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Introduction

Pentacyclic triterpenoids such as betdliand betulinic aci@
(Figure 1) are readily found in >200 types of tréeBetulin is
abundantly available in nature and can be readisaeted from
the bark of birch trees. Various parts of the biree including
the leaves, bark, and stem have been used in hanghlifolk
medicine as diuretics as well as for reducing thieces of
arthritis and rheumatisfm.Betulin and related analogs show
diverse medicinal activities ranging from anti-canc anti-
microbial, anti-HIV, and anti-inflammatory properti&/hile the
detailed mechanism of action is not entirely cléais generally
understood that betulinic acid affects the mitoatr@l pathways
and increases the caspase-3 activity thereby lgadiapoptosis.
Betulinic acid is also known to be selective toxicat variety of
cancer cells while the normal cells are typicallgistant to this
molecule> Recently, betulinic acid was found to exhilsitvivo
protective effect against dexamethasone inducedndbyte
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parent betulinic acid for their development as-aaticer agents.
Additionally, the BH template offers multiple avenuésr
chemical manipulations, which should further assist in
understanding a detailed structure-activity refatdp profile for
these analogs, once active molecules have beetifielén

Results and Discussion

We initiated our synthesis with the preparation bf 2action
derived allylic azide and alkyne motifSoheme 1). The reaction
of benzaldehyde with methyl acrylate in the presarfd@ABCO
yielded the allylic alcoho8. The three allylic azideSa-c were
then obtained from the alcoh8! Reaction of8 with HBr and
H,SQO, followed by nucleophilic displacement of the remgt
allylic bromide with sodium azide resulted in thenfiation of the
azide9a. Hydrolysis of9a with NaOH and the coupling of the
resulting acid with N,N,N'-trimethylethylenediamine in the
presence of TBTU and Hinig's base furnished the ea8hl

apoptosis in micé Several recent reports also indicated excellenf‘zide 9c was also obtained fro8a upon alkaline hydrolysis and

in vivo activity for betulin via the inhibition of NKB pathway’.
In addition to their medicinal effects, these nakyroducts have
also found other applications such as their usansisfeedant§,
bio-based coatingssolder paste¥,and bio-hybrid polymer.

Multicomponent coupling reactions offer ready ascde
complex and diversely functionalized libraries ofrppounds and
they are valuable tools in drug design and disgovBaylis-
Hillman (BH) reaction involves the coupling of aldeleg or
aldimines with activated olefins (acrylates, acrytidies,
vinylsulfones, etc.) to furnish the allylic alcobabr amines in a
one-step transformatioA. Passerini reaction is an isocyanide
based three component coupling reaction used &pitéparation
of a-acyloxyamides? Click chemistry involves the cycloaddition
of azides and alkynes for the preparation of lta&oles™ We

coupling withN-methylpiperazineScheme 1).

The two B-azidoethylamide derivativeSd-e were prepared
with utmost ease starting from the BH alcoBoRAcetylation of8
with acetic anhydride followed by the treatment af #tetatd0
with N,N,N’-trimethylethylenediamine and potassium carbonate
in DMF furnished the allylic amin&l. Alkaline hydrolysis ofl1
and the coupling of the resulting acid with 2-azitigamine® in
the presence of HOBt and EDCI produced the a®dleThe
azide 9e was obtained from the BH acetatt via the
displacement withN-methylpiperazine followed by hydrolysis
and coupling with 2-azidoethylamine. Azi@iewas obtained via
the reaction of cinnamic acidlé with 2-azidoethylamine
(Scheme 1).

The alkyne precursor$3a-c were derived via HOBt, EDCI

have been working on the development of novel smallhegiated coupling of propargyl amine with the cinimmcids

molecule$® as medicinal agentstilizing Baylis-Hillman'® and
Passeriri reactions. Previously, we had reported the sgishe
of chalcone J), a-acetoxyamide4), and amineX) derivatives of
betulin utilizing aldol condensation, Passerini ctem, and
reductive amination respectivelligure 1).3*®

Owing to the impressive therapeutic effects as welthas
abundant availability of these natural products,umdertook a
project involving the development of triazole datives of
betulinic acid as anti-cancer agents using BH feacnd Click
chemistry as the key steps in our synthesis. Vhthssis of two
precursors (alkyne and azide) required for Clickratstry was
envisioned from betulinic acid and BH templates. il¢/lthere
have been multiple reports on click coupling using
betulin/betulinic acid and related analogs, so liarited success
has been achieved in terms of identifying potead lenolecule
for further developmerf. We hypothesized that molecular
hybridization of modestly cytotoxic betulinic acwith the BH
reaction-derived and pharmacologically active Igdeptor unit
should lead to the compounds with higher potency tttee

12, 15, and16 respectively $cheme 1).

X=COOH, 2

Figure 1: Functionalized Betulin/Betulinic Acid Analogs
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Reaction Conditions: (a) DABCO, 25 °C, 14d, 78%; (b)H®SO,, 0-25 °C, 3h, 74%; (c) NajNacetone:KD (4:1), 25 °C, 3h, 85%;
(d) NaOH, MeOH:THF (1:9), 25 °C, 78%; (e)NH, 'P,NEt, TBTU, DMF, 0-25 °C, 12-16h, 72-74%; (f) A8, NEt, DMAP, CHCl,,
25 °C, 2h, 91%; (9) ®H, K,CO;, DMF, 25 °C, 13-15h, 77-81%; (h) NaOH, MeOH:THF (1:92% °C, 8-10h, 71-74%; (i) 2-
Azidoethylamine,PL,NEt, HOBt, EDCI, CHCI,, 0-25 °C, 12-16h, 72-74%; (j) Propargyl amili&;NEt, HOBt, EDCI, CHCl,, 0-25
°C, 12-16h, 71-76%.

Scheme 1: Preparation of azide&da-f and alkyned.3a-c

Having prepared the azid@s-f and alkynesl3a-c from BH
template, we focused our efforts on the functiordilin of
betulin for the preparation of click reaction coenparts.
Oxidation of betulinl with Jones reagent yielded betulonic acid
17. Reaction ofl7 with propargyl amine under peptide coupling
conditions using TBTU and Hunig's base resultetilipropargyl
betulonamidel8 (Scheme 2). The azide motif®a-f (Scheme 1)
were then utilized for click coupling with8. Our initial efforts
towards click coupling of methybi-azidomethylcinnamat®a
with 18 employing copper iodide were not fruitful and the
product triazolel9a was obtained in trace quantities even after
performing the reaction in various solvents or hmeptthe
reaction. However, cycloaddition was realized upoingis
sodium ascorbate and copper sulphatehntyl alcohol/water as
the solvent medium and the corresponding triazetévdtive 19a
was obtained in 89% yield&Eqtry 1, Table 1).** Reaction ofl9a
with sodium borohydride resulted in the reductiontbé G
ketone to yield the corresponding alcotfla. In an effort
towards increasing the hydrophilicity, alcohzf)a was further
converted to the succinic acid hemiestga upon refluxing with
succinic anhydride in toluene. Under identical dbtads,
reaction of the remaining azideSb-f with N-propargyl
betulonamidel8 led to the triazole49b-f in high yield Entries
2-6, Table 1). Treatment ofl9b-f with NaBH, afforded 20b-f,
which upon succinylation furnished the hemiestet®b-f
(Scheme 2). All the compoundd9-21 were characterized using
NMR and mass spectrometric analyses.
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Reaction Conditions: (a) Jones reagent, aceto@, @, 4h, 75%; (b) Propargyl amilBLNEt, TBTU, DMF, 0-25 °C, 14h, 73%; (c)
9a-f, CuSQ, sodium ascorbaté88uOH:H,0 (1:1), 25 °C, 12-15h, 85-90%; (d) NaBHCH;OH, 0-25 °C, 2-3h, 84-90%; (e) Succinic
anhydride, DMAP, toluene, 80 °C, 12-15h, 80-87%.

Scheme 2: Coupling ofN-propargyl betulonamide with azido cinnamates/cinaandes

Table 1: Preparation of betulin conjugat#g-21

. Melting . Melting . Melting
# R Compound Y:Jeld Point  Compound Y:)eld Point  Compound Y:)eld Point
% eoy %0 e %0 e
0]
1 Q/YJ\O/ 19a 89  124-126 20a 86 123-125 2la 87 122-125
S

(0]

2 ©/\HL N(/| 19 88  98-101 20b 85 118121  21b 80  130-132
R NS

(0]

©/\HLN/\ 19¢ 90  134-137  20c 88  134-136  2lc 83  142-145
SN

X NTNY
4 /H 19d 85 108-110 20d 90 119-122 21d 82 114-116
N

w

~N
o
A N/\:zef
5 H 19 87 118-120 20e 89 130-132 21e 84 132-134
N/\
N\
(0]
6 ©/\)LN/\°’1 19f 91 139-141 20f 90 185-187 21f 81 141-144
We were able to synthesize pyrazinylbetulinic acddtive In an analogous protocol, betulonic adid was converted to

22, via the cycloaddition of betulonic acidl7 with the indolylbetulinic acid®5 upon refluxing with phenyl hydrazine
ethylenediamine upon refluxing with sulphur and nhmime?  in acetic acid under Fischer-Indole synthesis dims?**#* The
Amide coupling of22 with propargyl amine was accomplished reaction of25 with propargyl amine yielded thB-propargyl
using TBTU and Hiinig's base to gener2& which was then indolylbetulinamide26. Click coupling of26 with methyl a-
subjected to cycloaddition with azid8a-f under click reaction azidomethylcinnamateda and N-2-azidoethylcinnamamidedf
conditions (CuS@and sodium ascorbate). The resulting triazolesyielded triazole®7a and27f respectively $cheme 3).

24a-f were purified by silica gel column chromatographyd an

characterized via spectroscopic techniq8ebéme 3).



24a: 82%, 127-129°C
27a: 80%, 133-136°C

24b: 84%, 131-133°C 24c: 84%, 137-140°C

24d: 85%, 112-114°C

24f: 88%, 150-152°C
27f: 81%, 167-169°C

24e: 87%, 132-135°C

Reaction Conditions: (a) Ethylenediamine, Sulfunrpholine, reflux, 24h, 71%,; (b) Phenylhydrazinél;COOH, reflux, 4h, 45%; (c)
Propargyl aminePr,NEt, TBTU, DMF, 0-25 °C, 14-20h, 71-80%; (8-f, CuSQ, sodium ascorbatéBuOH:H,0 (2:1), 25 °C, 12-

15h, 80-88%.

Scheme 3: Coupling of fused heterocyclN-propargyl betulinamides with azido cinnamates/cmamnides

29a: 79%, 108-111°C I\/ ~

30a: 86%, 116-118°C

N
29b: 86%, 115-117°C K/ ~
30b: 89%, 129-131°C

©/\)L

29c: 81%, 155-158°C
30c: 91%, 163-166°C

Reaction Conditions: (a) 2-Azidoethylamini@,r2NEt, TBTU, DMF, 0-25 °C, 20h, 74%; (b)3a-c, CuSQ, sodium ascorbate,
'‘BUOH:H,0 (1:1), 25 °C, 12-15h, 79-86%; (c) NaBKCH,OH, 0-25 °C, 2-3h, 86-91%.

