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ABSTRACT

The synthesis of novel synthetic derivatives starting from naturally occur-
ring lupane triterpenoid compounds has been described. Some of the key
reactions involved in these syntheses include Passerini reaction, aldol

reaction, and reductive amination protocols.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Betulin (1) and betulinic acid (2), (33-hydroxy-
lup-20(29)-en-28-o0ic acid) (Figure 1) are
pentacyclic lupanetriterpene natural productsiso-
lated from the bark of yellow and white birch treeg?.
Naturally, betulin occursin >200 different types of
plant specieswith the highest amount ranging up to
10-25% found in the outer part of birch barks!.
Thesebirchtreesare nativeto northern America, and
severa partsof Europe. BA wasfound to be differ-
entially cytotoxic against melanoma, glioblastoma,
breast, prostate, and few other cancers?. Apart from
anti-cancer properties, B/BA have aso been reported
to exhibit awide range of biological propertiessuch
asant-microbial, anti-HIV and anti-inflammatory
activitied3. Only alimited success has been observed
inachieving high levelsof anti-cancer activity for fur-
ther development. Hence, thereisacritical need for
the design and structural modification of B/BA inor-
der to increase the potency and broaden its biol ogi-
cal profile against other cancers.
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Inthismanuscript wereport the preliminary inves-
tigationsof nove chemica methodol ogiesthat provide
rapid accessto librariesof exploratory betulin ana ogs,
whileretaining the predominant structura integrity of
the parent natural products. Inthisregard for the present
study, we chose Passerini multi-component coupling re-
action®, chd coneformation”, and reductiveamination
reactions, asthese protocol swould producehighly flex-
ibletemplateswith further potentia for derivatization.

EXPERIMENTAL

Preparation of betulin-chalconederivative 6 via
aldol condensation

To asolution of potassium tert-butoxide (6 mmol)
inTHF (10 mL) wasadded betulin ddehyde5 (5 mmoal)
dissolved in 10 mL THF at 0°C and was warmed to
room temperature. After stirring for 1 hour, acetophe-
none (6 mmol) wasadded and stirred overnight at room
temperature. Upon completion (TLC), thereaction mix-
turewasworked up with saturated ammonium chloride
and ethyl acetate (3 x 30 mL). The combined organic
layersweredried (MgSO,), concentrated invacuo and
purified by silicagel column chromatography to obtain
the betulin-cha cone derivative 6 (80%yidd). ‘HNMR
(400 MHz, CDCL): § 7.92 (d, = 7.6 Hz, 2H), 7.44-
7.56 (m, 3H), 7.34 (d, J = 16.4 Hz, 1H), 6.94 (d, J =
16.0 Hz, 1H), 4.71 (s, 1H), 4.59 (s, 1H), 3.16 (dd, J
=4.4,10.8 Hz, 1H), 2.50-2.56 (m, 1H), 2.1-2.2 (br
s, 1H), 0.63-2.02 (m, 24H), 1.68 (s, 3H), 0.98 (s,
3H), 0.94 (s, 3H), 0.91 (s, 3H), 0.78 (s, 3H), 0.73 (s,
3H); *C NMR (100 MHz, CDCl,): 6 191.3, 154.9,
149.9,138.4,132.9,128.8,128.7,125.2,110.4, 79.1,
55.5, 50.8, 50.6, 50.1, 47.9, 43.1, 41.0, 39.3, 39.2,
39.1, 38.9, 37.4, 34.5, 33.8, 30.0, 28.2, 28.1, 27.5,
255, 21.0, 195, 185, 16.3, 16.2, 15.6, 14.9; ESI-
MS: 565 [(M+Na)*, 100%)]; 543 (M+H)*.

Prepar ation of betulin-chalcone-succinicacid 7

Toasolution of betulin-chacone6 (5mmol) in50
mL toluenewas added succinic anhydride (10 mmol),
and dimethyl aminopyridine (1 mmol) andrefluxedfor
24 hours. Upon completion (TLC), thereaction mix-
turewasworked up with water and ethyl acetate (3 x
25 mL). The combined organic layers were dried
(MgS0,), concentrated in vacuo and purified by silica
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gel column chromatography to obtain the betulin-chal -
cone-succinic acid derivative 7 (85%yield). ‘HNMR
(400 MHz, CDCl,): § 7.95 (d, J= 7.2 Hz, 2H), 7.44-
7.60 (m, 3H), 7.37 (d, J = 15.6 Hz, 1H), 6.97 (d, J =
16.0Hz, 1H), 4.75(s, 1H), 4.63 (s, 1H), 4.51 (dd, J=
7.2, 8.8 Hz, 1H), 2.53-2.69 (m, 5H), 0.76-2.03 (m,
24H), 1.72 (s, 3H), 1.00(s, 3H), 0.95 (s, 3H), 0.84 (s,
9H); *C NMR (100 MHz, CDCl,)): 6 1914, 178.1,
172.1,154.9,149.9,138.4,132.9,128.8,128.7,125.2,
110.4, 81.8, 55.6, 50.8, 50.5, 50.1, 47.9, 43.1, 41.1,
39.3, 39.2, 38.6, 38.1, 37.3, 34.5, 33.8, 30.1, 29.6,
29.3, 28.2, 28.1, 25,5, 23.8, 21.0, 19.5, 184, 16.8,
16.4, 16.3, 14.9; ESI-MS: 665 [(M+Na)*, 100%].

