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Abstract

Parent pentacyclic triterpenoic acids such as igrsaleanolic, glycyrrhetinic, betulinic and
boswellic acid were converted into their acetylgtgmkrazinyl amides that were coupled with
rhodamine B. SRB assays to evaluate their cytotiyxshowed all of these triterpene-
homopiperazinyl-rhodamine addudis-20 being highly cytotoxic for a panel of human tumor
cell lines even in nanomolar concentrations whaeg significantly less cytotoxic for non-
malignant cells. Interestingly enough, these compsuwere even more cytotoxic than
previously prepared piperazinyl analogs, thus nmakime homopiperazinyl spacer a very
interesting scaffold for the development of biotmdly active compounds. Extra staining
experiments showed that the cytostatic effect ehpoundsl8 and 20 onto A2780 cancer
cells is due to their ability to act as a mitocan.
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1. Introduction

Cancer is still one of the most devastating dissagproximately 8.9 million deaths in 2016
were caused by cancer.[1] Many therapies have teeeloped and help to cure patients in
early stages suffering from this disease or togmmltheir lifespan for months or even years.
Much progress has been made especially in the alawent of small-molecule anticancer
drugs.[2, 3] However, many of them kill healthylsehs well as targeted cancer cells. In
search of higher active and more selective druggchondria have moved in the focus of
scientific interest. Mitochondrial functions of @aan cells differ from those of normal cells.[4]
As a consequence, mitochondria can be regardew iase@esting target for cancer therapy.[5,
6] Thus, the development of cytotoxic agents beaibte to impair mitochondrial functions
especially in cancer cells seems most rewarding.aAsnsequence, the development of
mitocans,[7-10] compounds that primarily targetanitondria, was called for.

Several derivatives of pentacyclic triterpenoid4][$howed an increased cytotoxic and a
significant anti-tumor activity bothn vitro and in vivo.[11-17] Increased cytotoxicity,
however, was observed for those molecules holdmgdaitional amino group (in)-directly
attached to the carbon skeleton of the triterpefiBe22] Thereby, compounds coupled to a
piperazinyl residue showed significantly better iGaricer activity than their parent

compounds.[23-27] Triterpenoids, however, holdinthka piperazinyl spacer [28, 29] as well



as a rhodamine B moiety attached to it were shawmadt as mitocanic agents of high
cytotoxicity.[17, 30] Interestingly enough, whilecibinder (as of 2018, May) reports 157
pentacyclic triterpenoids with a piperazinyl moigl-36] there is only one report dealing
with the synthesis and cytotoxic evaluation of licsoacid derivatives holding a
homopiperazinyl moiety instead of a piperazinylug$29] Hence, we became interested in
compounds holding a homopiperazinyl moiety togethigh a rhodamine B group, and to
investigate their ability to act as mitocanic agent

2. Results and discussion
2.1. Chemistry

The starting materials (Fig. 1), ursolic acig, (cleanolic acid2), glycyrrhetinic acid §) and
betulinic acid (4 were purchased from commercial suppliers in bulk-Bcetyl-11-ketoB-
boswellic acid %) was extracted from the resin of frankincense ypgla modification of
Jauch’s procedure.[37] Deacetylation5ofvith an aqueous solution of sodium hydroxide in

EtOH gave 11-ket@-boswellic acid 10) in almost quantitative yield.

Fig. 1. Structure of parent triterpenoic acids: ursolicgt), oleanolic acid?), glycyrrhetinic
acid @), betulinic acid 4), 3-O-acetyl-11-ketd3-boswellic acid §).

Scheme 1 shows the coupling reaction of the teopc acids with homopiperazine. Thus, to
avoid side reactions prior to the coupling of tleeresponding triterpenoic acid chloride to
homopiperazine, the HO-C(3) was protected as atat@ceAcetylation ofl-4 with acetic
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anhydride gave compoun@s9 in good yields (70-90%). Activation of acetylatessimpounds
5-9 with oxalyl chloride followed by their reactionsittv homopiperazine gave compounds
11-15in moderate to good isolated yields (48-95%)).

To obtain the desired rhodamine B derivatives, cencially available rhodamine B was
activated by its reaction with oxalyl chloride, aihé resulting acid chloride was coupled with
the corresponding triterpenoic acid homopiperazieeivative 11-15 to yield final target
compoundd6-20in 50-83% isolated yield.

. O
AcO— CO.H > AcO— —C-N NH
A4

5, 6-9 11-15
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Scheme 1Synthesis of triterpenoic acid homopiperazine dges. Reaction conditions: a)
Ac,0, reflux, 2 h, 7690%, b) (COCH, CH.CI, r.t., 3 h, then homopiperazine, NHtat.
DMAP, CHCly, r.t., 24 h, 4899%, c) Rhd-CGH, (COCI),, CH.Cl,, r.t., 3 h, then NEf cat.
DMAP, CH,Cly, r.t., 24 h, 5683%.

Previous studies have shown that triterpenoic akalding a rhodamine B moiety directly
attached to the triterpene skeleton are highly toyio but possess a significantly lower
tumor/non-tumor selectivity [17] than derivativebave the triterpene and the rhodamine are
separated by a piperazine spacer.[30] To verifthi$ holds true also for previously not
investigated 11-ket@-boswellic acid derivatives, the synthesis of sameresentative 11-
keto-boswellic acid derived compounds was undentaksompound5 is an ideal starting
material (Scheme 2), and its reaction in dry DMEhwmethyl iodide or benzyl bromide in the
presence of finely grounded,®O; gave the methyl este2l and the benzyl este22,
respectively.[38]
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NEt, 25 X = OMe (from 21)

—— 5 R=Ac, X=OH Et,N
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Scheme 2Synthesis of 11-ketf-boswellic acid derivative$0, 21-27: a) NaOH, EtOH, r.t.,
12 h; b) Mel, KCOs3, DMF, r.t., 24 h, 92%; c) BnBr, 03, DMF, r.t., 24 h, 57%; d) Rhd-
CO,H, (COCl), CH,CIy, r.t., 3 h, then Nt DMAP, CH,Cly, r.t., 24 h2543%,26 58%;

Reaction of5 with oxalyl chloride followed by the addition ofebzyl amine (Scheme 3)
furnished theN-benzyl amide23 in good yield. Deacetylation &3 with KOH in MeOH at
ambient temperature gad. Finally, coupling o21, 22 or 24 with activated rhodamine B as

described above gave the rhodamine B e&®%/, respectively.
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Scheme 3a) (COCI}, CH.Cl,, r.t., 3 h, then BnNK NEt;, DMAP, CH.Cl,, r.t., 24 h, 80%;
b) KOH, MeOH, r.t., 3 d, 76%; c) Rhd-GB, (COCl), CH.Cl,, r.t., 3 h, then Nt DMAP,
CH.Cly, r.t., 24 h, 57%.

2.2.Biology

The cytotoxicity of the compounds was evaluatesuiiorhodamine B assays (SRB), and the

results are summarized in Table 1.



Table 1. Cytotoxicity of selected compounds (k@alues in UM from SRB assays after 96 h
of treatment, the values are averaged from thrédep@ndent experiments performed each in
triplicate, confidence interval Cl = 95%, cut-offietassay 30 uM, n.m. not measured; mean +
standard mean error). Human cancer cell lines: A8pihelial melanoma), A2780 (ovarian
carcinoma), HT29 (colorectal adenocarcinoma), M{Bieast adenocarcinoma), SW1736
(thyroidea carcinoma); non-malignant: NIH 3T3 (medibroblasts); data for compounti
and21 are taken from literature.[30, 39-41] Betulinicda(BA) was used as a standard.

Compound A375 A2780 HT29 MCF7 NiH3T3 SW1736

1 n. m. 11.7+0.6 10.6+0.7 12.7+0.1 18.7+1.6 n. m.

2 n. m. 14.0£2.3 38.8+3.1 >60 76.4+0.7 n. m.

3 n. m. 74.57+3.73 80.09+4.00 84.70+4.24 18.52+0.93 6.93+3.85
4 n. m. 8.8+0.9 14.4+2.3 10.2+1.2 16.1+1.4 n. m.

5 n. m. 14.4+2.0 19.4+1.1 17.4+1.7 26.4+3.0 n. m
11 3.21+0.17 2.85+0.24 1.99+0.02 2.41+0.20 0.90+0.15 . mn

12 1.95+0.87 2.21+0.06 1.8840.14 1.61+0.04 1.81+0.21 . mn

13 2.30+0.14 2.31+0.23 1.30+£0.04 1.50+0.02 1.23+0.10 .2580.15
14 18.66+1.63 12.0+0.62 5.11+1.07 10.74+1.00 12.3021.0 18.66+1.63
15 n. m. 1.61+0.08 1.47+0.04 1.52+0.04 1.05+0.06 #0828
16 0.51+0.05 0.45+0.03 0.50+0.07 0.39+0.04 0.40+0.03 . mn

17 0.04+0.01 0.02+0.003 0.04+0.01 0.03+0.004 0.14+0.02 0.04+0.01
18 0.03+0.01 0.01+0.001 0.04+0.005 0.03+0.01 0.17+0.07 0.03+0.01
19 0.76+0.09 0.22+0.01 0.28+0.01 0.22+0.02 0.33x0.07 .22$£0.04
20 0.05+0.02 0.04+0.002 0.14+0.07 0.05+0.02 0.36+0.16 0.05+0.02
21 n. m. n. m. 18.4+2.0 29.2+3.0 >30 n. m.

22 24.8+27.7 30.1+57 28.8+100 26.4+48.3 >30 24.8+27.7
23 13.7+1.1 10.84+2.2 20.2+1.8 9.8+1.2 28.1+4.9 n. m.
24 12.840.5 10.0£0.9 10.7£0.6 7.3x0.9 4.9+1.2 n. m.
25 0.36+0.06 0.30+0.03 0.29+0.03 0.23+0.03 0.19+0.02 .mn

26 1.5240.11 1.32+0.12 1.71+0.15 1.38+0.13 1.01+0.13 . mn

27 0.59+0.09 0.53+0.08 0.55+0.07 0.49+0.03 0.40+0.04 .mn

BA 17.1+1.7 11.0£1.9 14.442.3 14.8+1.9 13.1+1.1 18.6+2




As a result, boswellic acid derived compounds wsttetoxic but their selectivity for tumor
cells (as compared to non-malignant fibroblasts ISTFB) was low. The presence of a keto
function at the C-11 position seems to be disadhgedus for gaining good cytotoxicity.
Further investigation of derivatives &f (OH at C-3 coupled directly with rhodamine B)
showed that the cytotoxicity is highest for the Inyeester25. Again, selectivity was low for
all of these compounds.