Scheme 4: Coupling ofN-azidoethyl betulinamide witN-alkynylcinnamamides

The triazoles shown iBchemes 2-3 were obtained upon click
coupling of betulin-derived alkynek3, 23, and26 with Baylis-
Hillman motif-derived azide®a-f. In order to understand the
complete SAR profile of our template, we decidedwitch the
coupling partners for the click reaction. Accordingve chose
the BH reaction-derived alkyne$3@a-c, Scheme 1), for coupling
with N-(2-azidoethyl) betulonamide8. The amide28 was
obtained upon coupling betulonic adid with 2-azidoethylamine
in the presence of TBTU andN-diisopropylethylamine. It was
noticed that an excess of the amine was requirethi®icoupling
as the use of molar equivalent of 2-azidoethylarfimeished the
unreacted intermediate benzotriazolyl ester of Ibata acid and
led to lower yields of the amid28. Coupling of28 with N-
propargyl a-(dialkylaminomethyl)cinnamamide43a-b and N-
propargyl cinnamamidd3c under click conditions proceeded
smoothly to provide triazole&9a-c. Reduction of29a-c with

sodium borohydride yielded the betulinic acid badgdzole
derivatives30a-c in 86-91% yield $cheme 4).

All the synthesized betulinic acid-triazole conjugmags well
as some of the intermediates were evaluated for teieral
cytotoxicity against murine breast cancer (4T1) aadcreatic
cancer (MIA PaCa-2) cell lines. The cells were pasgd from
ATCC and the assays were performed under standadditioms
by seeding the cells in 96 well plates and the dability was
determined using MTT assay. All the candidate camps were
tested at 5QuM, 12.5 uM, and 1.5uM concentrations. While
betulinic acid showed moderate activity at 1gM (~60% cell
death for 4T1 and ~40% cell death for MIA PaCa-23jarity of
the betulinic acid-triazole conjugates (€@b-e, 24d-e, and30a-
c, etc.) that were tested showed promising activityttas
concentration (>90% cell death for 4T1 and ~80-9G8h death
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for MIA PaCa-2). The compounds showing moderatecmdg
cytotoxicity were then selected for determining the, values

(Table 2).

Table 2: In vitro cytotoxicity of the BH-template derived

betulinic acid-triazole derivatives

4  Compound 4T1 MIA PaCa-2
ICs0 (LM)* ICsc (UM)*

1 19a NT NT

2 19b 6.93 + 1.09 9.87 +0.79

3 19¢ 7.15+0.18  14.99 +2.12

4 19d 5.67 £ 0.10 8.11+1.54

5 19 5.17 % 0.60 5.98 + 0.99

6 19f NT NT

7 20a 39.75 + 9.45 NT

8 20b 3.97+0.73 2.44 % 0.36

9 20c 4.37+0.43 8.69 + 0.33

10 20d 2.38+0.45 1.36 £0.21

11 20e 2.62+0.24 1.64 +0.20

12 20f 27.26+122  32.50 £7.92

13 2la 5.26+0.65  47.58 +551

14 21b 748059  21.73+512

15 21c 6.13+0.81  14.44 +3.44

16 21d 413+0.22 9.66 + 0.51

17 21e 7.05+0.53  24.28 +3.24

18 21f 8.61+2.27 NT

19 23 39.33+7.0  26.73+3.70

20 24a NT NT

21 24b 5.14 + 0.80 8.26 + 0.91

22 24¢ 17.28+500 1521 +1.91

23 24d 2.88 % 0.06 3.87 £ 0.56

24 24e 2.88+0.04 436+ 0.44

25 24f 13.47+2.10  33.21 +2.80

26 26 NT NT

27 27a NT NT

28 27f NT NT

29 28 NT NT

30 29 5.39 + 0.40 5.02 + 0.47

31 29b 4.74+0.93 8.10 + 2.42

32 29¢ NT NT

33 30a 1.49 £ 0.06 1.34 £0.19

34 30b 5.38  0.22 3.86 + 0.39

35 30c 0.81+0.03 3.56+0.38

36 Bewlinic  ¢591006  25.63+3.79
acid

*IC 5o values reported as average + SEM

*Minimum of three independent experiments.

NT = Not toxic

Based on the detailed d¢analysis, it was revealed that thg C
ketone containing betulin analogEé-f, Entries 1-6, Table 2)
showed lower biological activity than the correspogdiG;-
alcohol based triazole0a-f (Entries 7-12). Further, it was

interesting to note that the conversion of-aohol to the
succinic acid hemi est&la-f (Entries 13-18) did not improve
the biological activity. Compound$9a-f and 21a-f showed
comparable activity to that of the parent moledug¢ulinic acid
(Entry 36) in both 4T1 and MiaPaCa-2 cells, however, the C
alcohol containing analogg0b-e (Entries 8-11) showed two-
fold (4T1) and ~20-fold (MiaPaCa-2) increase in lbgical
activity. While most of the pyrazine and indolentaining
analogs did not show significant activity, anal@gd-e (Entries
23-24), which contain the allylic amine moiety
(trimethylethylenediamine and piperazine respebt)vehowed
2-6 fold increase in potency. It was encouragingdte that the
betulinic acid derivatives30a-c (Entries 33-35), which were
obtained upon switching coupling partners for thiekcteaction,
showed comparable or better cytotoxicity when congpsveheir
structurally analogous counterpa2t-f (Entries 10-12).

Based on these findings, we recognize the importand&-
alcohol unit (eg. compound20 & 30), and the N,N,N’-
trimethylethylenediamine motif (eg. compoun2db, 20d, 24d,
30a, etc.) for enhancing the biological activity of etfe
molecules. It should also be noted that nonéeiritermediates
tested showed any toxicity, which leads us to beltba¢ the BH
motif is also required for the activity. Effortgeacurrently
underway to identify the mechanism of action for tlead
derivatives as well as for the identification of @uitcandidate for
further development.

Conclusion

In conclusion, we have prepared betulinic acid-tiaz
derivatives utilizing Baylis-Hillman reaction andak chemistry
as the key protocols in our synthesis. We have plepared
pyrazinyl and indolyl betulinic acid derivatives ploying the
above protocol. These compounds were tested foir the
biological efficacy against murine breast cancdl loge (4T1)
and human pancreatic cancer cell line (MIA PaCaRjsed on
thesein vitro assayswe have been able to identify two series of
betulin derivatives for further SAR and pre-clinishlidies. The
ready availability of betulin from natural resowsces well as the
great chemical diversity afforded by the Baylis-hliZin template
imparts significance to this class of compounds fotential
development aanti-cancer agents.

Experimental Section

General MethodsAll operations were carried out under an inert
atmosphere of nitrogen. Glassware for all reactions oaen
dried at 125 °C and cooled under nitrogen priouse. Liquid
reagents and solvents were introduced by oven-diedges or
cannulas through septa sealed flasks under a aitrog
atmosphere. THF was distilled from sodium benzopherietyl.

All other solvents and reagents were purchased agdl wighout
further purification. ThéH and™*C NMR spectra were plotted on
a Varian-400 spectrometer fitted with a Quad probe.

General amide-coupling procedure Afo a stirred solution of
the appropriate acid (1.0 mmol) in dimethylformaei.0.0
mL), was addedN,N-diisopropylethylamine (2.0 mmol) followed
by TBTU (1.1 mmol) at 0 °C and stirred for 30 minher
appropriate amine (1.0 mmol) was then added in antéop and
stirred overnight at room temperature. Upon compfet{as
indicated by TLC), the reaction mixture was quenchgdthe
addition of saturated NaHGO and extracted with
dichloromethane (2 x 10.0 mL). The combined extragere
washed with cold water (10.0 mL) and brine (10.0 nilhe



organic layer was dried over anhydrous,8,, concentratedh

vacug and purified by column chromatography (silica ,gel

hexanes:ethyl acetate) to obtain pure amides. prbisedure was
utilized for the preparation of amidéb-c, 23, 26, and28.

General amide-coupling procedure B: N,N-
diisopropylethylamine (2.0 mmol), HOBt (1.1 mmol),daBDCI
(2.1 mmol) were added at 0 °C to a stirred solutanthe
appropriate acid (1.0 mmol) in dichloromethane @1GiL) and
the reaction was stirred for 30 min. The appropraténe (1.0
mmol) was added in one portion and the reaction wiaed
overnight at room temperature. After completion lué teaction
as indicated by TLC, the reaction mixture was quedchy the
addition of saturated NaHGGsolution and worked up with
dichloromethane (2 x 10.0 mL). The combined extasere
washed with brine (10.0 mL), dried over anhydrous,S@j,

concentratedn vacuq and purified by column chromatography

(silica gel, hexanes:ethyl acetate) to obtain @urgdes in good
yields. This procedure was utilized for the prepgarabf amides
9d-f and13a-c.

Preparation of  N-(2-N,N-dimethylaminoethyl)  (E)-2-
azidomethyl-3-phenyl acrylamide, 9b: The reaction of §)-2-
(azidomethyl)-3-phenylacrylic acid (1.0 g, 4.9 mjnakith
N,N,N*trimethylethylenediamine (602 mg, 5.9 mmol) as {er
general amide couplingrocedure Ayielded 1.02 g (72%) d3b
as a pale brown liquid'H NMR (400 MHz, CDCJ): & (ppm)
7.31 — 7.44 (m, 3H), 7.26 — 7.31 (m, 2H), 6.78 (s,, 430 (s,
2H), 3.61 (t,J = 7.1 Hz, 2H), 3.15 (s, 3H), 2.55 @,= 7.1 Hz,
2H), 2.28 (s, 6H)*C NMR (101 MHz, CDCJ): & (ppm) 169.5
134.4, 133.5, 131.6, 128.8, 128.6, 128.4, 49.4;455IMS: m/z
calculated for GH,;NsO (M+H)" 288.18, found 288.38.

Preparation of (E)-2-azidomethyl-1-(4-methylpiperazin-1-yl)-
3-phenylprop-2-en-1-one, 9c: The reaction of K)-2-
(azidomethyl)-3-phenylacrylic acid (1.0 g, 4.92 mneith N-
methylpiperazine (590 mg, 5.90 mmol) as per theegdramide
coupling procedure Afurnished 1.04 g (74%) d3c as a pale
brown liquid.'"H NMR (400 MHz, CDC)): 5 (ppm) 7.24 — 7.41
(m, 5H), 6.69 (s, 1H), 4.26 (s, 2H), 3.61 — 3.80 (i),£.37 —
2.50 (m, 4H), 2.29 (s, 3H)"*C NMR (101 MHz, CDC)): &
(ppm) 169.9, 134.3, 134.0, 131.2, 129.0, 128.9,8,2%5.0, 49.5,
46.2; ESIMS: m/z calculated for,0NsO (M+H)" 286.16,
found 286.30.

Preparation of N-2-azidoethyl (E)-2-(N-(2-dimethylamino
ethyl)-N-methylaminomethyl)-3-phenyl acrylamide, 9d: The

reaction of12 (500 mg, 1.90 mmol) with 2-azidoethylamine (180

mg, 2.09 mmol) as per the general amide-coupbiragzedure B
yielded 460 mg (74%) o®d as a pale orange liquid'H NMR

(400 MHz, CDCJ): & (ppm) 10.10 (s, 1H), 7.96 (s, 1H), 7.21 —

7.41 (m, 5H), 3.49 — 3.53 (m, 4H), 3.39 (s, 2H), 24351 (m,
2H), 2.34 — 2.42 (m, 2H), 2.24 (s, 6H), 2.14 (s, 3K NMR

7
Preparation of Methyl (E)-2-(N-(2-dimethylaminoethyl)-N-
methylaminomethyl)-3-phenyl acrylate, 11 N,N,N*-
Trimethylethylenediamine (521 mg, 5.1 mmol) angCR; (883
mg, 6.40 mmol) were added to a stirred solutiorl®f(1.0 g,
4.27 mmol ) in N,N-dimethylformamide (10.0 mL) at room
temperature and the reaction mixture was stirredngiet. Upon
completion (TLC), the reaction was quenched with cohter
and extracted with ethyl acetate (2 x 20.0 mL). €Tbenbined
organic layers were washed thoroughly with cold wéex 10.0
mL), brine (2 x 10.0 mL) and dried over anhydrous®@. The
ethyl acetate was concentratedvacuoand purified by column
chromatography (silica gel, hexanes: ethyl acetat®, to obtain
11 as brown liquid (912 mg, 77%¥ NMR (400 MHz, CDCJ):
8 (ppm) 7.80 (s, 1H), 7.57 — 7.61 (m, 2H), 7.29 — 7] 3H),
3.82 (s, 3H), 3.39 (s, 2H), 2.48 — 2.54 (m, 2H), 2:32.44 (m,
2H), 2.21 (s, 6H), 2.18 (s, 3H)'C NMR (101 MHz, CDG)): &
(ppm) 168.9, 142.6, 135.3, 130.4, 130.2, 128.7,3, 28 .2, 55.5,
53.1, 51.9, 45.8, 41.9; ESIMS: m/z calculated fqgHz/N,O,
(M+H)" 277.19, found 277.38.

