanal 8 with a reduced
C(20)-C(29) double bond started with acetylation and then
hydrogenation sequence to form product 4. We observed that
acetylation drastically improves the solubility of substrate and
thus facilitates the hydrogenation process.” Compound 4 was
then fully deacetylated by KOH providing 3[3,28-lupandiol 6 or
selectively deacetylated with Al(O-iPr); in refluxing i-PrOH to
form partially protected product 5 (Scheme 2).

3:R'=R?=Ac
iR -ReoH —

4:R"=R?=Ac

o] sR-AqRoH-°
6:R'=R?=H

Scheme 2. Synthesis of 5 and 6. Reagents and conditions: (a) Ac,0, C2 petrol,

reflux, 3 h, 95%; (b) H,, Pd/C, THF, 40°C, 72 h, 98 %; (c) Al(O-iPr)s, i-PrOH,
80°C, 6 h, 92%; (d) KOH, EtOH, reflux, 3 h, quant.
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Due to the lower solubility of compounds 5 and 6, the
electrooxidation protocol used for betulinal synthesis gave only
unsatisfying yields (below 40%). However, changing to solvents
providing better solubility and reducing the concentration of
the starting material showed promising results. 22.5 mm
lupandiol 6 in pyridine/10% H,O with 0.15 m KOAc (BDD| |Cu,
45%TEMPO, 25 mAcm™, 10F) already yielded 60% of the
corresponding aldehyde 7 (Scheme 3).

A strong discoloration of the electrolyte indicated unwanted
side reactions of the solvent pyridine. To prevent this, 2,6-
lutidine was chosen as a solvent exhibiting a higher stability
under the electrolysis conditions, while maintaining a high
solubility of triterpenoids. The poorer conductivity of 2,6-
lutidine/10% H,0/0.15 m KOAc, however, required for the
addition of MTBS (16 mm) as second supporting electrolyte.
Here, a yield of 92% was achieved. Significantly lower yields
were achieved with the individual supporting electrolytes,
MTBS and KOAc alone. Both slightly alkaline medium provided
by the acetate and enhanced solubility of electrolyte conveyed
by tetraalkylammonium ions is needed in the lutidine system.
Consequently, tetrabutylammonium acetate (NBu,OAc) as sup-
porting electrolyte at a concentration of 0.1 M ensured 94%
yield of aldehyde 7, no matter if the salt was used as a solid or
generated in-situ from acetic acid and tetrabutylammonium
hydroxide solution. Scale-up of the synthesis of 7 to 250 mg
scale (25 mL vessel) yielded 76%. Interestingly, no difference
was observed whether one electrolysis cycle with 10 F or three
cycles with 3.33 F each were done. Also, the electrooxidation of
3B-acetoxy lupane-28-ol 5 was tested and a system KOAc
(0.15 mm)/MTBS (16 mm)/2,6-lutidine/10% H,O yielded 93 % of
product 8.

After the development of the electrochemical oxidation
conditions for betulin 1 and compounds 5 and 6, we continued
with the synthesis of corresponding aldoximes. Condensation
of aldehydes 2 and 8 (or 7) and hydroxylamine under alkaline
conditions effortlessly provided aldoximes 9 and 10 with
excellent yields (Scheme 4).*" Compound 8 was simultaneously
deacetylated in the reaction medium.

Next, we proceeded to study nitrile oxide generation and its
1,3-dipolar cycloaddition reaction. To verify the compatibility of
C(20)-C(29) double bond of aldoxime 9 towards electrophilic
reagents, we checked various chemical oxidation pathways and
compared the reactivity of unsaturated system 9 with that of

2,6-lutidine/10% H,O
supporting electrolyte

45% TEMPO
25mAcm? 10 F
65°C
H BDD || Cu 7:R = H, 94% (76%°7)
Ac 8:R=Ac, 93%

Scheme 3. Synthesis of 7 and 8. Electrolytic conditions, 50 mg scale: boron-
doped diamond (BDD) anode, Cu cathode, 10 vol.% water in 2,6-lutidine,
65°C, j=2.5 mAcm~2, Q=10 F, supporting electrolyte (0.1 m NBu,OAc for 7,
0.15 m KOAc+ 16 mM MTBS for 8), 45% TEMPO. ¢ 250 mg scale.

MTBS =tributylmethylammonium methylsulfate.
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NH,OH-HCI
KOH, MeOH

RT, 16 h

v",fii B ¥
2:R'= J\/ 8 R'= J\/ : J\/ H )y
R?=H R%=Ac 97% 99%

Scheme 4. Synthesis of aldoximes 9 and 10. Reagents and conditions: (b)
NH,OH -HCl, KOH, MeOH, RT, 16 h, (9, 97 %, 10, 99 %).

saturated system 10. We started with the well-known NCS-
oxidation,”® in which oxime 10 provided nitrile oxide 12 with
79% yield in 3 h (Scheme 5). As expected, this method was not
applicable to the double-bond containing derivative 9 due to
the electrophilicity of NCS. Reaction of oxime 9 with other
oxidants®” including NaOCl, chloramine-T, oxone, m-CPBA led
predominantly to the formation of chlorinated or overoxidized
byproducts, and the target product 11 was observed in
amounts <20% (HPLC). Eventually, synthetically applicable
result (72% yield) was achieved in the reaction of the oxime 9
with MnO,, however, a large excess of the reagent (20 equiv.)
was required, which is not compatible with scale-up®® and the
contemporary green chemistry principles. Finally, generation of
double bond containing nitrile oxide 11 was achieved after
2 hours in 70% yield with (bis(trifluoroacetoxy)iodo)benzene
(PIFA). A slightly higher yield (79%) was obtained in the case
of the saturated system - nitrile oxide 12. The functional group
tolerance and minimal required excess (1.2 equiv.) proved the
advantage of PIFA in nitrile oxide synthesis compared to other
reaction conditions. However, the drawback of the method is
formation of iodobenzene, which on a larger scale may cause
purification problems.

Nitrile oxides 11 and 12 proved to be particularly stable and
their structures were proven by a high-resolution mass spectral
analysis and an infrared spectrum that showed strong narrow
band around 2275 cm™ typical for the nitrile oxides. However,
to fully prove the structure and to make a profit from their
chemical stability we have also synthesized N-labeled ana-
logue 11'. For this purpose, betulinic aldehyde 2 was converted
into oxime 9’ using "*NH,OH-HCl, which was then subsequently

LD
aorc

Scheme 5. Synthesis of nitrile oxides 11 and 12. Reagents and conditions: (a)
PIFA, acetone, RT, 2 h (70% of 11, 79% of 12); (b) MnO,, CHCl;, RT, 20 h 72 %;
(c) NCS, Py, CH,Cl,, RT, 3 h, 79%. Py = pyridine, NCS = N-chlorosuccinimide,
PIFA = (bis(trifluoroacetoxy)iodo)benzene.
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oxidized by PIFA. The N NMR spectrum, in addition to 'H and
3C NMR spectra, unambiguously confirmed the formation of
compounds 9’ and 11’. The "N-labeled compounds provided
chemical shifts at —25.61 ppm for the oxime 9’ and at
—185.95 ppm for the nitrile oxide 11’ (Figure 4a, Figure 4b);
CH;NO, as the external standard at 0 ppm).*” Analysis of "H-"*N
(Juw=2.2Hz) and "C-"N ("Jyc=22Hz) coupling constants
revealed that oxime 9’ exists in its anti-configuration. Addition-
ally, the molecular structure of nitrile oxide 12 was unambigu-
ously proven by its single crystal X-ray analysis (Figure 5).°"

The transformation of aldoximes 9 and 10 into nitrile oxides
11 and 12 seemed like a good platform to test the scope of
direct electrolysis developed by Hartmer and Waldvogel in
2015%% for the nitrile synthesis. The first efforts of aldoxime
oxidation were published by Shono etal”® as a domino
oxidation-reduction process based on platinum electrodes in
combination with halogenides as mediatory system, which
leads to tremendous platinum corrosion. Since nitrile oxides
occur as the intermediate in the nitrile formation via domino
oxidation-reduction electrolysis,’®® this pathway offers access to
the nitrile oxides if the reduction is cut off. This can readily be
realized by changing to a divided cell.®™ Furthermore, literature
has some examples for electrosynthesis of isoxazoles and
isoxazolines from oximes either by electrolysis in presence of a
dipolarophile®™ or its subsequent addition to the electrolysis
medium.® However, up to the best of our knowledge there are

(a) "°N oxime 9"

-25.61
|
MeNO, |
|
| ]
(b) "N nitrile oxide 11"
-185.95
|
MeNO,
|
(c) 15N isoxazole 13a’
-6.53
/
MeNO,
I
10 5 0 5 15 25 35 45 160 170 180  -190

Figure 4. Comparison of "N NMR (51 MHz, CDCl;) spectra for °N labeled
oxime 9’, nitrile oxide 11" and isoxazole 13a’ using CH;NO, (d=0.0 ppm) as
external standard.

Figure 5. ORTEP representation of nitrile oxide 12.
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no examples for an electrosynthetic access to the triterpenoid-
derived nitrile oxide 11 or its isoxazole congeners.

Inexpensive stainless steel was used as cathode, since it
showed only poor nitrile formation and other decomposition
products in the previous studies.®® To suppress any nitrile
formation, all reactions were done in semi-divided setup using
stainless steel wire commercially available at a home depot. In
order to ensure application of a sufficient amount of charge, 4 F
were chosen as starting point. At first, different anode materials
were tested. As expected, graphite showed the best perform-
ance. It is important to note that a sandpaper-polished graphite
gave approximately 10% higher yields as the intercalated
electrolyte constituents from the previous oxidation cycles
present in the swollen electrode surface were mechanically
removed.” Other carbon-based materials were not efficient for
the conversion of betulin aldoxime and all further experiments
were conducted with freshly sanded graphite anodes. In
general, the nature of the carbon electrode can have significant
influence onto the reproducibility of electro-conversions.”®
Next, applied charge and current density were investigated. It
appeared, that corresponding to the nitrile formation an
applied charge of 2.5F is the optimal condition. However, in
our case the yield increased with decreasing current density,
indicating 1 mAcm™2 as the most practical setting (Figure 6b).
Consequently, rolled carbon felt (rCF), a porous electrode
material, was tested in order to further decrease the current
density at the electrode surface while maintaining the same
geometrical current density. Yet, it showed inferior results
(Figure 6a). Screening various solvents led to alcohols, namely
methanol, as optimal medium for this conversion. Interestingly,
acetonitrile, the solvent of choice for the nitrile formation,
showed only poor performance (Figure 6c), which seems to be
owed to the lower solubility of the oxime. In addition, upon
longer standing the formation of side product was observed,
which by HPLC-MS was identified as a product of 1,3-DCR
between the formed nitrile oxide and acetonitrile.

Since the unwanted nitrile formation must be avoided,
another counter reaction must be offered to the system. Thus,
water was added to the electrolyte. Similarly to the electro-
oxidation of betulin, water contents higher than 10% (v/v) were
detrimental due to precipitation of the oxime. On the other
hand, a lower water content was also insufficient for high yield
nitrile oxide synthesis (Figure 6d). Subsequently, different
supporting electrolytes were tested, revealing rather hydrophilic
anions to be beneficial. However, highly hydrophilic anions like
perchlorate showed to be disadvantageous (Figure 6e). The
influence of the cation was logically comparably small, but still
we observed better results for bulky lipophilic cations. Finally,
the best results were achieved with 32 mm of MTBS. Inves-
tigation of the temperature dependence unveiled 50°C to be
an optimum. Lower temperature decreases solubility of oxime,
but its increase leads to the decomposition of nitrile oxide. The
effect of the limited solubility of the oxime was further
confirmed by screening the impact of the substrate concen-
tration. In general, a lower concentration resulted in a better
yield.
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Figure 6. Parameter screening for the nitrile oxide 11 synthesis (QNMR). (a)
Anode materials. 22 mm oxime, 32 mm MTBS in MeOH/H,0 (9:1), 50°C,
Anode | |V2A-wire, 3 mA cm~2 4 F. " sanded electrode,? electrode only wiped,
? 22 mm oxime, 32 mm MTBS in MeOH/H,0 (9:1), 50°C, C,, | | V2A-wire,
1TmAcm 2 25F. | yield. I conversion. (b) Current density. ll yield. (]
conversion. 22 mm oxime, 32 mm MTBS in MeOH/H,0 (9:1), 50°C, Cy,| | V2A-
wire, j, 2.5 F. (c) Solvents. 22 mm oxime, 32 mm MTBS in solvent/H,0 (9:1),
50°C, Cy | | V2A-wire, 1 mAcm™2 2.5 F. [l yield. [ conversion. (d) Water
content. ll yield. [J conversion.22 mm oxime, 32 mm MTBS in MeOH/H,0,
50°C, Cy| | stainless steel wire, 1 mAcm™2, 2.5 F. (e) Influence of different
supporting electrolytes on the nitrile oxide formation (QNMR). 22 mm oxime,
32 mm supporting electrolyte in MeOH/H,0 (9:1), 50°C, C,| | stainless steel
wire, TmAcm % 25F. & yield. I conversion. GC=glassy carbon,

rCF =rolled carbon felt, MTES = triethylmethylammonium methylsulfate.

Electrooxidation of oxime 9 at a 250 mg scale (25 mL vessel)
with the optimal parameters was performed with an excellent
88% vyield of product 11, which outperforms the classical
method presented above. In addition, solvent and supporting
electrolyte can be easily recycled, making the electro-organic
synthesis of betulin nitrile oxide 11 particularly economic and
environmentally benign. Transferring the reaction into bigger
vessels (50 mL, 100 mL) resulted in a yield drop due to the
longer electrolysis time, in particular the prolonged heating of
already formed nitrile oxide. However, with 74-78 % yield, these
processes are still exceeding the common transformations.
Shortening the electrolysis time can readily be done by
changing to a sandwich like setup. We chose to use two wire
cathodes together with the anode plate in between them, thus,
doubling the anodic surface area. This led to an improved yield
of 84% on 1 g scale (100 mL vessel). Especially, regarding the
aforementioned economic benefits and to the scale the
presented procedure can be considered as a highly competitive
alternative to classical synthesis routes. Following the described
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protocol, the 20,29-dihydrogenated nitrile oxide 12 was also
synthesized starting from corresponding aldoxime 10. On
50 mg scale an excellent yield of 96% was reached for the
nitrile oxide 12 synthesis (Scheme 6).

The optimized electrochemical oxidation of oxime 9 set the
stage for development of a one pot process, which combines
synthesis nitrile oxide 11 and the following 1,3-DCR with
propargyl alcohol as model alkyne (Table 1). It was found, that
1,3-DCR takes additional 12 h after the completion of electrol-
ysis. An excess of the alkyne (5 equiv.) gave the best results. By
changing from methanol to 1-butanol and, thus, enabling
heating up to 100°C, the yield could be further improved
(Table 1, entry 6).

MeOH/10% H,0O
32 mM MTBS

1mAcm?25F
50°C
Cy || stainless steel HO'

wire N
1:R= )k/ 12:R=

93% (84%7)  96%

Scheme 6. Electrochemical generation of nitrile oxides 11 and 12 on 50 mg
scale. “ 1000 mg scale.

Table 1. Optimization of the one-pot electrooxidation - 1,3-DCR process
towards lupane-type triterpenoid-isoxazole conjugate 13a.

/// v = o

solvent/10% H,O
N 32 mM MTBS
" ~OH

1mAcm?
25F, T

HO' B Cq || stainless steel HO™ (5
s 9 wire N
Entry Solvent T Propargyl alcohol Additional Yield,
[°q excess (equiv.) stirring [h] [%]
1 MeOH 50 5 9 54
2 MeOH 50 5 12 66
3 MeOH 50 2 12 61
4 MeOH 50 3 12 59
5 MeOH 50 4 12 63
6 1-BuOH 100 5 12 73
7 ‘AmOH 100 5 12 41
8 Py 100 5 12 21
9! 1-BUOH 50 5 12 75

[a] Alkyne added after electrolysis then heated to 100°C.

5eq. R=—=
BuOH/10% H,0
2 N\OH 32 mM MTBS

1mAcm?25F
100 °C
Cyr || stainless steel
ir

A ey )L/
9,10 wire 13a-i, R'= )\/

14a,R'=

13c, 63% (66%°)
R?=
HO§©

Scheme 7. One-pot electrooxidation - 1,3-DCR process of lupane-type
triterpenoid-isoxazole conjugates 13 and 14. @ electrolysis at 50°C, alkyne
added after electrolysis, then heated to 100 °C (ex-cell).

13i, 38% (73%7) O

R2 = {N

o

13a, 73% (75%°) R? =
H
14a, 80% R? = \(\O

13b, 63% (66%°) R2 =\ >
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With these parameters conjugates with different alkynes
have been synthesized in yields up to 75%, implicating a
remarkable quantitative yield for the oxime oxidation step if the
same yield as in the classical procedure is assumed for the 1,3-
dipolar cycloaddition (Scheme 7). Also an one pot process for
oxime 10 electrochemical oxidation and 1,3-DCR reaction with
propargyl alcohol was explored and compound 14a was
obtained with 80% yield. For the N-propargyl phthalimide
derived conjugate the electrochemical in-cell protocol was less
efficient. The ex-cell process, however, gave comparable yields
to the other alkynes.

To increase the library of products and to improve the yields
of the 1,3-DCR, it was decided to separate 1,3-DCR and
electrochemical oxidation and to study isoxazole formation as
single process (Table 2). 1,3-DCR of propargyl alcohol and nitrile
oxides 11 and 12 were performed in CH,Cl, in the presence of
Et;N as a base additive (Table 2). We observed that a successful
1,3-DCR of 12 and alkyne occurs at room temperature in 12 h
and the isoxazole 14a forms in 90% vyield (Table 2, Entry 5).
Similar reaction without base addition is still successful however
gives a lower yield (Table 2, Entry 4).