Compound Rhodamine 123 Hoechst 33342 Merge

— C
18

— C
20

Fig. 2. Fluorescence microscopic investigations by doshdéning with Rhodamine 123 and

Hoechst 33342: A2780 ovarian carcinoma cells weralyaed after an incubation for 24

hours with compound8 (100 nM) and compoung0 (400 nM), respectively. Picture A was

captured with the Zeiss filter set 15, picture Bswaptured with the Zeiss filter set 09, picture
C was captured with the Zeiss filter set 02 andupecD is an overlay of A, B and C. Scale
bar = 10 um.

Better results were obtained for compounds derifredh parent1-4. Thus, all of the
acetylated triterpene-homopiperazinyl amidésl5 were cytotoxic in th@eM range while the
triterpene-homopiperazinyl-rhodamine addul#s20 showed the highest cytotoxicity for the

human tumor cell lines even in nanomolar conceotnat

Compared to previously reported piperazine-rhodamompounds,[30] derivatives of ursolic
and oleanolic acid holding each a homopiperazipgcer were twice as cytotoxic as their

piperazinyl analogs. Interestingly enough, thosal@ags derived from glycyrrhetinic acid or
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betulinic acid were less cytotoxic than analogsnfimarent ursolic or oleanolic acid. Thus, the
glycyrrhetinic acid derived compourd® exhibited the lowest cytotoxicity of all compounds
of this series while compountl8 displayed the highest. These results parallel ipusv

findings described for the piperazinyl derivatiy86]

Furthermore, selectivity of cytotoxicity betweemmor cells and nonmalignant fibroblasts
(NIH 3T3) was improved for the new derivatives hogfithe homopiperazinyl spacer. Thus,
the selectivity factor was S = BL(NIH 3T3) / EGo (2780 cells) = 9 for betulinic acid
derived 20, and this selectivity is even higher (S = 17) tbe oleanolic acid derived

compoundL8.

Some additional experiments were performed to fevkea mode of action of these
compounds (Figure 2). Major benefit of linking érpenes to rhodamine B is the relative ease
of localization of the compounds within the (cana®ils. While staining of the cells with the
bisbenzimidazole dye Hoechst 33342 allows the ifieation of cell nuclei, Rhodamine 123
is usually applied in living cells to stain the aghondria. A comparison of subfigures B (Fig.
2) shows an additional orange fluorescence for @amg 20 in addition to the green
fluorescence. This effect is due to the higherceotration of the compourizD (400 nM for
20, 100 nM for18). However, the fluorescence microscopic studiss atvealed that both
compoundsl8 and 20 are located not in the nucleus, but in the saraa as the Rhodamine
123 dye, i.e. the mitochondria. As described abaal|s treated with each of these
compounds showed an inhibited growth as compareduritreated cells (control).
Consequently, it can be assumed that the cytostéfiect of compound4d8 and 20 onto

A2780 cancer cells is due to their ability to astamitocan.

3. Conclusion

Parent triterpenoic acids ursolic-, oleanolic, glybetinic, betulinic and boswellic acid were
acetylated followed by the conversion into thejpgsazinyl amides that were coupled with
rhodamine B. These compounds were subjected todRBya to evaluate their cytotoxicity.
All of these triterpene-homopiperazinyl-rhodaminiglacts16-20 were highly cytotoxic for a

panel of human tumor cell lines even in nanomotarcentrations while being significantly
less cytotoxic for non-malignant cells. Severaltloé homopiperazinyl-rhodamine adducts

were even more cytotoxic than previously preparggerpzinyl analogs, thus making the



homopiperazinyl spacer a very interesting scaffotdthe development of biologically active
compounds. Extra staining experiments showed thatcytostatic effect of compounds
and20 onto A2780 cancer cells is due to their abilityath as a mitocan.
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4. Experimental part
4.1. General

NMR spectra were recorded using the Varian spedteras Gemini 2000 or Unity 50@ (
given in ppm,J in Hz; typical experiments: H-H-COSY, HMBC, HSQCOHNSY), MS
spectra were taken on a Finnigan MAT LCQ 7000 (ebspray, voltage 4.1 kV, sheath gas
nitrogen) instrument. The optical rotations wereamged on a Perkin-Elmer polarimeter at
20 °C; TLC was performed on silica gel (Merck 55%tection with cerium molybdate
reagent); melting points are uncorrectdcti¢a hot stage microscope. IR spectra were
recorded on a Perkin Elmer FT-IR spectrometer $pectl000. The solvents were dried
according to usual procedures. The purity of thenpaunds was determined by HPLC and
found to be >96%. The parent triterpenoic acidsewastained from Betulinines (@trna
Skalice, Czech Republic) in bulk quantities. Flezence microscopic images were recorded
on an Axioskop 20 with an AxioCam MR3 (Carl Zeis&)A Flow cytometric experiments
were performed on an Attune acoustic focusing cyttem(Life Technologies GmbH). The

SRB assay was performed as previously describe@[2®B9, 42]

4.2 .Biology

4.2.1. Double-staining experiment using Rhodamine 123 andoechst
33342
The Hoechst 33342 dye was used for live-cell flaoeat staining of DNA, and mitochondria
were stained by Rhodamine 123. Approxl® cells (A2780) were seeded in cell culture

flasks (25 crf), and the cells were allowed to grow up for 24After removing of the used
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medium, the substance loaded fresh medium wasdedoéor a blank new medium as a
control). After 24 h, the content of the flask wamlected and centrifuged (1200 rpm, 4 °C),
the pellet was gently suspended in phosphate-lmdfesaline (PBS (w/w), 1 ml) and

centrifuged again. The PBS was removed, and thetpgdntly suspended in PBS (50 ul)
again. After having mixed the cell suspension vaitbolution of Hoechst 33342/ Rhodamine
123 (10 pg/ml, 20 ul) the cells were incubated30rmin at 37°C in the dark and washed
with PBS (w/w, 2x 500 pl). The analysis of the sellas performed with an Axioskop (Zeiss)
epifluorescent microscope after re-suspending #lketpin the supernatant. Different filter

sets were used for the screening: for the compotmelZeiss filter set 15 (BP 546/12, FT
580, LP 590), for Hoechst 33342 the Zeiss filter @2 (G 365, FT 395, LP 420) and for
Rhodamine 123 the Zeiss filter set 09 (BP 450-#90510, LP 515), respectively.

4.3.General procedures
4.3.1. General procedure for the acetylation of parent trierpenoic acids
(GP1)

A solution of the triterpenoic acit+4 (10.0 g, 22 mmol, 1.0 eq.) in acetic anhydrideD(frd.)
was stirred under reflux for 2 h. To the hot reattmixture, acetic acid (20 mL) was slowly
added. Stirring was continued for another 10 nhientwater (40 mL) was slowly added, and
the precipitate was filtered off. The precipitataswashed with water (4x50 mL), cold EtOH
(20 mL) and dried under reduced pressure. The etegiroducts were obtained as off-white
solids that were pure enough (as checked by TLCRNMS) for the next reaction steps.
Analytical samples were obtained either by re-@iigation or column chromatography.

4.3.2. General procedure for the coupling with homopiperaine (GP2)

To an ice-cold solution of aceta&9 (0.5 g, 1.0 mmol, 1.0 eq.) in dry GEl, (10 mL),
oxalyl chloride (0.5g, 0.3 mL, 4 mmol, 4.0 eq.) svalowly added, and the mixture was
allowed to warm to ambient temperature, and sgrums continued for 3 h. The solvent was
removed under reduced pressure, the residue dessoivdry THF (10 mL), and the volatiles
were evaporated. To a solution of the residue ynGi,Cl, (10 mL), homopiperazine (2.0 g,
2 mmol, 2.0 eq.), NEt(0.2 mL, 1.5 mmol, 1.5 eq.) and DMAP (5 mol-%) wexdded, and
stirring was continued for 2 h. Evaporation of teelvent under reduced pressure and
purification of the residue by column chromatognapisilica gel) afforded the desired

products as off-white solids.
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4.3.3. General procedure for the preparation of the rhodanne B
derivatives (GP3)

To an ice-cold solution of rhodamine B (0.3 g, On&®0l, 1 eq.) in dry CBCIl, (6 mL),
oxalyl chloride (0.32 g, 0.2 mL, 2.51 mmol, 4 egas slowly added, and the mixture was
allowed to warm to ambient temperature; stirringsveantinued for 3 h. The solvent was
removed under reduced pressure, the residue deskatv dry THF (2x10 mL), and the
CH.CI; (10 mL) compoundsl1-15 (0.3 g, 0.46 mmol, 1 eq.), NE(0.1 mL, 0.69 mmol,
1.5 eq.) and DMAP (5 mol-%) were added, and stiriiras continued overnight. Evaporation
of the solvent under reduced pressure and puidicaof the residue by column
chromatography (silica gel, MeCN/GEl,/H,O 10:1:1) afforded the desired rhodamine B

derivatives as intensively violet solids.

4.4.Syntheses

4.4.1. 3-O-Acetyl-11-ketof3-boswellic acid (5)
This compound was isolated following a modified chési proceduré® and obtained as a
colorless solid; m.p. 268-270 °@]p = +81.1° € = 1.0, CHCY), [lit.: m.p. 271-276 °C,d]p
= +82.0° € = 1.25, CHGJ)].[37]

4.4.2. 3-O-Acetyl-ursolic acid (6)
Following GP1 from ursolic acidl] compound6 was obtained in 90% vyield; m.p. 280—
285 °C, p]p = +65.6° € 0.33, CHCY), [lit.. m.p. 285 °C,[43] §i]p = +69.0° ¢ = 0.19,
CHCl)].[39]

4.4.3. 3-O-Acetyl-oleanolic acid (7)
Following GP1 from oleanolic aci® compound7 was obtained in 73% yield; m.p. 266—
269 °C, h]p = +69.4° € = 0.30, CHCJ), [lit.: m.p. 265-268 °C,d]p = +65.0° ¢ = 0.33,
CHCL)].[39]

4.4.4. 3-O-Acetyl-183-glycyrrhetinic acid (8)
Following GP1 from glycyrrhetinic acid3] compound8 was obtained in 85% vyield; m.p.
316-318 °C,d]p = +161.9° ¢ = 0.2, CHC}) [lit.: m.p. 310-313°C);d]p = +163.8° ¢ = 1.0,
CHCl3)]. [44]
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4.4.5. 3-O-Acetyl-betulinic acid (9)
Following GP1 from betulinic acidd] compound9 was obtained in 70% yield; m.p. 282—
285 °C, p]lp =+21.0° € = 0.33, CHQJ), [lit.: m.p. 287-289 °C[45],d]p = +20.5° € =
0.58)].[42]

