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In the present study, a practical method to prepare piperazinyl amides of 18f3-glycyrrhetinic acid was developed. Two main proce-

dures for the construction of important intermediate 8 are discussed. One procedure involves the amidation of 1-Boc-piperazine

with 3-acetyl-18B-glycyrrhetinic acid, prepared by the reaction of 18f8-glycyrrhetinic acid with acetic anhydride without any sol-

vent at 130 °C. The other procedure to prepare compound 8 involves the amidation of 183-glycyrrhetinic acid followed by the ester-

ification with acetic anhydride. Finally, compound 8 underwent N-Boc deprotection to prepare product 4. To ascertain the scope of

the reaction, another C-3 ester derivative 17 was tested under the optimized reaction conditions. Furthermore, the reasons for the

appearance of byproducts were elucidated. Crystallographic data of a selected piperazinyl amide is reported.

Introduction

Glycyrrhizin was the major bioactive component in Glycyrrhiza
uralensis fisch root. 18B-glycyrrhetinic acid (1, Figure 1) was
then obtained by hydrolysis of glycyrrhizin. 188-glycyrrhetinic
acid and its derivatives have been extensively investigated in
medicinal chemistry for their various biological activities, in-
cluding anti-inflammatory [1], antiulcer [2], antioxidative [3],
antitumor [4], and antibacterial [5] activity and their proberties

as hepatic protective agents [6].

Over the past few decades, the emphasis was placed primarily
on explaining structure—activity relationships of 188-glycyr-
rhetinic acid derivatives to enhance their biological activity. The
structure of 18B-glycyrrhetinic acid offered numerous possibili-
ties to chemical modifications, thereby leading to the formation
of novel derivatives [7-9]. There are three functional groups at
C-3, C-11 and C-30 in the structure of 18@-glycyrrhetinic acid

amenable to chemical modifications.
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Figure 1: Chemical structure of 18B-glycyrrhetinic acid and known derivatives.

The modifications at the C3-OH group of 18f-glycyrrhetinic
acid are identified to be relatively common and effective. The
modification of the C3-OH group, altering the molecular
polarity of 18B-glycyrrhetinic acid, may be an advantage in
achieving better cytotoxicity or antiproliferative activity [8-10].
For instance, the hydroxy group can be converted into an
oxime, acyloxyimino, alkoxyimino, alkoxy and 3-oxo group
[9]. As a proteasome inhibitor, compound a suppresses the
chymotrypsin-like activity of the proteasome in MT4 cells with
an ICsq of 0.22 uM, nearly 100-fold more potent than 188-
glycyrrhetinic acid.

Besides, the C-30 carboxyl group is often esterified or amidated
in order to enhance the antitumor or other efficacy of 188-
glycyrrhetinic acid derivatives [11]. A novel piperazinyl amide
b exhibits the optimal inhibitory activity against MCF-7 and
can be further developed as a potent VEGFR2 and antitumor
agent [12].

Piperazinyl amide fragments have the ability to form several
hydrogen bonds, modulate the acid—base equilibrium constant
and change the octanol-water partition coefficient [13]. They
are considered as the basic motif for designing many biological-
ly active molecules [14,15]. Some piperazinyl amides of 18§3-
glycyrrhetinic acid (c¢) are synthesized using various methods. A
method involves the C30-position of the acyl chloride with

symmetric piperazine [16,17]. In this case, the acyl chloride can

be prepared without purification, and the total yield over two
steps can reach 81% [16]. Such structures (¢) can also be
formed by treating the C30 carboxyl group with piperazine in
the presence of activators (e.g., 1-ethyl-3-(dimethylamino-
propyl)carbodiimide hydrochloride (EDCI), 1-hydroxybenzotri-
azole (HOBt) and trimethylamine [18]), the yield of piperazinyl
amide derivatives was 80.6% [19]. These two methods are
complicated through the side formation of bisamide, obviously,
due to the competitive attack on the N atoms of the symmetric
diamine. An alternative method [12] to prepare such piper-
azinyl amides (c) involves the amidation of 18B-glycyrrhetinic
acid with 4-substituted phenylpiperazines in the presence of
N,N-dicyclohexylcarbodiimide (DDC) and HOBt. Under such
reaction conditions, the bisamide as byproduct can be evitable,
whereas the substituted piperazine compounds will not be

readily available.

