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Abstract: Herein we describe the synthesis of a series of four novel triterpenoid-derived bis-amides
employing masticadienonic acid from Pistacia mexicana, as carboxylic acid component in the Ugi
reaction. Products were obtained via a facile and efficient one-pot procedure, under mild green con-
ditions, with moderate yields (29-58%). The stereo-electronic nature of the aldehyde component in-
fluences the reaction yields.

Keywords: Ugi reaction (U-4CR); isocyanide-based multicomponent reactions (I-MCR); bis-amide;
triterpenoid

1. Introduction

Multicomponent reactions (MCRs) are important strategies in modern organic chem-
istry, where multiple components react together to form a multi-functionalized and com-
plex product, in which all or nearly all of the atoms of the reactants are present [1,2]. These
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https://doi.org/10.3390/x0000x Since the discovery of the Ugi four-component reactions by Ivar Ugi in 1959, the iso-

cyanide-based multicomponent reactions (IMCRs) have been one of the most prominent
and more studied groups of MCRs [4]. This reaction involves a carbonyl compound such
as aldehydes or ketones, primary amines, carboxylic acids and isocyanides to provide an
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Only two reports, depicted in Scheme 1, describe the use of triterpenes as compo-
nents in the Ugi reaction, showing that the natural functionality of these compounds can
be exploited for the synthesis of diverse libraries of compounds that incorporate both the
bis-amide scaffold, as well as the triterpenoid moiety, which proved to be good cytotoxic
agents when evaluated in vitro in various cancer cell lines [8,9].

Since there are a few reports of the use of triterpenoids in the Ugi reaction, in the
present work the synthesis of bis-amides derived from masticadienonic acid, a triterpe-
noid isolated from Pistacia mexicana, was proposed. This compound is interesting because
it has an a,-unsaturated carboxylic acid function, which is not sterically hindered.
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Scheme 1. Reports of Ugi reactions with triterpenoids as components.

2. Results and Discussion

In the present work, we describe the use of a triterpenoid isolated from a plant source,
as component in the Ugi multicomponent reaction, for the synthesis of a small library of
novel triterpenoid-derived bis-amides.
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Masticadienonic acid (12) was isolated from the hexanic extracts of fruits and stems
of Pistacia mexicana as previously described. Then, it was used for the optimization of the
Ugi reaction, employing 4-nitrobenzaldehide (13a), aniline (14) and tert-butyl isocyanide
(15) as the other components, aiming to synthesize the target molecule (16a) (Table 1).

In a first attempt, methanol was used as solvent for the reaction. The thin-layer chro-
matography (TLC) analysis for this experiment shown the formation of a product, how-
ever, the presence of several side products was also noted. After purification by column
chromatography, the desired product was obtained in a low yield, possibly due to the
aforementioned and the partial solubility of (12) in the solvent used.

For a second experiment, ethanol was chosen for performing the reaction, since (12)
has better solubility in this solvent. In the TLC analysis the formation of the desired prod-
uct was observed, and it was also noted that less side products were formed. After the
corresponding purification, (16a) was isolated in a moderate yield.

Finally, two more experiments were carried out, one with water as solvent and a sol-
vent-free one, as greener alternatives for this procedure. These efforts were not satisfac-
tory, as no product was identified in the TLC analysis.

Table 1. Screening conditions for the synthesis of molecule (16a).

Entry Solvent Temperature Time Yield
1 MeOH r.t. 24 h 25%
2 EtOH r.t. 24h 58%
3 H:0 r.t. 24h —
4 — r.t. 24 h —

In Scheme 2, a series of bis-amides (16a—d) is depicted, which was synthesized under
the optimized conditions (Table 1, entry 2). The effect of the stereo-electronic nature of the
carbonyl component was evaluated, employing both activated and deactivated aromatic,
aliphatic, and a,B-unsaturated aldehydes. Finally, products were obtained in low to mod-
erate yields (29-58%).