4.4.6. 11-Ketof3-boswellic acid (10)
Compound5 (10.0 g, 19.5 mmol) was dissolved in ethanol (2@Q,rand an ag. solution of
sodium hydroxide (41, 100 mL) was added. After stirring at 25 °C for H,2the pH was
adjusted to pH 1 by addition with aq. HCI, the @ugroduct was extracted with CHCI
(5100 mL) and purified by column chromatographijo@ gel, hexane/ethyl acetate, 98:2) to
afford 10 in almost quantitative yield as a colorless satidp. 192-195 °Cd]p = +118.2° ¢
=3.72, CHC)), [lit.: m.p. 194-195 °C [37],d]p = +121° € = 1.11, CHCG)].[37]

4.4.7. (3a, 4B) 3-Acetyloxy-N-homopiperazinyl-11-oxo-urs-12-en-23-one
(11)

Following GP2 from5 followed by column chromatography (CHGNeOH, 9:1),11 was
obtained in 64% vyield as an off-white solid; m.702173 °C; R0.4 (CHC}MeOH, 9:1);
[a]p = +29.7° € = 0.34, CHCJ); UV-Vis (MeOH): Amax (log €) =278 nm (3.30); IR (KBr):
v = 344br, 2927, 1736, 1654n, 1458n, 1381m, 1249n, 1026n, 755n cm’; 'H NMR
(500 MHz, CDC}): 6=5.62 (m, 1H, 3-H), 554 (s, 1H, 12-H), 3.8648.(m, 4 H,
CONCHy), 3.23-2.90 (m, 4 H, HN), 2.54 (dddJ = 13.5, 13.5, 3.4 Hz, 1 H, 134 2.40 (s,
1H, 9-H), 2.25 (m, 1 H, 6-§i 2.11 (s, 3 H, CkCO), 2.14-2.03 (m, 2 H, CONGEH,),
2.02-1.77 (m, 3 H, 2-H 15-H, 16-H), 1.69-1.56 (m, 3 H, 64 2-H,, 7-H,), 1.54 (d,
J=11.2 Hz, 1 H, 18-H), 1.51-1.33 (m, 4 H, 22-A-H,, 21-H, 19-H), 1.32 (s, 3 H, 27-}
1.32-1.16 (m, 5H, 154 21-H, 1-H, 22-H, 5-H), 1.25 (s, 3 H, 234, 1.24 (s, 3 H,
26-Hs), 1.23 (s, 3 H, 25-f), 1.01 (m, 1 H, 16-k), 0.94 (s, 3 H, 30-§), 0.96-0.92 (m, 1 H,
20-H), 0.82 (s, 3 H, 284, 0.80 (d,J=6.2 Hz, 3H, 29- ppm; *C NMR (125 MHz,
CDCl): 8=199.5 (C-11), 174.4 (C-24), 170.9 (€3D), 164.7 (C-13), 130.6 (C-12), 71.6
(C-3), 61.8 (C-9), 58.9 (C-18), 54.2 (C-5), 49.64); 48.0, 45.8 (4xCOQH,), 45.3 (C-8),
43.7 (C-14), 40.9 (C-22), 39.3 (C-19, C-20), 3&110), 34.1 (C-1), 33.9 (C-7), 33.8 (C-17),
30.9 (C-21), 28.8 (C-28), 27.5 (C-16), 27.3 (C-18},5 (C-2), 23.0 (C-23), 21.ZH3CO),
21.1 (C-30), 20.8 (CONCHH,), 20.6 (C-27), 19.7 (C-6), 18.6 (C-26), 17.4 (O;296.2
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(C-25) ppm; MS [ESI, MeOH for £HsgN,O4 (594.88)]:mVz (%) 1189.3 (3) [2M+H], 595.3
(100) [M+H]".

4.4.8. 3B-Acetyloxy-28-(1-homopiperazinyl)-urs-12-en-28-0n€l2)
Following GP2 from6 followed by column chromatography (hexane/ethydtate, 5:1)12
was obtained in 84% yield as an off-white solidpnl78-180 °C (lit.: 151-157 °C)[29];R
0.2 (hexane/ethyl acetate, 5:14]4§ = +9.9° € = 0.35, CHCJ); UV-Vis (MeOH): Amax (log
€) =203 nm (4.04); IR (KBr)v = 344&r, 2947%n, 1734, 1624, 1458n, 137in, 124%,
1028n, 753n cm’; *H NMR (500 MHz, CDCJ): = 5.15 (m, 1 H, 12-H), 4.42 (dd,= 9.1,
7.5Hz, 1H, 3-H), 3.96-3.49 (m, 4 H,CONg, 3.34-2.97 (m, 4 H, HNE,), 2.37 (d,
J=9.9Hz, 1H, 18-H), 2.32-2.17 (m, 2 H, 16}H1.99 (s, 3 H, CkCO), 1.88 (m, 2 H,
11-H,), 1.69 (m, 1 H, 22-1), 1.63-1.53 (m, 4 H, 2-H22-H,, 1-H.), 1.52-1.38 (m, 4 H, 6-H
21-H, 7-H, 9-H), 1.39-1.20 (m, 4 H, 644 21-H, 7-H,, 19-H), 1.07-0.95 (m, 6 H,
CONCH,CHy, 1-H,, 20-H, 15-H), 1.04 (s, 3 H, 27-k), 0.93 (s, 3 H, 30-k, 0.90 (s, 3 H,
25-H3), 0.85 (s, 3 H, 29-§), 0.82 (s, 6 H, 23-k 24-H;), 0.77 (dJ = 11.5 Hz, 1 H, 5-H), 0.67
(s, 3 H, 26-H) ppm;**C NMR (125 MHz, CDGJ): = 176.3 (C-28), 171.0 (G€0), 138.4
(C-13), 125.1 (C-12), 80.9 (C-3), 55.3 (C-5), 54B18), 49.0 (C-17), 47.5 (C-9), 46.8
(2xCH2N), 46.4 (2XCH2N), 42.2 (C-14, C-8), 39.4 (C-19), 38.7 (C-20), B&C-1), 37.7
(C-4), 36.9 (C-10), 34.4 (C-22), 32.9 (C-7), 30241), 28.2 (C-23), 28.1 (CONGHH,),
27.8 (C-15), 25.6 (C-16), 23.9 (C-27), 23.5 (C23,3 (C-11), 21.3qH3CO), 21.2 (C-30),
18.2 (C-6), 17.4 (C-29), 17.0 (C-26), 16.7 (C-243,5 (C-25) ppm; MS [ESI, MeOH for
Ca7HsoN203 (580.88)]:m/z (%) 581.4 (100) [M+H].

4.4.9. 3B-Acetyloxy-28-(1-homopiperazinyl)-olean-12-en-28-an(13)
Following GP2 from7 followed by column chromatography (CH@NeOH, 92:8)13 was
obtained in 99% yield as an off-white solid; m.87£190 °C; R0.25 (CHC¥MeOH, 9:1);
[a]p = +16.4° € = 0.30, CHGJ); UV-Vis (MeOH): Amax (log €) = 203 nm (4.10); IR (KBr):
v = 344Dr, 2946, 1733, 1622, 1466, 1371m, 1245, 1182n, 1028n, 1007, 986m, 753n
cm®; *H NMR (400 MHz, CDGJ): =5.25 (m, 1 H, 12-H), 4.48 (dd,= 9.6, 7.5 Hz, 1 H,
3-H), 3.78-3.54 (m, 4 H, CON{), 3.45 (br s, 1 H, NH), 3.12-2.83 (m, 5 H, HN£ 18-H),
2.11 (ddd,J=14.1, 14.1, 2.6 Hz, 1 H, 1654 2.03 (s, 3 H, CkCO), 2.00-1.79 (m, 4 H,
CONCH,CH,, 11-H), 1.74-1.46 (m, 10 H, 19-H22-H,, 16-H,, 2-H,, 15-H, 1-H, 6-H;,
9-H), 1.41 (m, 1 H, 6-k), 1.37-1.14 (m, 5 H, 7-H21-H,, 19-H,), 1.13 (s, 3 H, 27-4, 1.10-
0.97 (m, 2 H, 15-K 1-H,), 0.93 (s, 3 H, 25-F), 0.92 (s, 3 H, 30-§), 0.89 (s, 3 H, 29-f),
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0.85 (s, 3 H, 23-k), 0.84 (s, 3 H, 24-§), 0.82 (m, 1 H, 5-H), 0.74 (s, 3 H, 2&)-ppm; °C
NMR (100 MHz, CDCY): 8= 175.9 (C-28), 171.0 (G€0), 144.7 (C-13), 121.4 (C-12),
80.9 (C-3), 55.4 (C-5), 48.4 (2xC@M,), 47.8 (C-17), 47.7 (C-9), 47.3 (CQAM,), 46.5
(C-19), 46.4 (COIGH,), 43.7 (C-18), 41.9 (C-14), 39.2 (C-8), 38.1 (G-3].7 (C-4), 37.0
(C-10), 34.1 (C-21), 33.0 (C-29), 32.8 (C-7), 3(3420), 30.1 (C-22), 28.8 (CONGEH,),
28.1 (C-23), 28.0 (C-15), 25.9 (C-27), 24.0 (C-3Y.5 (C-2), 23.4 (C-11), 22.8 (C-16), 21.3
(CHsCO), 18.2 (C-6), 17.1 (C-26), 16.7 (C-24), 15.42®)- ppm; MS [ESI, MeOH for
CaHeoN20s (580.88)]:mVz (%) 581.3 (100) [M+H].