Preparation of (E)-2-(N-(2-dimethylaminoethyl)-N-methyl
aminomethyl)-3-phenyl acrylic acid, 12: aq. NaOH (2.9 mL,
2.5 M, 7.3 mmol) was added to a solutiorldf(1.0 g, 3.6 mmol)
in THF:MeOH (9:1, 20.0 mL) at 0 °C and the reactiors\strred
overnight at room temperature. Upon completion (TL&)e
solution was acidified to pH 6 with 1IN HCI. The sadmiwas
concentratedn vacuoand the resulting slurry was dissolved in
isopropyl alcohol to effect the precipitation ofdaam chloride.
The reaction was then filtered and the filtrate wascentratedn
vacuoto yield 671 mg (71%) of2 as pale cream-colored semi-
solid. *H NMR (400 MHz, CDCJ): & (ppm) 7.96 (s, 1H), 7.33 —
7.42 (m, 3H), 7.26 — 7.31 (m, 2H), 3.81 (s, 2H), 3(#AL 2H),
3.19 (m, 2H), 2.89 (s, 6H), 2.43 (s, 3HJC NMR (101 MHz,
DMSO-d;): & (ppm) 169.5, 142.9, 134.9, 130.4, 129.5, 129.1,
52.9, 52.7, 51.3, 42.6, 41.4; ESIMS: m/z calculatkxd
Cy5H,N,0, (M+H)* 263.17, found 263.37.

Preparation of N-propargyl (E)-2-(N-(2-dimethylamino
ethyl)-N-methylaminomethyl)-3-phenyl acrylamide, 13a: The
reaction of12 (430 mg, 1.6 mmol) with propargyl amine (99 mg,
1.8 mmol) as per the general amide-couplipgpcedure B
yielded 364 mg (72%) of3a as a pale orange liquidH NMR
(400 MHz, CDC}): & (ppm) 10.08 (s, 1H), 7.98 (s, 1H), 7.21 —
7.39 (m, 5H), 4.11 (dd] = 2.5, 5.3 Hz, 2H), 3.38 (s, 2H), 2.36 —
2.50 (m, 4H), 2.24 (s, 6H), 2.17 &= 2.6 Hz, 1H), 2.14 (s, 3H);
®¥C NMR (101 MHz, CDG): & (ppm) 167.9, 140.3, 136.1,
130.9, 129.2, 128.4, 127.9, 80.9, 70.5, 56.8, 5858, 45.5,
42.1, 29.1; ESIMS: m/z calculated for;g8,sN;O (M+H)"
300.20, found 300.41.

Preparation of Methyl (E)-2-(N-methylpiperazin-1-ylmethyl)-

(101 MHz, CDCJ): & (ppm) 168.6, 140.1, 136.1, 131.0, 129.2,3-phenyl acrylate, 14: Procedure similar to that dfl. The

128.4, 128.0, 56.8, 54.6, 53.1, 50.8, 45.6, 42007;ESIMS: m/z
calculated for GH,gNsO (M+H)" 331.22, found 331.35.

Preparation of N-(2-azidoethyl) (E)-2-(N-methylpiperazin-1-

ylmethyl)-3-phenyl acrylamide, 9e: The reaction ofl5 (250
mg, 0.96 mmol) with 2-azidoethylamine (90 mg, 1.08al) as
per the general amide-couplimgocedure Byielded 226 mg,
(72%) of9e as a pale orange liquitH NMR (400 MHz, CDCJ):

8 (ppm) 10.04 (s, 1H), 7.92 (s, 1H), 7.18 — 7.36 (M), .50 —
3.56 (m, 2H), 3.45 — 3.49 (m, 2H), 3.39 (s, 2H), 2:33.68 (m,
8H), 2.25 (s, 3H)**C NMR (101 MHz, CDCJ)): & (ppm) 168.6,
140.7, 135.7, 129.8, 129.2, 128.5, 128.2, 55.39,92.5, 51.2,
46.2, 38.9; ESIMS: m/z calculated for;/8,,NeO (M+H)"

329.20, found 329.33.

reaction of10 (1.0 g, 4.3 mmol) witiN-methylpiperazine (512
mg, 5.1 mmol) and ¥CO; (883 mg, 6.4 mmol) provided 943 mg
(81%) of14 as a pale cream liquidH NMR (400 MHz, CDCJ):

3 (ppm) 7.84 (s, 1H), 7.63 — 7.68 (m, 2H), 7.32 — A1 3H),
3.81 (s, 3H), 3.35 (s, 2H), 2.31 — 2.63 (m, 8H), ALEH);"°C
NMR (101 MHz, CDC)): & (ppm) 169.3, 143.6, 135.6, 130.7,
129.9, 129.1, 128.6, 55.5, 53.4, 52.8, 52.3, 4ESIMS: m/z
calculated for GH,,N,O, (M+H)" 275.17, found 275.10.

Preparation of (E)-2-(N-methylpiperazin-1-ylmethyl)-3-
phenyl acrylic acid, 15: Procedure similar to that d2. The
reaction of14 (1.0 g, 3.6 mmol) and ag. NaOH (2.9 mL, 2.5 M,
7.3 mmol) yielded 710 mg (74%) ab as a pale cream-colored
solid. *H NMR (400 MHz, CDCJ): & (ppm) 8.02 (s, 1H), 7.38 —
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7.42 (m, 3H), 7.30 — 7.32 (m, 2H), 3.66 (s, 2H), 229510 (m,
8H), 2.69 (s, 3H)*C NMR (101 MHz, CDCJ): 5 (ppm) 169.5,
142.9, 134.6, 129.5, 128.8, 128.3, 127.9, 53.29,51.4, 43.4;
ESIMS: m/z calculated for @H,0N,O, (M) 260.15, found
260.80.

Preparation of N-propargyl (E)-2-(N-methylpiperazin-1-
ylmethyl)-3-phenyl acrylamide, 13b: The reaction ofl5 (210
mg, 0.8 mmol) with propargyl amine (48 mg, 0.9 mmes) per
the general amide-couplimgrocedure Byielded 176 mg (71%)
of 13b as a pale orange liquiH NMR (400 MHz, CDCJ)): &
(ppm) 10.08 (s, 1H), 7.90 (s, 1H), 7.27 — 7.31 (m,,2ZH22 —
7.26 (m, 1H), 7.15 —7.19 (m, 2H), 4.07 (dd; 2.6, 4.8 Hz, 2H),
3.35 -3.38 (m, 2H), 2.25 — 2.60 (m, 8H), 2.21 (s,,2N8 (t,J
= 2.6 Hz, 1H);®*C NMR (101 MHz, CDCJ): & (ppm) 167.9,
140.8, 135.6, 129.4, 129.2, 128.5, 128.2, 80.44,75.3, 54.8,
52.4, 46.2, 29.4; ESIMS: m/z calculated foghsN;O (M+H)
298.19, found 298.40.

Preparation of triazole 19a: To a stirred solution of alkyn#8
(450 mg, 0.9 mmol) and azideéa (198 mg, 0.9 mmol) in a
mixture of t-butanol/water (1:1, 8.0 mL), was added CyS$£B
mg, 0.1 mmol) and sodium ascorbate (36 mg, 0.2 mnidle
reaction mixture was stirred overnight at room terapge. Upon
completion (TLC), the reaction was concentraied/acuo and
diluted with water to effect precipitation. The ragg solid was
filtered, washed with water, and further purified d@alumn
chromatography (silica gel, methanol:dichlorometha®:3) to
obtain 528 mg (89%) of 1,2,3-triazal®a as a white solid. Mp
124 — 126 °C;H NMR (400 MHz, CDCJ): & (ppm) 8.07 (s, 1H),
7.74 (s, 1H), 7.62 (d] = 7.4 Hz, 2H), 7.39 — 7.46 (m, 3H), 6.36
(t, J=5.2 Hz, 1H), 5.35 (s, 2H), 4.72 (s, 1H), 4.58 (s, 4#Bp —
4.56 (m, 2H), 3.84 (s, 3H), 3.11 (dt= 4.2, 11.0 Hz, 1H), 2.33 —
2.49 (m, 3H), 0.70 — 2.04 (m, 21H), 1.66 (s, 3H), 1(§33H),
0.95 (s, 3H), 0.93 (s, 3H), 0.83 (s, 3H), 0.75 (s, 3f0;NMR
(101 MHz, CDC}): 6 (ppm) 218.4, 176.5, 167.2, 151.1, 146.2,
145.2, 133.7, 130.2, 129.9, 129.2, 125.1, 123.8,61(%5.8, 55.1,
52.8, 50.2, 50.1, 47.5, 47.1, 46.9, 42.6, 40.88,398.4, 37.9,
37.0, 34.8, 34.3, 33.7, 33.6, 31.0, 29.5, 26.83,281.6, 21.2,
19.8, 19.7, 16.1, 15.8, 14.7; ESIMS: m/z calculatkn
CuHsoN4O, (M+H)* 709.47, found 709.55.

Preparation of triazole 19b: Procedure similar to that dPa.
This compound was prepared by tieaction of alkynel8 with
azide 9b. Yield: 88%; cream color solid; mp 98 — 101 et
NMR (400 MHz, CDC}): 3 (ppm) 7.62 (s, 1H), 7.33 — 7.46 (m,
5H), 6.92 (s, 1H), 6.25 (§ = 5.3 Hz, 1H), 5.31 — 5.42 (m, 2H),
4.73 (s, 1H), 4.55 — 4.61 (m, 1H), 4.50 (d& 5.5, 15.0 Hz, 1H),
4.44 (ddJ = 5.5, 15.2 Hz, 1H), 3.42 — 3.50 (m, 2H), 3.12 {dt,
4.3, 11.2 Hz, 1H), 3.00 (brs, 3H), 2.33 — 2.52 (m, 534 (brs,
6H), 0.78 — 2.01 (m, 21H), 1.67 (s, 3H), 1.05 (s, 3HY9 (s,
3H), 0.94 (s, 3H), 0.87 (s, 3H), 0.82 (s, 3HC NMR (101
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Hz, 1H), 3.63 (m, 4H), 3.12 (df = 4.3, 11.2 Hz, 1H), 2.34 —
2.52 (m, 3H), 2.17 — 2.30 (m, 4H), 2.25 (s, 3H), 0-77.94 (m,
21H), 1.67 (s, 3H), 1.05 (s, 3H), 1.01 (s, 3H), 0.843H), 0.87
(s, 3H), 0.81 (s, 3H)*C NMR (101 MHz, CDGCJ): & (ppm)
218.4, 176.5, 169.0, 150.9, 145.3, 134.8, 134.2.92129.1,
129.0, 128.9, 123.7, 109.6, 55.8, 55.2, 54.9, 5B8(B1, 48.8,
47.5, 46.9, 46.2, 42.7, 40.9, 39.8, 38.4, 37.91,334.9, 34.3,
33.8, 33.7, 31.0, 29.6, 26.8, 25.8, 21.6, 21.28,199.7, 16.2,
15.8, 14.8; ESIMS: m/z 777.65 [100%, (M+H)HRMS-ESI:
calculated for GHggNgO5 [M+Na]* 799.5245, found 799.5239.