16¢c 16d
29% 41%

Scheme 2. Scope of the aldehyde component.
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3. Experimental Section
3.1. General Information, Instrumentation and Chemicals

H and ®C NMR spectra were acquired using Varian Mercury Plus 400 (400 and 100
MHz, respectively). The solvent used for NMR spectroscopy was deuterated chloroform
(CDClIs). Chemical shifts (0) are given in ppm relative to tetramethylsilane (TMS). Cou-
pling constants are reported in Hertz (Hz). Multiplicities of the signals are reported using
standard abbreviations: singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m).
NMR spectra were analyzed using MestReNova software version 12.0.0-20080. Reaction
progress was monitored by thin-layer chromatography (TLC) on pre-coated silica gel F254
aluminum sheets and the spots were visualized under UV light at 254 nm or using ceric
ammonium sulphate stain under heating. Column chromatography was performed using
silica gel (230-400 mesh) as stationary phase. Mixtures of hexanes and ethyl acetate were
used as mobile phase for column chromatography and in TLC for reaction progress mon-
itoring and measuring retention factors (Ry). All reagents were purchased from Sigma Al-
drich and were used without further purification.

3.2. General Procedure

Masticadienonic acid (12, 0.11 mmol, 1.0 equiv.), aldehyde (13a-d, 0.11 mmol, 1
equiv.), aniline (14, 0.11 mmol, 1.0 equiv.) and tert-butyl isocyanide (15, 0.11 mmol, 1.0
equiv.) were dissolved in ethanol (0.44 mL, 0.25 M), and placed in a sealed vial with a
magnetic stir bar. The mixture was stirred at room temperature for 24 h. Then, solvent
was removed and the crude was purified by column chromatography using silica gel and
a mixture of 15% ethyl acetate in hexanes, to afford the corresponding bis-amides (16a—d).

3.3. Spectral Data

3.3.1. N-(2-(tert-butylamino)-1-(4-nitrophenyl)-2-oxoethyl)-N-phenyl-3-oxotirucalla-
7,247-dien-26-amide (16a).

NO,

o]
90 (

G

Yellow oil; Rf=0.31 (20% ethyl acetate in hexanes): 'TH NMR (400 MHz, CDCls, 25 °C,
TMS): 6 8.04 (m, 2H), 7.41 (m, 2H), 7.20 (m, 2H), 7.17 (m, 1H), 7.05 (m, 2H), 6.20 (bs, 1H),
6.02 (s, 1H), 5.31 (dd, ] = 6.1, 3.2 Hz, 1H), 5.06 (d, ] = 1.8 Hz, 1H), 2.76 (td, ] = 14.5, 5.4 Hz,
1H), 2.59 (m, 1H), 2.45 (m, 1H), 2.28 (dt, ] = 14.1, 3.8, 1H), 2.25 (m, 1H), 2.10 (m, 2H), 1.99
(m, 2H), 1.98 (m, 1H), 1.81 (m, 2H), 1.73 (t, ] = 8.7 Hz, 1H), 1.65 (m, 1H), 1.64 (d, ] = 1.5 Hz,
3H), 1.56 (m, 2H), 1.53 (m, 2H), 1.49 (m, 1H), 1.48 (m, 2H), 1.48 (m, 1H), 1.40 (m, 1H), 1.38
(s, 9H),1.28 (m, 1H), 1.14 (m, 1H), 1.12 (s, 3H), 1.05 (s, 3H), 1.01 (s, 3H), 1.01 (s, 3H), 0.89 (d,
J=6.2 Hz, 3H), 0.81 (s, 3H); 3C NMR (100 MHz, CDCls):  217.2, 173.1, 167.9, 147.7, 146.1,
142.0, 139.3, 132.1, 131.3, 131.1, 129.5, 128.8, 128.6, 123.4, 118.1, 65.1, 53.2, 52.5, 52.0, 51.4,
48.6, 48.1, 43.7, 38.7, 36.3, 36.2, 35.4, 35.2, 35.1, 34.2, 33.8, 28.8, 28.4, 27.6, 27.5, 24.7, 24.5,
22.2,21.8,20.9,18.5, 13.0.