4.4.10.(3B, 183)-3-Acetyloxy-30-(1-homopiperazinyl)-olean-12-en-130-
dione (14)

Following GP2 from8 followed by column chromatography (CH@NeOH, 92:8)14 was
obtained in 48% vyield as an off-white solid; m.$02264 °C; R0.2 (hexane/ethyl acetate,
2:1); [a]p =+109.8° ¢ = 0.38, CHCJ); UV-Vis (MeOH): Amax (l0og €) =203 nm (3.92),
262 nm (3.93); IR (KBr)v = 344br, 295X, 173G, 165Mm, 1633n, 14650, 13850, 1248,
1163n, 1029n, 987m, 540m cmi’; *H NMR (400 MHz, CDCY): 5=6.78 (br s, 1 H, NH),
5.67 (s, 1 H, 12-H), 4.50 (dd,= 11.6, 4.8 Hz, 1 H, 3-H), 3.90-3.66 (m, 4 H, COML
3.30-3.12 (m, 4 H, HNB,), 2.77 (ddd,J = 13.6, 13.6, 3.5 Hz, 1 H, 14 2.34 (s, 1 H, 9-H),
2.27 (m, 1 H, 18-H), 2.23 (m, 2 H, CONG@EH,), 2.09-1.97 (m, 4 H, 214116-H, 19-H),
2.03 (s, 3 H, CKCO), 1.82 (dddJ = 13.6, 13.6, 3.8 Hz, 1 H, 155511.75-1.53 (m, 5 H, 24
7-Ha, 19-H,, 6-H), 1.47-1.30 (m, 4 H, 641 7-Hy, 22-H), 1.34 (s, 3 H, 27-F), 1.22 (s, 3 H,
29-Hs), 1.21-1.15 (m, 1 H, 15+)1 1.14 (s, 3 H, 25-f), 1.10 (s, 3 H, 26-F), 1.08-0.97 (m,
2 H, 1-H,, 16-H,), 0.86 (s, 6 H, 23-§ 24-H), 0.80 (s, 3 H, 28-F), 0.78 (m, 1 H, 5-H) ppm;
13C NMR (100 MHz, CDGJ)): 8 = 199.9 (C-11), 175.2 (C-30), 171.0 (§30D), 169.3 (C-13),
128.5 (C-12), 80.6 (C-3), 61.7 (C-9), 55.0 (C-1,H(C-18), 46.7 (2xCOQH,), 45.3 (C-8),
45.0 (CONCHy), 44.6 (CONCHy), 44.4 (C-20), 43.9 (C-19), 43.3 (C-14), 38.8 (¢-38.0
(C-4), 37.7 (C-22), 36.9 (C-10), 32.9 (C-21), 32C-7), 31.8 (C-17), 28.4 (C-28), 28.0
(C-23), 26.9 (C-29), 26.8 (C-16), 26.3 (C-15), 26CODNCHCHy), 23.5 (C-2), 23.0 (C-27),
21.3 CH3CO), 18.7 (C-26), 17.4 (C-6), 16.7 (C-24), 16.428)-ppm; MS [ESI, MeOH for
Ca7HsgN204 (594.87)]:mVz (%) 595.5 (100) [M+H].

4.4.11.3B3-Acetyloxy-28-(1-homopiperazinyl)-lup-20(29)en-28te (15)
Following GP2 from9 followed by column chromatography (CHGNeOH, 9:1) 15 was
obtained in 86% yield as an off-white solid; m.96+199 °C; R0.24 (CHC{MeOH, 9:1);
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[a]p =-6.5° € = 0.34, CHCJ); UV-Vis (MeOH): Amax (log €) = 201 nm (4.09); IR (KBr):
v = 344%r, 294%, 2869n, 1734, 1628, 1456n, 1374m, 1245, 11851, 1029n, 979n,
881m, 754m cm*; NMR (400 MHz, CDCY): & = 4.68 (m, 1 H, 29-}), 4.55 (m, 1 H, 29-§),
4.40 (dd,J=9.6, 8.0 Hz, 1 H, 3-H), 3.67-3.50 (m, 4 H, COME 3.04-2.89 (m, 5 H,
HNCH,, 19-H), 2.84 (m, 1 H, 13-H), 2.08 (m, 1 H, 16/HL.98 (s, 3 H, CkCO), 1.96-1.87
(m, 3 H, CONCHCH,, 22-H,), 1.78 (dddJ = 10.5, 10.5, 7.5 Hz, 1 H, 21;H1.65 (s, 3 H,
30-Hy), 1.66-1.60 (M, 2 H, 12:H1-H), 1.57 (M, 2 H, 2-b), 1.53-1.47 (m, 2 H, 16
18-H), 1.48-1.42 (m, 1 H, 62} 1.42-1.39 (m, 7 H, 64111-H, 15-H, 21-H,, 7-H,, 22-H),
1.25-1.18 (m, 2 H, 9-H, 1144 1.12 (m, 1 H, 15-F), 0.97-0.88 (M, 2 H, 12:H1-H,), 0.92
(s, 3 H, 27-H), 0.90 (s, 3 H, 26-}), 0.82 (s, 3 H, 25-), 0.79 (s, 6 H, 24-k} 23-Hy), 0.73 (d,
J=8.9 Hz, 1 H, 5-H) ppm:*C NMR (100 MHz, CDGJ): & = 174.5 (C-28), 171.0 (G4€0),
151.2 (C-20), 109.2 (C-29), 81.0 (C-3), 55.5 (CHH.,0 (C-17), 53.0 (C-18), 50.8 (C-9), 46.9
(4xCONCH,), 45.7 (C-19), 42.0 (C-14), 40.7 (C-8), 38.4 (C3}.8 (C-4), 37.1 (C-10), 36.9
(C-13), 36.1 (C-22), 34.3 (C-7), 32.3 (C-16), 3(C421), 29.9 (C-15), 29.0 (CONGEH,),
27.9 (C-23), 25.6 (C-12), 23.7 (C-2), 21BHzCO), 21.2 (C-11), 19.7 (C-30), 18.2 (C-6),
16.5 (C-24), 16.2 (C-25), 16.1 (C-26), 14.7 (C-PPm; MS [ESI, MeOH for GHgN2Os
(580.88)]:mVz (%) 581.3 (100) [M+H].

4.4.12.9-[2-[[4-[(3a,4p3)-3-Acetyloxy-11,24-dioxo-urs-12-en-24-yl]-1-

homopiperazinyl]carbonyl]-phenyl]-3,6-bis[diethylamino]-

xanthylium chloride (16)
Following GP3 from rhodamine B and oxalyl chloride@damine B chloride was obtained.
To a solution of rhodamine B chloride in dry &b (10 mL),11 (0.22 g, 0.46 mmol, 1 eq.),
NEt; (70 mg, 0.10 mL, 0.69 mmol, 1.5 eq.) and DMAP (&) were added. Work-up as
described and purification by column chromatograpffgrded16 in 83% vyield; m.p. 213—
215 °C; R 0.5 (MeCN/CHCI/H,0, 10:1:1); UV-Vis (MeOH)Amax (109 €) = 274 nm (4.40),
647 nm (4.96); IR (KBr)v = 344Dr, 1732n, 1634m, 1590n, 1470n, 1413n, 1338n, 124,
1181m, 1074n, 684n cm™; *H NMR (500 MHz, CDCJ): & = 7.71-7.59 (m, 2 H,"3H, 5'-H),
7.50-7.44 (m, 1 H,"4H), 7.35-7.20 (m, 3 H,"6H, 1'-H, 8-H), 6.96-6.75 (m, 4 H,"H,
7-H, 4-H, 5-H), 5.55 (s, 1 H, 12-H), 5.51 (m, 1 H, 3-H), 3.8521 (m, 16 H, 4xCONB,,
N'(CH,CHa)z, N"(CH,CHs),), 2.51 (ddd,J = 13.8, 13.8, 3.0 Hz, 1 H, 14 2.38 (s, 1 H,
9-H), 2.18 (m, 1 H, 6-k, 2.11 (s, 3 H, CECO), 2.09 (m, 1 H, 16-§), 1.98-1.76 (m, 5 H,
2-H,, 15-H, CONCHCH,), 1.65 (dddd,J=15.6, 15.6, 7.1, 5.6 Hz, 1 H, 6)H 1.55 (d,
J=11.4Hz, 1 H, 18-H), 1.53-1.37 (m, 6 H, 22-H-H,, 21-H, 19-H, 5-H), 1.34 (s, 3 H,
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27-Hs), 1.33 (m, 12 H, NCHyCHs)z, N"(CH2CHs),), 1.31-1.22 (m, 4 H, 2144 7-H,, 1-Hy,
15-H,), 1.25 (s, 3 H, 26-k), 1.23 (s, 3 H, 23-k), 1.22 (s, 3 H, 25-k), 1.02 (m, 1 H, 16-}),
0.96-0.90 (m, 4 H, 20-H, 3044 0.82 (s, 3 H, 28-}), 0.80 (s, 3 H, 29-§ ppm; *C NMR
(125 MHz, CDC}): 5= 199.5 (C-11), 174.4 (C-24), 170.8 (€3D), 168.4 (CO-Rhd), 164.8
(C-13), 158.8 (C-9, 157.7 (C-453 C-104), 155.7 (C-3 C-6), 134.0 (C-1), 132.3 (C-1
C-8), 131.3 (C-2), 130.5 (C-12), 130.0 (C'§ 129.8 (C-3), 129.4 (C-5), 127.1 (C-4),
114.7 (C-2 C-7), 113. 5 (C-83 C-94), 96.4 (C-4 C-5), 72.3 (C-3), 61.6 (C-9), 59.1
(C-18), 54.0 (C-5), 49.5 (C-4), 47.7 (4xCONy), 46.3, 46.2 (NCH2CHs)2, N"(CH2CHs)),
45.2 (C-8), 43.7 (C-14), 40.8 (C-22), 39.3 (C-192@, 38.0 (C-10), 34.3 (C-1), 33.9 (C-7),
33.8 (C-17), 31.0 (C-21), 29.0 (CONGEH,), 28.7 (C-28), 27.9 (C-16), 27.4 (C-15), 23.3
(C-2), 22.7 (C-23), 21.30HsCO), 21.1 (C-30), 20.8 (C-6), 20.6 (C-27), 18.526); 17.4
(C-29), 16.0 (C-25), 12.7 (KCH:CHa); N'(CH,CHs)) ppm; MS [ESI, MeOH for
CesHsoCIN,4Os (1055.88)]:mVz (%) 1019.7 (100) [M-CI].