Preparation of triazole 19d: Procedure similar to that dPa.
This compound was prepared by tieaction of alkynel8 with
azide9d. Yield: 85%; cream color solid; mp 108 — 110 ‘g
NMR (400 MHz, CDC)): 8 (ppm) 9.89 (brs, 1H), 7.94 (s, 1H),
7.59 (s, 1H), 7.22 — 7.40 (m, 5H), 6.37 (brs, 1H)34(d, 1H),
4.56 — 4.60 (m, 3H), 4.51 (dd= 5.4, 15.0 Hz, 1H), 4.44 (dd~=
5.5, 15.0 Hz, 1H), 3.65 — 3.82 (m, 2H), 3.34 (s, 2H)23dt,J =
4.2, 11.1 Hz, 1H), 2.34 — 2.52 (m, 7H), 2.19 (brs, 3H)7 (s,
6H), 0.82 — 1.97 (m, 21H), 1.67 (s, 3H), 1.05 (s, 3HP1 (s,
3H), 0.94 (s, 3H), 0.90 (s, 3H), 0.84 (s, 3HC NMR (101
MHz, CDCL): & (ppm) 218.1, 176.4, 168.5, 150.8, 145.0, 140.1,
135.6, 130.5, 128.9, 128.3, 127.9, 122.9, 109.4,5%.5, 54.9,
53.8, 52.7, 50.0, 49.9, 49.2, 47.3, 46.7, 44.94,421.6, 40.6,
39.9, 39.6, 38.2, 37.7, 36.9, 34.7, 34.1, 33.64,330.8, 29.6,
29.3, 26.6, 25.6, 21.4, 21.0, 19.7, 19.4, 15.9%5,154.5; ESIMS:
m/z 822.65 [100%, (M+H], HRMS-ESI: calculated for
CsoH7eN;0; [M+Na]* 844.5824, found 844.5831.

Preparation of triazole 19e: Procedure similar to that da.
This compound was prepared by tieaction of alkynel8 with
azide9e. Yield: 87%; cream color solid; mp 118 — 120 °&t
NMR (400 MHz, CDC)): & (ppm) 9.87 (s, 1H), 7.92 (s, 1H),
7.61 (s, 1H), 7.22 — 7.37 (m, 3H), 7.20 — 7.25 (m,, 6423 —
6.29 (m, 1H), 4.73 (s, 1H), 4.59 (s, 1H), 4.38 — 485 4H),
3.79 — 3.92 (m, 2H), 3.34 (s, 2H), 3.08 — 3.15 (m,,1H29 —
2.52 (m, 11H), 2.25 (s, 3H), 0.76 — 1.92 (m, 21H)51(, 3H),
1.04 (s, 3H), 1.00 (s, 3H), 0.94 (s, 3H), 0.90 (s, H1 (s, 3H);
®¥C NMR (101 MHz, CDG): & (ppm) 218.3, 176.7, 168.9,
150.9, 145.5, 140.9, 135.4, 129.5, 129.2, 128.8.3,2123.2,
109.7, 55.7, 55.2, 54.9, 54.9, 52.3, 50.2, 50.19,487.5, 46.9,
45.9, 42.7, 40.9, 39.8, 39.4, 38.4, 38.0, 37.10,384.3, 33.8,
33.7, 31.0, 29.6, 26.8, 25.8, 21.6, 21.2, 19.87,196.2, 15.8,
14.8; ESIMS: m/z 820.70 [100%, (M+H) HRMS-ESI:
calculated for GH-sN,O; [M+H] " 820.5848, found 820.5877.

Preparation of triazole 19f: Procedure similar to that dfa.
This compound was prepared by tieaction of alkynel8 with
azide 9f. Yield: 91%; white solid; mp 139 — 141 °é&4 NMR
(400 MHz, CDC}): 8 (ppm) 7.62 (dJ = 15.6 Hz, 1H), 7.60 (s,
1H), 7.46 — 7.51 (m, 2H), 7.32 — 7.36 (m, 3H), 6.26.42 (m,
3H), 4.70 (s, 1H), 4.57 (s, 1H), 4.46 — 4.54 (m, 3t¥P4dd,J =

MHz, CDCE): & (ppm) 218.0, 176.2, 150.8, 145.0, 134.8, 134.05.7, 15.0 Hz, 1H), 3.85 — 3.94 (m, 2H), 3.12 (dt, 4.4, 11.1 Hz,

130.2, 128.8 (2C), 128.7, 123.2, 109.4, 55.5, 58®0, 49.9,
48.5, 47.2, 46.6, 45.6, 42.4, 40.6, 39.6, 38.27,336.8, 34.7,
34.1, 33.6, 33.4, 30.8, 29.6, 29.3, 26.6, 25.64,220.9, 19.6,
19.4, 15.9, 15.6, 14.5; ESIMS: m/z 779.70 [100% +ENf],
HRMS-ESI: calculated for gH7oNgO; [M+H] ™ 779.5582, found
779.5578.

Preparation of triazole 19c: Procedure similar to that da.
This compound was prepared by tieaction of alkynel8 with
azide9c. Yield: 90%; cream color solid; mp 134 — 137 °€;
NMR (400 MHz, CDC)): 8 (ppm) 7.61 (s, 1H), 7.34 — 7.43 (m,
5H), 6.87 (s, 1H), 6.25 (m, 1H), 5.35 (s, 2H), 4.73143), 4.59
(s, 1H), 4.52 (ddJ = 4.0, 16.0 Hz, 1H), 4.42 (dd,= 4.0, 16.0

1H), 2.32 — 2.51 (m, 3H), 0.75 — 1.95 (m, 21H), 1.643H),
1.02 (s, 3H), 0.98 (s, 3H), 0.92 (s, 3H), 0.88 (s, TLHO (s, 3H);
®¥C NMR (101 MHz, CDG): & (ppm) 218.5, 176.9, 166.7,
150.8, 145.7, 141.7, 134.8, 130.1, 129.0, 128.®.612120.3,
109.8, 55.8, 55.1, 50.2, 50.1, 49.9, 47.5, 46.97,420.8, 39.8,
38.4, 37.9, 37.1, 35.0, 34.4, 33.8, 33.6, 31.06,296.8, 25.8,
21.6, 21.2, 19.8, 19.6, 16.2, 15.9, 14.7; ESIMSz m08.55
[100%, (M+H)], HRMS-ESI: calculated for GHg;NsO5 [M+H]*
708.4847, found 708.4833.

Preparation of Alcohol 20a: To a stirred solution of the
appropriate keton&9a (180 mg, 0.2 mmol) in methanol at 0 °C,
was added NaBH14 g, 0.4 mmol), and stirred for 2 h at room



temperature. Upon completion of reaction (as moedoby
TLC), the reaction mixture was concentraiadvacuo, diluted
with water and extracted with ethyl acetate (2 x 10l0. The
combined organic extracts were washed with brine (DL,

9
ESI:| calculated for GH;:N;O; [M+Na]® 846.5980, found
846.5983.

Preparation of 20e: Procedure similar to that df0a. Yield:

dried over anhydrous NM&Q,, concentrated under vacuum and 89%; cream color solid; mp 130 — 132 € NMR (400 MHz,

purified via column chromatography (silica gel, heg:ethyl
acetate, 1:2) to obtain 155 mg (86%) of pure altdfa as a
white solid. Mp 123 — 125 °CH NMR (400 MHz, CDC)): 5

(ppm) 8.06 (s, 1H), 7.72 (s, 1H), 7.57 — 7.64 (m, ZH39 — 7.46
(m, 3H), 6.49 (m, 1H), 5.33 (s, 2H), 4.70 (s, 1H), 4(861H),
4.50 (dd,J = 5.7, 15.0 Hz, 1H), 4.41 (dd,= 5.5, 15.0 Hz, 1H),
3.82 (s, 3H), 3.03 — 3.22 (m, 2H), 2.34 @t 3.5, 12.7 Hz, 1H),
0.59 — 2.02 (m, 24H), 1.64 (s, 3H), 0.91 (s, 3H), QK03H),
0.72 (s, 3H), 0.70 (s, 3H), 0.69 (s, 3HIC NMR (101 MHz,
CDCly): 8 (ppm) 176.5, 167.2, 151.2, 146.2, 145.2, 133.8,23
129.9, 129.2, 125.1, 123.3, 109.6, 79.1, 55.8,,55258, 50.8,
50.3, 47.1, 47.0, 42.6, 40.9, 39.0, 38.9, 38.49,337.4, 34.8,
34.5, 33.7, 31.1, 29.6, 28.2, 27.6, 25.8, 21.17,198.5, 16.3,
16.0, 15.6, 14.8; ESIMS: m/z calculated fogHN,O, (M+H)"

711.48, found 711.70.

Preparation of 20b: Procedure similar to that &f0a. Yield:
85%; cream color solid; mp 118 — 121 Y& NMR (400 MHz,

CDCL): 8 (ppm) 9.86 (tJ = 4.0 Hz, 1H), 7.92 (s, 1H), 7.58 (s,
1H), 7.20 — 7.39 (m, 5H), 6.26 @,= 5.7 Hz, 1H), 4.73 (s, 1H),
4.58 (s, 1H), 4.46 — 4.56 (m, 3H), 4.40 (dd 5.6, 15.0 Hz, 1H),
3.79 — 3.91 (m, 2H), 3.34 (s, 2H), 3.08 — 3.18 (m,, 2421 —
2.48 (m, 10H), 2.25 (s, 3H), 0.64 — 1.92 (m, 25H)7Y$& 3H),
0.94 (s, 3H), 0.93 (s, 3H), 0.80 (s, 3H), 0.76 (s, &j4 (s, 3H);
¥C NMR (101 MHz, CDG): & (ppm) 176.5, 168.7, 150.8,
145.3, 140.8, 135.2, 129.3, 128.9, 128.3, 128.(.11,2109.4,
78.8, 55.6, 55.3, 54.8, 54.6, 52.1, 50.5, 50.17,496.8, 45.7,
42.4, 40.7, 39.2, 38.8, 38.7, 38.2, 37.8, 37.27,384.3, 33.5,
30.8, 29.4, 27.9, 27.4, 25.6, 20.9, 19.4, 18.22,165.8, 15.4,
14.6; ESIMS: m/z 822.70 [100%, (M+H) HRMS-ESI:
calculated for GH-sN;O; [M+Na]* 844.5824, found 844.5852.