In principle, an efficient approach to the synthesis of structural
analogues of (c) is based on the reaction of carboxylic acid with
N-Boc-protected aliphatic diamine in the presence of activators
and then deprotection of the fert-butoxycarbonyl (Boc) group
using trifluoroacetic acid (TFA) [20]. Compared with the
mentioned methods, the latter method achieves the higher yield
(up to 90%) without the formation of byproducts [21].

Given the flexible 18B-glycyrrhetinic acid scaffold in the design
of biologically active compounds, a novel and efficient method
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was reported to prepare C3 ester derivatives or/and C30 piper-

azinyl amides (c).

188-Glycyrrhetinic acid belongs to the class of ursane-type
pentacyclic triterpenoids, and the synthetic methods studied
here can also apply to the modification of structurally similar
other triterpenoic acids, but further experimental verification is
needed.

Results and Discussion

The synthetic route to 18B-glycyrrhetinic acid piperazinyl
amide 4 was originally reported by Sommerwerk [16]
(Scheme 1). In this case, 18p-glycyrrhetinic acid reacted with
acetic anhydride in the presence of triethylamine to give

3-acetyl-183-glycyrrhetinic acid (2), which by successive chlo-
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rination with oxalyl chloride yielded acyl chloride 3. Without
isolation, the intermediate 3 reacted with piperazine to give
18B-glycyrrhetinic acid piperazinyl amide 4. The total yield of
chlorination and amidation reactions was 67%.

In the beginning, the reaction of acyl chloride 3 with piperazine
was taken as a prototypical case to ascertain and screen the ex-
perimental conditions. First, the solution with intermediate 3
was cooled to 0 °C, and triethylamine (1.1 equiv) as well as
piperazine (3.0 equiv) were added. After 30 min of stirring, the
solvent was removed in vacuo and the residue was purified by
column chromatography to afford amide 4 and bisamide 5.
When increasing the amount of piperazine, relatively high
yields of amide 4 would be achieved (Table 1, entries 1-3).
Given the high reactivity of the acyl chloride with piperazine,

Scheme 1: Synthesis of compound 4. Reagents and conditions: (a) Ac2O, NEt3, DMF (cat.), DCM, 25 °C, 1 day; (b) oxalyl chloride, NEt3, DMF (cat.),

DCM, 25 °GC, 5 h, then piperazine, DCM, NEtz, DMAP, 0/25 °C, 30 min.
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Table 1: Formation of piperazinyl amide 4: selected optimization reactions.

Beilstein J. Org. Chem. 2020, 16, 798-808.

entry conditions? yield of 4°
1 piperazine (3 equiv), 0 °C 21%
2 piperazine (6 equiv), 0 °C 28%
3 piperazine (10 equiv), 0 °C 33%
4 compound 3 (in 30 mL DCM) was added dropwise to the solution of piperazine (10 equiv), 0 °C 36%
5 compound 3 (in 100 mL DCM) was added dropwise to the solution of piperazine (10 equiv), 0 °C 39%
6 compound 3 (in 100 mL DCM) was added dropwise to the solution of piperazine (10 equiv), 25 °C ~ 32%

aReaction performed on a 0.90 mmol scale of acyl chloride 3. Plsolated yield.

we decided to verify the feasibility of the feeding sequence in a
model system. The solution with intermediate 3 was added
dropwise to a solution of piperazine in 30 mL of dichloro-
methane (DCM). After the solutions were mixed, intermediate 3
was surrounded by piperazine molecules. The excess of piper-
azine could sufficiently avoid the formation of bisamide §
(Table 1, entry 4). When intermediate 3 was dissolved in more
DCM (100 mL), less side reactions occurred and the product
was obtained in higher yield (Table 1, entries 4 and 5). By
altering the amidation reaction temperature, the yield of amide 4
showed an obvious variation. A reaction temperature led to
excessive bisamide 5 (Table 1, entry 6). The results of the ex-
periments demonstrated that the side reaction was inevitable,
and the amount of bisamide 5 produced was dependent on the
reaction temperature and material ratio. The isolation and purifi-
cation of product 4 were significantly more difficult, causing an

unavoidable loss of target compound as well.

The observation described in Scheme 1 and Table 1 led us to
consider a new approach for preparing the piperazinyl amide 4
(Scheme 2). Two general procedures for the synthesis of com-
pound 8 are documented. One method involves acetylation of
18B-glycyrrhetinic acid, followed by amidation of the resulting
ester 2 to give compound 8. Finally, the piperazinyl amide 4
was synthesized by of N-Boc deprotection.