Surprisingly, identical conditions were suboptimal in the
case of the nitrile oxide 11. The conversion of the latter was
incomplete and the expected product 13a was formed with
only 24% vyield (Table 2, Entry 1). After increase of both the
reaction time and the temperature, a sufficient yield (88 %) of
13a was achieved. A similar yield of 13a was obtained in 6 h
when the reaction proceeded in refluxing pyridine (Table 2,
Entry 3). Hence, we have used this procedure for further 1,3-
DCR involving nitrile oxide 11. On the other hand, synthesis of
14a using 1,3-DCR in refluxing pyridine gave 68% yield. The
*N-labeled isoxazole 13a’ was also synthesized from the nitrile
oxide 11" and a propargy!l alcohol via 1,3-DCR. The "N NMR
spectrum of 13a’ revealed a —6.53 ppm shift compared to
CH;NO, (Figure 4c).

Having optimized the 1,3-DCR conditions between prop-
argyl alcohol and both nitrile oxides 11, 12, we expanded the
library of lupane-type triterpenoid-isoxazole hybrids. Alkyne
components were chosen with such functional groups, which
would improve the solubility of the prospective hybrids in
aqueous media for their cytotoxicity studies. The cycloaddition
reaction is compatible with the selected alkynes and provides

Table 2. Synthesis of isoxazoles 13a, 14a from nitrile oxides 11,12.

2563

13a, 14a
Entry Substr. R Conditions Time T Yield,
Solvent ~ Base  [h] [a (%]
1 12 RT 13a,24
2 1 A, G BN 40 13a.88
3 Py 6 115 13a, 89
4 - 144, 81
5 12 )\/ CHCL pn 12 RT 14a90
6 Py 6 115 144, 68
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by Wiley-VCH GmbH


https://doi.org/10.1002/ejoc.202100293

Chemistry
Europe

European Chemical
Societies Publishing

Full Papers

EurJOC . .
doi.org/10.1002/ejoc.202100293

European Journal of Organic Chemistry

Table 3. Synthesis of lupane-type triterpenoid-isoxazole hybrids from
lab]

betulin-derived nitrile oxides and alkynes.

11 0r12 E

13 or 14
Entry  Substr. R R? Method  Yield of

13 and 14

1 )g’ Ho a 13b, 82%

! 12 A 7 b 14b, 58%
2 n J\/ OZ‘OH a 13¢, 84%
12 )\/ b 14¢,69%

1 J\/ "o a 13d, 79%

’ 12 Py 7 b 14d, 74%
4 1 )k/ Ho/\/o\)\ a 13e,76%
12 )\/ b 14e,67%

1 )k/ res A a 13f,80%

> 12 )y b 14£,72%
1 )g’ A@% 139, 72%

AcO a g, (J

6 12 )y MON O 149, 56%

AcO O!c\)c
AcO -
7 12 A CAC&A b 14h, 48%
oA
Yooy
1 BN a 13i,81%
N
8 12 A ) b 14i,61%

[a] 2 eq. alkyne, Py, 115°C, 6 h; [b] 2 eq. alkyne, Et;N, CH,Cl,, RT, 12-36 h.

the expected isoxazoles in good yields (Table 3). In general, the
1,3-DCR of 12 with the same alkynes required longer reaction
times for a full conversion of the starting material than in the
case of nitrile oxide 11.

Next, deprotection of the aforementioned hybrids was
performed to obtain triterpene derivatives containing hydro-
philic functional groups (Table 4). For this purpose, acetate
protected compounds 14f, 13-14g and 14 h were treated with
a catalytic amount of NaOMe in methanol while phthalimides
13i and 14i were treated with hydrazine in refluxing ethanol to
give amines 13i’ and 14i'.

In the context of biological activity of triterpenoids, their
carboxylic acid derivatives often exhibit higher anticancer and/
or antiviral activity. Therefore, our next target was triterpenoids
modified with isoxazole-5-carboxylic acid moiety (compounds
17,18, Scheme 8). Synthetic strategy with a selective oxidation
of pseudo benzylic alcohol and following Pinnick oxidation
seemed the simplest and the fastest route that circumvents the
use of toxic chromium reagents in the final stage of the
synthesis. First, compounds 13a and 14a were treated with
MnO, in CHCl; at 60°C to afford corresponding target
aldehydes 15 and 16. While the aldehyde 15 formed success-
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Table 4. Deprotection of lupane-type triterpenoid-isoxazole hybrids.””!

Substr. R’ Yield
14f /k/ AS A~ HS A 14, 77%
AcO HO
139 J\/ Aco/ﬁ/ 2 HO Q 139’,98%
14g Py AN A ”&OHWV\ 149’ 73%
Acgco O%c _a, HOHO O%
14h )\/ Aco Ho 140, 77%
oA oA
O
13i A %\)\ LS 137, 96%
14i Jy i 147, 60%

[a] NaOMe, MeOH, RT, 2 h. [b] NH,NH,-H,0, EtOH, reflux, 3 h.

13a, 14a

lc

R1

17 (79% from 15), (99% from 25)

19 (97%),20 (90%): R? = R® = Ac :l d
H 18 (95% from 16), (76% from 26)

21 (99%),22 (74%): R? = Ac; R® =

23 (80%), 24 (99%)

13a, 15,17, 19, 21,
23, 25: R'=prop-1-en-2-yl

14a, 16, 18, 20, 22,
24, 26: R'=isopropy!

Scheme 8. Synthesis of lupane-isoxazole-5-carboxylic acids 17 and 18.
Reagents and conditions: (@) MnO,, CHCl,, reflux, (6 h for 13a, 20 h for 14a),
(b) NaClO,, NaH,PO,, 2,3-dimethyl-2-butene, THF/t-BuOH (1:1), RT, 3 h; (c)
Ac,0, DMAP, Py, RT, 18 h; (d) NaOMe, MeOH, RT, 1.5 h; (e) PCC, CH,Cl,, RT,

2 h; (f) KOH, EtOH, 50°C, 15 h. DMAP = 4-dimethylaminopyridine.

fully in 6 h, we observed only 55% conversion of alcohol 14a to
16 under similar conditions. It was necessary to prolong the
reaction to 20 h in order to fully consume substrate 14a and
obtain 16 in 81% yield. Unexpectedly, here we also observed
oxidation of C(3)-OH and a formation of the ketone as a

© 2021 The Authors. European Journal of Organic Chemistry published
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byproduct. Furthermore, the synthesis of acids under Pinnick
oxidation reaction conditions resulted in inseparable triphasic
mixtures. Acids 17 and 18 were obtained in 79% and 95%
yields after purification of a dry crude residue of the reaction
with a reverse phase column chromatography.

To avoid a solubility problem of the target triterpenoid acids
in the Pinnick reaction and obtain additional compounds for
cytotoxicity studies, an alternative synthetic route was em-
ployed. The synthesis started with acetylation of both hydroxyl
groups in compounds 13a and 14a under classical Ac,O/Py/
DMAP conditions in order to increase lipophilicity of the
molecules. Subsequent selective deacetylation of primary
alcohols using NaOMe leads to formation of monoacetylated
products 21 and 22. Next, these compounds were subjected to
two-stage oxidation (PCC and Pinnick conditions) and finally
the reaction sequence ended by straightforward deprotection
of the secondary alcohol that resulted in acids 17 and 18.
Molecular structure of compound 25 was also proved by X-ray
analysis.®”

With the obtained compound library in hand, their in vitro
cytostatic activity was tested against breast cancer MCF7,
glioblastoma multiform cells U-87 MG, lung carcinoma A549,
heptocarcinoma HepG2 cell lines using immortalized human
fibroblasts hTERT as the non-cancer control. Doxorubicin as a
well-known positive control was used. Table 5 represents the
cytostatic activity tests of the novel lupane-type triterpenoid-
isoxazole hybrids expressed as half-maximal inhibition (Glg, +
SEM, um).

With few exceptions (14¢, 13d, 13f), it can be emphasized
that practically all of the obtained compounds are harmless for
human fibroblasts (Gls, >100 um). Among the tested com-
pounds, there is no unambiguous correlation between the
compound series bearing isopropenyl substituent (C(20)-C(29)-
double bond) at the terpenoid core (13a-i’, 17, 25) and those

possessing isopropyl substituent (14a-i’, 18, 26). However, we
can identify several compounds that exhibit notable cytostatic
effect with the Glso.value down to 11 pM and selectivity index 9
(the nonmalignant control (hTERT) Gls, > 100 um). Thus, com-
pound 13a is slightly more toxic towards to lung cancer cell
lines A549 (11.0540.88 um) while the analogue 14a showed
similar toxicity (14.55 4 0.92 pm) against U-87 MG cells. Incorpo-
ration of CH,-group between isoxazolyl ring and hydroxyl
function (compounds 13b,14b) leads to loss of activity.
Compound 14d and 13 e were toxic to breast cancer MCF7 cells
(11.47 £0.84 pm) and (14.51 £ 1.42 pm), respectively. On some
occasions the presence of acetate protecting group was
important for the enhanced activity of the tested compounds.
For instance, cytostatic activity of compound 14f (-CH,SAc side
chain) is around 3 times higher against breast cancer MCF7
(12.49£1.18 pum), glioblastoma U-87 MG (18.16 +0.88 pm) and
lung cancer A549 (13.15+1.56 uM) cells lines than that of
compound 14f (—CH,SH substituent). Also compound 25
(—COOH side chain) containing 3-O-acetate exerted higher
activity (e.g. Gls, (A549)=11.51+0.88 M) than its 3-O-deacety-
lated congener 17 (Gls, (A549) =56.24 1+ 2.64 m).

Also artificial saponins containing glucose substituent (13 g,
149g’) revealed cytostatic effect against A549 (15.72 m) and
MCF7 (17.32 m) cells, respectively. We can conclude that the
obtained library of lupane-type triterpenoid-isoxazole conju-
gates has shown significant cytostatic activity with acceptable
selectivity index against MCF7, U-87 MG and A549 cell lines, but
were practically inactive against heptocarcinoma HepG2 cell
lines. The best cytostatic properties (Gls, ~11 m) were demon-
strated by compounds bearing small hydrophilic substituents at
the isoxazole ring: hydroxymethyl- (13 a,14a), 2-hydroxypropan-
2-yl- (14d), (2-hydroxyethoxy)methyl (13e), (acetylthio)methyl-
groups (14f) and carboxylic acid moiety (25).

European Chemical
Societies Publishing

Table 5. Concentrations of half-maximal inhibition (Gls,+SEM, um) of tested compounds on immortalized human fibroblasts, MCF7, U-87 MG, A549, HepG2
cells.

Compound Immortalized human fibroblasts MCF7 U-87 MG A549 HepG2
doxorubicin 3.15+£1.20 4.02+£1.07 2.88+0.94 5.02+1.11 10.08+1.84
13a >100 44.111+2.48 >100 11.05+0.88 >100

14a 82.71+6.01 22.58+3.18 14.554+0.92 44.13+1.88 > 100

13b >100 29.03+1.18 33.45+5.02 30.49 £5.07 44.04+2.44
14b >100 45.22+5.08 23.54+3.04 32.134+0.92 77.18+6.17
13¢ >100 42.18+.6.77 28.18£3.02 35.44+0.12 40.18+3.81
T14c 30.28+4.77 34.554+1.22 48.22+5.66 27.48+2.81 > 100

13d 43.15+5.06 24.63+3.20 >100 24.34+3.05 >100

14d >100 11.47+0.84 21.15+£0.71 29.31+0.75 49.65+4.18
13e >100 14.51+1.42 28.18£1.65 16.61+0.89 78424281
14e 88.47 +10.08 21.15+1.14 32.88+2.12 > 100 > 100

13f 30.33+5.74 >100 35.18+£2.11 30.14£5.72 47.11+£1.65
14f >100 1249+1.18 18.16+-0.88 13.15+1.56 83.41+2.64
14f >100 38.51+2.74 >100 87.61+5.72 >100

139’ >100 92.14+4.18 > 100 17.324+0.96 > 100

149’ >100 15.72+0.69 22.14+£1.26 >100 65.424+0.86
14h’ >100 42.15+5.89 49.26+1.16 87.17+2.381 > 100

137" >100 48.23+2.79 >100 >100 64.514+3.92
147 >100 31.05+2.84 71.21+£4.33 22.89+3.07 > 100

17 >100 34.26+1.28 >100 56.24 +2.64 >100

18 92.554+5.71 88.45+4.45 5211+£1.22 > 100 61.894+2.78
25 >100 18.15+2.11 20.18£1.08 11.514+0.88 81.154+2.98
26 >100 64.12+3.28 > 100 24.81+1.06 > 100
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Conclusion

In summary, we have designed novel semisynthetic lupane-
type triterpenoid derivatives containing C—C-bounded isoxazole
moiety at the C(17). The developed approach places isoxazole
substituent as a linker between triterpenoid scaffold and
various substituents of choice. Thus, the isoxazole-linked
glucose and mannose conjugates can be regarded as novel
artificial saponins.

The key intermediates in the synthetic sequence were
isolable nitrile oxides, the stability of which can be explained by
the adjacent sterically congested quaternary center. Their
synthesis was achieved by TEMPO-mediated electrooxidation of
betulin to betulinal, which was optimized for the use of boron-
doped diamond electrodes and potassium acetate as support-
ing electrolyte. Further, a selective direct electrooxidation of
betulinal-derived oxime was developed with graphite anode
and stainless steel wire as cathode in the presence of meth-
yltributylammonium methylsulfate in the role of supporting
electrolyte. It was shown that one-pot aldoxime electrooxida-
tion - 1,3-dipolar cycloaddition is possible and the propargyl
alcohol adduct was isolated in up to 80% yield. The developed
successful electrooxidation protocols for betulin and betulinal
oxime demonstrate that it is possible to overcome the obvious
issues of incompatible solubility, which are common for mixing
highly lipophilic substrates with polar and ionic electrolysis
medium.

On the other hand, stable and isolable nitrile oxides are also
suitable for convergent approach, according to which they are
employed in 1,3-dipolar cycloaddition as purified distinct
reagents. The structures of nitrile oxides have been unambigu-
ously proven by N NMR spectra and by single crystal X-ray
crystallography. The N-labeled compound group “aldoxime -
nitrile oxide - isoxazole” contributes original data to the
physical organic chemists dealing with nuclear magnetic
resonance spectroscopy. The rich chemistry of nitrile oxides
(e.g. cycloadditions with alkenes and other unsaturated systems
or reactions with nucleophiles) opens a myriad of modification
possibilities in the future.

The obtained semisynthetic lupane-type triterpenoid-isoxa-
zole conjugates revealed notable cytostatic activity against
breast cancer cell line MCF7, glioblastoma multiform cell line U-
87 MG, lung carcinoma cell line A549 and were identified as
harmless to immortalized human fibroblasts hTERT as the
nonmalignant control. Compounds bearing small hydrophilic
substituents at the isoxazole ring possessed he best cytostatic
properties (Gls, ~11 m). Finally, we can conclude that here
described research demonstrates a successful combination of
electroorganic and conventional synthesis of triterpenoid
derivatives in the context of medicinal chemistry application.

Experimental Section

Solvents for the reactions were dried over standard drying agents
and freshly distilled prior to use. All purchased chemicals (Fluka,
Aldrich) were used as received. All reactions were followed by TLC
on E. Merck Kieselgel 60 F,s, and visualized by using UV lamp.
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Column chromatography was performed on silica gel (60 A, 40-
63 um, ROCC). Flash column chromatography was performed on a
Biichi Sepacore system (Biichi-Labortechnik GmbH, Essen, Germany)
with a Bichi Control Unit C-620, an UV detector Biichi UV
photometer C-635, Blichi fraction collector C-660 and two Pump
Modules C-605. Fourier transform infrared (FT-IR, Varian 800 FT-IR,
Scimitar Series, USA) spectra were recorded in the Attenuated Total
Reflectance (ATR, GIadiATRTM, Pike technologies, USA) mode.
Spectra were obtained at 4 cm™' resolution co-adding 50 scans
over a range of wavenumbers from 400 cm™' to 4000 cm™". 'H and
3C NMR spectra were recorded on a Bruker 300, 400 and 500 MHz,
in CDCl;, [Dg]DMSO, [DgITHF or [D,JMeOD at 25°C. Chemical shifts
(8) values are reported in ppm. The residual solvent peaks are used
as internal reference (CDCl; 7.26 ppm, [Dg]DMSO 2.50 ppm, [DgITHF
3.58 ppm, [D,JMeOD 3.31 ppm for 'H NMR, CDCl, 77.16 ppm, [Dg]
DMSO 39.52 ppm, [DgITHF 67.57 ppm, [D,JMeOD 49.00 ppm for '*C
NMR), s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet); J
in hertz. High-resolution massspectra (ESI) were performed on
Agilent 1290 Infinity series UPLC connected to Agilent 6230 TOF
mass spectrometer (calibration at m/z 121.050873 and m/z
922.009798).