Preparation of 20f: Procedure similar to that df0a. Yield:
90%; gray color solid; mp 185 — 187 °G4 NMR (400 MHz,
CDCly): & (ppm) 7.63 (dJ = 15.6 Hz, 1H), 7.60 (s, 1H), 7.45
7.53 (m, 2H), 7.33 — 7.60 (m, 3H), 6.38 ®= 15.6 Hz, 1H),

CDCL): 5 (ppm) 7.60 (s, 1H), 7.33 — 7.43 (m, 5H), 6.99 (s,,1H) 6.24 — 6.35 (m, 2H), 4.71 (s, 1H), 4.57 (s, 1H), 4-38.54 (m,

6.25 — 6.34 (m, 1H), 5.35 (s, 2H), 4.72 (s, 1H), 458.H), 4.49
(dd,J = 5.6, 15.1 Hz, 1H), 4.42 (dd,= 5.6, 15.1 Hz, 1H), 3.61
(brs, 2H), 3.05 — 3.18 (m, 5H), 2.29 — 2.77 (m, 10463 — 1.94
(m, 23H), 1.66 (s, 3H), 0.94 (s, 3H), 0.93 (s, 3H),70(, 3H),
0.76 (s, 3H), 0.73 (s, 3H)°C NMR (101 MHz, CDGJ)): & (ppm)
176.4, 150.8, 135.1, 133.9, 129.8, 128.84, 128.88,78, 123.3,
109.4, 78.9, 55.6, 55.3, 50.5, 50.1, 48.6, 46.89,444.8, 42.4,
40.7, 38.8, 38.7, 38.2, 37.7, 37.1, 34.8, 34.35,330.8, 29.4,
27.9, 27.4, 25.6, 20.9, 19.4, 18.3, 16.1, 15.84,164.6; ESIMS:
m/z 781.70 [100%, (M+H]}, HRMS-ESI: calculated for
CugH7:NgO; [M+Na]" 803.5558, found 803.5558.

Preparation of 20c: Procedure similar to that df0a. Yield:
88%; white solid; mp 134 — 136 °CH NMR (400 MHz,

4H), 3.86 — 3.93 (m, 2H), 3.06 — 3.17 (m, 2H), 2.28.39 (m,
1H), 0.62 — 1.94 (m, 24H), 1.65 (s, 3H), 0.92 (s, 6H)8 (s,
3H), 0.75 (s, 3H), 0.73 (s, 3H)'C NMR (101 MHz, CDG)): &
(ppm) 176.7, 166.4, 150.7, 145.5, 141.6, 134.6,.8,2928.8,
127.8, 123.4, 120.0, 109.4, 78.9, 55.6, 55.3, 58(], 49.7,
46.7, 42.4, 40.7, 39.5, 38.8, 38.7, 38.2, 37.81,334.7, 34.3,
33.4, 30.8, 29.4, 27.9, 27.4, 25.6, 20.9, 19.42,186.1, 15.8,
15.4, 14.6; ESIMS: m/z calculated forygBeNsO; (M+H)"
710.50, found 710.65.

Preparation of succinic acid hemiester 21a: A stirred solution
of alcohol20a (110 mg, 0.1 mmol), DMAP (19 mg, 0.1 mmol),
and succinic anhydride (31 mg, 0.3 mmol) in tolu¢s® mL)
was refluxed overnight. Upon completion (TLC), theation

CDCL): 8 (ppm) 7.60 (s, 1H), 7.34 — 7.42 (m, 5H), 6.86 (s,,1H) mixture was concentrateth vacuo, diluted with water, and
6.24 (t,J = 5.6 Hz, 1H), 5.34 (s, 2H), 4.73 (s, 1H), 4.58 (s,,1H) extracted with ethyl acetate (2 x 10.0 mL). The ciad

4.52 (dd,J = 5.6, 15.1 Hz, 1H), 4.42 (dd,= 5.6, 15.1 Hz, 1H),
3.66 (m, 4H), 3.06 — 3.19 (m, 2H), 2.17 — 2.35 (m,,5H36 (s,
3H), 0.63 — 1.93 (m, 24H), 1.67 (s, 3H), 0.94 (s, 3HY3 (s,
3H), 0.76 (s, 6H), 0.73 (s, 3H)C NMR (101 MHz, CDGJ)): &

(ppm) 176.3, 168.8, 150.8, 145.1, 134.6, 133.8,.6,2928.8,
128.8, 128.7, 123.5, 109.3, 78.8, 55.7, 55.3, 58075, 50.1,
48.5, 46.7, 45.8, 42.4, 40.7, 38.8, 38.7, 38.27,337.1, 34.7,
34.3, 33.5, 30.8, 29.4, 27.9, 27.4, 25.6, 20.95,198.3, 16.1,
15.8, 15.4, 14.6; ESIMS: m/z 779.70 [100%, (MAHHRMS-

ESI: calculated for GH;NsO; [M+Na]® 801.5402, found
801.5443.

Preparation of 20d: Procedure similar to that df0a. Yield:
90%; cream color solid; mp 119 — 122 ‘& NMR (400 MHz,
CDCL): & (ppm) 9.95 (s, 1H), 7.96 (s, 1H), 7.58 (s, 1H), 724
7.41 (m, 5H), 6.33 (s, 1H), 4.72 (s, 1H), 4.55 — 464 3H),
4.51 (dd,J = 5.5, 15.0 Hz, 1H), 4.43 (dd,= 5.5, 15.0 Hz, 1H),
3.69 — 3.83 (m, 2H), 3.33 (s, 2H), 3.06 — 3.20 (m,, 2429 —
2.42 (m, 4H), 2.07 (brs, 3H), 2.07 (s, 6H), 0.63 5119, 25H),
1.67 (s, 3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.80 (s, B9 (s, 3H),
0.74 (s, 3H)**C NMR (101 MHz, CDCJ): § (ppm) 176.4, 168.5,
150.8, 144.9, 140.1, 135.6, 130.5, 129.0, 128.7,.912122.9,
109.4, 78.9, 56.1, 55.6, 55.3, 54.0, 52.5, 50.61,589.2, 46.8,
45.0, 42.4, 41.7, 40.7, 39.9, 38.8, 38.7, 38.27,337.2, 34.7,
34.3, 335, 30.9, 29.4, 27.9, 27.4, 25.6, 20.94,198.2, 16.1,
15.8, 15.4, 14.6; ESIMS: m/z 824.75 [100%, (MAHHRMS-

extracts were washed with brine (10.0 mL), dried @rdrydrous
N&aSQ,, concentrated under reduced pressure, and putifizd)
column chromatography (silica gel, hexanes:ethgtate, 1:3) to
obtain 109 mg (87%) of pure succinic acid hemire2i@ as a
white solid. Mp 122 — 125 °CH NMR (400 MHz, CDC)): &
(ppm) 8.07 (s, 1H), 7.73 (s, 1H), 7.58 — 7.63 (m, ZHB1 — 7.47
(m, 3H), 6.71 (tJ = 5.9 Hz, 1H), 5.34 (s, 2H), 4.71 (s, 1H), 4.57
(s, 1H), 4.43 — 4.50 (m, 3H), 3.84 (s, 3H), 3.10 Jdt, 4.3, 11.1
Hz, 1H), 2.57 — 2.69 (m, 4H), 2.32 (dt= 3.6, 12.3 Hz, 1H),
0.65 — 1.98 (m, 23H), 1.66 (s, 3H), 0.92 (s, 3H), Q8|O3H),
0.78 (s, 3H), 0.75 (s, 3H), 0.68 (s, 3HJC NMR (101 MHz,
CDCL): & (ppm) 176.6, 176.3, 171.9, 166.9, 150.9, 146.1,9.4
133.5, 130.0, 129.7, 128.9, 124.7, 123.4, 109.34,85.6, 55.5,
52.6, 50.4, 50.1, 46.9, 46.8, 42.4, 40.6, 38.41,387.8, 37.7,
37.0, 34.2, 34.0, 33.3, 30.8, 29.4, 29.3, 29.18,2725.5, 23.6,
20.9, 19.4, 18.1, 16.5, 16.1, 15.7, 14.6; ESIMSz @11.65
[100%, (M+H)], HRMS-ESI: calculated for GHegN,O; [M+H]
811.5004, found 811.5038.

Preparation of succinic acid hemiester 21b: Procedure similar
to that of21a. Yield: 80%; cream color solid; mp 130 — 132 °C;
'"H NMR (400 MHz, CDC)): & (ppm) 7.60 (s, 1H), 7.33 — 7.43
(m, 5H), 6.99 (s, 1H), 6.29 (m, 1H), 5.33 (s, 2H), 421H),
4.58 (s, 1H), 4.39 — 4.50 (m, 3H), 3.55 — 3.70 (m,,2ZH)7 —
3.18 (m, 1H), 3.05 (brs, 3H), 2.70 (m, 1H), 2.29 —72m, 8H),
2.24 — 2.40 (m, 4H), 0.63 — 1.94 (m, 23H), 1.66 ), ®.92 (s,
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3H), 0.80 (s, 6H), 0.76 (s, 3H), 0.75 (s, 3HC NMR (101  134.5, 129.9, 128.8, 127.9, 123.6, 119.9, 109.%,85.6, 55.4,

MHz, CDCk): 8 (ppm) 176.5, 176.3, 172.6, 150.8, 145.4, 135.150.4, 50.0, 49.8, 46.8, 42.4, 40.7, 39.5, 38.31,387.8, 37.7,
133.8, 129.8, 129.7, 128.9, 128.7, 113.9, 109.9),85.6, 55.4, 37.0, 34.3, 34.2, 33.3, 30.8, 29.6, 29.3, 27.85,283.6, 20.9,
50.4, 50.1, 48.6, 46.8, 43.8, 42.4, 40.7, 38.32,387.8, 37.7, 19.4, 18.1, 16.5, 16.2, 15.7, 14.6; ESIMS: m/z 83(.100%,
37.0, 34.6, 34.2, 33.4, 30.8, 30.1, 30.0, 29.74,297.9, 25,5, (M+H)'], HRMS-ESI: calculated for fHeNsOs [M+H]"
23.6, 20.9, 19.4, 18.1, 16.5, 16.2, 15.8, 14.6;MBI m/z  832.4984, found 832.5026.
calculated for GH;gNgOg (M+H)" 881.59, found 881.58.

Preparation of N-Propargyl pyrazinylbetulinamide 23: The
Preparation of succinic acid hemiester 21c: Procedure similar title compound was prepared by the reaction of camg®2
to that of21a. Yield: 83%; cream color solid; mp 142 — 145 °C; (450 mg, 0.9 mmol) and propargyl amine (60 mg, rhrfiol) as
'"H NMR (400 MHz, CDC)): & (ppm) 7.61 (s, 1H), 7.36 — 7.44 per the general amide-couplinmocedure Ato yield 387 mg
(m, 5H), 6.88 (s, 1H), 6.58 ({,= 5.7 Hz, 1H), 5.34 (s, 2H), 4.72 (80%) of23 as a white solid. Mp 122 — 125 °&4 NMR (400
(s, 1H), 4.58 (s, 1H), 4.43 — 4.50 (m, 3H), 3.73 (BK) 3.12 (dt, MHz, CDCk): 5 (ppm) 8.38 (s, 1H), 8.25 (s, 1H), 5.77 — 5.89 (m,
J=5.4,11.0 Hz, 1H), 2.57 — 2.65 (m, 4H), 2.26 — ArB35H),  1H), 4.74 (s, 1H), 4.60 (s, 1H), 3.93 — 4.10 (m, 2H)13- 3.16
2.36 (s, 3H), 0.72 — 1.96 (m, 23H), 1.67 (s, 3H), Q€33H), (m, 1H), 3.01 (dJ = 16.6 Hz, 1H), 2.36 — 2.56 (m, 2H), 2.16 —
0.82 (s, 3H), 0.81 (s, 3H), 0.77 (s, 3H), 0.74 (s, 380;NMR  2.20 (m, 1H), 0.73 — 1.96 (m, 19H), 1.68 (s, 3H), 1(&73H),
(101 MHz, CDCY): & (ppm) 176.6, 175.8, 172.3, 168.9, 150.8,1.25 (s, 3H), 1.00 (s, 6H), 0.78 (s, 3HJC NMR (101 MHz,
145.4, 135.1, 133.7, 129.1, 128.9, 128.9, 128.8.5,2109.4, CDCl): & (ppm) 176.2, 159.8, 151.0, 150.8, 142.4, 141.8,710
81.1, 55.6, 55.4, 53.8, 50.4, 50.1, 48.6, 46.87,442.4, 40.7, 80.5, 71.2, 55.8, 53.2, 50.3, 49.0, 48.8, 46.87,420.8, 39.7,
38.4, 38.1, 37.8, 37.7, 37.0, 34.5, 34.2, 33.48,3R9.8, 29.6, 38.3, 37.9, 36.9, 33.7, 33.6, 31.7, 31.0, 29.62,295.8, 24.2,
29.6, 29.4, 27.9, 25.5, 23.6, 20.9, 19.4, 18.15166.2, 15.8, 21.7, 20.3, 19.8, 16.3, 15.9, 14.8; ESIMS: m/z daked for
14.6; ESIMS: m/z calculated fors@&7,N¢Os (M+H)" 879.57,  CzsHiNs;O (M+H)* 528.81, found 528.60.
found 879.65.