Another procedure for the synthesis of compound 8 involves
acylation of compound 9, which was prepared by the reactions

of 18B-glycyrrhetinic acid with 1-Boc-piperazine under similar

reaction conditions. Compound 8 was prepared in virtually
quantitative yield from compound 9 with acetic anhydride with-
out solvent at 130 °C. The acetic acid formed in the reaction
need not be neutralized and can escape from the reaction
system. The reaction gave the optimal yield at 125-135 °C.
When the temperature was below 125 °C, compound 9 did not
reacted completely after 48 h (TLC monitoring).

The reaction from 2 to 8 proceeded via the intermediate 6,
which can be isolated. The intermediate 6 did not react with
1-Boc-piperazine in low boiling point solvents even after an ex-
tended reaction time (up to 72 h). Heating the reaction using
conventional or microwave methods had no effect on the
conversion of intermediate 6 to compound 8.

To explain the stable structure of the intermediate 6 (Figure 2a),
energy minimization by MM2 was performed using the
ChemBio3D Ultra 14.0 (CambridgeSoft Corporation, 2014)
software force field [22]. The estimated structure was sup-
ported by crystal structures of similar structural compounds
[23]. Figure 2b suggests that the steric hindrance around the
C30 ester group of intermediate 6 has a remarkable influence on
the aminolysis reaction. The mechanism of the aminolysis reac-
tion revealed that a higher reaction temperature of the solvent
mixture contributed to the synthesis of compound 8.

To promote the yield of compound 8 and improve the overall

yield of the reaction, an optimization of the reaction conditions

was performed (Table 2). First, by using low boiling point sol-
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Scheme 2: Synthesis of compound 4. Reagents and conditions: (a) Ac2O, 130 °C, 1 h; (b) 1-Boc-piperazine, CH3CN, NEt3, EDCI, HOBt, reflux, 24 h;
(c) TFA, DCM, 0/25 °C.

Figure 2: a) Estimated structure of the intermediate 6; b) Possible aminolysis process.
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vents, only low or no yields (<19%) of the desired compound 8
were obtained after a longer reaction time (Table 2, entries
1-4). A further investigation of the reaction using microwave ir-
radiation to heat at reflux temperature also failed to produce the
target product (Table 2, entry 2). The intermediate 6 exhibited
very low solubility in ethyl acetate solution, thereby directly
causing the incomplete conversion of the substrate over several
days (Table 2, entry 5). The reaction performed in acetonitrile
as solvent achieved an excellent yield within 10 h but still with
a small amount of intermediate 6 (Table 2, entry 6). Besides,
N,N-dimethylformamide (DMF), a solvent with a higher boiling
point than acetonitrile, was also tested, yet the reaction led to
the formation of unknown compounds (TLC monitoring,
Table 2, entry 7).

After screening several solvents, the optimal yield was ob-
tained in acetonitrile, though a small amount of unconverted
intermediate 6 was observed in the reaction mixture (Table 2,
entry 6). Next, the reactivity of compound 2 with 1-Boc-piper-
azine in a 1:1.5 ratio was investigated. The reaction did not
proceed completely in acetonitrile at reflux temperature, even
after the period was prolonged to 48 h. In contrast, 1-Boc-piper-
azine (2.5 equiv) exhibited high performance, thereby leading to

Beilstein J. Org. Chem. 2020, 16, 798-808.

the preparation of compound 8 in 95% yield (Table 2, entry 8),
which essentially completed conversion of the intermediate 6
within 10 h.

Alternatively, the aminolysis reaction of the isolated intermedi-
ate 6 with 1-Boc-piperazine (2.5 equiv) without any other addi-
tives can readily proceed in acetonitrile at reflux temperature in
95% yield.

Having demonstrated the effectiveness of the new procedure,
we decided to apply this method towards the synthesis of com-
pound 10. But our investigations proved that the above experi-
mental conditions seem not to be suitable for the synthesis of
compound 10. Interestingly, treatment of compound 9 with
chloroacetic anhydride by heating did not afforded compound
10, but obtained another compound, 11 (Scheme 3).

In our analysis, compound 9 reacted with acetic anhydride to
give compound 8 and acetic acid. At the reaction temperature,
the acetic acid (boiling point 117-118 °C) boiled and vapors
escaped from the reaction mixture during the reaction process.
However, in the reaction of compound 9 with chloroacetic an-
hydride (Scheme 3), the chloroacetic acid (boiling point 189 °C)

Table 2: Optimization of the reaction conditions for the coupling of compound 2 with 1-Boc-piperazine.