The human cancer cells of the glioblastoma (U-87MG), lung cancer
cell line (A549), heptocarcinoma (HepG2) cell lines and human
breast cancer cells (MCF7) were used in this study. The cells were
cultured in the RPMI-1640 medium that contained 10% embryonic
calf serum, L-glutamine (2 mmol/L), gentamicin (80 mg/mL) and
lincomycin (30 mg/mL) in a CO, incubator at 37°C. The tested
compounds were dissolved in DMSO and added to the cellular
culture at the required concentrations. Three wells were used for
each concentration. The cells which were incubated without the
compounds were used as a control. Cells were placed on 96-well
microliter plates and cultivated at 37°C in 5% CO,/95 % air for 72 h.
The cell viability was assessed through an MTT [3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-phenyl-2H-tetrazolium bromide] conversion assay.
A total of 1% MTT was added to each well. Four hours later, DMSO
was added and mixed for 15 min. Optical density (D) of the samples
was measured on a BioRad 680 multi-well spectrophotometer (USA)
at the wavelength of 450 nm. The 50% cytotoxic dose Gls, of each
compound (i.e., the compound concentration that causes the death
of 50% of cells in a culture, or decreases the optical density twice
as compared to the control wells) was calculated from the data
obtained. Statistical processing of the results was performed using
the Microsoft Excel-2007, STATISTICA 6.0 and GraphPad Prism 5.0
programs. The results are given as an average value +-a deviation
from the average (meanz=tstandard error of the mean (SEM)).
Reliability of differences (p) was estimated using the Student t test.
The differences with p <0.05 were considered as reliable. The
experimental results are given as the data average values obtained
from three independently conducted experiments.”*®

3f-Hydroxylup-20(29)-en-28-al 2:®*Y In a 100 mL beaker-type
electrolysis cell equipped with heating jacket and reflux condenser
a solution of betulin 1 (5.00g, 11.3 mmol) and KOAc (1.47 g,
15 mmol) in N,N-dimethylacetamide (90 mL) and water (10 mL) was
heated to 65°C and TEMPO (265 mg, 1.70 mmol, 15 mol%) was
added. The mixture was subjected to electrolysis with a current
density of 2.5 mAcm™ at a BDD anode and a copper cathode until
333 F (3634C) were applied. Subsequently TEMPO (265 mg,
1.70 mmol, 15 mol %) was added again and the electrolysis protocol
was repeated. The reaction mixture was taken up in water (900 mL)
and filtrated with suction. The residue washed with water, air dried
and purified by flash column chromatography on silica with c-Hex/
EtOAc (0%—8% EtOAc) to yield 3.97 g (80%) betulinal 2 as a
colorless powder. Ri=0.42 (c-Hex/EtOAc 3:1). 'H and *C NMR
spectra matching those reported in literature.

© 2021 The Authors. European Journal of Organic Chemistry published
by Wiley-VCH GmbH


https://doi.org/10.1002/ejoc.202100293

Chemistry
Europe

European Chemical
Societies Publishing

Full Papers

EurJOC . .
doi.org/10.1002/ejoc.202100293

European Journal of Organic Chemistry

3p,28-Diacetyloxylup-20(29)-ene 3:*” Betulin 1 (20 g, 0.045 mol,
1 equiv.) was added to a solution of Ac,0 (18.4 g, 0.18 mol, 4 equiv.)
in C2 petrol (200 mL) and heated to reflux for 3 h. The reaction
mixture was allowed to cool to rt, and CH,Cl, (40 mL) was added.
The residue was washed with water, dried over Na,SO,, filtered and
evaporated until crystallization began. Product was allowed to
crystallize completely, filtered and dried. Yield 22.52 g, 95%. Color-
less amorphous product. 'H and *C NMR spectra matching those
reported in literature.

3p,28-Diacetoxylupane 4:*' A solution of 3 (5g, 9.49 mmol,
1 equiv.) in THF (12 mL) was hydrogenated under H, (30 bar) over
5% Pd/C (0.2 g, 40 wt%) with stirring for 72 h and then filtered
through the celite. Removal of the solvent in vacuo afforded 4
(4.816 g, 96%) as a colorless amorphous product. 'H and *C NMR
spectra matching those reported in literature.

3B-Acetoxy-lupan-28-ol 5:°* Compound 4 (10g, 0.019 mol,
1 equiv.) and Al(i-OPr); (6.482 g, 0.023 mol, 1.4 equiv.) were stirred
under reflux in i-PrOH (150 mL) for 2 h. The crude mixture was
concentrated under reduced pressure, diluted with CH,Cl, (100 mL),
washed with 5% H,SO, (3x25 mL) and brine (3 x20 mL), dried over
Na,SO,, filtered and evaporated in vacuum. The residue was
purified by column chromatography (20% Hex/EtOAc) giving
8.167 g (89%) of 5 as a colorless amorphous compound. R=0.58
(EtOAc/Hex 1:3). 'H and "C NMR spectra matching those reported
in literature.

Lupan-3,28-diol 6starting from compound 1:*" A solution of 1
(2.00 g, 4.52 mmol, 1 equiv.) in THF (50 mL) and methanol (100 mL)
was hydrogenated under H, (1 bar) over 10% Pd/C (0.1 g, 5 wt%)
with shaking for 144 h and then filtered through the celite. The
solvent was removed under reduced pressure. Purification of the
crude via flash column chromatography on silica with CH,Cl,/EtOAc
(0%—8% EtOAC) yielded 1.9 g (95%) of a colorless solid. 'H and "*C
NMR spectra matching those reported in literature.

Lupan-3,28-diol 6starting from compound 4:** Compound 4
(100 mg, 0.189 mmol, 1 equiv.) was dissolved in EtOH (15 ml) and
1M KOH (1.1 ml, 5.8 equiv. KOH) aqueous solution was added,
reaction was stirred under refluxed for 4 h. Ethanol was removed in
vacuo, the residue was suspended in CH,Cl,, washed with water,
dried over Na,SO,, filtered and evaporated. Yield 84 mg, quant.
Colorless amorphous product. Ri=0.21 (CH,Cl,). 'H and "*C NMR
spectra matching those reported in literature.

3B-Acetyloxy-28-lupanal 7:"" In a 25 mL beaker-type electrolysis
cell equipped with heating jacket and reflux condenser compound
6 (250 mg, 0.562 mmol, 1 equiv.) and tetrabutylammonium acetate
(750 mg, 2.5 mmol) were dissolved in 22.5mL 2,6-lutidine and
2.5 mL water. The mixture was heated to 65°C and TEMPO (40 mg,
0.256 mmol, 45%) was added. The mixture was subjected to
electrolysis with a current density of 2.5 mAcm™ at a BDD anode
and a copper cathode until 10 F (542 C) were applied. The mixture
was poured into 250 mL 1 m aqueous hydrochloric acid, filtered
with suction, washed with water and air dried. Flash column
chromatography on silica with c-Hex/EtOAc (0%—8% EtOAc)
yielded 190 mg (76 %) of product 7 as a colorless powder. 'H and
3C NMR spectra matching those reported in literature.

3p-Hydroxy-28-lupanal 8:%** In a 5mL PTFE cell compound 5
(55 mg, 0.113 mmol, 1 equiv.), KOAc (73 mg, 0.75 mmol) and MTBS
(25 mg, 0.08 mmol) were dissolved in 5 mL of a 9:1 (v/v) mixture of
2,6-lutidine and water. The mixture was heated to 65 °C and TEMPO
(8 mg, 0.051 mmol, 45%) was added. The mixture was subjected to
electrolysis with 2.5 mAcm™ at a BDD anode and a copper cathode
until 10 F (109 C) were applied. The mixture was poured into 50 mL
1 m aqueous hydrochloric acid, filtered with suction, washed with
water and air dried. The crude was purified by flash column
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chromatography over silica with c-Hex/EtOAc (0% —8% EtOAc) to
yield 51 mg (93 %) of compound 8 as a colorless powder. 'H and *C
NMR spectra matching those reported in literature.

General procedure for the oxime synthesis

To a solution of KOH (1.91 g, 34.03 mmol, 10 equiv.) in MeOH
(10 mL) solution of NH,OH-HCI (0.94 g, 69.49 mmol, 4 equiv.) in
MeOH (10 mL) was added. After formation of colorless precipitate,
compound 2 (1.50g, 3.40 mmol, 1equiv.) was added to the
reaction mixture and the reaction was stirred for 48 h. Reaction
mixture was diluted with CH,Cl, (80 mL) and NaHCO3 ag. solution
(100 mL), organic phase was washed with brine (3x25 mL), dried
over Na,SO,, filtered, and evaporated in vacuum. The solid was
dried in vacuo to yield oxime 9“" as a colorless amorphous product
(150 g, 97%). R;=0.53 (CH,Cl,/MeOH/24%NH,(H,0) 20:1:0.3). 'H
and "*C NMR spectra matching those reported in literature.

(E)-3B-Hydroxylup-20(29)-en-28-aldoxime ("°N) 9’: According to
general procedure compound 9’ was prepared from compound 2
(100 mg, 0.227 mmol, 1 equiv.), "NH,0H-HCl (32 mg, 0.454 mmol,
2 equiv.), KOH (64 mg, 1.135 mmol, 5 equiv.). Yield 102 mg, 98%.
Colorless amorphous product. R;=0.35 (CH,Cl,); '"H NMR (500 MHz,
CDCly): §=7.55 (d, Yyn=2.2 Hz, 1H), 4.71 (s, TH), 4.60 (s, 1H), 3.19
(dd, 3J=11.4, 48 Hz, 1H), 2,51 (td, 3)=11.1, 5.7 Hz, 1H), 2.01-1.89
(m, 2H), 1.86-1.14 (m, 22H, including s: 1.69 CH;), 1.13-0.72 (m, 18H,
including 5s: 0.99, 0.98, 0.96, 0.82, 0.76, CH,), 0.67 (d, >J=9.3 Hz;
1H); *C NMR (126 MHz, CDCl;): 6=155.89 (d, 'Jyc=2.2 Hz), 149.96,
110.20, 79.16, 55.44, 50.53, 49.92 (d, Yy=6.4 Hz), 49.50, 48.02,
42.99, 41.03, 39.00, 38.84, 38.73, 37.31, 37.16, 34.44, 32.53, 29.87,
28.14, 28.02, 27.52, 25.35, 20.93, 19.32, 18.43, 16.24, 16.19, 15.52,
14.89; ®N NMR (51 MHz, CDCl,): 8=—25.61; IR (neat): 3310, 2935,
2865, 1450, 1375, 1260, 1105, 1040, 1030, 1010, 905, 885, 730 cm ~'.

3p-Hydroxylupan-28-aldoxime 10: According to general procedure
compound 10 was prepared from compound 7 (4.00 g, 8.25 mmol,
1 equiv.), NH,OH-HCI (2.096 g, 33.01 mmol, 4 equiv.), KOH (4.629 g,
82.52 mmol, 10 equiv.). Yield (4.09 g, 99%). Colorless amorphous
product. R;=0.39 (EtOAc/Hex 1:9). '"H NMR (500 MHz, CDCl,): 6=
7.47 (s, TH), 3.19 (dd, 3/=10.9, 5.1 Hz, 1H), 2.05-1.99 (m, TH), 1.94-
1.10 (m, 22H), 1.09-0.61 (m, 24H including 4 s: 0.97 (6H), 0.95, 0.77,
0.76 CH; and 0.86 (d, >J=6.7 Hz, CH,); C NMR (126 MHz, CDCl,):
0=156.43, 79.13, 55.36, 50.43, 50.18, 48.77, 44.79, 43.20, 41.00,
38.99, 38.79 (2C), 38.06, 37.26, 34.49, 32.07, 29.62, 28.13, 27.87,
27.50, 26.89, 23.06, 22.08, 20.89, 18.43, 16.17 (2C), 15.53, 15.02,
14.80; IR (neat): 3400, 2950, 2925, 2860, 1465, 1445, 1385, 1365,
1275, 1180, 1075, 1025, 1005, 930, 870 cm™'; HRMS (ESI): m/z calcd.
for [CsoHs;NO,+H]* 458.3993; found 458.3968.

(17S)-17-{[33-Hydroxy-28-norlup-20(29)-en]}-nitrile oxide 11: Con-
ventional oxidative dehydration: To the solution of betulin oxime 9
(0.630 g, 1.382 mmol, 1 equiv.) in acetone (20 mL) PIFA (0.713 g,
1.659 mmol, 1.2 equiv.) was added. Once the reaction was
complete, TLC (CH,CI,/EtOAc 4:1), saturated water solution of
NaHCO; (2 mL) was added and reaction mixture was evaporated.
Ethyl acetate (50 mL) was added to the reaction; the mixture was
washed with saturated ag. solution NaHCO; (2x6 mL) and brine
(5%6 mL), dried over Na,SO,, filtered and evaporated in vacuum.
The residue was purified by column chromatography on silica with
Hex/EtOAc (0%—20% EtOAc) giving 439 mg (70%) of nitrile oxide
11.

Electrochemical oxidative dehydration: In a 100 mL beaker-type
electrolysis cell equipped with heating jacket and reflux condenser
betulin oxime 9 (1.00 g, 2.19 mmol, 1 equiv.) and MTBS (1.00 g,
3.21 mmol) were dissolved in 90 mL methanol and 10 mL water.
The mixture was heated to 50°C and subjected to electrolysis with
a current density of 1 mAcm™? at an isostatic graphite anode in
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between two stainless steel wire spirals as cathodes until 2.5 F
(528 C) were applied. The solvent was evaporated under reduced
pressure. Flash column chromatography over silica with CH,Cl,/
EtOAc (0% —2 % EtOAc) yielded 838 mg (84 %) nitrile oxide 11.

Re=0.73 (CH,CL/EtOAC 4:1); 'H NMR (500 MHz, CDCl,): §=4.75 (s,
1H), 4.65 (s, TH), 3.18 (dd, J=11.4, 4.8 Hz; 1H), 2.56 (td, *J=10.9,
5.8 Hz; 1H), 2.16-2.06 (m, 1H), 2.06-1.96 (m, 2H), 1.83-1.18 (m, 21H;
including s, 1.67 CH;), 1.15-0.73 (m, 17H; including 5 s: 1.07, 0.97,
0.94, 0.84, 0.77, CH,), 0.68 (d, °J=9.6 Hz; TH); *C NMR (126 MHz,
CDCly): 6=148.25, 111.10, 79.09, 55.47, 51.84, 50.57, 50.27, 49.08,
4243, 41.94, 40.80, 39.01, 38.88, 37.33, 36.92, 34.50, 32.29, 29.80,
29.60, 28.13, 27.53, 25.10, 20.82, 19.56, 18.40, 16.30, 16.19, 15.50,
15.05; (missing B-C=N*-0"); IR (neat): 3495, 2940, 2870, 2275,
1450, 1375, 1240, 1195, 1030, 885, 755 cm™'; HRMS (ESI): m/z calcd.
for [CssHyyNO, -+ NH,]+ 471.3945; found 471.3940.

(175)-17-{[3p-Hydroxy-28-norlup-20(29)-en]}-("°N)-nitrile ~ oxide
11" Obtained by similar conventional oxidative dehydration
procedure as compound 11: Compound 9’ (90 mg, 0.197 mmol,
1 equiv.), PIFA (105 mg, 0.244 mmol, 1.2 equiv.), acetone (3 mL).
Yield 51 mg, 57 %. Colorless amorphous product. '"H NMR (500 MHz,
CDCls) is identical to compound 11. *C NMR (126 MHz, CDCl,): 8 =
148.25, 111.10, 79.09, 55.47, 51.83, 50.57, 50.27, 49.08, 42.43, 41.94,
41.49 (d, 'Jyc=69.7 Hz), 40.80, 39.01, 38.89, 37.33, 36.92, 34.50,
32.29, 29.80, 29.60, 28.13, 27.53, 25.10, 20.82, 19.56, 18.40, 16.30,
16.19, 15.50, 15.05; >N NMR (51 MHz, CDCl,): 6 =—185.95; IR (neat):
3445, 2935, 2865, 2235, 1450, 1375, 1260, 1240, 1195, 1100, 1025,
800 cm™.

(17S)-17-{[3B-Hydroxy-28-norlupanel}-nitrile oxide 12: Conven-
tional oxidative dehydration: To the solution of 20,29-dihydro
betulin oxime 10 (300 mg, 0.655 mmol, 1 equiv.) and Py (0.026 mL,
0.032 mmol, 0.05 equiv.) in CH,Cl, (5 mL) NCS (0.087 g, 0.655 mmol,
1 equiv.) was slowly added. Reaction was stirred for 12 h at room
temperature, ethyl acetate (50 mL) was added to the reaction; the
mixture was washed with 20% CuSO,-5H,0 ag. solution (3x10 mL)
and brine (3x 10 mL), dried over Na,SO,, filtered and evaporated in
vacuum. The residue was purified by column chromatography over
silica with Hex/EtOAc (0%—10% EtOAc) giving 236 mg (79%) of
nitrile oxide 12 as an amorphous compound.

Electrochemical oxidative dehydration: In a 5 mL PTFE cell, 20,29-
dihydro betulin aldoxime 10 (50 mg, 0.109 mmol, 1 equiv.) and
MTBS (50 mg, 0.160 mmol) were dissolved in a mixture of 4.5 mL
methanol and 0.5 mL water. The mixture was heated to 50°C and
subjected to electrolysis with a current density of 1 mAcm 2 at an
isostatic graphite anode and a stainless steel wire cathode until
25F (26.4C) were applied. The solvent was evaporated under
reduced pressure. Flash column chromatography on silica with
CH,Cl,/EtOAc (0%—8% EtOAc) yielded 48 mg (96 %) nitrile oxide
12.

R;=0.47 (Hex/EtOAc 9:1); '"H NMR (500 MHz, CDCl;): §=3.20 (dd,
*)=10.5, 3.6 Hz; 1H), 2.01-1.48 (m, 15H), 1.47-1.16 (m, 10H), 1.15-
0.61 (m, 23H; including 5 s: 1.08, 0.98, 0.93, 0.86, 0.78, CH,); *C NMR
(126 MHz, CDCl,): § =79.07, 55.42, 52.39, 50.23, 49.95, 45.63, 42.68,
41.89, 40.78, 39.00, 38.86, 37.38, 37.30, 34.56, 32.28, 29.48, 29.44,
28.13, 27.50, 26.49, 22.83, 22.54, 20.79, 18.40, 16.22, 16.18, 15.51,
15.17, 14.93 (missing B-C=N"-0"); IR (neat): 3500, 2950, 2865,
2275, 1740, 1450, 1385, 1240, 1205, 1045, 985 cm™'; HRMS (ESI): m/z
calcd. for [C3,HoNO, +HIt 456.3836; found 456.3816.