4.4.13.9-[2-[[4-[(3B)-3-acetyloxy-28-oxours-12-en-28-yl]-1-

homopiperazinylJcarbonyl]phenyl]-3,6-bis(diethylamino)-

xanthylium chloride (17)
As described above for the synthesisl6f to a solution of rhodamine B chloride in dry
CH.Cl, (10 mL), 12 (0.21 g, 0.46 mmol, 1 eq.), NEt70 mg, 0.10 mL, 0.69 mmol, 1.5 eq.)
and DMAP (5 mol-%) were added. Work up as described purification by column
chromatography afforded7 in 74% vyield; m.p. 238-245 °C;{®R.5 (MeCN/CHCI,/H,0,
10:1:1); UV-Vis (MeOH):Amax (log €) = 275 nm (4.21), 647 nm (4.74;R (KBK):= 344(r,
2926m, 1729n, 159G, 1528n, 1468n, 1413n, 1338n, 1275, 124/, 118Im, 1133n,
1074m, 1010m, 92Im, 684m cmi’; *H NMR (500 MHz, CDCJ): & = 7.68—7.56 (m, 2 H,"2H,
5"-H), 7.47-7.39 (m, 1 H,"4H), 7.31-7.27 (m, 1 H,"6H), 7.25-7.15 (m 2 H,"dH, 8-H),
6.90-6.73 (m, 4 H,'2H, 7-H, 4-H, 5-H), 5.17 (m, 1 H, 12-H), 4.46 (dd,= 9.5, 7.8 Hz,
1 H, 3-H), 4.06-3.04 (m, 16 H, 4xCOMG, N"(CH,CHz),, N'(CH.CHs),), 2.40 (m, 1 H,
18-H), 2.18-2.04 (m, 2 H, 16-H 2.02 (s, 3 H, CKCO), 1.88 (m, 2 H, 11-§), 1.77-1.54 (m,
3 H, 2-H, 1-H,), 1.54-1.41 (m, 5 H, 6-5121-H,, 7-H,, 9-H, 22-H), 1.40-1.18 (m, 5 H, 6+
21-Hy, 7-Hy, 19-H, 22-H), 1.32 (t,J = 7.2 Hz, 6 H, NCH,CHa),), 1.31 (t,J = 7.0 Hz, 6 H,
N"(CH.CHj3),), 1.08-0.84 (m, 6 H, 14120-H, 15-H, CONCHCH,), 1.02 (s, 3 H, 27-f),
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0.90 (br s, 9 H, 29-§ 30-H, 25-H), 0.83 (s, 3 H, 23-F), 0.82 (s, 3 H, 24-§, 0.79 (m, 1 H,
5-H), 0.68 (s, 3 H, 26-8 ppm; *C NMR (125 MHz, CDGJ): 5=176.6 (C-28), 171.0
(CHsCO), 168.6 (CO-Rhd), 168.0 (C)9157.7, 157.6 (C-4aC-104), 155.7, 155.6 (C3
C-6), 138.5 (C-13), 135.9 (C), 132.5 (C-1, C-8), 130.1 (C-2), 130.0 (C-6), 129.6 (C-3,
C-5"), 126.8 (C-4), 125.0 (C-12), 113.8, 113.6 (C-Z-7), 113.5 (C-84 C-94), 96.4, 96.2
(C-4, C-B), 80.9 (C-3), 55.3 (C-5), 55.2 (C-18), 48.9 (C;14V.5 (C-9), 46.2, 46.1
(N'(CH2CHs)2, N"(CH2CHg), 4XCONCH,), 42.3 (C-14), 39.3 (C-8), 38.7 (C-19, C-20), 38.2
(C-1), 37.6 (C-4), 36.9 (C-10), 34.8 (C-22), 33CONCH,CH,), 32.9 (C-7), 30.4 (C-21),
28.0 (C-23), 27.9 (C-15), 23.5 (C-2), 23.4 (C-243,3 (C-11), 21.3GHsCO), 21.4 (C-16),
21.2 (C-30), 18.1 (C-6), 17.5 (C-29), 16.9 (C-26p.7 (C-24), 15.5 (C-25), 12.7, 12.6
(N'(CH2CHs)2, N"(CH,CH3)2) ppm; MS [ESI, MeOH for GHgsCIN4Os (1041.90):mVz (%)
1005.9 (100) [M-CI].

4.4.14.9-[2-[[4-[(3B)-3-Acetyloxy-28-ox0-olean-12-en-28-yl]1-
homopiperazinyl]carbonyl]phenyl]-3,6-bis(diethylamino)-
xanthylium chloride (18)
As described above fd6 to a solution of rhodamine B chloride in dry &H, (10 mL), 13
(0.27 g, 0.46 mmol, 1 eq.), NE{70 mg, 0.10 mL, 0.69 mmol, 1.5 eq.) and DMAP @)
were added. Work up as described and purificatyoodlumn chromatography affordd@ in
82% vyield; m.p. 245-248 °C;:R.5 (MeCN/CHCI,/H,0, 10:1:1); UV-Vis (MeOH):Amax
(log €) = 277 nm (4.20), 647 nm (4.76); IR (KBK):= 344Dr, 29261, 1629n, 159G, 1528n,
1468m, 1413n, 1338n, 1275n, 1247, 1181, 1133n, 1074n, 1010n, 921m, 684n cm’™’; *H
NMR (500 MHz, CDCY): 6 = 7.67-7.55 (m2 H, 3'-H, 5'-H), 7.43 (m, 1 H, 4H), 7.32-7.28
(m, 1 H, 6-H), 7.27-7.18 (m 2 H,"dH, 8-H), 6.85-6.73 (m, 4 H,'H, 7-H, 4-H, 5-H),
5.22 (m, 1 H, 12-H), 4.46 (dd,= 9.5, 7.6 Hz, 1 H, 3-H), 4.02-3.40 (m, 12 H, 25)CTH,,
N'(CH2CHs),, N"(CH2CHs),), 3.38-2.95 (m, 5 H, 2xCON®G, 18-H), 2.16-2.04 (m, 1 H,
16-H,), 2.02 (s, 3 H, CECO), 1.96-1.78 (m, 4 H, CONGHH,, 11-H,), 1.77-1.36 (m, 9 H,
2-H,, 6-H, 15-H, 16-H, 7-H, 1-H, ,19-Ha, 9-H), 1.35-1.14 (m, 6 H, 65H7-H,, 22-H,
19-Hy, 21-Hp), 1.31 (M, 12 H, NCH,CHs),, N"(CH,CHs),), 1.09 (s, 3 H, 27-§), 1.13-0.96
(m, 3 H, 22-H, 15-H,, 1-H,), 0.93 (s, 3 H, 30-k), 0.88 (s, 6 H, 29-§} 25-H;), 0.83 (s, 3 H,
23-Hs), 0.82 (s, 3 H, 24-f), 0.79 (m, 1 H, 5-H), 0.67 (s, 3 H, 2&Hppm; *C NMR
(125 MHz, CDCY): 8= 176.2 (C-28), 171.0 (CJ€0), 168.7 (CO-Rhd), 165.7 (C)9157.7
(C-4d, C-10d), 155.6 (C-3 C-6), 144.7 (C-13), 136.3 (C%), 132.5 (C-1 C-8), 130.1
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(C-2"), 130.0 (C-8), 129.6 (C-3, C-5'), 126.7 (C-4), 121.4 (C-12), 114.8 (C-2C-7),
113.6 (C-84 C-94), 96.4, 96.2 (C-4 C-5), 80.9 (C-3), 55.3 (C-5), 47.7 (C-17), 47.6 (C-9),
46.3 (C-19), 46.2, 46.0 (KCH-CHs)z, N"(CH,CHs),, 4xCONCH,), 43.6 (C-18), 42.0 (C-14),
39.0 (C-8), 38.0 (C-1), 37.7 (C-4), 37.0 (C-10),(B4C-21), 33.8 (C-22), 33.0 (C-29), 32.8
(C-7), 30.3 (C-20), 28.0 (C-23), 27.9 (C-16), 2{®15), 25.7 (C-27), 24.0 (C-30), 23.7
(CONCH,CH,), 23.5 (C-2), 23.3 (C-11), 21.8KI5CO), 18.2 (C-6), 16.9 (C-26), 16.6 (C-24),
15.4 (C-25), 12.7 (NCH,CHs)2, N'(CH.CHs)z) ppm; MS [ESI, MeOH for gHseCIN,Os
(1041.90)]:m/z (%) 1005.9 (100) [M-CI].

4.4.15.9-[2-[[4-[(3B, 183)-3-Acetyloxy-11,30-dioxo-urs-12-en-30-yl]1-
homopiperazinylJcarbonyl]-phenyl]-3,6-bis(diethylamino)-
xanthylium chloride (19)
As described above fd6 to a solution of rhodamine B chloride in dry &H, (10 mL), 14
(0.21 g, 0.46 mmol, 1 eq.), NE{70 mg, 0.10 mL, 0.69 mmol, 1.5 eq.) and DMAP @)
were added. Work up as described and purificatioodlumn chromatography affordd® in
50% vyield; m.p. 165-170 °C;{R.5 (MeCN/CHCI,/H,0, 10:1:1); UV-Vis (MeOH):Amax
(log €) = 271 nm (4.47), 644 nm (4.83); IR (KB¥):= 344br, 2971n, 17250, 159G, 1467,
1414m, 1384n, 1338n, 1248n, 1181m, 1133n, 1074m, 684n cm’; 'H NMR (500 MHz,
CDCl): 3= 7.69-7.59 (m2 H, 3'-H, 5'-H), 7.51-7.42 (m, 1 H,"4H), 7.33—-7.27 (m, 1 H,
6"-H), 7.25-7.18 (m 2 H,'dH, 8-H), 7.00-6.86 (m, 2 H,'H, 7-H), 6.84-6.64 (m, 2 H,
4-H, 5-H), 566 (s, 1H, 12-H), 450 (m, 1H, 3-H), 3.3831 (m, 12 H, CON8,,
N'(CH2CHsa),, N"(CH,CHs)), 3.14-3.08 (m, 4 H, RhdCONG), 2.77 (m, 1 H, 1-b), 2.34
(m, 1 H, 9-H), 2.23 (m, 1 H, 18-H), 2.04 (s, 3 HH{CO), 2.07-1.97 (M, 5 H, 16;H19-H,
21-H,, CONCHCHy), 1.81 (m, 1 H, 15-}, 1.74-1.53 (m, 5 H, 2-5 6-H,, 21-H,, 19-H,),
1.49-1.34 (m, 5 H, 641 7-Hb, 22-H,), 1.33 (s, 3 H, 27-§), 1.31 (m, 12 H, NCH,CHs),,
N"(CH,CHs),), 1.19 (s, 3 H, 29-§), 1.18-1.14 (m, 1 H, 154} 1.15 (s, 3 H, 25-k), 1.10 (s,
3 H, 26-H;), 1.06-0.95 (m, 2 H, 14116-H,), 0.87 (br s, 6 H, 23-H 24-Hy), 0.79 (m, 1 H,
5-H), 0.76 (s, 3 H, 28-§ ppm; *C NMR (125 MHz, CDG)): 5=199.9 (C-11), 175.2
(C-30), 171.0 (CHCO), 169.8 (CO-Rhd), 169.5 (C-13), 158.7 (§-457.7 (C-45 C-104),
155.7 (C-3 C-6), 134.0 (C-1), 133.8 (C-58), 132.0 (C-1, C-8), 130.9 (C-2), 130.0 (C-6),
129.9 (C-3), 128.4 (C-12), 126.9 (C 114.5, 114.3 (C:2 C-7), 113.5 (C-83 C-9a),
96.4, 96.3 (C-4 C-5), 80.6 (C-3), 61.7 (C-9), 55.0 (C-5), 48.1 (C-185,1 (N(CH2CHy),,
N"(CH,CHs),), 45.9 (4xCONCH,), 45.3 (C-8), 44.4 (C-20), 44.3 (C-19), 43.3 (0Q;138.8
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(C-1), 38.0 (C-4), 37.7 (C-22), 36.9 (C-10), 32.8-31, C-7), 31.8 (C-17), 29.7
(CONCH,CH,), 28.5 (C-28), 28.0 (C-23), 27.3 (C-29), 26.7 (6);126.3 (C-15), 23.5 (C-2),
23.0 (C-27), 21.3 QHsCO), 18.7 (C-26), 17.4 (C-6), 16.7 (C-24), 16.4 2®); 12.6
(N'(CH,CHs),, N"(CH>CHs),) ppm; MS [ESI, MeOH for gHs7CIN4Os (1055.88)]:m/z (%)
1019.7 (100) [M-CI].