Prepar ation of betulin-acetoxyamidederivative 8
viaPasserini reaction

To asolution of betulin aldehyde5 (5mmol) in2
mL THF wasadded benzoic acid (5.5 mmol) and iso-
propyl isocyanide (5.5 mmol) and stirred for 72 hours
at room temperature. Upon completion (TLC), there-
action mixture was worked up with water and ethyl
acetate (3x 20mL). Thecombined organiclayerswere
dried (MgSO,), concentrated in vacuo and purified
by silicagel column chromatography to obtain the betu-
lin-acetoxyamidederivative 8 (70%yield) asasingle
diastereomer. '"H NMR (400 MHz, CDCL,): 5 8.06-
8.09 (m, 2H), 7.41-7.64 (m, 3H), 5.82 (s, 1H), 5.70
(d, J=8.0 Hz, 1H), 4.51 (s, 1H), 4.48 (s, 1H), 4.44
(dd, J=5.2, 10.8 Hz, 1H), 4.01-4.09 (m, 1H), 2.64-
2.71(m, 1H), 0.74-2.33 (m, 24H), 2.00 (s, 3H), 1.65
(s, 3H), 1.12(d, J=6.8 Hz, 3H), 1.09 (s, 3H), 1.02
(d, J=6.8 Hz, 3H), 0.98 (s, 3H), 0.82 (s, 3H), 0.81
(s,3H), 0.80(s, 3H); *CNMR (100 MHz, CDCl,): &
171.3, 168.7, 165.7, 150.6, 133.9, 129.8, 129.6,
129.1, 110.0,81.2,77.5, 76.3, 55.6, 50.7, 50.4, 49.4,
48.6, 43.2, 41.1, 38.6, 38.0, 37.3, 37.2, 35.0, 34.4,
33.7, 32.6, 28.3, 28.2, 25.3, 23.9, 22.9, 22.7, 21.6,
21.0,19.0,18.4,16.7,16.4, 16.3, 15.4; ESI-M S: 696
[(M+Na)*, 100%)].

Prepar ation of betulin acetoxyamidederivative9
viaPasserini reaction

Procedure similar to the preparation of 8 above.
Benzyl isocyanidewas used instead of isopropyl iso-
cyanide. 75%yidd of the product betulin acetoxyamide
9 wasobtained. *H NMR (400 MHz, CDCl,): 5 8.05-
8.07 (m, 2H), 7.44-7.64 (m, 4H), 7.16-7.27 (m, 4H),
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6.34 (t, J = 6.0 Hz, 1H), 5.96 (s, 1H), 4.54 (s, 1H),
451 (s, 1H), 4.39-4.48 (m, 3H), 2.66-2.74 (m, 1H),
0.74-2.37 (m, 24H), 2.02 (s, 3H), 1.67 (s, 3H), 1.11
(s, 3H), 1.01 (s, 3H), 0.84 (s, 3H), 0.83 (s, 3H), 0.82
(s 3H); “CNMR (100 MHz, CDCl,): 5 171.4, 169.7,
165.9, 150.6, 138.2, 133.9, 129.9, 129.6, 129.0,
128.9 128.6, 127.6, 110.1, 81.2, 77.5, 76.5, 55.6,
50.8, 50.4, 49.4, 48.7, 43.3, 41.1, 38.6, 38.0, 37.4,
37.2, 35.1, 34.4, 33.7, 32.6, 28.4, 28.2, 25.3, 23.9,
215, 21.0, 19.0, 18.4, 16.7, 16.4, 15.5, 14.4; ESI-
MS: 744 [(M+Na)*, 100%].