Method I: In-cell electrochemical oxidation and 1,3-DCR
sequence

In 5mL PTFE cells betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.),
MTBS (50 mg, 0.160 mmol) and the respective alkyne (0.550 mmol,
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5 equiv.) were dissolved in 5 mL of a 9:1 (v/v) mixture of butanol
and water. The mixture was heated to 100°C and subjected to
electrolysis with 1 mAcm™ at an isostatic graphite anode and a
stainless steel wire cathode until 25F (26.5C) were applied.
Afterwards, the mixture was stirred at 100°C for 12 h. The solvent
was evaporated under reduced pressure and the product mixture
was purified by flash column chromatography over silica with
CH,CI,/EtOACc (0% —8 % EtOAC).

Method II: Ex-cell electrochemical oxidation and 1,3-DCR
sequence

In 5 mL PTFE cells betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.),
MTBS (50 mg, 0.160 mmol) were dissolved in 5mL of a 9:1 (v/v)
mixture of butanol and water. The mixture was heated to 50°C and
subjected to electrolysis with 1 mAcm™2 at an isostatic graphite
anode and a stainless steel wire cathode until 2.5 F (26.5 C) were
applied. Afterwards, the respective alkyne (0.550 mmol, 5 equiv.)
was added, the mixture was heated up and stirred at 100°C for
12 h. The solvent was evaporated under reduced pressure and the
product mixture was purified by flash column chromatography
over silica with CH,CL/EtOAc (0%—8% EtOAC).

Method Ill: Conventional preparation of isoxazoles 13 a-i

To a solution of betulin nitrile oxide 11 (35mg, 0.077 mmol,
1 equiv.) in dry Py (1 mL) alkyne (0.231 mmol, 3 equiv.) was added
and the reaction mixture was refluxed for 6 h. After cooling, most
of the Py was removed under reduce pressure. The residue was
dissolved in EtOAc (25 mL), washed with 2% HCI aqg. solution (10x
5mL), saturated ag. solution NaHCO; (2x3 mL) and brine (5x
3 mL), dried over Na,SO,, filtered and evaporated in vacuum. The
residue was purified by column chromatography on silica.

(17S)-17-(5-Hydroxymethyl-isoxazol-3-yl)-28-norlup-20(29)-en-3f-
ol 13a:1) According to method | compound 13a was prepared
from betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS (50 mg,
0.160 mmol) and prop-2-yn-1-ol (32 pL, 0.550 mmol, 5 equiv.). Yield
41 mg, 73 %.

2) According to method Il compound 13a was prepared from
betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS (50 mg,
0.160 mmol) and prop-2-yn-1-ol (32 pL, 0.550 mmol, 5 equiv.). Yield
42 mg, 75 %.

3) According to method Ill compound 13a was prepared from
betulin nitrile oxide 11 (430 mg, 0.948 mmol, 1 equiv.), prop-2-yn-1-
ol (168 uL, 2.843 mmol, 3 equiv.), Py (10 mL). Purified by column
chromatography on silica with Hex/EtOAc (0% —10% EtOAc). Yield
432 mg, 89%. Colorless solid.

R;=0.63 (Hex/EtOAc 1:1); "H NMR (500 MHz, CDCl;): §=6.11 (s, TH),
4.77 (s, 3H), 4.61 (dqg, 2J=2.8 Hz, */J=1.4 Hz, 1H), 3.18 (dd, /=114,
4.8 Hz, 1H), 3.05 (td, *J=11.0, 4.4 Hz; 1H), 2.48 (td, *J=12.5, 3.5 Hz
1H), 2.05 (dt, 2)=13.1Hz, *J=3.1Hz 1H), 1.86-1.17 (m, 21H;
including s, 1.72 CH,), 1.13-0.874 (m, 9H; including 2 s, 1.00, 0.95
CH,), 0.84-0.72 (m, 9H; including 3's, 0.80, 0.79, 0.74 CH,), 0.66 (d,
3J=9.8Hz, 1H); C NMR (126 MHz, CDCl;): §=169.89, 168.11,
150.85, 109.75, 101.41, 79.17, 56.91, 55.50, 50.73, 50.16, 49.93, 46.95,
42.87, 40.95, 39.94, 38.99, 38.85, 37.65, 37.35, 34.66, 34.49, 30.43,
28.72, 28.12, 27.55, 25.56, 21.03, 19.71, 18.43, 16.24, 16.18, 15.49,
15.05; IR (neat): 3315, 2935, 2865, 1590, 1445, 1070, 900, 800 cm™;
HRMS (ESI): m/z caled. for [Cy3Hs,NO;+HI" 510.3942; found
510.3945.

(175)-17-(5-Hydroxymethyl-isoxazol-3-yl-2-"*N)-28-norlup-20(29)-
en-3f-ol 13a”: According to method Ill compound 13’ was prepared
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from betulin nitrile oxide 11’ (40 mg, 0.087 mmol, 1 equiv.), prop-2-
yn-1-ol (15 pL, 0.262 mmol, 3 equiv.), Py (1 mL). Purified by column
chromatography on silica with Hex/EtOAc (0% —10% EtOAc). Yield
39 mg, 87 %. Colorless solid. 'H NMR (500 MHz, CDCl,) is identical to
compound 13a. *C NMR (126 MHz, CDCl;): §=169.86, 168.08 (d,
Jyc=5.5Hz), 150.85, 109.76, 101.41, 79.17, 56.92, 55.51, 50.73,
50.15 (d, 2Jyc =4.6 Hz), 49.93, 46.95, 42.88, 40.96, 39.95, 39.00, 38.85,
37.65, 37.35, 34.66, 34.49, 30.43, 28.72, 28.13, 27.56, 25.56, 21.03,
19.71, 18.43, 16.24, 16.19, 15.50, 15.05; "N NMR (51 MHz, CDCl,):
8 =-6.53; IR (neat): 3310, 2935, 2865, 1450, 1375, 1260, 1105, 1040,
1030, 1010, 980, 910, 885, 730 cm .

(175)-17-(5-(2-Hydroxyeth-1-yl)-isoxazol-3-yl)-28-norlup-20(29)-
en-3f-ol 13b: 1) According to method | compound 13b was
prepared from betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS
(50 mg, 0.160 mmol) and but-3-yn-1-ol (42 pL, 0.550 mmol,
5 equiv.). Yield 36 mg, 63 %.

2) According to method Il compound 13b was prepared from
betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS (50 mg,
0.160 mmol) and but-3-yn-1-ol (42 pL, 0.550 mmol, 5 equiv.). Yield
38 mg, 66 %.

3) According to method Il compound 13b was prepared from
betulin nitrile oxide 11 (86 mg, 0.189 mmol, 1 equiv.), but-3-yn-1-ol
(43 puL, 0.568 mmol, 3equiv.), Py (2mLl). Purified by column
chromatography over silica with Hex/EtOAc (0%—10% EtOAc).
Yield 81 mg, 82%. Colorless solid.

R:=0.46 (Hex/EtOAc 2:1); 'H NMR (500 MHz, CDCl,): =5.95 (s, 1H),
4.76 (s, 1H), 4.60 (s, TH), 3.96 (t, >J=6.2 Hz; 2H), 3.17 (dd, *J=114,
4.6 Hz; 1H), 3.05 (td, >)=10.9, 43 Hz; TH), 3.01 (t, *J=6.3 Hz, 2H),
246 (td, °J=12.8, 2.7 Hz; TH), 2.04 (dt, 2J=13.2 Hz, *J=3.6 Hz; TH),
1.86-1.16 (m, 23H; including s: 1.72 CH,), 1.14-0.84 (m, 9H;
including 2 s: 0.99, 0.95 CH;), 0.84-0.71 (m, 9H; including 2 s: 0.79,
0.74 CH,), 0.66 (d, *J=9.7 Hz; 1H); *C NMR (126 MHz, CDCl,): 6=
168.94, 168.17, 150.93, 109.70, 101.51, 79.16, 60.45, 55.52, 50.74,
50.01 (2C), 47.02, 42.86, 40.96, 39.91, 39.00, 38.85, 37.65, 37.36,
34.68, 34.49, 30.50, 30.44, 28.76, 28.13, 27.57, 25.56, 21.04, 19.72,
18.43, 16.23, 16.14, 15.50, 15.05; IR (neat): 3590, 3345, 2940, 2860,
1605, 1450, 1375, 1045, 1010, 880, 860, 795 cm™'; HRMS (ESI): m/z
calcd. for [C3,Hs3sNO; + HIY 524.4098; found 524.4108.

(175)-17-(5-(1-Hydroxycyclohexyl)-isoxazol-3-yl)-28-norlup-
20(29)-en-3p-ol 13c: 1) According to method | compound 13 ¢ was
prepared from betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS
(50 mg, 0.160 mmol) and 1-ethynylcyclohexan-1-ol (71 uL,
0.550 mmol, 5 equiv.). Yield 40 mg, 63 %.

2) According to method Il compound 13c¢ was prepared from
betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS (50 mg,
0.160 mmol) and 1-ethynylcyclohexan-1-ol (71 pL, 0.550 mmol,
5 equiv.). Yield 42 mg, 66 %.

3) According to method Ill compound 13c was prepared from
betulin nitrile oxide 11 (71 mg, 0.156 mmol, 1 equiv.), 1-ethynylcy-
clohexan-1-ol (60 pL, 0.469 mmol, 3 equiv.), Py (2 mL). Purified by
column chromatography on silica with Hex/EtOAc (0%—10%
EtOAC). Yield 76 mg, 84 %. Colorless solid.

R;=0.43 (Hex/EtOAc 2:1); "H NMR (500 MHz, CDCl;): §=6.02 (s, TH),
4.76 (s, 1H), 4.60 (s, TH), 3.17 (dd, *J=11.4, 4.7 Hz; TH), 3.06 (td, *J=
11.1, 4.5 Hz; 1H), 2.43 (td, 3J=12.5, 3.1 Hz; 1H), 2.06 (dt, J=13.3 Hz,
3)=3.6 Hz; 1H), 2.03-1.93 (m, 2H), 1.91-1.17 (m, 29H; including s,
1.72 CH,), 1.12-0.84 (m, 9H; including 2 s: 0.99, 0.95 CH,), 0.82-0.70
(m, 9H; including 3 s: 0.77, 0.73 CH,), 0.66 (d, >J=10.1 Hz; TH). "*C
NMR (126 MHz, CDCl,): 8=176.45, 167.86, 150.92, 109.69, 99.15,
79.16, 70.54, 55.50, 50.71, 50.09, 50.07, 47.08, 42.85, 40.94, 39.82,
39.00, 38.84, 37.67, 37.35, 36.90, 36.85, 34.68, 34.46, 30.51, 28.75,
28.12, 27.56, 25.54, 25.33, 21.91, 21.88, 21.03, 19.75, 18.42, 16.22,
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16.02, 15.49, 15.06; IR (neat): 3345, 3290, 2940, 2845, 1580, 1445,
1045, 990, 990, 795 cm™'; HRMS (ESI): m/z calcd. for [C3HsoNO; +
H]* 578.4568; found 578.4574.

(175)-17-(5-(2-Hydroxypropan-2-yl)-isoxazol-3-yl)-28-norlup-
20(29)-en-3f-ol 13d: According to method Il compound 13d was
prepared from betulin nitrile oxide 11 (71 mg, 0.156 mmol,
1 equiv.), 2-methylbut-3-yn-2-ol (46 uL, 0.469 mmol, 3 equiv.), Py
(2 mL). Purified by column chromatography on silica with Hex/
EtOAc (0%—10% EtOAc). Yield 66 mg, 79%. Colorless solid. Ri=
0.35 (Hex/EtOAc 2:1); '"H NMR (500 MHz, CDCl,): 6=6.00 (s, TH),
4.76 (s, 1H), 4.60 (s, 1H), 3.17 (dd, >J=11.4, 4.7 Hz; 1H), 3.05 (td, *J=
11.1, 4.5 Hz; TH), 245 (td, *J=12.5, 3.3 Hz; TH), 2.05 (dt, J=13.3 Hz,
3J=3.5Hz; 1H), 1.89-1.17 (m, 27H; including 25, 1.72, 1.62 CH,),
1.12-0.84 (m, 9H; including 2s: 0.99, 0.95 CH,), 0.83-0.70 (m, 9H;
including 2 s: 0.79, 0.73 CH,), 0.69-0.63 (m, TH); *C NMR (126 MHz,
CDCly): 6=176.53, 167.93, 150.89, 109.71, 98.57, 79.15, 69.38, 55.50,
50.72, 50.09, 50.05, 47.03, 42.84, 40.93, 39.83, 38.99, 38.84, 37.64,
37.34, 34.66, 34.46, 30.47, 29.28, 29.24, 28.74, 28.12, 27.55, 25.53,
21.03, 19.72, 18.41, 16.21, 16.04, 15.49, 15.04; IR (neat): 3360, 3310,
2940, 2870, 1580, 1465, 1450, 1380, 1260, 1190, 1045, 970, 895,
795 cm™"; HRMS (ESI):: m/z caled. for [CyHesNOs+H]' 538.4255;
found 538.4270.

(175)-17-(5-((2-Hydroxyethoxy)methyl)-isoxazol-3-yl)-28-norlup-
20(29)-en-3f-ol 13e: According to method Il compound 13e was
prepared from betulin nitrile oxide 11 (61 mg, 0.134 mmol,
1 equiv.), 2-(prop-2-yn-1-yloxy)ethan-1-ol (40 mg, 0.403 mmol,
3 equiv.), Py (2 mL). Purified by column chromatography on silica
with Hex/EtOAc (10%—50% EtOAc). Yield 56 mg, 76%. Colorless
solid. R;=0.39 (Hex/EtOAc 1:1); '"H NMR (500 MHz, CDCl,): §=6.12
(s, TH), 4.76 (s, TH), 4.66 (s, 2H), 4.61 (s, 1H), 3.82-3.75 (m, 2H), 3.70-
3.64 (m, 2H), 3.17 (dd, *J=114, 48Hz 1H), 3.06 (td, *J=11.1,
4.5 Hz; TH), 2.47 (td, *J=12.6, 3.5 Hz; 1H), 2.05 (dt, )=13.4 Hz, )=
3.2 Hz; 1H), 1.83-1.21 (m, 21H, including s: 1.71 CH,), 1.11-0.84 (m,
9H, including 2's: 1.00, 0.95 CH,), 0.83-0.71 (m, 9H, including 2 s:
0.79, 0.74 CH,), 0.66 (d, >J=9.8 Hz, TH); *C NMR (126 MHz, CDCl,):
0=168.07, 167.65, 150.85, 109.75, 102.54, 79.15, 72.41, 64.26, 61.93,
55.51, 50.73, 50.12, 49.95, 46.96, 42.87, 40.95, 39.92, 39.00, 38.85,
37.65, 37.35, 34.65, 34.48, 30.44, 28.73, 28.12, 27.56, 25.56, 21.03,
19.72, 18.43, 16.24, 16.12, 15.49, 15.05; IR (neat): 3430, 2935, 2865,
1450, 1360, 1105, 1070, 1045, 1010, 980, 880, 800 cm™'; HRMS (ESI):
m/z calcd. for [C3sHssNO, +Na] ™ 576.4023; found 576.4035.

(175)-17-(5-((Acetylthio)methyl)-isoxazol-3-yl)-28-norlup-20(29)-
en-3f-ol 13f: According to method Il compound 13 f was prepared
from betulin nitrile oxide 11 (61 mg, 0.134 mmol, 1 equiv.), S-(prop-
2-yn-1-yl) ethanethioate (46 mg, 0.403 mmol, 3 equiv.), Py (2 mL).
Purified by column chromatography on silica with Hex/EtOAc
(0%—10% EtOAc). Yield (61 mg, 80%). Colorless solid. R;=0.41
(Hex/EtOAc 4:1); 'H NMR (500 MHz, CDCl,): §=6.01 (s, TH), 4.75 (s,
TH), 4.60 (s, TH), 4.20 (d, ’J=15.2 Hz; 1H), 4.16 (d, >J=15.2 Hz; TH),
3.17 (dd, *J=114, 48 Hz; TH), 3.03 (td, >)=11.1, 4.5 Hz; 1H), 2.43
(td, >J=12.5, 3.5 Hz; TH), 2.39 (s, 3H), 2.01 (2.01 (dt, J=13.3 Hz,*J=
3.1 Hz; 1H), 1.83-1.19 (m, 21H, including s: 1.71 CH,), 1.13-0.82 (m,
9H, including 2 s: 0.98, 0.95 CH,), 0.82-0.71 (m, 9H; including 3 s:
0.79, 0.78, 0.74 CH;), 0.66 (d, *J=9.1 Hz; TH); *C NMR (126 MHz,
CDCl;): 6=193.89, 168.36, 166.96, 150.87, 109.70, 102.34, 79.15,
55.51, 50.73, 50.07, 49.98, 46.95, 42.84, 40.94, 39.84, 38.99, 38.85,
37.62, 37.35, 34.60, 34.48, 30.44, 30.40, 28.70, 28.12, 27.56, 25.55,
23.93, 21.03, 19.71, 18.43, 16.23, 16.09, 15.49, 15.04; IR (neat): 3440,
2935, 2865, 1700, 1605, 1450, 1390, 1375, 1355, 1130, 1045, 1005,
880, 800, 755, 620 cm™'; HRMS (ESI): m/z calcd. for [Cy5HssNO,S +
H]* 568.3819; found 568.3820.