Preparation of triazole 24a: Procedure similar to that dPa.
Preparation of succinic acid hemiester 21d: Procedure similar This compound was prepared by teaction of alkyne23 with
to that of2la. Yield: 82%; white solid; mp 114 — 116 °¢H azide9a. Yield: 82%; white solid; mp 127 — 129 °&4 NMR
NMR (400 MHz, CDC)): & (ppm) 9.68 (s, 1H), 7.91 (s, 1H), (400 MHz, CDC}): & 8.32 (s, 1H), 8.20 (s, 1H), 7.98 (s, 1H),
7.60 (s, 1H), 7.27 — 7.39 (m, 3H), 7.20 — 7.25 (m,, 886 (t,J  7.68 (s, 1H), 7.49 — 7.60 (m, 2H), 7.45 — 7.29 (m,, BHO (brs,
= 5.5 Hz, 1H), 4.72 (s, 1H), 4.58 (s, 1H), 4.40 — 4%7 5H),  1H), 5.29 (s, 2H), 4.68 (s, 1H), 4.55 (s, 1H), 4.37494m, 2H),
3.73 -3.85 (m, 2H), 3.34 (s, 2H), 3.12 @& 4.2, 10.8 Hz, 1H), 3.78 (s, 3H), 3.07 (df] = 4.3, 11.2 Hz, 1H), 2.93 (d,= 16.4 Hz,
2.40 — 2.68 (m, 8H), 2.34 (m, 1H), 2.28 (s, 6H), 2(853H), 1H), 2.30 — 2.43 (m, 2H), 0.61 — 1.93 (m, 19H), 1.623H),
0.72 — 1.98 (m, 23H), 1.66 (s, 3H), 0.92 (s, 3H), Q819H), 1.20 (s, 3H), 1.15 (s, 3H), 0.91 (s, 3H), 0.73 (s, FHB6 (s, 3H);
0.77 (s, 3H);°C NMR (101 MHz, CDCJ): & (ppm) 176.5 (2C), “*C NMR (101 MHz, CDG): & 176.5, 167.2, 159.8, 151.1,
172.7, 168.5, 150.8, 145.3, 140.3, 135.5, 130.3.0,2128.3, 150.9, 146.2, 142.5, 141.7 (2C), 133.7 (2C), 13028.9, 129.2,
127.9, 123.0, 109.4, 80.9, 55.6, 55.4, 55.2, 3%, 53.1, 50.6, 125.0, 109.7, 55.9, 53.2, 52.8, 50.3, 49.0, 48791 ,446.9, 42.7,
50.5, 50.1, 49.4, 46.7, 44.1, 42.4, 41.4, 40.76,398.4, 38.2, 40.8, 39.6, 38.4, 38.0, 36.9, 34.9, 33.7, 33.57,331.1, 29.6,
37.8, 37.7, 37.1, 34.6, 34.2, 33.4, 30.9, 29.49,2725.5, 23.7, 25.8, 24.2, 21.6, 20.3, 19.8, 16.3, 15.6, 14.8; MESI m/z
20.9, 19.4, 18.1, 16.5, 16.2, 15.8, 14.6; ESIMSz wdlculated  calculated for GHgNgOs (M+H)" 745.48, found 745.45.
for CssHg:N;Og (M+H)* 924.63, found 924.70.

Preparation of triazole 24b: Procedure similar to that dfa.
Preparation of succinic acid hemiester 21e: Procedure similar This compound was prepared by teaction of alkyne?3 with
to that of21a. Yield: 84%; cream color solid; mp 132 — 134 °C; azide9b. Yield: 84%; white solid; mp 131 — 133 °&4 NMR
'H NMR (400 MHz, CDCJ): & 9.64 (m, 1H), 7.94 (s, 1H), 7.64 (400 MHz, CDC}): 5 8.39 (d,J = 2.4 Hz, 1H), 8.26 (dJ = 2.4
(s, 1H), 7.28 — 7.40 (m, 3H), 7.19 — 7.23 (m, 2H)26%5J=5.0  Hz, 1H), 7.63 (s, 1H), 7.29 — 7.48 (m, 5H), 6.95 (tid), 6.23 —
Hz, 1H), 4.72 (s, 1H), 4.59 (s, 1H), 4.38 — 4.51 (m,,5488 —  6.30 (M, 1H), 5.31 — 5.39 (m, 2H), 4.76 (s, 1H), 4811H),
3.92 (m, 2H), 3.38 (s, 2H), 3.11 (dt= 4.4, 11.0 Hz, 1H), 2.40 — 4.51 (dd,J = 5.4, 15.1 Hz, 1H), 4.44 (dd,= 5.6, 15.2 Hz, 1H),
2.76 (m, 10H), 2.44 (s, 3H), 2.33 (m, 3H), 0.71 — 119523H), 3.39 — 3.54 (m, 2H), 3.13 (d},= 4.2, 10.9 Hz, 1H), 2.92 — 3.05
1.67 (s, 3H), 0.93 (s, 3H), 0.81 (s, 6H), 0.79 (s, )5 (s, 3H); (m, 4H), 2.33 — 2.51 (m, 4H), 2.12 — 2.31 (brs, 6HJ30- 1.97
*C NMR (101 MHz, CDGJ)): § 176.7 (2C), 172.6, 168.5, 150.7, (m, 19H), 1.69 (s, 3H), 1.28 (s, 3H), 1.25 (s, 3H)90(9, 3H),
1457, 141.5, 134.9, 128.9, 128.7, 128.5, 128.8.512109.5, 0.86 (s, 3H), 0.75 (s, 3H}*C NMR (101 MHz, CDG)): 5 176.2,
80.9, 55.6, 55.4, 54.2, 53.3, 50.6, 50.4, 50.10,586.8, 44.0, 159.6, 150.8, 150.7, 145.0, 142.2, 141.4 (2C), 8,3434.0,
42.4, 40.7, 39.0, 38.3, 38.2, 37.8, 37.7, 37.16,334.3, 33.4, 130.2, 128.8, 128.7, 123.2, 109.4, 55.6, 53.0,,50808, 48.6,
30.8, 29.7, 29.4, 27.9, 25.5, 23.6, 20.9, 19.41,186.5, 16.2, 48.6, 46.6, 45.6, 42.4, 40.6, 39.4, 38.2, 37.77,384.7, 33.4,
15.8, 14.6; ESIMS: m/z calculated fors,8,0N;Og (M+H)" 33.3, 31.4, 30.9, 29.4, 25.6, 24.0, 21.4, 20.05,196.0, 15.4,
922.62, found 922.75. 14.6; ESIMS: m/z calculated forsgEl;0NgO, (M+H)" 815.57,

found 815.30.
Preparation of succinic acid hemiester 21f: Procedure similar
to that of2la. Yield: 81%; yellow solid; mp 141 — 144 °@ry Preparation of triazole 24c: Procedure similar to that dfa.
NMR (400 MHz, CDC}): 6 (ppm) 7.64 (dJ = 15.6 Hz, 1H), This compound was prepared by teaction of alkyne23 with
7.63 (s, 1H), 7.46 — 7.52 (m, 2H), 7.34 — 7.38 (m,, 340 — azide9c. Yield: 84%; white solid; mp 137 — 140 °44 NMR
6.69 (m, 1H), 6.40 (dJ = 15.5 Hz, 1H), 6.26 — 6.34 (m, 1H), (400 MHz, CDC}): § (ppm) 8.33 (dJ = 2.4 Hz, 1H), 8.20 (d] =
4.70 (s, 1H), 4.57 (s, 1H), 4.39 — 4.54 (m, 5H), 3-88.97 (m, 2.4 Hz, 1H), 7.55 (s, 1H), 7.29 — 7.41 (m, 5H), 6.80LK), 6.20
2H), 3.09 (dtJ = 4.1, 11.0 Hz, 1H), 2.59 — 2.70 (m, 4H), 2.22 —- 6.30 (m, 1H), 5.35 (s, 2H), 4.70 (s, 1H), 4.56 (3),14.46 (dd,
2.33 (m, 1H), 0.66 — 1.91 (m, 23H), 1.65 (s, 3H), 0(®13H), J=5.5, 15.0 Hz, 1H), 4.36 (dd,= 5.5, 15.0 Hz, 1H), 3.60 (brs,
0.80 (s, 3H), 0.79 (s, 6H), 0.71 (s, 3HJC NMR (101 MHz, 4H), 3.12 (dtJ = 4.3, 11.2 Hz, 1H), 3.01 (d,= 16.6 Hz, 1H),
CDCly): 8 (ppm) 176.9 (2C), 172.2, 166.6, 150.7, 145.3,841. 2.05 — 2.39 (m, 9H), 0.64 — 1.89 (m, 19H), 1.63 £4),3.22 (s,



3H), 1.19 (s, 3H), 0.93 (s, 3H), 0.78 (s, 3H), 0.693Hd); °C
NMR (101 MHz, CDC)): 5 (ppm) 176.6, 169.0, 159.8, 151.0,
150.9, 145.3, 142.5, 141.7 (2C), 134.8, 134.1, 9,2929.0,
128.9, 123.7, 109.7, 55.8, 54.9, 53.2, 50.3, 4809, 48.8, 46.9,
46.2, 42.7, 40.8, 39.6, 38.4, 37.9, 36.9, 34.97,333.5, 31.7,
31.1, 29.6, 25.8, 24.2, 21.6, 20.3, 19.8, 16.36,154.8; ESIMS:
m/z 835.75 [100%, (M+N&), HRMS-ESI: calculated for
CsoHesNsO, [M+H] * 813.5538, found 813.5503.