4.4.16.9-[2-[[4-[(3b)-3-Acetyloxy-20(29)en-28-0x0-lup-284}+1-
homopiperazinylJcarbonyl]-phenyl]-3,6-bis(diethylamno)-
xanthylium chloride (20)

As described above fd6 to a solution of rhodamine B chloride in dry &H, (10 mL), 15
(0.26 g, 0.46 mmol, 1 eq.), NE{70 mg, 0.10 mL, 0.69 mmol, 1.5 eq.) and DMAP @)
were added. Work-up as described and purificatypodbumn chromatography afford@@ in
58% yield; m.p. 256—260 °C;;R.5 (MeCN/CHCI,/H,0, 10:1:1; UV-Vis (MeOH)Anax (log

€) = 275 nm (4.32), 646 nm (4.84); IR (KBn):= 344%r, 2940m, 159G, 1467, 1413n,
1338, 1247, 1181m, 1133n, 1074n, 684m cm’; *H NMR (500 MHz, CDC)): 6= 7.68—
7.57 (m,2H, 3-H, 5'-H), 7.47-7.42 (m, 1 H,"4H), 7.33-7.18 (m, 3 H,"6H, 1'-H, 8-H),
7.10-6.87 (m, 2 H,"H, 7-H), 6.86-6.70(m, 2 H,'H, 5-H), 4.71 (m, 1 H, 29-}), 4.55 (m,
1H, 29-H), 4.44 (m, 1H, 3-H), 3.80-3.26 (m, 16 H, 4xCOMC N'(CH,CHs),,
N"(CH,CHs),), 2.99 (m, 1 H, 19-H), 2.84 (m, 1 H, 13-H), 2.10, (1 H, 16-H), 2.02 (s, 3 H,
CHsCO), 1.91 (m, 1 H, 22-§), 1.84-1.72 (m, 3 H, CONGI8H,, 21-H,), 1.71-1.54 (m, 4 H,
12-H,, 1-H, 2-Hb), 1.65 (s, 3 H, 30-k), 1.52 (m, 1 H, 18-H), 1.49-1.16 (m, 9 H, 6-H1-H,
15-Hy, 21-H,, 22-H,, 7-Hp, 9-H, 16-H), 1.12 (m, 1 H, 15-F), 1.31 (m, 12 H, CONC}CH,,
N'(CH2CHsa),, N"(CH-CHa)), 0.98-0.87 (m, 2 H, 14112-H,), 0.90 (s, 6 H, 27-k 26-H),
0.81 (s, 9 H, 25-§ 24-H;, 23-H5), 0.76 (m, 1 H, 5-H ppm>C NMR (125 MHz, CDGJ):
3=174.5 (C-28), 171.0 (GJEO), 168.6 (CO-Rhd), 168.1 (C)9 157.7 (C-45 C-104),
155.7, 155.6 (C3C-6), 151.4 (C-20), 133.8 (C2}, 132.5 (C-1, C-8), 130.2 (C-2), 130.0
(C-6"), 129.9 (C-5), 129.5 (C-3), 126.7 (C-4), 114.0, 113.7 (C‘2 C-7), 113.5 (C-83
C-94d), 109.2 (C-29), 96.4, 96.3 (C;£-5), 81.0 (C-3), 55.5 (C-5), 54.9 (C-17), 52.7 (C-18)
50.8 (C-9), 46.2, 46.1 (KCH,CHs),, N"(CH.CHs),), 45.9 (C-19), 42.8 (4xCOBH,), 42.0
(C-14), 40.7 (C-8), 38.4 (C-1), 38.3 (CONGZH,), 37.8 (C-4), 37.1 (C-10), 36.8 (C-13),
36.1 (C-22), 34.3 (C-7), 32.3 (C-16), 31.5 (C-29,9 (C-15), 27.9 (C-23), 25.5 (C-12), 23.7
(C-2), 21.3 CH3CO), 21.2 (C-11), 19.4 (C-30), 18.2 (C-6), 16.524); 16.3 (C-25), 16.2
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(C-26), 14.6 (C-27), 12.7 (KCH.CHa),, N'(CH,CHs)) ppm; MS [ESI, MeOH for
CosHagCIN4Os (1041.90)]:mvz (%) 1005.8 (100) [M-CI].

4.4.17.11-Ketof3-boswellic acid methyl ester (21)
To a solution ofl0 (6.07 g, 13 mmol, 1.0 eq.) in DMF (100 mL) finedyounded potassium
carbonate (2.0 g, 14 mmol, 1.1 eq.) was added.r Atiering at ambient temperature for
30 min, methyl iodide (2.2g, 1.0 mL, 15 mmol, #®) was added, and stirring was
continued for 24 h. The mixture was slowly added% hydrochloric acid (300 mL) and a
precipitate was formed. The crude product was rétte off and washed with water
(2x100 mL). After purification by column chromataeghy (silica gel, [hexane/ethyl
acetate/HOAc, 7:3:0.5%]:CHg¢;11:1) 21 (5.73 g, 92%) was obtained as a white solid; m.p.
226-228 °C{]p = +111.2° ¢ = 4.34, CHQJ) [lit. m.p. 220-225 °C,d]p = +111.2° ¢ = 4.34,
CHCly)]™el,

4.4.18.11-Ketof3-boswellic acid benzyl ester (22)
As described for the synthesis 2if, from 10 (10.0 g, 22 mmol, 1.0 eq.) and benzyl bromide
(4.1g, 29 mL, 24 mmol, 1.1 eq.) followed by aqueavorkup and re-crystallisation from
MeOH, compoun®2 was obtained as a white solid in 57% yield; m@2-204 °C; R0.23
(hexane/ethyl acetate, 5:13]p = +111.0° ¢ = 0.37, CHCJ); UV-Vis (MeOH): Anax (log
€) =264 nm (3.97); IR (KBr)v = 344%r, 2928n, 1726, 1644, 1456n, 1385n, 1214m,
1169, 1107, 10561, 968n, 754n, 698n cmi’; *H NMR (500 MHz, CDCY): & = 7.37-7.29
(m, 5H, Ph), 5.53 (s, 1 H, 12-H), 5.15 @& 12.3 Hz, 1 H, CHPh), 5.09 (dJ=12.3 Hz,
1 H, CHPh), 4.13 (m, 1 H, 3-H), 2.49 (dddl= 13.4, 13.4, 3.3 Hz, 1 H, 1;42.41 (s, 1 H, 9-
H), 2.30 (dddd,) = 14.8, 14.8, 4.3, 2.6 Hz, 1 H, 29H2.09 (dddJ = 13.7, 13.7, 4.8 Hz, 1 H,
16-H,), 1.87 (dddJ=13.7, 13.7, 5.2 Hz, 1 H, 15;511.82 (m, 1 H, 6-F), 1.72 (m, 1 H, 6-
Hp), 1.65 (dddJ = 13.0, 13.0, 3.8 Hz, 1 H, 754 1.58-1.51 (m, 2 H, 24118-H), 1.51-1.38
(m, 5H, 22-H, 5-H, 21-H, 7-H,, 19-H), 1.36-1.24 (m, 3 H, 22sH1-H,, 21-H,), 1.32 (s,
3 H, 23-H), 1.31 (s, 3 H, 27-f), 1.20 (m, 1 H, 15-}), 1.12 (s, 3 H, 26-), 1.00 (m, 1 H, 16-
Hp), 0.97 (s, 3 H, 25-f), 0.95 (s, 3 H, 30-k}, 0.94 (m, 1 H, 20-H), 0.82 (s, 3 H, 28)H0.80
(d, J=6.6 Hz, 3 H, 29-5 ppm;**C NMR (125 MHz, CDGCJ): 5 = 199.5 (C-11), 176.4 (C-
24), 164.9 (C-13), 135.7 (®h), 130.5 (C-12), 128.5 (&Ph), 128.4 (&Ph), 128.2 (GPh),
70.7 (C-3), 66.2 (CHPh), 60.4 (C-9), 59.0 (C-18), 48.9 (C-5), 47.5 (C456.1 (C-8), 43.8 (C-
14), 40.9 (C-22), 39.3 (C-19, C-20), 37.4 (C-1®),m(C-1, C-17), 32.9 (C-7), 30.9 (C-21),
28.8 (C-28), 27.5 (C-16), 27.2 (C-15), 26.3 (CA),2 (C-23), 21.1 (C-30), 20.5 (C-27), 18.9
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(C-6), 18.2 (C-26), 17.4 (C-29), 13.3 (C-25) ppmS NESI, MeOH for G/Hs;0, (560.82)]:
Mz (%) 1143.3 (100) [2M+N4&] 1121.2 (29) [2M+H], 583.3 (11) [M+Na], 561.4 (22)
[M+H]".