(17S)-17-(5-(2,3,4,6-Tetra-O-acetyl-f-D-gluco-pyranosyloxymeth-
yl)-isoxazol-3-yl)-28-norlup-20(29)-en-3-ol 13g: According to
method Ill compound 13g was prepared from betulin nitrile oxide
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11 (100 mg, 0.220 mmol, 1 equiv.), propargyl 2,3,4,6-tetra-O-acetyl-
[-p-glucopyranoside (170 mg, 0.440 mmol, 2 equiv.), Py (4 mL).
Purified by column chromatography on silica with Hex/EtOAc
(10%—50% EtOAC). Yield (134 mg, 72%). Colorless solid. R;=0.42
(Hex/EtOAc 1:1); 'H NMR (500 MHz, CDCl;): =6.10 (s, TH), 5.21
(dd, *J=9.5, 9.4 Hz; TH), 5.11 (dd, 3>J=9.7, 9.5 Hz; 1H), 5.04 (dd, *J=
9.4, 8.0 Hz; 1H), 4.87 (d, 2J=13.8 Hz; 1H), 475 (s, 1H), 474 (d, *J=
13.8 Hz; 1H), 4.62 (d, >J=8.0 Hz; 1H), 4.61 (s, 1H), 4.28 (dd, ¥=
12.4 Hz; *J=4.6 Hz; 1H), 4.15 (dd, 2J=123 Hz; ®*J=2.1 Hz;, TH), 3.72
(ddd, 3J=9.9, 4.5, 2.3 Hz; 1H), 3.17 (dd, *J=11.4, 4.7 Hz; 1H), 3.03
(td, 3J=11.0, 4.4 Hz; 1H), 2.45 (td, >J=12.5, 3.5 Hz; 1H), 2.10 (s, 3H,
Ac), 2.07-1.98 (m, 10H, including 2s: 2.02, 2.00 Ac), 1.83-1.21 (m,
21H, including s: 1.72, CH), 1.11-0.85 (m, 9H, including 2s: 1.00,
0.95, CH,), 0.83-0.71 (m, 9H, including 2 s: 0.80, 0.74, CH,), 0.66 (d,
3J=93Hz; 1H); ®C NMR (126 MHz, CDCl;): 8=170.77, 170.32,
169.54, 169.48, 168.12, 166.61, 150.71, 109.81, 103.04, 100.05, 79.12,
72.77, 72.20, 71.19, 68.36, 61.90, 61.89, 55.49, 50.69, 50.13, 49.90,
46.97, 42.86, 40.95, 39.92, 38.99, 38.83, 37.67, 37.34, 34.60, 34.46,
30.40, 28.69, 28.11, 27.54, 25.53, 21.01, 20.88, 20.77, 20.74, 20.72,
19.68, 18.39, 16.21 (2C), 15.48, 15.04; IR (neat): 2940, 2865, 1745,
1365, 1215, 1035, 980, 905, 800, 695 cm™'; HRMS (ESI): m/z calcd. for
[C4sHeoNO,, +H] T 840.4893; found 840.4894.

(17S)-17-(5-((1,3-Dioxoisoindolin-2-yl)methyl)-isoxazol-3-yl)-28-
norlup-20(29)-en-3f-ol 13i: 1) According to method | compound
13i was prepared from betulin oxime 9 (50 mg, 0.110 mmol,
1 equiv.), MTBS (50 mg, 0.160 mmol) and 2-(prop-2-yn-1-yl)
isoindoline-1,3-dione (102 mg, 0.550 mmol, 5 equiv.). Yield 27 mg,
38%.

2) According to method Il compound 13i was prepared from
betulin oxime 9 (50 mg, 0.110 mmol, 1 equiv.), MTBS (50 mg,
0.160 mmol) and 2-(prop-2-yn-1-yl)isoindoline-1,3-dione (102 gm,
0.550 mmol, 5 equiv.). Yield 51 mg, 73 %.

3) According to method Il compound 13i was prepared from nitrile
oxide 11 (100 mg, 0.220 mmol, 1 equiv.), 2-(prop-2-yn-1-yl)
isoindoline-1,3-dione (82 mg, 0.440 mmol, 2 equiv.), Py (3.5 mL).
Purified by column chromatography on silica with Hex/EtOAc
(10%—50% EtOAc). Yield 114 mg, 81%. Colorless amorphous
product.

R;=0.33 (Hex/EtOAc 3:1); '"H NMR (500 MHz, CDCl,): §=7.92-7.87
(m, 2H, Ar-H), 7.81-7.69 (m, 2H, Ar-H), 6.09 (s, 1H), 5.02-4.91 (m, 2H),
4.73 (s, TH), 4.58 (s, TH), 3.17 (dd, >J=11.4, 4.7 Hz; 1H), 3.01 (td, *J=
11.1, 4.6 Hz; 1H), 2.43 (td, >J=12.6, 3.4 Hz; TH), 1.99 (dt, J=13.2 Hz,
*J=3.2 Hz; 1H), 1.80-1.19 (m, 21H, including s: 1.69 CH,), 1.08-0.83
(m, 9H, including 2's: 0.97, 0.94 CH,), 0.81-0.71 (m, 9H, including
35:0.77, 0.76, 0.73 CH,), 0.65 (d, 3J=9.2 Hz; TH); *C NMR (126 MHz,
CDCly): =168.30 (2C), 167.36, 165.03, 150.85, 134.46 (2C), 132.07
(2C), 123.83 (2C), 109.70, 102.48, 79.16, 55.50, 50.73, 50.09, 49.97,
46.88, 42.82, 40.93, 39.80, 38.99, 38.84, 37.58, 37.33, 34.57, 34.46,
33.36, 30.39, 28.69, 28.12, 27.56, 25.53, 21.01, 19.70, 18.42, 16.23,
16.11, 15.49, 15.01; IR (neat): 2925, 2865, 1775, 1715, 1610, 1420,
1390, 1345, 1100, 1045, 1005, 945, 880, 710 cm™'; HRMS (ESI): m/z
calcd. for [C4Hs,N,0, +H1* 639.4156; found 639.4194.

(17S)-17-(5-(B-p-Gluco-pyranosyloxymethyl)-isoxazol-3-yl)-28-

norlup-20(29)-en-3$-ol 13g”: To a solution of compound 13g
(115 mg, 0.137 mmol, 1equiv.) in MeOH (3 mL) NaOMe (2 mg,
0.027 mmol, 0.2 equiv.) was added. Reaction was stirred for 2 h at
room temperature, the reaction was quenched by addition of ion-
exchange resin (Dowex 50WX8, 50-100 mesh, H— form) till pH 7,
filtered and evaporated in vacuum. The residue was purified by
column chromatography on silica with CH,Cl,/MeOH (0%—3%
MeOH). Yield (90 mg, 98%). Colorless solid. R;=0.6 (CH,Cl,/MeOH
4:1); '"H NMR (500 MHz, [Dg]DMS0): 8 =6.51 (s, 1H), 5.15 (d, *J=
4.9 Hz; TH, OH), 4.99 (d, >)=4.6 Hz; 1H, OH), 4.94 (d, *J=5.1 Hz; TH,
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OH), 4.87 (d, Y=13.6 Hz; 1H), 4.71 (d, Y=13.6 Hz; TH), 4.72 (s, TH),
458 (s, TH), 4.54 (t, >J=5.9 Hz; 1H, OH), 4.25 (d, >)=5.1 Hz; TH), 4.22
(d, >J=7.8 Hz; TH), 3.73-3.65 (m, 1H), 3.49-3.41 (m, 1H), 3.17-3.08
(m, 2H), 3.05 (dd, *J=9.0, 4.9 Hz; 1H), 3.03-2.92 (m, 3H), 2.39 (td,
3J=123, 3.6 Hz; 1H), 2.05 (dt, 2J=13.2 Hz *J=3.4 Hz; TH), 1.75 (t,
3)=11.4 Hz; TH), 1.72-1.51 (m, 9H, including s: 1.69, CH,), 1.49-1.07
(m, 11H), 1.05-0.92 (m, 5H, including s: 0.96, CH,), 0.90-0.78 (m, 4H,
including s: 0.86, CH,), 0.74 (s, CH,), 0.72 (s, CH,), 0.67-0.58 (m, 4H,
including s: 0.63, CH;); *C NMR (126 MHz, [D,]MeOD): §=169.47,
169.20, 151.96, 110.30, 104.33, 103.63, 79.67, 78.20, 78.00, 74.95,
71.59, 62.79, 62.37, 56.86, 51.99, 51.35, 51.00, 48.32, 43.86, 42.06,
40.77, 40.07, 39.94, 38.98, 38.33, 35.57, 35.38, 31.34, 29.75, 28,61,
28.04, 26.74, 22.08, 19.71, 19.42, 16.71 (2C), 16.10, 15.33; IR (neat):
3290, 2935, 2865, 1640, 1445, 1370, 1075, 1030, 1010, 980,
880 cm™'; HRMS (ESI): m/z calcd. for [CyHgNOg+HIT 672.4470;
found 672.4474.

(175)-17-(5-(Aminomethyl)-isoxazol-3-yl)-28-norlup-20(29)-en-3f-
ol 13i" NH,NH,-H,0 (22 uL, 0.704 mmol, 5 equiv.) is added to
solution of 13i (0.09g, 0.141 mmol, 1equiv.) in EtOH (3 mL)
reaction is heated to reflux for 2 h. After cooling, saturated NH,CI
solution (0.2 mL) is added, reaction mixture is evaporated and
purified by column chromatography on silica with CH,Cl,/MeOH
(0%—3% MeOH). Yield (69 mg, 96%). Colorless amorphous
powder. R;=0.59 (CH,Cl,/MeOH 4:1); "H NMR (500 MHz, [D,]JMeOD):
8=6.25 (s, 1H), 4.75 (s, 1H), 4.62 (s, TH), 3.91 (s, 2H), 3.13 (dd, >/=
114, 48 Hz; 1H), 3.07 (td, >J=10.9, 49 Hz; TH), 2.52 (td, *J=12.,
3.5 Hz; TH), 2.12 (dt, 2J=13.3 Hz, *J=3.5 Hz; TH), 1.86 (t, >J=11.5 Hz;
1H), 1.81-1.23 (m, 20H, including s: 1.74, CH;), 1.13-1.00 (m, 5H,
including s: 1.04, CH), 1.00-0.88 (m, 4H), 0.84, 0.82 (2's, 6H, CH,),
0.75 (s, 3H, CH;), 0.70 (d, >)=11.1 Hz, TH); C NMR (126 MHz, [D,]
MeOD): 6=173.58, 169.46, 152.00, 110.27, 101.61, 79.66, 56.86,
52.00, 51.34, 50.99, 48.31, 43.85, 42.04, 40.79, 40.07, 39.94, 38.93,
38.32 (2C), 35.58, 35.43, 31.34, 29.76, 28.60, 28.04, 26.74, 22.08,
19.70, 19.41, 16.70, 16.65, 16.10, 15.31; IR (neat): 3565, 3495, 3355,
2940, 2925, 2865, 1590, 1450, 1385, 1190, 1045, 910, 870, 800 cm™';
HRMS (ESl): m/z caled. for [Cy3HsN,O,+H]™ 509.4102; found
509.4101.

Method IV: Conventional preparation of isoxazoles 14 a-i

To a solution of 20,29-dihydro betulin nitrile oxide 12 (0.100 g,
0.219 mmol, 1 equiv.) in CH,Cl, (1.5 mL) under N, atmosphere
alkyne (0.439 mmol, 2equiv.) and Et;N (0.091 mL, 0.657 mmol,
3 equiv.) were added and the reaction was stirred for 24 h. The
residue was dissolved in EtOAc (40 mL), washed with brine (5x
10 mL), dried over Na,SO,, filtered and evaporated in vacuum. The
residue was purified by column chromatography on silica.

(17S)-17-(5-Hydroxymethyl-isoxazol-3-yl)-28-norlup-3f-ol 14a: 1)
According to method | compound 14a was prepared from 20,29-
dihydro betulin oxime 10 (50 mg, 0.109 mmol, 1 equiv.), MTBS
(50 mg, 0.160 mmol) and prop-2-yn-1-ol (32 uL, 0.550 mmol,
5 equiv.). Yield 45 mg, 80%.

2) According to method IV compound 14a was prepared from
20,29-dihydro  betulin nitrile oxide 12 (0.100g, 0.219 mmol,
1 equiv.), prop-2-yn-1-ol (25 puL, 0.439 mmol, 2equiv.), Et;N
(0.091 mL, 0.657 mmol, 3equiv.), CH)Cl, (1.5mL). Purified by
column chromatography on silica with Hex/EtOAc (0%—10%
EtOAc). Yield 101 mg, 90 %. Colorless powder.

R;=0.52 (CH,Cl,/EtOAc 5:1); 'H NMR (500 MHz, CDCl,): §=6.09 (s,
1H), 4.75 (s, 2H), 3.18 (dd, 3J=11.5, 4.8 Hz; 1H), 2.43 (td, 3J=12.2,
3.7 Hz; TH), 2.30-2.22 (m, TH), 2.10 (dt, =13.1 Hz, >J=3.3 Hz; 1H),
1.86 (septd, 3J=6.9, 2.6 Hz; 1H), 1.74-1.12 (m, 19H), 1.04 (dt, &=
13.7 Hz, 3J=3.1 Hz; 1H), 1.00-0.60 (m, 23H; including 5 s: 0.97, 0.95,
0.79, 0.75, 0.74 CH; and 0.86 (d, *J=6.9Hz, CH,); C NMR
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(126 MHz, CDCl;): 6=169.82, 168.29, 101.48, 79.18, 56.88, 55.45,
50.45, 49.41, 44.29, 43.05, 40.93, 40.16, 38.99, 38.83, 37.48, 37.30,
34.52 (2C), 30.02, 28.73, 28.12, 27.51, 26.95, 23.16, 22.49, 22.33,
21.04, 18.42, 16.17 (2C), 15.51, 15.04, 14.99; IR (neat): 3330, 2940,
2865, 1605, 1445, 1365, 1190, 1035, 1000, 945, 800 cm™'; HRMS
(ESI): m/z calcd. for [C33H53NO; +H] ™ 512.4098; found 512.4088.

(17S)-17-(5-(2-Hydroxyeth-1-yl)-isoxazol-3-yl)-28-norlup-3f-ol

14b: According to method IV compound 14b was prepared from
20,29-dihydro betulin nitrile oxide 12 (0.100g, 0.219 mmol,
1 equiv.), but-3-yn-1-ol (33 uL, 0.439 mmol, 2equiv.), Et;N
(0.091T mL, 0.657 mmol, 3equiv.), CH)Cl, (1.5mL). Purified by
column chromatography on silica with Hex/EtOAc (10%—50%
EtOAc). Yield 67 mg, 58%. Colorless amorphous compound. R;=
0.53 (Hex/EtOAc 1:1); '"H NMR (500 MHz, CDCly): §=5.93 (s, TH),
3.95 (t, °J=6.3 Hz, 2H), 3.18 (dd, >J=11.4, 4.8 Hz; 1H), 3.00 (t, *J=
6.2 Hz; 2H), 2.44 (td, J=12.2, 3.7 Hz; TH), 2.31-2.22 (m, TH), 2.09
(dt, Y=13.0Hz, 3)=3.2Hz; TH), 1.86 (septd, /=6.9, 2.3 Hz; TH),
1.75-1.14 (m, 19H), 1.07-0.63 (m, 24H; including 5 s: 0.97, 0.95, 0.79,
0.75, 0.74 CH; and 0.86 (d, >J=6.8 Hz, CH,)); *C NMR (126 MHz,
CDCly): 6=168.80, 168.34, 101.61, 79.16, 60.49, 55.44, 50.44, 50.28,
49.48, 44.34, 43.02, 40.93, 40.12, 38.99, 38.82, 37.44, 37.30, 34.53
(2C), 30.44, 30.03, 28.75, 28.12, 27.52, 26.94, 23.18, 22.55, 21.04,
18.41, 16.17, 16.09, 15.51, 15.05, 14.98; IR (neat): 3590, 3335, 2945,
2865, 1610, 1445, 1385, 1075, 1050, 1005, 985, 800 cm™'; HRMS
(ESI): m/z calcd. for [C3,HssNO; +HI* 526.4255; found 526.42609.

(17S)-17-(5-(1-Hydroxycyclohexyl)-isoxazol-3-yl)-28-norlup-3f-ol
14c: According to method IV compound 14c was prepared from
20,29-dihydro betulin nitrile oxide 12 (0.1 g, 0.219 mmol, 1 equiv.),
1-ethynylcyclohexan-1-ol (0.054 g, 0.439 mmol, 2 equiv.), Et;N
(0.091 mL, 0.657 mmol, 3 equiv.), CH,Cl, (2 mL). Purified by column
chromatography on silica with CH,Cl,/EtOAc (0%—10% EtOAC).
Yield 88 mg, 69%. Colorless amorphous compound. R;=0.46
(CH,Cl,/EtOAC 4:1); 'H NMR (500 MHz, CDCl,): §=6.00 (s, 1H), 3.18
(dd, =114, 4.6 Hz; 1H), 2.38 (td, *J=12.1, 3.5 Hz; 1H), 2.31-2.23
(m, TH), 2.11 (dt, 2J=13.0 Hz, *J=3.1 Hz; 1H), 2.03-1.93 (m, 3H),
1.89-1.84 (m, 3H), 1.79-1.08 (m, 24H), 1.03 (dt, J=13.5Hz, =
3.0 Hz; 1H) 1.08-0.62 (m, 23H; including 5s: 0.97, 0.95, 0.79, 0.73,
0.72 CH; and 0.87 (d, *J=6.8 Hz; CH,)); *C NMR (126 MHz, CDCl,):
0=176.31, 168.01, 99.24, 79.15, 70.54, 55.45, 50.43, 50.32, 49.60,
4441, 43.01, 40.92, 40.02, 38.99, 38.82, 37.48, 37.30, 36.90, 36.86,
34.53, 34.49, 30.05, 28.75, 28.12, 27.54, 26.91, 25.32, 23.19, 22.56,
21.92, 21.90, 21.04, 18.41, 16.16, 15.95, 15.50, 15.05, 15.01; IR (neat):
3290, 2930, 2865, 1580, 1445, 1045, 990, 800 cm'; HRMS (ESI): m/z
calcd. for [C3gHg;NO; + H1* 580.4724; found 580.47009.