16a

3.3.2. N-(2-(tert-butylamino)-1-(4-chlorophenyl)-2-oxoethyl)-N-phenyl-3-oxotirucalla-
7,247-dien-26-amide (16b).
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Colorless oil; R = 0.39 (20% ethyl acetate in hexanes): 'H NMR (400 MHz, CDCls,
25 °C, TMS): 6 7.18 (m, 2H), 7.16 (m, 1H), 7.14 (m, 2H), 7.12 (m, 2H), 7.05 (m, 2H), 5.95 (bs,
1H), 5.89 (s, 1H), 5.30 (m, 2H), 5.01 (m, 2H), 2.77 (td, | = 14.5, 5.4 Hz, 1H), 2.58 (m, 1H), 2.45
(m, 1H), 2.29 (dt, ] = 14.1, 3.8, 1H), 2.24 (m, 1H), 2.10 (m, 2H), 1.99 (m, 2H), 1.98 (m, 1H),
1.82 (m, 1H), 1.73 (t, ] = 8.7 Hz, 1H), 1.65 (m, 1H), 1.63 (d, ] = 1.4 Hz, 3H), 1.55 (m, 2H), 1.53
(m, 2H), 1.50 (m, 1H), 1.48 (m, 2H), 1.47 (m, 1H), 1.40 (m, 1H), 1.35 (s, 9H), 1.29 (m, 1H),
1.14 (m, 1H), 1.11 (s, 3H), 1.06 (s, 3H), 1.01 (s, 3H), 1.00 (s, 3H), 0.89 (d, ] = 6.2 Hz, 3H), 0.80
(s, 3H); 3C NMR (100 MHz, CDCls): d 217.2, 172.8, 168.5, 146.2, 139.7, 134.5, 133.4, 131.8,
131.7,131.5,129.8, 128.6, 128.5, 128.3, 118.0, 64.8, 53.2, 53.2, 52.5, 51.8, 51.4, 48.7, 48.1, 43.7,
38.7,36.3, 36.2, 35.4, 35.2, 34.2, 33.8, 28.8, 28.4, 27.6, 27.4, 24.7, 24.5, 22.2, 21.8, 21.0, 18.5,
13.0.

16b

3.3.3. N-((E)-1-(tert-butylamino)-1-oxo-4-phenylbut-3-en-2-yl)-N-phenyl-3-oxotirucalla-
7,247-dien-26-amide (16c).

St

Yellow oil; Rr=0.20 (25% ethyl acetate in hexanes): "TH NMR (400 MHz, CDCl;s, 25 °C,
TMS): 8 7.36 (m, 2H), 6.88 (m, 2H), 6.08 (dt, ] =7.5, 1.2 Hz, 1H), 6.01 (bs, 1H), 5.99 (d, ] =2.9
Hz, 1H), 5.30 (dd, | = 6.1, 3.4 Hz, 1H), 3.80 (s, 3H), 2.74 (td, | = 14.5, 5.4 Hz, 1H), 2.59 (m,
1H), 2.44 (m, 1H), 2.28 (dt, ] = 14.1, 3.8, 1H), 2.25 (m, 1H), 2.11 (m, 2H), 1.98 (m, 1H), 1.99
(m, 1H), 1.97 (d, ] = 1.5 Hz, 3H), 1.81 (m, 1H), 1.73 (t, ] = 8.7 Hz, 1H), 1.65 (m, 1H), 1.56 (m,
2H), 1.55 (m, 2H), 1.49 (m, 1H), 1.48 (m, 2H), 1.48 (m, 1H), 1.41 (m, 1H), 1.36 (s, 9H), 1.28
(m, 1H), 1.15 (m, 1H), 1.12 (s, 3H), 1.05 (s, 3H), 1.01 (s, 3H), 0.99 (s, 3H), 0.89 (d, ] = 6.2 Hz,
3H), 0.81 (s, 3H); 3C NMR (100 MHz, CDCls): 5217.3,172.9, 162.0, 146.2, 143.5, 136.3, 129.8,
129.4, 129.1, 128.9, 128.8, 128.5, 127.7, 127.0, 126.4, 121.1, 117.9, 64.6, 58.5, 53.1, 52.5, 51.3,
48.6, 48.1, 43.7, 38.7, 36.2, 36.0, 35.2, 35.1, 34.2, 33.8, 28.9, 28.4, 27.6, 27.0, 25.5, 24.7, 24.5,
22.2,21.8,21.0,18.5, 13.0.