Preparation of betulin-BODIPY-acetoxyamide
derivative 11 via Passerini reaction

Proceduresimilar to the preparation of 8 above. p-
BODIPY-benzoicacid 10 wasused instead of benzoic
acid. 72%yield of the product betulin acetoxyamide9
wasobtained. 'H NMR (400 MHz, CDCI,): 5 8.16 (d,
J=8.0Hz 2H), 7.41 (d, J= 8.0 Hz, 2H), 7.22-7.28
(m, 5H), 6.34(t, J=5.6 Hz, 1H),5.85(s, 1H), 4.67 (5,
1H), 4.58-4.64 (m, 2H), 4.45-4.50 (m, 1H), 4.35 (dd,
J=4.8,10.4Hz, 1H), 2.78-2.87 (m, 1H), 2.52 (s, 6H),
0.74-2.37 (m, 24H), 2.28 (q, J= 7.4 Hz, 4H), 2.03 (s,
3H), 1.68 (s, 3H), 1.22 (s, 6H), 1.15(s, 3H), 1.01 (s,
3H), 0.97 (t, J = 7.4 Hz, 6H), 0.84 (s, 3H), 0.83 (s,
3H), 0.82 (s, 3H); *C NMR (100 MHz, CDCl,): 6
171.3,170.6,165.2,154.6, 150.2, 141.7,138.5, 138.2,
137.8,133.4,130.6,130.4, 129.9, 129.3,128.9, 128.0,
127.9,110.4,81.2, 77.5, 75.0, 55.6, 52.5, 50.5, 50.2,
46.8, 43.2, 41.2, 38.6, 38.0, 37.3, 34.6, 34.3, 31.8,
31.0, 29.2, 28.2, 25.3, 23.9, 22.9, 21.5, 21.0, 19.0,
18.4, 17.3, 16.6, 16.3, 15.4, 14.8, 14.3, 12.8, 12.2;
ESI-MS: 1046 [(M+Na)*, 100%].

Prepar ation of betulin N-benzyl amine13viare
ductiveamination

Toasolution of betulin aldehyde 12 (5mmol) in
toluene (20 mL) was added benzyl amine (6 mmol)
and refluxed for 6 hours. The reaction mixture was
cooled to room temperature, and sol vent was concen-
trated in vacuo. The crudereaction mixturewasdis-
solvedinmethanol (10 mL) and added dowly to asus-
pensionof NaBH, (3mmol) inmethanol (SmL.) under
inert atmosphere at 0°C. The reaction mixture was
stirred overnight at room temperature. Upon comple-
tion (TLC), thereaction mixturewas concentrated in
vacuo and worked up with water and ethyl acetate (3
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x 30 mL). The combined organic layers were dried
(MgS0,), concentrated in vacuo and purified by silica
gel column chromatography to obtain the betulin N-
benzyl aminederivative 13 (82%yield). *H NMR (400
MHz, CDCl,): 5 7.23-7.36 (m, 5H), 4.64 (s, 1H), 4.54-
4.55 (m, 1H), 3.91 (d, J= 13.6 Hz, 1H), 3.78 (d, J =
13.2 Hz, 1H), 3.16 (dd, J = 5.2, 11.2 Hz, 1H), 2.68
(d, J=11.2 Hz, 1H), 2.32-2.39 (m, 1H), 2.19(d, J =
11.2 Hz, 1H), 0.64-1.93 (m, 24H), 1.66 (s, 3H), 0.96
(s,3H),0.93 (s, 3H), 0.81 (s, 3H),0.80 (s, 3H), 0.75
(s,3H); ®*CNMR (100 MHz, CDCl,): 6 150.9, 128.6,
1285, 128.3, 127.2, 109.7, 79.2, 71.5, 55.5, 54.7,
50.6, 49.5, 47.7, 46.8, 42.7, 41.0, 39.1, 38.9, 37.3,
37.2,35.4,34.4, 30.5, 30.2, 28.2, 27.6, 27.3, 25.3,
21.0,19.4, 185, 16.3, 15.9, 15.6, 15.0; ESI-MS: 532
[(M+H)*, 100%].

Preparation of betulin N,N-Dibenzyl amine 14

Toasolution of betulin N-benzyl amine13 (5mmoal)
in CH,CI, (10 mmol) was added benzyl bromide (6
mmol) and N,N-diisopropylethyl amine (6 mmol) and
stirred for 24 hours. Upon completion (TLC), there-
action mixturewas concentrated in vacuo and purified
by sllicagel column chromatography to obtainthe betu-
lin- N,N-Dibenzyl aminederivative 14 (78%yvyield). *H
NMR (400 MHz, CDCl,): 8 7.22-7.40 (m, 10H), 4.61
(s, 1H), 4.52-4.53 (m, 1H), 3.61 (d, J = 13.6 Hz,
2H), 3.53 (d, J = 13.6 Hz, 2H), 3.17 (dd, J = 4.8,
11.2 Hz, 1H), 2.65 (d, J = 13.6 Hz, 1H), 2.20-2.27
(m, 2H), 1.95-2.04 (m, 2H), 0.66-1.73 (m, 23H), 1.63
(s,3H), 0.96 (s, 3H), 0.91 (s, 6H), 0.82 (s, 3H), 0.77
(s,3H); ®*CNMR (100MHz, CDCl,): 6 151.2, 140.2,
129.4, 128.4, 127.1, 109.5, 79.2, 77.5, 61.2, 55.5,
51.6, 50.6, 50.5, 47.7, 42.7, 41.1, 39.1, 38.9, 37.3,
37.0, 36.1, 34.4, 31.9, 30.1, 28.2, 27.6, 27.3, 25.4,
21.0,19.4, 185, 16.4,15.9, 15.6, 14.9; ESI-MS: 622
[(M+H)*, 100%].