(17S)-17-(5-(2-Hydroxypropan-2-yl)-isoxazol-3-yl)-28-norlup-3f-ol
14d: According to method IV compound 14d was prepared from
20,29-dihydro betulin nitrile oxide 12 (0.1 g, 0.219 mmol, 1 equiv.),
2-methylbut-3-yn-2-ol (40 uL, 0.439 mmol, 2 equiv.), Et;N (0.091 mL,
0.657 mmol, 3 equiv.), CH,Cl, (1.5 mL). Purified by column chroma-
tography on silica with CH,Cl,/EtOAc (0%—10% EtOAc). Yield
88 mg, 74%. Colorless amorphous compound. R;=0.47 (CH,Cl/
EtOAc 4:1); "H NMR (500 MHz, CDCl,): §=5.98 (s, TH), 3.18 (dd, *J=
10.7, 5.2 Hz; 1H), 2.42 (td, 3J=11.9, 3.6 Hz; TH), 2.34-2.19 (m, 1H),
2.14-2.05 (m, 1H), 1.86 (septd, *J=6.9, 2.8 Hz; 1H), 1.77-1.11 (m,
25H; including s: 1.62, 6H, CH;), 1.10-0.60 (m, 24H; including 4 s:
0.97, 0.95, 0.79, 0.74 CH; and 0.87 (d, 3*)=6.8 Hz; CH5)); *C NMR
(126 MHz, CDCl,;): 8=176.42, 168.12, 98.62, 79.17, 69.43, 55.47,
55.43, 50.46, 50.38, 49.57, 44.38, 43.03, 40.94, 40.05, 39.01, 38.85,
37.48, 37.32, 34.53, 30.04, 29.29, 29.26, 28.77, 28.14, 27.56, 26.94,
23.18, 22.56, 21.05, 18.42, 16.17, 16.00, 15.51, 15.06, 15.01; IR (neat):
3310, 2940, 2865, 1585, 1450, 1380, 1260, 1190, 1045, 970,
800 cm™'; HRMS (ESI): m/z calcd. for [CyHsNO;+H]™ 540.4411;
found 540.4380.
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(175)-17-(5-((2-Hydroxyethoxy)methyl)-isoxazol-3-yl)-28-norlup-
3B-ol 14e: According to method IV compound 14e was prepared
from 20,29-dihydro betulin nitrile oxide 12 (0.1g, 0.219 mmol,
1 equiv.), 2-(prop-2-yn-1-yloxy) ethan-1-ol (90 uL, 0.887 mmol,
4 equiv.), Et;N (0.122 mL, 0.887 mmol, 4 equiv.), CH,Cl, (1.5 mL).
Purified by column chromatography on silica with CH,Cl,/EtOAc
(0%—10% EtOAc). Yield 82 mg, 67%. Colorless amorphous com-
pound. R;=0.39 (CH,Cl,/EtOAc 5:1); '"H NMR (500 MHz, CDCl,): 6=
6.10 (s, 1H), 4.63 (s, 2H), 3.77 (t, >J=3.9 Hz; 2H), 3.65 (t, *J=4.0 Hz;
2H), 3.18 (dd, >)=11.5, 4.7 Hz; TH), 243 (td, >)=12.0, 3.3 Hz TH),
2.30-2.24 (m, 1H), 2.09 (dt, /=13.0 Hz, 3>J=3.1 Hz; 1H), 1.86 (septd,
3)=6.8, 2.8 Hz; 1H), 1.73-1.07 (m, 19H), 1.07-0.63 (m, 24H; including
55:0.97, 0.95, 0.79, 0.74, 0.73 CH; and 0.87 (d, ®>J=6.9 Hz; CH,)); °C
NMR (126 MHz, CDCl;): §=168.25, 167.51, 102.66, 79.15, 72.34,
64.23, 61.92, 55.46, 50.45, 50.40, 49.44, 44.30, 43.05, 40.94, 40.13,
39.00, 38.84, 37.47, 37.31, 34.53 (2C), 30.03, 28.74, 28.13, 27.54,
26.95, 23.17, 22.51, 21.04, 18.43, 16.18, 16.10, 15.51, 15.05, 15.00; IR
(neat): 3450, 2925, 2865, 1725, 1610, 1455, 1385, 1365, 1265, 1045,
800 cm™"; HRMS (ESI): m/z calcd. for [C3sHs;NO,+HIT 556.4360;
found 556.4386.

(175)-17-(5-((Acetylthio)methyl)-isoxazol-3-yl)-28-norlup-3f3-ol
14f. According to method IV compound 14f was prepared from
20,29-dihydro betulin nitrile oxide 12 (0.1 g, 0.219 mmol, 1 equiv.),
S-(prop-2-yn-1-yl) ethanethioate (45 L, 0.4439 mmol, 2 equiv.), Et;N
(0.091 mL, 0.657 mmol, 3equiv.), CH)Cl, (1.5mL). Purified by
column chromatography on silica with Hex/EtOAc (0%—12%
EtOAc). Yield 97 mg, 77%. Colorless amorphous compound. Ri=
0.71 (Hex/EtOAc 3:1); '"H NMR (500 MHz, CDCl): 6=5.99 (s, TH),
4.19 (d,?J=15.1 Hz; TH), 4.17 (d, >J=15.1 Hz; 1H), 3.18 (dd, *J=114,
4.7 Hz; 1H), 2.42-2.34 (m, 4H, including s 2.38 Ac), 2.29-2.21 (m,
TH), 206 (dt, 2J=13.2Hz, *)=33Hz 1H), 1.85 (septd, */=6.6,
2.8 Hz; 1H), 1.74-1.12 (m, 19H), 1.10-0.59 (m, 24H; including 5 s:
0.96, 0.95, 0.79, 0.74, 0.73 CH, and 0.86 (d, *J=6.9 Hz; CH,)); "*C
NMR (126 MHz, CDCl;): 6=193.91, 168.53, 166.78, 102.45, 79.14,
55.46, 50.45, 50.35, 49.47, 44.28, 43.01, 40.93, 40.05, 38.99, 38.83,
37.43, 37.31, 34.51, 3447, 30.40, 30.02, 28.71, 28.12, 27.54, 26.93,
23.96, 23.16, 22.50, 21.04, 18.42, 16.17, 16.05, 15.51, 15.04, 14.99; IR
(neat): 3610, 2940, 2865, 1685, 1605, 1455, 1405, 1385, 1360, 1045,
1005, 640cm™; HRMS (ESI): m/z calcd. for [CyHssNO;S+HI*
570.3975; found 570.3986.

(175)-17-(5-(2,3,4,6-Tetra-O-acetyl-f-pD-gluco-pyranosyloxymeth-

yl)-isoxazol-3-yl)-28-norlup-3f-ol 14g: According to method IV
compound 14g was prepared from 20,29-dihydro betulin nitrile
oxide 12 (0.150 g, 0.329 mmol, 1 equiv.), propargyl 2,3,4,6-tetra-O-
acetyl-p-b-glucopyranoside (235 mg, 0.606 mmol, 2 equiv.), Et;N
(0.127 mL, 0.914 mmol, 3 equiv.), CH,Cl, (2 mL). Purified by column
chromatography on silica with CH,CI,/EtOAc (0%—10% EtOAC).
Yield 155 mg, 56%. Colorless amorphous compound. R;=0.46
(CH,Cl,/EtOAC 4:1); 'H NMR (500 MHz, CDCL,): §=6.09 (s, TH), 5.20
(dd, *J=9.5, 9.4 Hz; TH), 5.10 (dd, *J=9.8, 9.6 Hz; 1H), 5.04 (dd, *J=
9.5, 8.0 Hz; TH), 4.86 (d, 2J=13.8 Hz 1H), 4.74 (d, J=13.8 Hz 1H),
460 (d, >)=7.9 Hz; TH), 4.28 (dd, ’J=12.4 Hz, >)=4.6 Hz; TH), 4.15
(dd, 2J=12.4 Hz, *)=2.3 Hz; TH), 3.71 (ddd, >)=10.0, 4.6, 2.3 Hz; TH),
3.18 (dd, >J=11.4, 4.7 Hz; TH), 2.39 (td, >J=12.2, 3.6 Hz; TH), 2.28-
2.20 (m, TH), 2.15-1.95 (m, 13H; including 3 s: 2.09, 2.02, 2.00 Ac),
1.86 (septd, *J=6.8, 2.7 Hz; 1H), 1.72-1.12 (m, 19H), 1.05 (dt, 2J=
13.6 Hz, ®°J=3.1 Hz; 1H), 1.02-0.64 (m, 23H; including 5 s: 0.97, 0.95,
0.80, 0.76, 0.74 CH; and 0.86 (d, *)=6.9Hz, CH,); C NMR
(126 MHz, CDCly): $=170.76, 170.29, 169.53, 169.47, 168.29, 166.42,
103.24, 99.92, 79.11, 72.77, 72.18, 71.16, 68.37, 61.90, 61.78, 55.44,
5041 (2C), 49.40, 44.32, 43.04, 40.94, 40.13, 38.99, 38.82, 37.52,
37.30, 34.50, 34.45, 30.02, 28.69, 28.12, 27.52, 26.92, 23.15, 22.49,
21.03, 20.88, 20.76, 20.74, 20.71, 18.38, 16.22, 16.15, 15.49, 15.02,
14.98; IR (neat): 3595, 2945, 2865, 1750, 1450, 1230, 1035, 815,
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600 cm™"; HRMS (ESI): m/z calcd. for [C,H,;NO,,+H]" 842.5049;
found 842.5023.

(175)-17-(5-(2,3,4,6-Tetra-O-acetyl-a-D-manno-
pyranosyloxymethyl)-isoxazol-3-yl)-28-norlup-3p-ol 14h: Accord-
ing to method IV compound 14 h was prepared from 20,29-dihydro
betulin nitrile oxide 12 (0.100 g, 0.219 mmol, 1 equiv.), propargy!
2,3,4,6-tetra-O-acetyl-a-bD-mannopyranoside (169 mg, 0.439 mmol,
2 equiv.), Et;N (0.095 mL, 0.657 mmol, 3 equiv.), CH,Cl, (2 mL).
Purified by column chromatography on silica with CH,Cl,/EtOAc
(0%—10% EtOAC). Yield 89 mg, 48%. Colorless amorphous com-
pound. Ri=0.56 (CH,Cl,/EtOAc 5:1); 'H NMR (500 MHz, CDCl,): =
6.13 (s, TH), 5.37-5.28 (m, 3H), 4.94 (d, >J=1.4Hz; 1H), 474 (d, *J=
13.5Hz; 1H), 4.66 (d, 2J=13.5Hz, 1H), 431 (dd, =123 Hz, 3=
5.0 Hz; 1H), 4.09 (dd, &/ =12.3 Hz, *J=2.3 Hz; TH), 4.04 (ddd, *J=9.0,
4.8, 2.3 Hz; 1H), 3.18 (dd, *J=11.4, 47 Hz; 1H), 243 (td, *J=12.0,
3.4 Hz; 1H), 2.30-2.23 (m, 1H), 2.21-1.94 (m, 13H; including 4 s: 2.15,
2.11, 2.04, 1.99 Ac), 1.93-1.82 (m, 1H), 1.75-1.09 (m, 19H), 1.08-0.60
(m, 24H; including 5s: 0.98, 0.95, 0.79, 0.75, 0.73 CH,); *C NMR
(126 MHz, CDCly): §=170.75, 170.04, 170.02, 169.81, 168.36, 165.91,
103.36, 97.52, 79.13, 69.41, 69.13, 69.05, 66.09, 62.37, 60.47, 55.45,
50.45, 49.42, 44.26, 43.05, 40.94, 40.08, 38.99, 38.83, 37.46, 37.31,
34.53, 34.48, 31.73, 30.01, 28.75, 28.12, 27.54, 26.93, 23.15, 22.50,
21.03, 20.99, 20.89, 20.83, 20.81, 18.41, 16.17, 16.12, 15.50, 15.04,
14.98; IR (neat): 2945, 2865, 1745, 1450, 1365, 1220, 1045, 980, 800,
600 cm™"; HRMS (ESI): m/z calcd. for [C,;H,,NO,,+H]t 842.5049;
found 842.5027.

(175)-7-(5-((1,3-Dioxoisoindolin-2-yl)methyl)-isoxazol-3-yl)-28-
norlup-3f-ol 14i: According to method IV compound 14i was
prepared from 20,29-dihydro betulin nitrile oxide 12 (0.100 g,
0.219 mmol, 1equiv.), 2-(prop-2-yn-1-yl) isoindoline-1,3-dione
(75mg, 0.432mmol, 2equiv.), Et;N (0.091 mL, 0.657 mmol,
3 equiv.), CH,Cl, (2 mL). Purified by column chromatography on
silica with Hex/EtOAc (0%—17 % EtOAc). Yield 85 mg, 61%. Color-
less amorphous compound. R=0.43 (Hex/EtOAc 2:1);'H NMR
(500 MHz, CDCl,): 8=7.89 (dd, *J=5.4, 3.1 Hz; 2H), 7.75 (dd, 3J=5.5,
3.0 Hz; 2H), 6.08 (s, 1H), 4.96 (2d, 2J=16.6 Hz; 2H), 3.17 (dd, >J=11.4,
4.8 Hz; 1H), 2.39 (td, 3/=12.3, 3.7 Hz; 1H), 2.27-2.20 (m, TH), 2.07—
2.00 (m, TH), 1.84 (septd, *J=6.7, 2.9 Hz; TH), 1.72-1.11 (m, 19H),
1.06-0.62 (m, 24H; including 4 s: 0.95, 0.77, 0.74, 0.70 CH, and 0.84
(d, J=6.9 Hz; CH,)); *C NMR (126 MHz, CDCl,): §=168.46, 167.36,
164.88, 134.43 (2C), 132.08 (2C), 123.80 (2C), 102.56, 79.15, 55.45,
50.44, 50.36, 49.44, 44.21, 43.00, 40.91, 39.99, 38.99, 38.82, 37.39,
37.29, 34.49, 34.46, 33.37, 29.98, 29.96, 28.69, 28.12, 27.54, 26.92,
23.14, 22.46, 21.01, 18.41, 16.17, 16.06, 15.50, 15.03, 14.95; IR (neat):
3485, 2925, 2865, 1775, 1720, 1610, 1465, 1390, 945, 710, 530 cm ™ ;
HRMS (ESI): m/z calcd. for [C,HsN,O,+HI" 641.4313; found
641.4328.

(175)-17-(5-(Mercaptomethy)l-isoxazol-3-yl)-28-norlup-3p-ol 14f"
To a solution of compound 14f (0.065 g, 0.114 mmol, 1 equiv.) in
MeOH (5 mL) NaOMe (2 mg, 0.046 mmol, 0.4 equiv.) was added.
Reaction was stirred for 12 h at room temperature, the reaction was
quenched by addition of saturated aqg. solution of NH4CI (2.5 mL),
further ethyl acetate (40 mL) was added to the reaction; the mixture
was washed with brine (4x10 mL), dried over Na,SO,, filtered and
evaporated in vacuum. The residue was purified by column
chromatography (25% Hex/EtOAc). Yield 43 mg, 72%. Colorless
amorphous compound. R;=0.48 (Hex/EtOAc 2:1); 'H NMR
(500 MHz, CDCl,): 8=6.06 (s, TH), 3.81 (2d, ZJ=15.1 Hz; 2H), 3.18
(dd, *J=11.4, 46 Hz; 1H), 245 (td, *J=12.1, 3.5 Hz; 1H), 2.33-2.23
(m, 1H), 2.09 (dt, 2/=13.1 Hz, *J=3.0 Hz; 1H), 1.86 (septd, *J=6.8,
2.8 Hz; TH), 1.77-1.12 (m, 19H), 1.05 (dt, ’J=13.5 Hz, *J=2.9 Hz; 1H),
1.01-0.62 (m, 23H; including 5 s: 0.97, 0.95, 0.78, 0.74, 0.73 CH; and
0.86 (d, J=6.8 Hz; CH.)); *C NMR (126 MHz, CDCl,): 6=168.64,
166.33, 103.43, 79.14, 55.45, 50.46, 50.45, 49.37, 44.25, 43.06, 40.94,
40.20, 38.99, 38.83, 37.48, 37.31, 34.57, 34.51, 33.57, 30.02, 28.75,
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28.12, 27.53, 26,97, 23.17, 22.55, 21.07, 18.42, 16.22 (2C), 15.50,
15.05, 14.99; IR (neat): 3465, 2930, 2865, 1730, 1600, 1455, 1385,
1365, 1245, 1035, 1005, 800, 730 cm™"; HRMS (ESI): m/z calcd. for
[C35HssNO,S + H]* 528.3870; found 528.3879.