16¢

3.3.4. N-(1-(tert-butylamino)-1-oxooctan-2-yl)-N-phenyl-3-oxotirucalla-7,24Z-dien-26-
amide (16d).

SULMRATES

Colorless oil; Rr = 0.30 (15% ethyl acetate in hexanes): 'H NMR (400 MHz, CDCls,
25 °C, TMS): d 7.33 (m, 2H), 7.28 (m, 1H), 7.24 (m, 2H), 6.02 (bs, 1H), 5.30 (dd, ] = 6.0, 3.2
Hz, 1H), 5.13 (dd, J=6.02, 0.9 Hz, 1H), 5.03 (dt, J=7.6, 1.6 Hz, 1H), 2.77 (td, = 14.5, 5.4 Hz,
1H), 2.59 (m, 1H), 2.45 (m, 1H), 2.28 (dt, | = 14.1, 3.8, 1H), 2.25 (m, 1H), 2.10 (m, 2H), 1.99
(m, 2H), 1.97 (m, 1H), 1.82 (m, 1H), 1.76 (m, 2H), 1.73 (t, ] = 8.7 Hz, 1H), 1.68 (d, ] = 1.6 Hz,
3H), 1.64 (m, 1H), 1.56 (m, 2H), 1.53 (m, 2H), 1.49 (m, 1H), 1.48 (m, 2H), 1.48 (m, 1H), 1.47
(m, 2H), 1.40 (m, 1H), 1.37 (s, 9H), 1.31 (m, 2H), 1.29 (m, 2H), 1.28 (m, 1H), 1.26 (m, 2H),

16d
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1.16 (m, 1H), 1.11 (s, 3H), 1.05 (s, 3H), 1.01 (s, 3H), 1.00 (s, 3H), 0.89 (d, ] = 6.2 Hz, 3H), 0.88
(t, ] = 6.7 Hz, 3H) 0.81 (s, 3H); 13C NMR (100 MHz, CDCls): 8 216.9, 172.5, 168.0, 145.1, 142.0,
132.0, 130.7, 129.4, 127.9, 126.9, 117.4, 60.2, 52.8, 52.3, 51.5, 48.2, 47.5, 43.5, 38.5, 36.4, 36.1,
35.6, 34.9, 34.8, 33.9, 33.5, 31.7, 31.5, 28.8, 28.6, 28.1, 27.4, 26.8, 24.6, 24.5, 24.3, 22.3, 21.9,
21.8,20.7,18.4,18.3, 14.0, 12.7.

4. Conclusions

In the present work, we successfully incorporate a plant-derived triterpenoid as com-
ponent in the Ugi reaction, for the synthesis of a series of novel bis-amides (16a-d), thus
broadening the perspectives on the versatility of this methodology.

The synthesized products were obtained using mild reaction conditions and a green
solvent such as ethanol. Moderate yields were observed when activated aromatic and al-
iphatic aldehydes were employed, however, the experiment where «,3-unsaturated alde-
hyde was used as component, lead to lower yields. This is another example of the effect
of the stereo-electronic nature of the components in the final outcome of the Ugi reaction.

Finally, due to the limited reports on the field of MCRs with natural products such
as triterpenoids as components, we are encouraged to continue our studies on the Ugi
reaction, aiming to make a more complex contribution in the future.
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