2

entry solvent conditions?®

1 CHxCl» reflux, 48 h

2 CHJClo reflux, 48 h, microwave
3 acetone reflux, 48 h

4 THF reflux, 48 h

5 EtOAc reflux, 48 h

6 acetonitrile reflux, 10 h

7 DMF reflux, 5 h, 130 °C

8 acetonitrile reflux, 10 h,

1-Boc-piperazine (2.5 mmol)

8

yield of 6° yield of 8°
93% trace
93% trace
93% trace
81% 19%

37% 61%

12% 88%

0 0

0 95%

a2 (1.0 mmol), EDCI (1.2 mmol), NEt3 (1.2 mmol), HOBt (1.2 mmol) and 1-Boc-piperazine (1.2 mmol) were dissolved in 10 mL of solvent for the indi-

cated time. Plsolated yield.

803



Beilstein J. Org. Chem. 2020, 16, 798-808.

11

Scheme 3: Synthesis of byproduct 11. Reagents and conditions: (a) chloroacetic anhydride, 130 °C, 1 h.

formed during the reaction process cannot escape from the reac-
tion system in the form of a gas, therefore, the initially formed
compound 10 undergo N-Boc deprotection in an acidic medium
to give byproduct 11. The structure of the byproduct 11 was
confirmed by HRMS analysis.

Another noteworthy factor is that the acidity of chloroacetic
acid (pK, = 2.87) was stronger than that of acetic acid
(pK, = 4.76). The procedure for the generation of byproduct
11 was similar to N-Boc-deprotection using trifluoroacetic acid.

The effective synthesis of compound 10 was then explored
(Table 3). In our initial attempt, compound 9 was reacted with
chloroacetic anhydride (Table 3, entry 1) at 130 °C, whereas the
reaction was complicated by the side formation of byproduct
11, which was obviously due to the presence of chloroacetic
acid. Next, the reactions were performed with organic or inor-
ganic bases to tie up or neutralize the chloroacetic acid released
in the reaction. The base was provided in an amount or in a
slight excess corresponding to the quantity required to tie up or
neutralize the theoretical amount of acid released. The excess
base did not affect the reaction and was washed off with water
after the reaction. Triethylamine is a weak organic base that
cannot completely neutralize the acid generated in the reaction.
It may also volatilize at this reaction temperature (Table 3, entry

2). When the inorganic base was used as an acid-binding agent,

the H,O, produced during the neutralization reaction, con-
sumed considerable quantities of chloroacetic anhydride
(Table 3, entries 3 and 4). Thus, when the amount of
chloroacetic anhydride was elevated to 20 equiv, compound 9
were not completely converted within 48 h under reflux condi-
tions. Next, compound 9 was reacted with chloroacetic an-
hydride in refluxing toluene in the presence of K,CO3 in a
Dean-Stark apparatus to remove the water formed during the
reaction (Table 3, entry 5). Under such conditions, the reaction
was completed in 1 h to give product 15, though a small amount
of byproduct 11 was observed in the reaction mixture. Exam-
ples of suitable inorganic bases include Na,CO3, NaHCO3, and
especially K,CO3. The synthesis of compound 9 was described
in a similar manner in [11].

In another reaction, 18B-glycyrrhetinic acid was smoothly ester-
ified with chloroacetic anhydride at the C3-OH group to form
compound 12 in a quantitative yield. The reaction was complet-
ed in 30 min. The principal advantages of this method are that
there is no solvent required, and that the reaction time is shorter
than in previous cases [16], since the acid formed during the
reaction may catalyze the esterification reaction of 18f-
glycyrrhetinic acid with chloroacetic anhydride.

Having accessed compound 12, many other new compounds

can also be prepared by replacing an amine with the halogen
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Table 3: Formation of amide 10: selected optimization reactions.

Beilstein J. Org. Chem. 2020, 16, 798-808.

entry  conditions? yield of 10P  yield of 11°  yield of 15°
1 chloroacetic anhydride (10 equiv) 0 99 0

2 chloroacetic anhydride (10 equiv), NEtz, acetonitrile 0 90 trace

3 chloroacetic anhydride (10 equiv), KoCOg, acetonitrile 0 34 trace

4 chloroacetic anhydride (20 equiv), KoCOg, acetonitrile 0 36 trace

5 chloroacetic anhydride (8 equiv), K-COg3, toluene, water separator 0 trace 96

6 chloroacetic anhydride (8 equiv), NaoCOs, toluene, water separator 0 trace 92

7 chloroacetic anhydride (8 equiv), NaHCOg3, toluene, water separator 0 trace 91

aReaction performed on a 10 mmol scale. Plsolated yield.

atom. With compounds 12 and 15 in hand, we then tried to
synthesize target compound 17 (Scheme 4), which is a novel
18pB-glycyrrhetinic acid derivative to biologically active
substances.