Preparation of triazole 24d: Procedure similar to that dPa.
This compound was prepared by tieaction of alkyne23 with
azide9d. Yield: 85%; white solid; mp 112 — 114 °&44 NMR
(400 MHz, CDC)): & (ppm) 9.96 (s, 1H), 8.39 (d, = 2.3 Hz,
1H), 8.26 (dJ = 2.4 Hz, 1H), 7.95 (s, 1H), 7.59 (s, 1H), 7.28 —
7.39 (m, 3H), 7.21 — 7.25 (m, 2H), 6.37 (s, 1H), 4351H),
4.61 (s, 1H), 4.60 — 4.55 (m, 2H), 4.50 (dd; 5.4, 15.1 Hz, 1H),
4.44 (ddJ = 5.4, 15.1 Hz, 1H), 3.82 — 3.65 (m, 2H), 3.33 (s,,2H)
3.13 (dt,J = 4.3, 11.2 Hz, 1H), 3.01 (d,= 16.6 Hz, 1H), 2.51 —
2.26 (m, 6H), 2.14 (s, 6H), 2.06 (s, 3H), 0.76 — 1(1®7 19H),
1.69 (s, 3H), 1.28 (s, 3H), 1.26 (s, 3H), 0.98 (s, B8 (s, 3H),
0.78 (s, 3H)*C NMR (101 MHz, CDCJ):  (ppm) 176.4, 168.4,
159.6, 150.8, 150.7, 144.9, 142.2, 141.4, 140.5.6,3130.5,
128.9, 128.2, 127.9, 122.9, 109.4, 56.1, 55.6,,53390, 52.5,
50.0, 49.2, 48.8, 48.6, 46.6, 45.0, 42.4, 41.66,489.9, 39.4,
38.2, 37.7, 36.7, 34.7, 33.4, 33.3, 31.4, 30.93,295.6, 24.0,
21.4, 20.0, 19.5, 16.1, 15.4, 14.7; ESIMS: m/z cdalted for
Cs,H7eNgO, (M+H)* 858.61, found 858.75.

Preparation of triazole 24e: Procedure similar to that da.
This compound was prepared by tieaction of alkyne23 with
azide9e. Yield: 87%; cream color solid; mp 132 — 135 ‘|
NMR (400 MHz, CDC)): & (ppm) 9.79 (s, 1H), 8.33 (s, 1H),
8.20 (s, 1H), 7.85 (s, 1H), 7.58 (s, 1H), 7.15 — {rBP5H), 6.37
(s, 1H), 4.69 (s, 1H), 4.55 (s, 1H), 4.34 — 4.51 (i),8.69 —
3.91 (m, 2H), 3.28 (s, 2H), 3.00 — 3.14 (m, 1H), 285 = 16.4
Hz, 1H), 2.14 — 2.52 (m, 13H), 0.68 — 1.93 (m, 19HKE31(s,
3H), 1.21 (s, 3H), 1.20 (s, 3H), 0.92 (s, 3H), 0.7Bk), 0.72 (s,
3H); **C NMR (101 MHz, CDGC)): & (ppm) 176.7, 168.9, 159.8,
150.9, 150.8, 145.6, 142.5, 141.7, 141.0, 135.4.4,2129.2,
128.5, 128.3, 123.4, 109.8, 55.8, 54.9, 54.8, 5322, 50.2,
49.9, 48.9, 48.8, 46.9, 45.8, 42.7, 40.8, 39.74,398.4, 38.0,
36.9, 34.9, 33.7, 33.5, 31.7, 31.1, 29.6, 25.83,221.6, 20.3,
19.7, 16.4, 15.6, 14.8; ESIMS: m/z calculated @gsH;3NgO,
(M+H)" 856.60, found 856.70.

Preparation of triazole 24f; Procedure similar to that dfa.
This compound was prepared by tieaction of alkyne?3 with
azide9f. Yield: 88%; white solid; mp 150 — 152 °44 NMR
(400 MHz, CDC}): 6 (ppm) 8.39 (s, 1H), 8.26 (s, 1H), 7.63 {d,
=15.6 Hz, 1H), 7.61 (s, 1H), 7.45 — 7.52 (m, 2H), #3039 (m,
3H), 6.26 — 6.42 (m, 3H), 4.74 (s, 1H), 4.60 (s, 1H374- 4.56
(m, 4H), 3.84 — 3.95 (m, 2H), 3.05 — 3.17 (m, 1H),03(8,J =
16.5 Hz, 1H), 2.34 — 2.49 (m, 2H), 0.72 — 1.99 (m, 19H7 (s,
3H), 1.26 (s, 3H), 1.25 (s, 3H), 0.97 (s, 3H), 0.88t$), 0.77 (s,
3H); *C NMR (101 MHz, CDGC)): & (ppm) 176.9, 166.7, 159.8,
150.9, 150.8, 145.7, 142.5, 141.9, 141.7, 134.8.113129.0,
128.1, 123.7, 120.3, 109.8, 55.8, 53.2, 50.2, 4890, 48.8,
46.9, 42.7, 40.8, 39.8, 39.7, 38.4, 38.0, 36.90,383.6, 33.5,
31.7, 31.1, 29.6, 25.8, 24.3, 21.7, 20.2, 19.74,165.7, 14.8;
ESIMS: m/z calculated for gHs:N;O, (M+H)" 744.50, found
744.55.

Preparation of N-Propargyl indolylbetulinamide 26: The title
compound was prepared by the reaction of comp@m00
mg, 0.6 mmol) and propargyl amine (37.5 mg, 0.7 thras per
the general amide-coupliq@ocedure Ato yield 224 mg (71%)
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of 26 as a yellow solid. Mp 251 — 254 °@4 NMR (400
MHz, DMSO-&): 6 (ppm) 10.64 (s, 1H), 7.98 (s, 1H), 7.26 {d,
=7.7 Hz, 1H), 7.20 (d] = 7.8 Hz, 1H), 6.81 — 6.98 (m, 2H), 4.68
(s, 1H), 4.55 (s, 1H), 3.65 — 3.92 (m, 2H), 2.99 -23rh, 1H),
2.73 (d,J = 15.2 Hz, 1H), 2.50 — 2.63 (m, 1H), 2.10 — 2.18 (m,
1H), 2.03 (d,J = 15.1 Hz, 1H), 0.67 — 1.77 (m, 19H), 1.64 (s,
3H), 1.24 (s, 3H), 1.13 (s, 3H), 0.95 (s, 3H), 0.938H), 0.77 (s,
3H); °C NMR (101 MHz, DMSO-g): & (ppm) 176.1, 151.5,
141.9, 136.9, 128.3, 120.6, 118.4, 117.9, 111.B.910105.5,
82.6, 72.5, 55.6, 53.8, 50.3, 49.6, 46.9, 42.60,440.8, 39.6,
38.5, 38.0, 37.6, 34.6, 33.9, 32.7, 31.1, 30.96,298.5, 26.1,
23.3, 21.8, 19.7, 19.5, 16.9, 16.3, 15.0; ESIM odlculated
for CagHsN,O (M-H)* 563.40, found 563.50.

Preparation of triazole 27a: Procedure similar to that dPa.
This compound was prepared by tieaction of alkyne26 with
azide9a. Yield: 80%; tan color solid; mp 133 — 136 oty
NMR (400 MHz, CDC}): & (ppm) 8.01 (s, 1H), 7.48 — 7.76 (m,
4H), 7.34 — 7.42 (m, 3H), 7.27 — 7.45 (m, 2H), 6.98.67 (m,
2H), 6.26 (m, 1H), 5.30 (s, 2H), 4.71 (s, 1H), 4.561(9), 4.45 —
4.53 (m, 1H), 4.39 (dd] = 5.9, 14.9 Hz, 1H), 3.79 (s, 3H), 3.12
(dt,J =6.2, 12.1 Hz, 1H), 2.74 (d,= 14.9 Hz, 1H), 2.33 — 2.43
(m, 1H), 2.05 (d,J = 14.8 Hz, 1H), 0.68 — 1.98 (m, 19H), 1.64 (s,
3H), 1.20 (s, 3H), 1.08 (s, 3H), 0.93 (s, 3H), 0.763k$), 0.73 (s,
3H); *C NMR (101 MHz, CDCJ)): & (ppm) 175.3, 165.9, 149.9,
144.9, 143.9, 139.8, 135.1, 132.5, 128.9, 128.7,.9,2127.3,
123.8,122.1, 119.8, 117.8, 116.8, 109.3, 108.8,91(%4.6, 52.2,
51.5, 49.1, 49.0, 48.4, 45.8, 41.4, 39.7, 37.22,336.9, 36.2,
33.8, 33.1, 32.5, 29.8, 29.8, 28.7, 28.4, 24.71,220.4, 18.4,
18.2, 15.3, 14.6, 13.6; ESIMS: m/z 782.85 [100%.+ENT;
HRMS-ESI: calculated for §gHsaNsO; [M+H]* 782.5004, found
782.4986.

Preparation of triazole 27f: Procedure similar to that dfa.
This compound was prepared by tieaction of alkyne26 with
azide9f. Yield: 81%; tan color solid; mp 167 — 169 & NMR
(400 MHz, CDC)): 3 (ppm) 7.75 (s, 1H), 7.64 (d,= 15.4 Hz,
1H), 7.61 (s, 1H), 7.44 - 7.54 (m, 2H), 7.33 — 7.41 4H), 7.28
—7.32 (m, 1H), 7.00 — 7.13 (m, 2H), 6.38 Jds 15.7 Hz, 1H),
6.29 — 6.36 (m, 1H), 6.20 — 6.28 (m, 1H), 4.75 (s,, 4H1 (s,
1H), 4.37 — 4.57 (m, 4H), 3.87 — 3.96 (m, 2H), 3.08.20 (m,
1H), 2.80 (dJ = 15.1 Hz, 1H), 2.33 — 2.50 (m, 1H), 2.11 Jd;
15.1 Hz, 1H), 0.76 — 1.96 (m, 19H), 1.68 (s, 3H), AL63H),
1.17 (s, 3H), 0.99 (s, 3H), 0.85 (s, 3H), 0.83 (s, 3f0; NMR
(101 MHz, CDCY): & (ppm) 177.0, 166.7, 150.9, 145.7, 141.
141.2, 136.4, 134.8, 130.1, 129.1, 128.5, 128.8.6,2121.1,
120.2, 119.0, 118.1, 110.6, 109.9, 107.0, 55.%,530.3, 49.9,
49.6, 47.0, 42.7, 41.0, 39.8, 38.5, 38.2, 37.50,3584.4, 33.8,
33.7, 31.0, 29.7, 25.9, 23.4, 21.7, 19.6, 19.46,165.9, 14.9;
ESIMS: m/z calculated for gHgsNsO, (M+Na)" 803.50, found
803.55.

9,

Preparation of N-2-azidoethyl betulonamide 28: The title
compound was prepared by the reaction of betulanéetcly (850
mg, 1.87 mmol) and 2-azidoethylamine (241 mg, 2:@®ol)
using the general amide-couplimocedure Ato furnish the
amide 28 (722 mg, 74%) as a white solid. Mp 82 — 84 *g;
NMR (400 MHz, CDC)): 5 5.94 (s, 1H), 4.72 (s, 1H), 4.58 (s,
1H), 3.32 — 3.48 (m, 4H), 3.03 — 3.15 (m, 1H), 2.38.49 (m,
3H), 0.81 — 1.95 (m, 21H), 1.66 (s, 3H), 1.05 (s, 3HDO (s,
3H), 0.96 (s, 6H), 0.91 (s, 3H)C NMR (101 MHz, CDGJ)): &
218.4, 176.7, 150.9, 109.7, 55.9, 55.2, 51.4, 562, 47.5,
46.9, 42.7, 40.9, 39.8, 38.9, 38.4, 38.0, 37.14,333.9, 31.0,
29.6, 26.8, 25.8, 21.7, 21.2, 19.8, 19.7, 16.21,164.8; ESIMS:
m/z calculated for GHsoN,O, (M-H)* 521.39, found 521.20.
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Preparation of triazole 29a: Procedure similar to that @Pa.
This compound was prepared by tleaction of azide28 with
alkyne13a. Yield: 79%; off white solid; mp 108 — 111 °&H4
NMR (400 MHz, CDC)): & (ppm) 7.86 (s, 1H), 7.61 (s, 1H),
7.20 — 7.40 (m, 5H), 6.40 (brs, 1H), 4.73 (s, 1H)34-54.61 (m,
3H), 4.35 — 4.50 (m, 2H), 3.69 — 3.79 (m, 2H), 3.412{), 3.07
(m, 1H), 2.27 — 2.63 (m, 12H), 2.14 (s, 3H), 0.83.991(m,
22H), 1.66 (s, 3H), 1.04 (s, 3H), 1.00 (s, 3H), 0.963H), 0.94
(s, 3H), 0.91 (s, 3H)*C NMR (101 MHz, CDGCJ): & (ppm)
218.1, 176.9, 168.3, 150.7, 145.7, 139.5, 135.4,.313128.9,
128.3, 127.8, 123.4, 109.4, 56.1, 55.6, 54.9, 5331, 49.9,
49.8, 47.3, 46.5, 44.9, 42.4, 41.8, 40.7, 39.63,398.2, 37.6,
36.9, 35.3, 34.1, 33.7, 33.4, 30.8, 29.6, 29.46,285.6, 21.5,
20.9, 19.6, 19.4, 15.9, 15.9, 14.5; ESIMS: m/z 822100%,
(M+H)']; HRMS-ESI: calculated for &H-sN,O; [M+H]"
822.6004, found 822.6025.