4.4.19.3-O-Acetyl-11-ketof3-boswellic acid benzylamide (23)
To an ice-cold solution & (2.0 g, 4.0 mmol, 1.0 eq.) in dry GEl, (20 mL), oxalyl chloride
(2.0 g, 1.4 mL, 16 mmol, 4.0 eq.) was slowly added] the mixture was allowed to warm to
ambient temperature, and stirring was continued3fbr The solvent was removed under
reduced pressure, the residue dissolved in dry THFNL), and the volatiles were again
evaporated. To a solution of the residue in dryCIEH(15 mL), benzyl amine (1.3 g, 1.3 mL,
12 mmol, 3.0 eq.), NE{0.6 g, 0.3 mL, 5.8 mmol, 1.5 eq.) and DMAP (5 #©l were added,
and stirring was continued overnight. Evaporatiéthe solvent under reduced pressure and
purification of the residue by chromatography ¢silgel, hexane/ethyl acetate, 5:1) afforded
23 as a white solid in 80% vyield; m.p 173-178 °GPOR (CHC}MeOH, 9:1); p]p = +52.2°
(c = 0.36, CHCGJ); UV-Vis (MeOH): Amax (log €) =280 nm (3.35); IR (KBr)v = 3442,
2927m, 1737, 1654n, 1522n, 1455m, 1372n, 1247, 1027, 699n cmi’; 'H NMR
(500 MHz, CDC}): 8 = 7.38-7.27 (m, 5 H, Ph), 5.74 (dbz 5.5, 5.1 Hz, 1 H, N), 5.56 (s,
1H, 12-H), 5.33 (m, 1 H, 3-H), 4.47 (ddi= 14.4, 5.7 Hz, 1 H, Ci®h), 4.37 (dd,) = 14.4,
4.9 Hz, 1 H, CHPh), 2.55 (dddJ =13.2, 13.2, 3.5 Hz, 1 H, 154 2.41 (s, 1 H, 9-H), 2.31
(dddd,J = 14.6, 14.6, 4.2, 2.5 Hz, 1 H, 2)H2.10 (m, 1 H, 16-), 2.09 (s, 3 H, E5CO),
1.89 (m, 1 H, 15-k), 1.81-1.60 (m, 4 H, 64 7-H,, 2-Hy), 1.55 (d,J = 11.4 Hz, 1 H, 18-H),
1.53-1.44 (m, 3 H, 22-KH7-H,, 21-H,), 1.42 (m, 1 H, 5-H), 1.40 (m, 1 H, 19-H), 1.353H,
27-Hg), 1.39-1.19 (m, 4 H, 224121-H,, 15-H,, 1-H,,), 1.18 (s, 3 H, 23-§), 1.17 (s, 3 H, 26-
Hs), 1.11 (s, 3 H, 25-k), 1.02 (m, 1 H, 16-k), 0.96 (s, 3 H, 30-k, 0.88 (m, 1 H, 20-H), 0.83
(s, 3 H, 28-H), 0.81 (dJ = 6.4 Hz, 3 H, 29-B) ppm;**C NMR (125 MHz, CDGJ): 5 = 199.0
(C-11), 174.9 (C-24), 170.1 (GBO), 164.6 (C-13), 138.1 (€h), 130.6 (C-12), 128.8 (£
Ph), 128.0 (&Ph), 127.6 (&Ph), 73.5 (C-3), 60.3 (C-9), 59.0 (C-18), 50.55):46.7 (C-4),
45.0 (C-8), 43.8 (CHPh), 43.7 (C-14), 40.9 (C-22), 39.3 (C-19), 39.22(, 37.4 (C-10),
34.9 (C-1), 34.0 (C-17), 33.1 (C-7), 30.9 (C-218,2(C-28), 27.5 (C-16), 27.2 (C-15), 24.7
(C-23), 24.0 (C-2), 21.30H3CO), 21.1 (C-30), 20.5 (C-27), 19.5 (C-6), 18.326); 17.4 (C-
29), 13.5 (C-25) ppm; MS [ESI, MeOH forsssNO, (601.41)]: mz (%) 1225.3 (54)
[2M+Na]", 922.4 (8) [3M+Cal, 624.4 (67) [M+Na], 602.3 (100) [M+H].

4.4.20.11-Ketof3-boswellic acid benzylamide (24)
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To a solution oR3(1.8 g, 3.1 mmol, 1 eq.) in MeOH (50 mL), KOH (@915.7 mmol, 5 eq.)
was added, and the mixture was stirred at ambempérature for 3 d. The mixture was
slowly added to hydrochloric acid (4, 15 mL). The agueous phase was extracted with
CH.Cl, (4x15 mL), the combined organic phases were wastitd water (20 mL), brine
(20 mL) and dried over MgSQO Evaporation of the solvent under reduced pressimck
purification of the residue by column chromatogmagsilica gel, hexane/ethyl acetate, 5:1)
afforded24 as a white solid in 76% vyield; m.p. 216-218 °G;0R3 (hexane/ethyl acetate,
2:1); [a]p = +118.0° ¢ = 0.35, CH); UV-Vis (MeOH): Amax (log €) = 266 nm (3.83); IR
(KBr): v =3423%r, 29250, 2869n, 1728n, 1655, 1511m, 1455n, 1382m, 1234m, 1200m,
1057, 966m, 700m cm™; *H NMR (500 MHz, CDCJ): = 7.35-7.25 (m, 5 H, Ph), 5.75 (dd,
J=5.5,52Hz, 1H, N), 555 (s, 1 H, 12-H), 4.48 (dd,= 14.6, 5.5 Hz, 1 H, Cih), 4.37
(dd,J=14.6, 5.2 Hz, 1 H, Ci{frh), 4.13 (m, 1 H, 3-H), 2.50 (dddi= 13.7, 13.7, 3.5 Hz, 1 H,
1-Hy), 2.43 (s, 1 H, 9-H), 2.42 (dddd,= 14.4, 14.4, 4.5, 25 Hz, 1 H, 2)H2.09 (ddd,
J=13.7, 13.7, 4.7 Hz, 1 H, 16451 1.86 (dddJ=13.7, 13.7, 4.7 Hz, 1 H, 15551.75-1.66
(m, 3H, 6-H, 7-H,), 1.56 (m, 1 H, 2-B), 1.53 (d,J = 11.0 Hz, 1 H, 18-H), 1.51-1.42 (m,
4 H, 5-H, 22-H, 7-H,, 21-H), 1.41-1.30 (m, 4 H, 224119-H, 1-H, 21-H,), 1.31 (s, 3 H,
27-Hg), 1.29 (s, 3 H, 23-k), 1.19 (m, 1 H, 15-k), 1.15 (s, 3 H, 26-k), 1.09 (s, 3 H, 25-}),
1.00 (m, 1 H, 16-k), 0.95 (s, 3 H, 30-f), 0.94 (m, 1 H, 20-H), 0.82 (s, 3 H, 28)H0.79 (d,
J=6.5Hz, 3H, 29-5 ppm;**C NMR (125 MHz, CDGJ): 5= 199.2 (C-11), 176.2 (C-24),
164.7 (C-13), 138.3 (€Ph), 130.5 (C-12), 128.7 (&Ph), 127.9 (¢Ph), 127.5 (&Ph), 70.8
(C-3), 60.4 (C-9), 59.0 (C-18), 48.8 (C-5), 47.44)245.0 (C-8), 43.8 (C-14), 43.7 (GPh),
40.9 (C-22), 39.3 (C-19), 39.2 (C-20), 37.6 (C-13),2 (C-1), 34.0 (C-17), 33.2 (C-7), 30.9
(C-21), 28.8 (C-28), 27.5 (C-16), 27.2 (C-15), 263%2), 25.1 (C-23), 21.1 (C-30), 20.5 (C-
27), 19.7 (C-6), 18.3 (C-26), 17.4 (C-29), 13.52%)-ppm; MS [ESI, MeOH for EHs3NO3
(559.84)]:m/z (%) 1141.4 (87) [2M+N4d] 1119.2 (48) [2M+H], 859.5 (8) [3M+Cal], 582.3
(6) [M+Na]*, 560.3 (100) [M+H], 542.3 (11) [M+H-HO]".

4.4.21.3,6-Bis(diethylamino)-9-[2-[3x,4B3)-[24-methoxy-11,24-dioxours-12-
en-3-oxycarbonyl]-phenyl]-xanthylium chloride (25)
As described above fd6 to a solution of rhodamine B chloride in dry &H, (10 mL),21
(0.44 g, 0.91 mmol, 1 eq.), NHi0.14 g, 0.15 mL, 1.38 mmol, 1.5 eq.) and DMARM&I-%)
were added. Work up as described and purificatioodlumn chromatography afford@® in
43% yield; m.p. 165-170 °C;;R.5 (MeCN/ CHCI,/H,0, 10:1:1); UV-Vis (MeOH):Amax
(log €) = 270 nm (4.40), 641 nm (4.97); IR (KBY= 344Dr, 2973n, 1723n, 1648n, 159G;,
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1467m, 1413n, 1338n, 1274n, 1181m, 1133n, 10750, 683n cm™; 'H NMR (500 MHz,
CDCls): 5=8.18 (dd,J=7.8, 0.9 Hz, 1 H,"3H), 7.87 (dtJ=7.6, 1.2 Hz, 1 H,'5H), 7.78
(dt, J=7.8, 1.2 Hz, 1 H, "4H), 7.38 (dd,J=7.6, 1.0 Hz, 1 H, '6H), 7.10, 7.09 (2xd,
J=9.5Hz, 2 H, tH, 8-H), 6.97, 6.84 (2xdd) = 9.5, 2.4 Hz, 2 H,'H, 7-H), 6.78, 6.77
(2xd, J= 2.4 Hz, 2 H, 4H, 5-H), 5.57 (s, 1 H, 12-H), 5.29 (m, 1 H, 3-H), 3.62 3 H,
OMe), 3.63 (m, 8 H, N(B,CHs);, N'(CH,CHa),), 2.59 (ddd,J = 13.3, 13.3, 3.3 Hz, 1 H,
1-Hy), 2.47 (s, 1 H, 9-H), 2.20-2.09 (m, 2 H, 2-H6-H;), 1.92 (dddJ = 13.2, 13.2, 4.7 Hz,
1 H, 15-H), 1.85-1.71 (m, 3 H, 6-H7-H,), 1.56 (d,J = 11.0 Hz, 1 H, 18-H), 1.54-1.43 (m,
6 H, 7-H,, 22-H, 21-H, 5-H, 19-H, 2-H), 1.42 (s, 3 H, 27-), 1.37-1.22 (m, 4 H, 22:H
21-Hy, 1-H,, 15-Hy), 1.32 (t,J = 7.2 Hz, 12 H, N(ChCH3),, N'(CH,CHa3),), 1.20 (s, 3 H,
26-Hs), 1.14 (s, 3 H, 23-k), 1.06 (m, 1 H, 16-k), 1.03 (s, 3 H, 25-§), 0.97 (s, 3 H, 30-}),
0.96 (m, 1 H, 20-H), 0.84 (s, 3 H, 28)H0.83 (d,J = 6.0 Hz, 3 H, 29-B ppm;*’*C NMR
(125 MHz, CDC}): 8= 199.1 (C-11), 175.7 (C-24), 165.4 (C-13), 164CD-Rhd), 158.9
(C-9), 157.8, 157.7 (C-4aC-104), 155.7, 155.4 (C!3C-6), 133.9 (C-1), 133.3 (C-5),
131.2, 131.1 (C1C-8), 130.6 (C-8, C-2'), 130.5 (C-4), 130.4 (C-12), 130.2 (C*} 114.5,
113.9 (C-2, C-7), 113.6, 113.5 (C-8aC-94), 96.4, 96.3 (C-4 C-5), 75.0 (C-3), 60.5 (C-9),
59.1 (C-18), 51.6 (OMe), 51.1 (C-5), 46.8 (C-4),24646.1 (NCH2CHa)z, N'(CH,CHb)y),
45.1 (C-8), 43.8 (C-14), 40.9 (C-22), 39.3 (C-1R@), 37.2 (C-10), 35.0 (C-1), 34.0 (C-17),
32.9 (C-7), 30.9 (C-21), 28.9 (C-28), 27.5 (C-15},2 (C-15), 24.0 (C-23), 23.6 (C-2), 21.1
(C-30), 20.5 (C-27), 18.8 (C-6), 18.4 (C-26), 1{(529), 13.1 (C-25), 12.6 (N(GEBHa).,
N'(CH2CHa),) ppm; MS [ESI, MeOH for GH77N206Cl (945.72)]:mVz (%) 909.5 (100) [M-
Cch*.