According to the first method, compound 12 reacted with
morpholine in the presence of K,CO3/I; to give compound 13,
followed by successive amidation and N-Boc deprotection gave
compound 17. It is noteworthy that the carboxyl group of com-
pound 12 did not react with inorganic bases, such as K,COs3,
Na,CO3, NaHCOs3, etc.

Another approach for the synthesis of compound 17 is the

amination of compound 15 to give compound 16. Subsequently,

compound 17 was obtained by hydrolysis of compound 16
using TFA in DCM. The synthesis of compounds 15-17 was

described in a similar manner in [11].

After the C3 position has been converted to a stable ester struc-
ture, the piperazinyl amides of 183-glycyrrhetinic acid can be
also converted to novel unsymmetrical amides. For example,
treatment of compound 4 with acyl chloride in dry DCM under
alkaline conditions directly afforded 188-glycyrrhetinic acid de-
rivative 18. The molecular structure of compound 18 in the
crystalline state is shown in Figure 3. In this crystal structure,
there is an orientational disorder of the m-fluorophenyl moiety
due to the rotation of a single bond. Details for the crystal struc-

ture determinations are given in Table 4.
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96% | e o o 92%ld
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Scheme 4: Synthesis of compound 17. Reagents and conditions: (a) chloroacetic anhydride, 130 °C, 1 h; (b) morpholine, KoCOg/ lo, CoH50H;
(c)1-Boc-piperazine, CH3CN, NEts, EDCI, HOBE, reflux, 24 h; (d) TFA, DCM, 0/25 °C; (e) chloroacetic anhydride, KoCOg, toluene, 130 °C, 1 h.

Figure 3: Crystal structure of conpound 18.
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Table 4: Crystallographic data of compound 18.

CCDC number 1904891
formula C43Hs9FN2O5
formula weight 702.92
crystal colour, shape colourless
Solution CH3OH
crystal system monoclinic
space group P212124
alh 11.581 (3)
b/A 12.216 (3)
c/A 27.749 (7)
o (°) 90

B(°) 90

Y (°) 90

v /A3 3925.7 (17)
T/K 273

z 4

density (calculated) / g-cm=3 1.189
F(000) 1520

R (reflections)
wR? (reflections)

0.0439 (5028)
0.1130 (7118)

Conclusion

To sum up, piperazinyl amides of 183-glycyrrhetinic acid were
prepared from the 18B-glycyrrhetinic acid or its corresponding
acyl chloride and piperazine. In this case, a considerable num-
ber of byproducts were inevitably produced. To reduce and/or
avoid the formation of byproducts, efficient procedures were
developed to prepare 18B-glycyrrhetinic acid derivatives that
contain a terminal piperazinyl amide fragment. Due to the steric
hindrance around the C30 ester group of intermediates, the
intermediates 6 and 8 do not react with 1-Boc-piperazine at
lower reaction temperature. The results showed the temperature
dependence of the reaction between 18f-glycyrrhetinic acid and
1-Boc-piperazine. Besides, the Boc-piperazinyl amides of 18-
glycyrrhetinic acid reacted with chloroacetic anhydride in the
presence of a base to give product 15. If no base is present, the
Boc-piperazinyl amide of 18p-glycyrrhetinic acid 9 will
undergo N-Boc deprotection and amidation to give compound
11. These results can be used to produce N-substituted piper-
azines of 18f-glycyrrhetinic acid in high yield, and further to
develop more asymmetric piperazinamide derivatives. The
structure of the asymmetric piperazinyl amide was confirmed

by X-ray analysis.

Experimental

Detailed synthetic procedures for all new compounds including
copies of their NMR spectra can be found in Supporting Infor-
mation File 1.

Beilstein J. Org. Chem. 2020, 16, 798-808.

Supporting Information

Supporting Information File 1

Preparation procedures and analytical data of compounds 1,
4-9,11, 13, 15-18.
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supplementary/1860-5397-16-73-S1.pdf]
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