RESULTSAND DISCUSSION

Weinitiated our project with theisolation of the
natural product. Betulin wasisolated from birch bark
by asimple extraction process. The birch wood was
elther obtained fromloca birchtreesor purchased from
grocery store (commonly available asfirewood). The
bark was peeled off thelog using aknife, and chopped
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into smaller pieces. The piecesweregroundin aregu-
lar kitchen blender and refluxed in chloroform for 4-6
hours. The mixturewasfiltered on asintered funnel and
the extract evaporated on arotary evaporator to ob-
tain crudebetulin. Recrystalization in ethanol afforded
pure betulin as an off white powder. We have been
abletoroutinely isolate multiple grams (~30-40g) of
betulinwith utmost ease using this procedure.
Owingto theimportance of cha conesasanti-can-
cer pharmacophoresin medicinal chemistryt wesyn-
thesized chd conehybrid and ogsof Betulin6-7 asshown
in Scheme 1. Thesynthesisof chalconederivativeswas
initiated with the synthesisof betulin ddehyde5. Acety-

ACZO

Py, CH2C|2
82%

PCC
—>
CH,Cl,: THF
(20:1)

87%

DMAP, Toluene
reflux, 85%

lation of betulin 1 with acetic anhydride provided the
betulin diacetate 3, which uponregiosdectivehydrolysis
of primary acetatewith duminumisopropoxidefurnished
betulin hydroxyacetate 4. PCC oxidation of theresulting
C, brimary acohol in4 furnished betulinaldenydeSin
57% overd|l yied over three steps®. Condensation of
a dehyde 5 with acetophenone using KO'Bu furnished
thea-B-unsaturated ketone 6 upon concomitant hydroly-
ssof theC, acetategroup under adol condensation con-
ditions. Toimprovethewater solubility of thiscompound,
the C, secondary a cohol was converted into succinic
acid hemiester 7 by refluxing the ketone 6 with succinic
anhydrideintoluene(Schemel).

Al(O'Pr);
iProH
—_——
80%

.

Schemel: Synthesisof Iupanederlvanv&swaaldol condensation

Multi-component coupling isan extremely impor-
tant tool in organic and medicinal chemistry towards
the synthesis of structurally diverse scaffolds of bio-
logical interest. Theisocyanide based Passerini and
Ugi coupling reactions offer an easy accessto adi-
verserangeof peptidomimetic analogsunder mildre-
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action conditionsg®. Accordingly, we utilized betulin
adehyde5 inthe Passerini reaction viacoupling with
benzoic acid in the presence of isopropyl and benzyl
isonitrilesto afford the corresponding a-acetoxyamides
ingoodyield and diastereosd ectivity. The high selec-
tivity observed in the reaction could be attributed to
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the substrate controlled nucleophilic addition fromthe
sideoppositeto that of the bulky pivalyl group. Simi-
larly, afluorescent derivative of betulin wasalso syn-
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thesized utilizing Passerini reaction of betulinadehyde
5 with BODIPY acid 109 and benzyl isocyanide
(Scheme?2).

Scheme?2: Synthesisof lupanederivativesviaPasserini multicomponent coupling

Inanother protocol, betulin aldehyde 12 was syn-
thesized directly from betulin viaPCC oxidation and
further subjected to reductive amination with benzyl
aminein the presence of sodium borohydrideto pre-
parethebetulin N-benzylamine 13. Theamine 13was
further utilized for nucleophilic substitution on benzyl
bromideto prepare betulin N,N-dibenzyl amine de-
rivative 14in highyield. Theseamineswere prepared
inan effort towardsincreasing thewater solubility of
these betulin compounds (Scheme 3).

In conclusion, wehave prepared severa synthetic
derivativesof lupanetriterpenoidsemploying reactions
such as Passerini multicomponent coupling reaction,
adol reaction, and reductive amination reaction. The
biological evauation of these synthetic derivativesas
potentia anti-cancer agentsisin progressand will be
reported in due course. Owing to the importance of
natural productsin medicinal chemistry, the present
manuscript would find interest amongst the synthetic
organi ¢ chemistry community.
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Scheme3: Synthesisof lupanederivativesviareductiveamination protocol

(3]
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