4.4.22 .3,6-Bis(diethylamino)-9-[2-[(3x,4f3)-[24-benzyloxy-11,24-dioxours-
12-en-3-oxycarbonyl]-phenyl]-xanthylium chloride (%)

As described above fd6 to a solution of rhodamine B chloride in dry &H, (10 mL), 22
(0.32 g, 0.57 mmol, 1 eq.), NEi87 mg, 0.18 mL, 0.86 mmol, 1.5 eq.) and DMAP @)
were added. Work-up as described and purificatypodlumn chromatography afford@é in
58% vyield; m.p. 175-180 °C;{R.5 (MeCN/ CHCIy/H,0, 10:1:1); UV-Vis (MeOH):Amax
(loge€) =273 nm (4.42), 641 nm (4.99); IR (KBK):= 344Dr, 2974m, 1720m, 1648n, 159G,
1467m, 1413n, 1338n, 1274n, 1181m, 1133n, 1075m, 683n cm’; 'H NMR (500 MHz,
CDCl): 6=8.17 (ddJ=7.9, 0.8 Hz, 1 H,"3H), 7.86 (dtJ=7.6, 1.2 Hz, 1 H,'5H), 7.76
(dt,J=7.8, 1.1 Hz, 1 H,"4H), 7.36 (ddJ = 7.6, 1.0 Hz, 1 H,"6H), 7.32—-7.25 (m, 5 H, Ph),
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7.08, 7.07 (2xdJ = 9.7 Hz, 2 H, tH, 8-H), 6.95, 6.82 (2xddJ = 9.7, 2.4 Hz, 2 H, 'H,
7'-H), 6.77, 6.76 (2xdJ = 2.4 Hz, 2 H, 4H, 5-H), 5.54 (s, 1 H, 12-H), 5.28 (m, 1 H, 3-H),
5.09 (d,J=12.2 Hz, 1 H, CHPh), 5.00 (dJ=12.2 Hz, 1 H, CkPh), 3.62 (qJ= 7.2 Hz,

4 H, NCH,CHg), 3.61 (q.J = 7.2 Hz, 4 H, NCH»CHs), 2.56 (ddd,) = 13.1, 13.1, 3.2 Hz, 1 H,
1-Hy), 2.45 (s, 1 H, 9-H), 2.15 (m, 1 H, 2)H2.12 (ddd,J = 13.7, 13.7, 4.7 Hz, 1 H, 16;H
1.89 (dddJ = 13.7, 13.7, 4.8 Hz, 1 H, 1554 1.79 (m, 2 H, 6-h), 1.73 (ddd,J = 12.7, 12.7,
3.7Hz, 1 H, 7-8), 1.55 (d,J=11.2 Hz, 1 H, 18-H), 1.52-1.41 (m, 6 H, 22-B-H, 7-H,
21-H,, 19-H, 2-H), 1.40 (s, 3 H, 27-k), 1.38-1.20 (M, 4 H, 224421-H,, 1-H,, 15-H;), 1.31
(t, J=7.0 Hz, 12 H, N(CBCH3)2, N'(CH2CHs),), 1.15 (s, 3 H, 23-k), 1.13 (s, 3 H, 26-H),
1.04 (m, 1 H, 16-B), 0.96 (s, 3 H, 30-§), 0.95 (m, 1 H, 20-H), 0.94 (s, 3 H, 25)H0.82 (br
s, 6 H, 28-H, 29-H;) ppm; **C NMR (125 MHz, CDGJ): 5=199.1 (C-11), 174.9 (C-24),
165.4 (C-13), 164.1 (CO-Rhd), 158.8 (§;957.8, 157.7 (C-4aC-104), 155.6, 155.4 (C3
C-6), 135.1 (GPh), 133.9 (C-1), 133.3 (C-8), 131.2, 131.1 (C‘1 C-8), 130.6 (C-6),
130.5 (C-2, C-4"), 130.4 (C-12), 130.2 (C*R 128.6 (G-Ph), 128.5 (GPh), 128.4 (¢Ph),
114.5, 113.9 (C-2C-7), 113.6, 113.5 (C-8aC-94), 96.4, 96.3 (C4 C-5), 75.0 (C-3), 66.7
(CH,Ph), 60.4 (C-9), 59.1 (C-18), 51.2 (C-5), 46.9 (C-46.2, 46.1 (NCH.CHs),,
N'(CH,CHa),), 45.0 (C-8), 43.7 (C-14), 40.9 (C-22), 39.3 (G-1820), 37.3 (C-10), 35.0
(C-1), 34.0 (C-17), 32.9 (C-7), 30.8 (C-21), 28®B-48), 27.5 (C-16), 27.2 (C-15), 24.0
(C-23), 23.6 (C-2), 21.1 (C-30), 20.5 (C-27), 1§®6), 18.2 (C-26), 17.5 (C-29), 13.3
(C-25), 12.6 (N(CHCH3)2, N'(CH:CH3);) ppm; MS [ESI, MeOH for gHgiN2-OsCl
(1021.82)]:mVz (%) 985.6 (100) [M-CI.

4.4.23.3,6-Bis(diethylamino)-9-[2-[(3x,4f)-[24-benzylamino-11,24-
dioxours-12-en-3-oxycarbonyl]-phenyl]-xanthylium cHoride (27)
As described above fdr6 to a solution of rhodamine B chloride in dry &H, (10 mL), 24
(0.20 g, 0.29 mmol, 1 eq.), NE#44 mg, 0.06 mL, 0.44 mmol, 1.5 eq.) and DMAP @)
were added. Work-up as described and purificatypodlumn chromatography afford@d in
57% vyields; m.p. 195-205 °C;; R.5 (MeCN/CHCIx/H,0, 10:1:1); UV-Vis (MeOH):Amax
(log €) = 270 nm (4.21), 640 nm (4.76); IR (KBY= 3442r, 2926n, 1718n, 1648n, 159G
1466m, 1413n, 1338n, 1247, 118Im, 1075m, 923m, 683m cm™; 'H NMR (500 MHz,
CDCl): 6=8.16 (ddJ=7.9, 0.9 Hz, 1 H,"3H), 7.82 (dt,J= 7.5, 1.0 Hz, 1 H,'5H), 7.75
(dt,J=7.9, 1.0 Hz, 1 H,"4H), 7.34 (ddJ = 7.9, 1.0 Hz, 1 H,'6H), 7.30-7.16 (m, 5 H, Ph),
7.10, 7.07 (2xdJ = 9.8 Hz, 2 H, tH, 8-H), 6.97, 6.85 (2xddJ = 9.6, 2.4 Hz, 2 H, 'H,
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7-H), 6.76, 6.74 (2xdJ = 2.4 Hz, 2 H, 4H, 5-H), 6.06 (m, 1 H, M), 5.54 (s, 1 H, 12-H),
5.30 (M, 1 H, 3-H), 4.37-4.32 (m, 2 HHEPh), 3.62 (M, 8 H, NCH,CHs, N"CH,CHs), 2.56
(ddd,J = 13.0, 13.0, 3.5 Hz, 1 H, 14 2.44 (s, 1 H, 9-H), 2.34 (m, 1 H, 2)H2.11 (ddd,
J=13.6,13.6, 4.6 Hz, 1 H, 16:1.89-1.82 (m, 1 H, 15 1.77 (m, 1 H, 6-4, 1.61-1.34
(M, 11 H, 6-H, 2-Hy, 21-H,, 7-Hb, 1-Hy, 22-Hb, 18-H, 5-H, 19-H), 1.39 (s, 3 H, 275H1.31
(t, J=7.0 Hz, 12 H, NCH,CHs)2, N"(CH,CHa)y), 1.28-1.18 (m, 2 H, 21411-Hy), 1.12 (s,

3 H, 26-H), 1.11 (s, 3 H, 23-, 1.05-0.84 (m, 3 H, 15¢H 16-H,, 20-H), 0.99 (s, 3 H,
25-Hg), 0.95 (s, 3 H, 30-f), 0.82 (d,J = 6.2 Hz, 3 H, 29-4), 0.80 (s, 3 H, 29-5 ppm; *°C
NMR (125 MHz, CDCY): & =199.1 (C-11), 175.2 (C-24), 165.2 (C-13), 16¢0D-Rhd),
159.0 (C-9), 157.8 (C-44 C-104), 155.4 (C-3 C-6), 138.3 (GPh), 133.7 (C-9, 132.8
(C-5"), 131.3, 131.2 (C!1 C-8), 130.9 (C-1), 130.5 (C-4), 130.4 (C-12), 130.3 (C6
C-3"), 129.0 (G-Ph), 128.5 (GPh), 128.0 (G-Ph), 114.6, 114.4 (C-2C-7), 113.8, 113.5
(C-8d, C-94), 96.2 (C-4, C-5), 75.7 (C-3), 60.6 (C-9), 59.0 (C-18), 51.0 (C&J,2 (C-4),
46.8, 46.2 (NCH,CHs)z, N"(CH,CHa).), 45.0 (C-8), 43.7GH,Ph), 43.6 (C-14), 40.1 (C-22),
39.3 (C-19, C-20), 37.4 (C-10), 35.4 (C-1), 33.81(T, 33.1 (C-7), 31.1 (C-21), 28.7 (C-28),
27.5 (C-16), 27.2 (C-15), 24.5 (C-23), 23.7 (C2),1 (C-30), 20.4 (C-6), 20.4 (C-27), 18.2
(C-26), 17.5 (C-29), 13.3 (C-25), 12.5'(8H,CHs),, N"(CH,CHa3),) ppm; MS [ESI, MeOH
for CesHgoN30sCl (1020.84)]:mz (%) 984.5 (100) [M-CI).
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Highlights

* Homopi perazinyl-rhodamine B adducts of triterpenoids were designed and synthesized
* These compounds were cytotoxic (SRB assays) in low nanomolar concentrations

* Extra staining experiments showed these compounds to act as mitocans