Preparation of triazole 29b: Procedure similar to that da.
This compound was prepared by tleaction of azide28 with
alkyne13b. Yield: 86%; cream color solid; mp 115 — 117 *8;
NMR (400 MHz, CDC)): 6 (ppm) 10.23 (m, 1H), 7.94 (s, 1H),
7.60 (s, 1H), 7.29 — 7.37 (m, 3H), 7.21 — 7.25 (m,, B4)5 (t,J
= 5.7 Hz, 1H), 4.73 (s, 1H), 4.59 (s, 2H), 4.57 (s, 1438 —
4.52 (m, 2H), 3.78 (¢ = 5.7 Hz, 2H), 3.41 (s, 2H), 3.07 (dtF
4.3,11.2 Hz, 1H), 2.31 — 2.62 (m, 10H), 3.69 (s, IB7 — 1.66
(m, 22H), 1.66 (s, 3H), 1.04 (s, 3H), 1.00 (s, 3H)50(8, 6H),
0.91 (s, 3H)*C NMR (101 MHz, CDCJ): & (ppm) 218.1, 176.9,
168.2, 150.6, 145.3, 140.4, 135.3, 129.5, 128.98.3,2128.0,
122.9, 109.5, 55.6, 54.9, 54.8, 54.6, 52.1, 49999,449.6, 47.3,
46.5, 45.7, 42.4, 40.6, 39.6, 39.1, 38.2, 37.69,385.0, 34.1,
33.6, 33.4, 30.7, 29.4, 26.6, 25.6, 21.4, 20.96,199.4, 15.9,
15.9, 14.5; ESIMS: m/z 820.60 [100%, (M+H)HRMS-ESI:
calculated for GH-sN;O;[M+H] " 820.5848, found 820.5855.

Preparation of triazole 29c: Procedure similar to that da.
This compound was prepared by tleaction of azide28 with
alkynel13c. Yield: 81%; white solid; mp 155 — 158 °G4 NMR
(400 MHz, CDC}): 3 (ppm) 7.62 (dJ = 15.9 Hz, 1H), 7.60 (s,
1H), 7.44 — 7.51 (m, 2H), 7.31 — 7.39 (m, 3H), 6.56.66 (M,
1H), 6.43 (dJ = 15.6 Hz, 1H), 6.12 — 6.20 (m, 1H), 4.71 (s, 1H),
4.62 (d,J = 5.5 Hz, 2H), 4.57 (s, 1H), 4.39 — 4.53 (m, 2H), 3-68
3.80 (m, 2H), 2.97 — 3.09 (m, 1H), 2.29 — 2.53 (m,,3HP2 —
1.90 (m, 21H), 1.64 (s, 3H), 1.03 (s, 3H), 0.99 (s,,3H93 (s,
3H), 0.92 (s, 3H), 0.90 (s, 3H)C NMR (101 MHz, CDG)): &
(ppm) 218.5, 177.2, 166.4, 150.8, 145.2, 141.6,.8,3430.1,
129.0, 128.0, 123.5, 120.5, 109.8, 55.8, 55.2,,56(21, 49.9,
47.5, 46.8, 42.7, 40.9, 39.8, 39.4, 38.4, 37.81,335.3, 34.4,
33.9, 33.6, 30.9, 29.6, 26.8, 25.8, 21.7, 21.28,199.6, 16.2,
16.2, 14.7; HRMS-ESI: calculated for ,8NsO; [M+H]”
708.4847, found 708.4840.

Preparation of 30a: Procedure similar to that df0a. Yield:
86%; pale yellow solid; mp 116 — 118 °& NMR (400 MHz,
CDCL): 8 (ppm) 10.21 (brs, 1H), 7.92 (s, 1H), 7.61 (s, 1H}37.
— 7.43 (m, 2H), 7.28 — 7.32 (m, 1H), 7.19 — 7.25 2iH), 6.21
(brs, 1H), 4.73 (s, 1H), 4.58 (s, 1H), 4.53 — 4.57 Zi), 4.33 —
4.51 (m, 2H), 3.74 (q] = 5.5 Hz, 2H), 3.38 (s, 2H), 3.16 (dbF
5.0, 11.2 Hz, 1H), 3.07 (di,= 3.7, 11.2 Hz, 1H), 2.36 — 2.51 (m,
5H), 2.25 (brs, 6H), 2.12 (s, 3H), 0.64 — 1.91 (m, 24H§6 (s,
3H), 0.94 (s, 3H), 0.93 (s, 3H), 0.91 (s, 3H), 0.8(Bks), 0.73 (s,
3H); *C NMR (101 MHz, CDGC)): & (ppm) 176.9, 168.2, 150.8,
145.9, 139.7, 135.7, 130.9, 128.9, 128.2, 127.8.2,2109.4,
78.8, 56.2, 55.6, 55.4, 53.8, 52.8, 50.6, 50.06,496.6, 45.1,
42.4, 41.8, 40.7, 39.2, 38.8, 38.7, 38.2, 37.52,335.3, 34.4,
33.4, 30.8, 29.6, 29.4, 27.9, 27.4, 25.6, 20.94,198.3, 16.1,
15.4, 14.7; ESIMS: m/z 824.75 [100%, (MF¥H)HRMS-ESI:

Tetrahedron

calculated for GH--N;O;[M+Na]" 846.5980, found 846.5954.

Preparation of 30b: Procedure similar to that &f0a. Yield:
89%; pale orange solid; mp 129 — 131 *g3:NMR (400 MHz,
CDCly): 8 (ppm) 10.22 (tJ = 5.3 Hz, 1H), 7.95 (s, 1H), 7.60 (s,
1H), 7.33 — 7.37 (m, 2H), 7.28 — 7.31 (m, 1H), 7.21.24 (m,
2H), 6.00 — 6.10 (m, 1H), 4.73 (s, 1H), 4.56 — 4.60 3), 4.39
—4.52 (m, 2H), 3.77 (g} = 5.7 Hz, 2H), 3.42 (s, 2H), 3.16 (dH,
= 5.0, 11.2 Hz, 1H), 3.06 (di,= 3.8, 11.1 Hz, 1H), 2.24 — 2.61
(m, 10H), 2.29 (s, 3H), 0.65 — 1.92 (m, 23H), 1.663(4), 0.94
(s, 6H), 0.90 (s, 3H), 0.80 (s, 3H), 0.74 (s, 3HE NMR (101
MHz, CDCkL): & (ppm) 176.9, 168.1, 150.6, 145.2, 140.5, 135.3,
129.4, 128.9, 128.3, 128.0, 122.9, 109.5, 78.87,955.4, 54.7,
54.6, 51.9, 50.6, 49.9, 49.6, 46.6, 45.6, 42.47489.1, 38.8,
38.7, 38.2, 37.6, 37.2, 35.0, 34.4, 33.4, 30.86,229.4, 27.9,
27.4, 25.6, 20.9, 19.4, 18.3, 16.1, 15.4, 14.6 M=8Im/z 822.80
[100%, (M+H)]; HRMS-ESI: calculated for &H;sN;Os
[M+Na]* 844.5824, found 844.5885.

Preparation of 30c: Procedure similar to that df0a. Yield:
91%; white solid; mp 163 — 166 °CH NMR (400 MHz,
CDCly): & (ppm) 7.63 (dJ = 15.6 Hz, 1H), 7.59 (s, 1H), 7.46
7.50 (m, 2H), 7.33 — 7.39 (m, 3H), 6.50 (brs, 1H)16(d,J =
15.6 Hz, 1H), 6.10 (brs, 1H), 4.72 (s, 1H), 4.62Jd; 5.8 Hz,
2H), 4.57 (s, 1H), 4.37 — 4.52 (m, 2H), 3.76 JG; 5.6 Hz, 2H),
3.11 — 3.20 (m, 1H), 3.04 (di,= 4.0, 12.0 Hz, 1H), 2.42 (di,=
3.6, 12.7 Hz, 1H), 0.60 — 1.89 (m, 24H), 1.64 (s, 3HY3 (s,
3H), 0.92 (s, 3H), 0.89 (s, 3H), 0.79 (s, 3H), 0.733H4); °C
NMR (101 MHz, CDCJ): & (ppm) 177.0, 166.2, 150.6, 144.9,
141.3, 134.6, 129.8, 128.8, 127.8, 123.2, 120.8,5.(0/8.9, 55.6,
55.3, 50.6, 49.9, 49.7, 46.6, 42.4, 40.7, 39.28,388.7, 38.2,
37.6, 37.2, 34.9, 34.4, 33.4, 30.8, 29.4, 28.04,225.5, 20.9,
19.4, 18.3, 16.1, 15.4, 14.6; ESIMS: m/z 710.65 0ph0
(M+H)']; HRMS-ESI: calculated for £HsNsO; [M+Na]*
732.4823, found 732.4836.

Cell Viability Assay: Human pancreatic cancer MIAPaCa-2
cells were purchased from ATCC. Cells were maintaineD-
MEM supplemented with 10% FBS, 2.5% horse serum,1&ad
Penicillin Streptomycin in a humidified atmosphefé% CQ at

37 °C. Murine breast cancer 4T1 cells were purahdsam
ATCC. Cells were maintained in RPMI-1640 supplememéth
10% FBS and 1% Penicillin Streptomycin in a hunieédif
atmosphere of 5% Cat 37 °C. Cells were seeded in 96 well
plates at a density of 5 x 46ells/mL, 100uL/well incubated for
18-24 hours, then exposed to compounds startingaat
concentration of 50 pM and serial diluted. Compauneere
added in duplicate and exposed for 72 hours. E&gh was
reported as an average of a minimum of three tradsnpounds
were dissolved in DMSO at a concentration of 50 mM and
diluted into the appropriate media 1:1000. The Ifina
concentration of DMSO was kept below 0.1%. Furthermore,
DMSO was added as a negative control. Cellular vigbilias
determined using MTT (3-(4, 5-dimethylthiazolyl-2)- 5-
diphenyltetrazolium bromide). MTT was dissolved iK PBS
solution (5 mg/mL) and 10 puL was added to each widter 4
hours of incubation, cells were lysed with 100 pLaofSDS
(sodium dodecyl sulfate) solution (100 mg/mL of DR HCI)
and incubated for an additional 4 hours. The alzsuare of each
well was then measured using a microplate reader7@trn.
Control wells absorbance was defined as 100% vigkild all

of the tested compounds were expressed as perceptatiee to
the control.
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