(17S)-17-(5-(B-p-Gluco-pyranosyloxymethyl)-isoxazol-3-yl)-28-
norlup-3f-ol 149" To a solution of compound 14g (41 mg,
0.049 mmol, 1 equiv.) in MeOH (5 mL) NaOMe (1 mg, 0.024 mmol,
0.5 equiv.) was added. Reaction was stirred for 12 h at room
temperature; the reaction was quenched by addition of ion-
exchange resin (Dowex 50WX8, 50-100 mesh, H— form) till pH 7,
filtered and evaporated in vacuum. The residue was purified by
column chromatography on silica with Hex/EtOAc (0%—16%
EtOAc). Yield 24 mg, 73%. Colorless amorphous compound. R;=
0.31 (Hex/EtOAc 9:1); 'H NMR (500 MHz, [Dg]THF): §=6.32 (s, TH),
4.89 (d, Y=13.5Hz TH), 471 (d, J=135Hz 1H), 459 (d, *J=
3.4 Hz; TH), 4.46 (s, 1H), 436 (d, *J=1.7 Hz; 1H), 4.29 (d, *J=7.7 Hz;
1H), 3.82-3.75 (m, 1H), 3.63-3.54 (m, 2H), 3.34 (d, 3/=5.0 Hz; 1H),
3.22 (m, 3H), 3.12 (td, >)=8.0, 2.9 Hz; 1H), 3.03 (dt, *J=10.9, 5.0 Hz;
TH), 2.57 (td, *J=12.1, 3.9 Hz; 1H), 237-2.31 (m, 1H), 2.14 (dt, J=
12.6 Hz, *J=3.0 Hz; 1H), 1.89 (septd, *J=6.8, 2.8 Hz; 1H), 1.70-1.21
(m, 19H), 1.06-1.00 (m, 4H, including s: 1.01 CH;), 0.96-0.66 (m, 20H;
including 4 s: 0.93, 0.83, 0.79, 0.72 CH; and 0.88 (d, *J=6.9 Hz, CH,));
3C NMR (126 MHz, [Dg]THF): 8=168.97, 168.47, 103.80, 103.27,
78.54, 78.26, 78.13, 74.98, 71.55, 63.19, 62.19, 56.57, 51.47, 51.08,
50.38, 45.13, 43.79, 41.83, 40.86, 39.80, 38.29, 38.14, 35.50, 35.04,
30.92, 30.69, 29.56, 28.61, 28.54, 27.95, 23.45, 23.13, 21.92, 19.30,
16.72, 16.67, 16.12, 15.29, 15.23; IR (neat): 3335, 2925, 2865, 1610,
1450, 1075, 1030, 815 cm™'; HRMS (ESI): m/z calcd. for [C3,Hg;NOg +
H1* 674.4626; found 674.4620.

(175)-17-(5-(a-pD-Manno-pyranosyloxymethyl)-isoxazol-3-yl)-28-
norlup-3-ol 14h": To a solution of compound 14h (70 mg,
0.083 mmol, 1 equiv.) in MeOH (5 mL) NaOMe (3 mg, 0.055 mmol,
0.5 equiv.) was added. Reaction was stirred for 12 h at room
temperature; the reaction was quenched by addition of ion-
exchange resin (Dowex 50WX8, 50-100 mesh, H— form) till pH 7,
filtered and evaporated in vacuum. The residue was purified by
column chromatography on silica with Hex/EtOAc (0%—16%
EtOAc). Yield 43 mg, 77%. Colorless amorphous compound. R;=
0.31 (Hex/EtOAc 9:1); 'H NMR (500 MHz, [Dg]THF): §=6.25 (s, TH),
482 (d, ¥=1.0Hz 1H), 472 (d, J=135Hz 1H), 461 (d, Y=
13.5 Hz; TH), 4.14 (d, *)=3.1 Hz; TH), 4.08 (d, >J=3.6 Hz; TH), 4.02 (d,
3)=3.0 Hz; 1H), 3.76-3.72 (m, 2H), 3.65-3.53 (m, 4H), 3.48-3.43 (m,
1H), 3.32 (d, 3)=5.3 Hz; 1H), 3.03 (dt, >J=10.8, 5.3 Hz; 1H), 2.59 (td,
3)=12.3, 3.7 Hz; 1H), 2.38-2.31 (m, 1H), 2.13 (dt, /=128 Hz, *J=
3.1 Hz; 1H), 1.89 (septd, J=6.9, 2.8 Hz; TH), 1.70-1.21 (m, 19H),
1.07-0.66 (m, 24H; including 5 s: 1.00, 0.93, 0.83, 0.78, 0.71 CH; and
0.88 (d, >J=6.9 Hz, CH,)); *C NMR (126 MHz, [Ds]THF): 6=168.72,
168.49, 103.19, 101.09, 78.54, 74.95, 72.74, 71.70, 68.92, 63.20, 59.99,
56.58, 51.49, 51.06, 50.42, 45.15, 43.77, 41.82, 40.77, 39.80, 38.22,
38.14, 35.49, 35.06, 30.94, 30.69, 29.56, 28.61, 28.55, 27.96, 23.45,
23.14, 21.92, 19.30, 16.67, 16.60, 16.12, 15.30, 15.22; IR (neat): 3335,
2925, 2865, 1610, 1450, 1385, 1365, 1030, 970, 800 cm™'; HRMS
(ESI): m/z calcd. for [C3oHeNOg+Hl* 674.4626; found 674.4639.

(17S)-17-(5-(Aminomethyl)-isoxazol-3-yl)-28-norlup-3f-ol 14i"
NH,NH,-H,0 (21 pL, 0.663 mmol, 5 equiv.) is added to solution of
14i (0.085g, 0.132 mmol, 1equiv.) in EtOH (10 mL) reaction is
heated to reflux for 2 h. After cooling, saturated NH,Cl solution
(0.2 mL) is added, reaction mixture is evaporated and purified by
column chromatography on silica with CH,Cl,/MeOH (0%—2%
MeOH). Yield 41 mg, 60%. Colorless amorphous powder. R;=0.43
(CH,Cl,/MeOH 19:1); "H NMR (500 MHz, CDCl,): §=5.97 (s, TH), 3.95
(s, 2H), 3.18 (dd, 3J=11.4, 4.7 Hz; 1H), 2.44 (td, *J=12.3, 3.5 Hz; TH),
2.30-2.22 (m, 1H), 2.08 (dt, 2J=13.2 Hz, *J=3.2 Hz; 1H), 2.01 (bs,,
2H), 1.86 (septd, *J=6.9, 2.8 Hz; 1H), 1.72-1.14 (m, 19H), 1.08-0.60
(m, 24H; including 5 s: 0.97, 0.95, 0.79, 0.76, 0.74 CH; and 0.86 (d,
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3)=6.8 Hz; CH,)); *C NMR (126 MHz, CDCly): §=172.07, 168.25,
100.10, 79.14, 55.47, 50.46, 50.39, 49.44, 44.30, 43.05, 40.95, 40.16,
38.99, 38.84, 38.35, 37.46, 37.32, 34.55 (2C), 30.02, 28.75, 28.13,
27.54, 26.96, 23.15, 22.52, 21.05, 18.43, 16.17 (2C), 15.51, 15.05,
14.99; IR (neat): 3365, 2925, 2865, 1605, 1455, 1385, 1365, 1045,
1005, 985, 800 cm™'; HRMS (ESI): m/z calcd. for [C33HguN,O,+HI™
511.4258; found 511.4270.

(17S)-17-(5-(Formyl)-isoxazol-3-yl)-28-norlup-20(29)-en-33-ol  15:
MnO, (375 mg, 4.316 mmol, 20 equiv.) is added to solution of 13a
(110 mg, 0.216 mmol, 1 equiv.) in CHCl; (8 mL) reaction is heated to
reflux for 6 h. After cooling, reaction mixture is filtered through
celite pad and evaporated. Yield 103 mg, 94%. Colorless amor-
phous powder. '"H NMR (500 MHz, CDCl;): §=9.98 (s, 1H), 6.89 (s,
1H), 4.77 (s, TH), 4.63 (s, 1H), 3.17 (dd, *J=11.4, 4.7 Hz; 1H), 3.05 (td,
3)=10.9, 4.5 Hz; 1H), 2.40 (td, /=125, 3.4 Hz; 1H), 2.08 (dt, Y=
13.5 Hz, *J=3.5Hz; 1H), 1.85 (t, *J=11.5 Hz; 1H), 1.79-1.16 (m, 21H,
including s: 1.73 CH;), 1.16-0.84 (m, 8H, including 2s: 1.01, 0.95
CH,), 0.79, 0.76, 0.73 (3 s, 9H, CH,), 0.64 (d, *J=9.3 Hz, TH); *C NMR
(126 MHz, CDCl,): 6 = 178.82, 169.14, 165.14, 150.35, 110.07, 108.77,
79.11, 55.48, 50.67, 50.40, 49.85, 46.93, 42.91, 40.93, 39.91, 38.99,
38.84, 37.79, 37.33, 34.55, 34.44, 30.23, 28.61, 28.11, 27.54, 25.52,
20.98, 19.67, 18.40, 16.23, 16.08, 15.48, 15.08; IR (neat): 3535, 2925,
2865, 1690, 1455, 1390, 1245, 1045, 885, 755; HRMS (ESI): m/z calcd.
for [C33H,NO; +H] " 508.3785; found 508.3788.

(175)-17-(5-(Formyl)-isoxazol-3-yl)-28-norlup-3p-ol  16:  MnO,
(340 mg, 3.908 mmol, 20equiv.) is added to solution of 14a
(100 mg, 0.195 mmol, 1 equiv.) in CHCI; (8 mL) reaction is heated to
reflux for 20 h. After cooling, reaction mixture is filtered through
celite pad and evaporated. The residue was purified by column
chromatography on silica with Hex/EtOAc (0%— 16 % EtOAc). Yield
80 mg, 81%. Colorless amorphous compound. R;=0.47 (EtOAc/
Hex=1/5). '"H NMR (500 MHz, CDCl;): 6=9.97 (s, 1H), 6.87 (s, 1H),
3.18 (dd, *J=11.5, 4.7 Hz; 1H), 2.34 (td, *J=11.9, 3.6 Hz; TH), 2.31-
2.24 (m, 1H), 2.16 (dt, ¥=13.2 Hz, *J=3.1 Hz; TH), 1.86 (septd, *J=
6.9, 2.7 Hz; TH), 1.75-1.17 (m, 19H), 1.11-1.06 (m, 1H), 1.01-0.64 (m,
23H; including 5s: 0.99, 0.95, 0.79, 0.74, 0.72 CH,, 0.86 (d, *J=
6.8 Hz; CH;) and 0.81 (d, 3J=6.7 Hz CH)); *C NMR (126 MHz,
CDCly): 6=178.90, 169.33, 165.09, 108.89, 79.13, 55.45, 50.72, 50.40,
49.38, 44.32, 43.13, 40.93, 40.13, 39.00, 38.84, 37.68, 37.30, 34.50,
34.37, 30.03, 28.61, 28.13, 27.53, 26.93, 23.15, 22.39, 21.00, 18.40,
16.18, 16.08, 15.50, 15.05, 15.01; IR (neat): 3515, 2940, 2865, 2820,
1695, 1455, 1385, 1275, 1245, 1045, 835, 755 cm™'; HRMS (ESI): m/z
calcd. for [C33Hs5,NO; + H] ™ 510.3942; found 510.3962. Additionally
ketone 16a as a byproduct was isolated: (4 mg, 5%) as colorless
amorphous compound. R=0.31 (EtOAc/Hex=1/5). 'H NMR
(500 MHz, CDCl,): 8=9.98 (s, 1H), 6.88 (s, 1H), 2.54-2.44 (m, 1H),
2.39 (m, 2H), 2.33-2.23 (m, TH), 2.15 (dt, >J=13.4 Hz, *J=3.8 Hz; TH),
1.95-1.82 (m, 3H), 1.77-1.66 (m, 3H), 1.65-1.18 (m, 12H), 1.16-0.67
(m, 24H; including 4 s: 1.06, 1.00 (6H), 0.90, 0.76 CH,, 0.88 (d, *J=
6.7 Hz; CH;) and 0.81 (d, *J=6.7 Hz, CH)); C NMR (126 MHz,
CDCly): 6=218.16, 178.86, 169.28, 165.11, 108.84, 55.12, 50.70,
49.76, 49.30, 47.48, 44.26, 43.17, 40.87, 40.09, 39.72, 37.74, 37.01,
34.31, 34.28, 33.81, 30.02, 28.59, 26.92, 26.70, 23.14, 22.38, 21.51,
21.21, 19.72, 15.98, 1591, 15.00, 14.96; HRMS (ESI): m/z calcd. for
[C55Hs,NO;+ H]" 508,3785; found 508.3775.

(175)-17-(5-(Acetyloxymethyl)-isoxazol-3-yl)-28-norlup-20(29)-en-
3B-ol acetate 19: Ac,0 (0.320 mL, 3.374 mmol, 4 equiv.) is slowly
added to cooled (0°C) solution of 13a (0.430g, 0.843 mmol,
1 equiv.) and DMAP (0.02 g, 0.136 mmol, 0.2 equiv.) in Py (5mL)
under inert atmosphere. After stirring for 18 h at room temperature,
most of the Py was removed under reduce pressure. The residue
was dissolved in EtOAc (25 mL), washed with 2% HCl aq. solution
(10x5 mL), saturated aq. solution NaHCO; (2x3 mL) and brine (5 x
3 mL), dried over Na,SO,, filtered, and evaporated in vacuum. The
residue was purified by column chromatography on silica with Hex/
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EtOAc (0%—10% EtOAc) giving 488 mg (97 %) of diacetate analog
19 as colorless solid. R;=0.61 (Hex/EtOAc 3:1); 'H NMR (500 MHz,
CDCly): §=6.14 (s, 1H), 5.17 (d, J=14.3 Hz; TH), 5.14 (d, /=143 Hz;
1H), 4.76 (s, TH), 4.61 (s, 1H), 4.46 (dd, *J=10.5, 5.8 Hz; TH), 3.05 (td,
*J=11.0, 45 Hz; TH), 2.47 (td, >J=12.7, 3.4 Hz; 1H), 2.14 (s, 3H, Ac),
2.07-1.98 (m, 4H, including s: 2.03, Ac), 1.84-1.20 (m, 21H, including
s: 1.72, CH;), 1.11-0.92 (m, 6H, including s: 0.99, CH,), 0.88-0.73 (m,
13H, including 4 s: 0.83, 0.82, 0.81, 0.80, CH,); *C NMR (126 MHz,
CDCly): 6=171.16, 170.39, 168.23, 165.41, 150.78, 109.83, 103.48,
81.11, 56.71, 55.60, 50.65, 50.13, 49.94, 46.95, 42.86, 40.98, 39.88,
38.54, 37.94, 37.62, 37.28, 34.61, 34.43, 30.40, 28.69, 28.09, 25.52,
23.85, 21.46, 21.05, 20.85, 19.68, 18.32, 16.63, 16.30, 16.13, 15.01; IR
(neat): 2930, 2870, 1755, 1725, 1645, 1450, 1360, 1240, 1225, 1020,
980, 875, 810 cm™'; HRMS (ESI): m/z calcd. for [Cs;HssNOs+HI™
594,4153; found 594,4157.

(17S)-17-(5-(Acetyloxymethyl)-isoxazol-3-yl)-28-norlup-3f3-ol
acetate 20: Ac,0 (0.794 mL, 8.400 mmol, 4.3 equiv.) is slowly added
to cooled (0°C) solution of 14a (1.00 g, 1.954 mmol, 1 equiv.) and
DMAP (0.047 g, 0.391 mmol, 0.2 equiv.) in Py (10 mL) under inert
atmosphere. After stirring for 6 h at room temperature, most of the
Py was removed under reduce pressure. The residue was dissolved
in EtOAc (100 mL), washed with 2% HCI aq. solution (10x5 mL),
saturated aqg. solution NaHCO; (2x 3 mL) and brine (5x3 mL), dried
over Na,SO,, filtered, and evaporated in vacuum. The residue was
purified by column chromatography on silica with Hex/EtOAc
(0%—10% EtOAC) giving 1.038 g (90 %) of diacetate analog 20 as a
colorless amorphous compound. R;=0.53 (Hex/EtOAc 5:1); '"H NMR
(500 MHz, CDCly): §=6.13 (s, 1H), 5.15 (s, 2H), 4.46 (dd, *J=10.7,
5.6 Hz; 1H), 2.42 (td, 3J=12.1, 3.6 Hz; 1), 2.30-2.22 (m, 1TH), 2.13 (s,
3H, Ac), 2.10-2.02 (m, 4H; including s: 2.03 Ac), 1.87 (septd, *J=6.7,
2.7 Hz; 1H), 1.73-1.16 (m, 19H), 1.07-0.71 (m, 24H; including 5 s:
0.97, 0.83, 0.82, 0.81, 0.75 CH; and 0.86 (d, *J=6.8 Hz; CH,)); '*C
NMR (126 MHz, CDCl;): 6=171.16, 170.39, 168.39, 165.25, 103.56,
81.09, 56.71, 55.54, 50.41, 50.36, 49.41, 44.25, 43.03, 40.95, 40.07,
38.51, 37.93, 37.43, 37.22, 34.47, 34.46, 30.00, 28.69, 28.08, 26.91,
23.83, 23.15, 22.47, 21.47, 21.05, 20.86, 18.30, 16.63, 16.24, 16.09,
15.04, 14.94; IR (neat): 2925, 2855, 1750, 1725, 1615, 1455, 1365,
1240, 1020, 980, 800 cm™'; HRMS (ESI): m/z calcd. for [C;,Hs,NOs+
H]* 596.4310; found 596.4307.

3-{(17S)-[3p-Acetyloxy-28-norlupan-20(29)-en]-17-yl}-(isoxazol-5-

yl) methanol 21: NaOMe (0.021 g, 0.395 mmol, 0.5 equiv.) is added
to solution of 19 (0.470 g, 0.791 mmol, 1 equiv.) in MeOH (15 mL).
Reaction was stirred for 2.5 h at room temperature, the reaction
was quenched by addition of ion-exchange resin (Dowex 50WX8,
50-100 mesh, H—form) till pH?7, filtered and evaporated in
vacuum. Yield 434 mg, 99%. White solid. '"H NMR (500 MHz, CDCl5):
8=6.11 (s, 1H), 4.76 (s, 3H), 4.61 (s, 1H), 4.46 (dd, *J=10.5, 5.9 Hz;
1H), 3.05 (td, >)=11.1, 4.5 Hz; TH), 2.48 (td, °J=12.6, 3.6 Hz; 1H),
2.12-1.98 (m, 4H, including s: 2.03, Ac), 1.82-1.21 (m, 21H, including
s: 1.72, CH;), 1.11-0.92 (m, 6H, including s: 0.99, CH,), 0.86-0.74 (m,
13H, including 4 s: 0.83, 0.82, 0.81, 0.80, CH,); *C NMR (126 MHz,
CDCly): 6=171.21, 169.89, 168.12, 150.81, 109.80, 101.41, 81.15,
56.91, 55.59, 50.65, 50.16, 49.92, 46.97, 42.87, 40.98, 39.94, 38.53,
37.94, 37.64, 37.27, 34.65, 34.42, 30.42, 28.71, 28.08, 25.52, 23.84,
21.46, 21.05, 19.68, 18.32, 16.62, 16.29, 16.19, 15.01; IR (neat): 3400,
2940, 2865, 1730, 1710, 1610, 1450, 1370, 1245, 1195, 1025, 980,
880, 800, 750 cm™'; HRMS (ESI): m/z calcd. for [C35HssNO,+H]
552.4047; found 552.4066.

3-{(17S)-[3p-Acetyloxy-28-norlupanel-17-yl}-(isoxazol-5-yl)

methanol 22: NaOMe (0.053 g, 0.978 mmol, 0.5 equiv.) is added to
solution of 20 (1.166 g, 1.957 mmol, 1 equiv.) in MeOH (220 mL).
Reaction was stirred for 2.5 h at room temperature, the reaction
was quenched by saturated NH,Cl solution (15 mL) is added.
Reaction mixture was dissolved in EtOAc (250 mL), washed with
H,O (1x20 mL) and brine (5x15 mL), dried over Na,SO,, filtered,
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and evaporated in vacuum. The residue was purified by column
chromatography on silica with Hex/EtOAc (0%—10% EtOAc) giving
0.802 g (74%) of monoacetate analog 22 as a colorless amorphous
compound. R=0.29 (Hex/EtOAc 5:1); 'H NMR (500 MHz, CDCl,):
8=6.09 (s, 1H), 4.75 (s, 2H), 4.46 (dd, >J=10.6, 5.7 Hz; TH), 2.43 (td,
3)=12.1, 3.6 Hz; 1H), 2.29-2.23 (m, TH), 2.22-.17 (m, TH), 2.09 (dt,
2J=13.1Hz, 3J=3.3 Hz 1H), 2.03 (s, 3H, Ac), 1.86 (septd, 3J=6.9,
2.7 Hz; 1H,), 1.74-1.15 (m, 19H), 1.07-0.93 (m, 5H; including s: 0.97,
CH,), 0.89-0.73 (m, 19H; including 0.86 (d, °J=6.9 Hz; CH,) and 4 s:
0.82, 0.81 0.81, 0.75 CHs); *C NMR (126 MHz, CDCl;): 6=171.24,
169.83, 168.29, 101.46, 81.14, 56.88, 55.52, 50.43, 50.35, 49.39, 44.28,
43.04, 40.94, 40.14, 38.50, 37.92, 37.45, 37.21, 34.50, 3445, 30.01,
28.70, 28.07, 26.91, 23.81, 23.15, 22.49, 21.46, 21.04, 18.30, 16.62,
16.23, 16.15, 15.04, 14.94; IR (neat): 2950, 2865, 1735, 1615, 1455,
1365, 1240, 1030, 980, 800cm™'; HRMS (ESI): m/z calcd. for
[C35HssNO, + H]* 554.4204; found 554.4247.

(175)-17-(5-(Formyl)-isoxazol-3-yl)-28-norlup-20(29)-en-3f3-ol
acetate 23: PCC (0.365 g, 1.692 mmol, 2 equiv.) is slowly added to
solution of 21 (0.467 g, 0.846 mmol, 1 equiv.) in CH,Cl, (20 mL).
After stirring at room temperature for 2 h, reaction mixture is
filtered through silica gel and evaporated under reduced pressure
to give 374 mg (80%) as a colorless solid. "H NMR (500 MHz, CDCl,):
8=9.98 (s, 1H), 6.89 (s, TH), 4.77 (s, 1H), 4.64 (s, TH), 4.46 (dd, *J=
10.7, 5.6 Hz; 1H), 3.05 (td, *J=10.9, 4.5 Hz; 1H), 2.41 (td, *J=12.5,
3.5 Hz; 1H), 2.08 (dt, °J=13.7, 3.1 Hz; 1H), 2.03 (s, 3H, Ac), 1.85 (t,
*J=11.5Hz; 1H), 1.79-1.21 (m, 20H, including s: 1.73, CH,), 1.14-
0.92 (m, 6H, including s: 1.00, CH,), 0.85-0.73 (m, 13H, including 4 s,
0.83, 0.82, 0.82, 0.76, CH,); C NMR (126 MHz, CDCl,): 6=178.80,
171.16, 169.17, 165.15, 150.33, 110.12, 108.77, 81.07, 55.59, 50.60,
50.42, 49.87, 46.97, 42.93, 40.97, 39.92, 38.54, 37.94, 37.80, 37.26,
34.56, 34.39, 30.24, 28.61, 28.08, 25.50, 23.84, 21.46, 21.01, 19.65,
18.30, 16.62, 16.30, 16.10, 15.05; IR (neat): 3390, 3290, 2940, 2870,
1705, 1645, 1450, 1370, 1245, 1060, 1025, 975, 885, 800, 750 cm ;
HRMS (ESI): m/z caled. for [CyHsNO,+H]™ 550.3891; found
550.3894.

(17S)-17-(5-(Formyl)-isoxazol-3-yl)-28-norlup-3p-ol acetate 24:
PCC (0.213 g, 0.988 mmol, 1.7 equiv.) is slowly added to mixture of
22 (0.322 g, 2.270 mmol, 1 equiv.) and Na,SO, (300 mg) in CH,Cl,
(10 mL). After stirring at room temperature for 30 min, reaction
mixture is filtered through silica gel and evaporated under reduced
pressure to give 318 mg (99%) as a colorless amorphous com-
pound. R;=0.39 (Hex/EtOAc 9:1); 'H NMR (500 MHz, CDCl,): 6=
9.97 (s, 1H), 6.87 (s, 1H), 447 (dd, >J=10.9, 5.5 Hz; TH), 2.34 (td, >J=
11.8, 3.5 Hz; 1H), 2.30-2.24 (m, TH), 2.15 (dt, )=13.2 Hz, >)=3.2 Hz;
1H), 2.04 (s, 3H, Ac), 1.88 (septd, °J=6.8, 2.9 Hz; TH), 1.75-1.20 (m,
19H), 1.08 (dt, 2J=13.8Hz, *J=3.0Hz 1H), 1.02-093 (m, 4H;
including s, 0.98 CHs), 0.92-0.78 (m, 19H; including 0.88 (d, */=
6.9 Hz; CH;) and 4 s, 0.83, 0.82, 0.82, 0.72 CH,); C NMR (126 MHz,
CDCly): 6=178.89, 171.18, 169.33, 165.08, 108.91, 81.06, 55.53,
50.72, 50.31, 49.37, 44.32, 43.12, 40.94, 40.12, 38.52, 37.93, 37.66,
37.22, 3443, 34.36, 30.02, 28.60, 28.08, 26.90, 23.82, 23.15, 22.39,
21.47, 21.01, 18.28, 16.63, 16.24, 16.08, 15.01 (2C); IR (neat): 2945,
2870, 1730, 1705, 1585, 1455, 1365, 1245, 1025, 980, 760 cm ';
HRMS (ESI): m/z calcd. for [C3HssNO,+H]T 552.4047; found
552.4036.

3-{(17S)-[33-Acetyloxy-28-norlupan-20(29)-en]-17-yl}-(isoxazol-5-

yl)carboxylic acid 25: A solution of NaClO, (0.595 g, 5.267 mmol,
8 equiv. (79% purity by iodometric titration)) and NaH,PO, (0.553 g,
4,606 mmol, 7 equiv.) in 8 mL of water was added dropwise to a
stirred mixture of aldehyde 23 (0.362 g, 0.658 mmol, 1 equiv.) and
2,3-dimethyl-2-butene (4 mL) in THF/t-BuOH (1:1, 24 mL). After
stirring at room temperature for 3 h, CH,Cl, (20 mL) and water
(20 mL) was added to reaction mixture, reaction was extracted with
CH,Cl, (7x5 mL), combined organic phases were washed with
water (3x20 mL), dried over Na,SO,, filtered, and evaporated in
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vacuum. The residue was purified by RP C18 silica column
chromatography (50:50—95:5 MeOH/H,0+0.1% AcOH) giving
301 mg (82%) of 25 as a colorless amorphous compound. 'H NMR
(500 MHz, CDCl;): §=6.95 (s, 1H), 4.77 (s, T1H), 4.63 (s, 1H), 4.47 (dd,
3)=10.5, 5.8 Hz; TH), 3.05 (td, J=10.9, 4.4 Hz; TH), 2.43 (td, */=
12.6, 3.3 Hz; 1H), 2.12-2.02 (m, 4H, including s: 2.05, Ac), 1.84 (t, *J=
11.5 Hz; 1H), 1.80-1.20 (m, 20H, including s: 1.73, CH;), 1.14-0.93
(m, 6H, including s: 1.00, CH,), 0.87-0.73 (m, 13H, including 4 s: 0.83,
0.82, 0.82, 0.78, CH,); *C NMR (126 MHz, CDCl,): §=171.52, 169.20,
160.18, 158.53, 150.39, 110.98, 110.09, 81.29, 55.58, 50.62, 50.40,
49.85, 46.92, 42.92, 40.98, 39.89, 38.54, 37.95, 37.75, 37.27, 34.51,
34.41, 30.25, 28.63, 28.09, 25.51, 23.83, 21.48, 21.02, 19.66, 18.30,
16.62, 16.31, 16.14, 15.04; IR (neat): 3070, 2950, 2870, 2585, 1730,
1675, 1640, 1470, 1375, 1290, 1230, 1200, 1030, 980, 880, 735 cm™;
HRMS (ESI): m/z calcd. for [CysHgNOs+Nal® 588.3659; found
588.3636.

3-{(17S)-[3p-Acetyloxy-28-norlupanel-17-yl}-(isoxazol-5-yl) car-
boxylic acid 26: A solution of NaClO, (0.835 g, 9.230 mmol, 8 equiv.
(79% purity by iodometric titration)) and NaH,PO, (0.960 g,
8.080 mmol, 7 equiv.) in 20 mL of water was added dropwise to a
stirred mixture of aldehyde 24 (0.625 g, 1.150 mmol, 1 equiv.) and
2,3-dimethyl-2-butene (8 mL) in THF/t-BuOH (1:1, 44 mL). After
stirring at room temperature for 2 h, EtOAc (250 mL) was added to
reaction mixture, reaction mixture was washed with water (2x
30 mL) and brine (3x40 mL), aqueous layer was extracted with
CH,Cl, (5x25 mL); combined organic fractions were dried over
Na,SO,, filtered and evaporated in vacuum. The residue was
purified by RP C18 silica column chromatography (50:50—80:20
MeOH/H,0+ 0.1% AcOH) giving 229 mg (35%) of 26 as a colorless
amorphous compound. R;=0.34 (CH,Cl,/MeOH 10:1); 'H NMR
(500 MHz, CDCl,): 8=6.92 (s, TH), 4.47 (dd, 3J=10.7, 5.5 Hz, TH),
2.42-2.32 (m, TH), 2.31-2.22 (m, TH), 2.18-2.10 (m, TH), 2.05 (s, 3H,
Ac-, 1.94-1.82 (m, 1H), 1.77-1.17 (m, 19H), 1.11-1.04 (m, 1H), 1.03-
0.67 (m, 23H; including 4 s: 0.98, 0.83, 0.82, 0.73, CH; and 0.87 (d,
3)=6.7 Hz; CH;)); *C NMR (126 MHz, CDCly): 6=171.51, 169.36,
160.15, 158.54, 110.98, 81.27, 55.54, 50.71, 50.34, 49.35, 44.26, 43.12,
40.96, 40.10, 38.52, 37.94, 37.61, 37.23, 34.45, 34.34, 30.01, 28.63,
28.08, 26.91, 23.82, 23.15, 22.39, 21.47, 21.03, 18.30, 16.63, 16.25,
16.14, 15.02, 14.99; IR (neat): 2945, 2865, 1730, 1680, 1465, 1445,
1385, 1290, 1035, 980, 910, 730 cm™'; HRMS (ESI): m/z calcd. for
[C55HssNOs + H]* 568.3997; found 568.4019.

3-{(17S)-[3p-Hydroxy-28-norlupan-20(29)-en]-17-yl}-(isoxazol-5-yl)
carboxylic acid 17: KOH (0.112 g, 2.346 mmol, 8 equiv.) is added to
solution of 25 (0.166 g, 0.293 mmol, 1 equiv.) in EtOH (8 mL).
Reaction was stirred at 50°C for 15 h, the reaction was quenched
by addition of AcOH till pH6 and evaporated in vacuum. The
residue was purified by RP C18 silica column chromatography
(60:40—95:5 MeOH/H,0+0.1% AcOH) giving 152 mg (99%) of
betulin-acid 17 as a colorless amorphous compound.

A solution of NaClO, (0.223 g, 1.969 mmol, 8 equiv. (79% purity by
iodometric titration)) and NaH,PO, (0.258 g, 1.722 mmol, 7 equiv.)
in 3mL of water was added dropwise to a stirred mixture of
aldehyde 15 (0.125 g, 0.246 mmol, 1 equiv.) and 2,3-dimethyl-2-
butene (1.5 mL) in THF/t-BUOH (1:1, 8 mL). After stirring at room
temperature for 3 h, AcOH (0.1 mL) was added to reaction mixture,
reaction was evaporated in vacuum. The residue was purified by RP
C18 silica column chromatography (50:50—95:5 MeOH/H,0+
0.1% AcOH) giving 102 mg (79%) of 17 as a colorless amorphous
compound.

'H NMR (500 MHz, [DJDMSO): 8 =6.58 (s, TH), 4.71 (s, TH), 4.57 (s,
TH), 3.03-2.89 (m, 2H), 2.38 (td, J=12.1, 3.1 Hz; T1H), 2.05 (dt, &=
13.2 Hz, *J=3.0 Hz; 1H), 1.73 (t, *J=11.4 Hz; 1H), 1.70-1.06 (m, 20H,
including s: 1.67, CH;), 1.06-0.89 (m, 5H, including s: 0.95, CH,),
0.88-0.77 (m, 4H, including s: 0.84, CH,), 0.72 (s, 3H,CH,), 0.69 (s, 3H,

© 2021 The Authors. European Journal of Organic Chemistry published
by Wiley-VCH GmbH
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CH,), 0.66-0.57 (m, 4H, including s: 0.62, CH,); *C NMR (126 MHz,
[Dg]DMSO): 6=171.97, 167.81, 158.63, 150.28, 109.69, 105.96, 76.77,
54.88, 49.90, 49.44, 49.13, 46.48, 42.26, 40.28, 38.47, 38.22, 36.95,
36.70, 33.87, 33.54, 29.72, 28.08, 28.02, 27.14, 24.94, 21.06, 20.42,
19.11, 17.93, 15.87, 15.76, 15.71, 14.61; IR (neat): 3435, 3360, 2940,
2865, 1700, 1610, 1575, 1450, 1365, 1285, 1255, 1050, 980, 880,
795 cm™'; HRMS (ESI): m/z calcd. for [Cy3H,oNO,+H]T 524.3734;
found 524.3727.

3-{(175)-[3-Hydroxy-28-norlupane]-17-yl}-(isoxazol-5-yl)
carboxylic acid 18: KOH (0.150 g, 2.673 mmol, 11 equiv.) is added
to solution of 26 (0.138 g, 0.243 mmol, 1 equiv.) in MeOH (15 mL).
Reaction was stirred at 50°C for 3 h, the reaction was quenched by
addition of AcOH till pH 6 and evaporated in vacuum. The residue
was purified by RP C18 silica column chromatography (60:40—
90:10 MeOH/H,0 +0.1% AcOH) giving 97 mg (76 %) of betulin-acid
18 as a colorless amorphous compound.

A solution of NaClO, (0.177 g, 1.569 mmol, 8 equiv. (79% purity by
iodometric titration)) and NaH,PO, (0.206 g, 1.372 mmol, 7 equiv.)
in 3mL of water was added dropwise to a stirred mixture of
aldehyde 16 (0.100 g, 0.196 mmol, 1 equiv.) and 2,3-dimethyl-2-
butene (1.5 mL) in THF/t-BuOH (1:1, 8 mL). After stirring at room
temperature for 3 h, AcOH (0.1 mL) was added to reaction mixture,
reaction was evaporated in vacuum. The residue was purified by RP
C18 silica column chromatography (60:40—90:10 MeOH/H,0 +
0.1% AcOH) giving 98 mg (95%) of 18 as a colorless amorphous
compound.

R;=0.43 (CH,Cl,/MeOH 6:1); '"H NMR (500 MHz, [D;]DMSO): § =6.73
(s, TH), 2.99-2.91 (m, 1H), 2.38-2.29 (m, TH), 2.22-2.15 (m, 1H), 2.15-
2.07 (m, TH), 1.84-1.74 (m, 1H), 1.65-1.02 (m, 19H), 1.01-0.56 (m,
24H; including 5 s: 0.93, 0.83, 0.75, 0.65, 0.62, CH, and 0.77 (d, *J=
6.4 Hz; CH,)); C NMR (126 MHz, [DJDMSO): 8 =168.16, 164.65,
158.93, 106.62, 76.87, 54.99, 49.89, 49.79, 48.82, 43.78, 42.57, 40.41,
39.76, 38.58, 38.40, 36.90, 36.80, 34.19, 33.59, 29.61, 28.21, 28.17,
27.15, 26.55, 23.11, 22.10, 20.60, 18.06, 15.94, 15.92, 15.83, 14.87,
14.69; IR (neat): 3430, 2945, 2870, 1690, 1620, 1610, 1585, 1465,
1365, 1290, 1255, 1030, 985, 795, 780, 750 cm™'; HRMS (ESI): m/z
calcd. for [C33HgNO, +HIt 526.3891; found 526.3914.
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