e TAP CHI KHOA HOC HO CHI MINH CITY UNIVERSITY OF EDUCATION

g e P = TRUONG DAI HOC SU PHAM TP HO CHi MINH JOURNAL OF SCIENCE

_'J Tap 21, S6 9 (2024): 1660-1667 Vol. 21, No. 9 (2024): 1660-1667

ISSN: Website: https://journal.ncmue.edu.vn https://doi.org/10.54607/hcmue.js.21.9.4185(2024)
2734-9918

Research Article
STUDYING MODIFICATION OF STICTIC ACID UNDER AICIs

CATALYST IN DIMETHYLFORMAMIDE SOLVENT

Nguyen Tra Vuong Quang®, Nguyen Hong Nam Phuong?, Le Ho Minh Quang?,
Vo Tri Toan', Nguyen Thi Truc Ngan?, Duong Thuc Huy*, Pham Duc Dung®*
'Ho Chi Minh City University of Education, Vietnam
2University of Science, Vietnam National University Ho Chi Minh City, Vietnam
*Corresponding author: Pham Duc Dung — Email: dungpd@hcmue.edu.vn
Received: March 26, 2024; Revised: April 02, 2024; Accepted: April 09, 2024

ABSTRACT

Stictic acid, a depsidone in many lichen species, is a potentially bioactive compound.
Derivatives of stictic acid were synthesised by halogenation or esterification. However, the effects of
these conditions on the decomposition of stictic acid have yet to be studied. Hence, the modification
of stictic acid was investigated using an AlICI; catalyst and dimethylformamide solvent. The results
showed that approximately 20% of the stictic acid yield was transformed into other compounds in
these media. The decomposition of stictic acid is due to lactone ring-opening by the AICI; catalyst or
the dimethylamine produced by the reaction of AICl; and dimethylformamide.
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1.  Introduction

Lichens are an important source of bioactive compounds. Studies on the biological
activity of these compounds showed that depsidones isolated from lichen have antioxidant,
antibacterial, anti-inflammatory, antiviral and anti-cancer activity (Rankovi¢ et al., 2012;
Manojlovi¢ et al., 2012; Bhattarai et al., 2013; Khadhri et al., 2022; Wang et al., 2022). The
most typical depsidone of these compounds is stictic acid found in many lichen species such
as Usnea aciculifera, Parmotrema sp. (Parmotrema eliasaroanum...), Evernia prunastri,
Pseudevernia (Pseudevernia furacea...), Relicina (Relicina sydneyensis...), Xanthoparmelia
lusitam (Rankovic, 2015). Stictic is a depsidone that consists of two phenolic components
linked together by an ether bond and an ester bond (Fig. 1) (Ismed et al., 2017).

Cite this article as: Nguyen Tra Vuong Quang, Nguyen Hong Nam Phuong, Le Ho Minh Quang, Vo Tri Toan,
Nguyen Thi Truc Ngan, Duong Thuc Huy, & Pham Duc Dung (2024). Studying modification of stictic acid under
AICI; catalyst in dimethylformamide solvent. Ho Chi Minh City University of Education Journal of Science,
21(9), 1660-1667.

1660


https://journal.hcmue.edu.vn/
https://doi.org/10.54607/hcmue.js.21.9.4185(2024)

HCMUE Journal of Science Vol. 21, No. (2024): 1660-1667

CH, O
O  CH,
H,CO 0 OH
HO H
0
HO' Mo

Figure 1. Structure of stictic acid

The stictic acid products can be modified by halogenation or esterification (Pham et
al., 2021; Huynh et al., 2018). The ester and ether bonds in the structure of stictic acid can
be affected during these transformations. However, very few studies have been conducted
on stictic acid derivative synthesis, and there has yet to be an investigation of the
decomposition of stictic acid in these reaction media. In this study, we investigated the effect
of AICIs and dimethylformamide (DMF) as a solvent in the structural modification of stictic
acid at high temperatures.
2.  Experimental
2.1. General experimental procedure

NMR spectra were recorded on a Bruker Avance spectrometer (500 MHz for *H-NMR
and 125 MHz for ¥*C-NMR) in DMSO-ds and CDCIs. Thin-layer chromatography was
carried out on silica gel 60 (Merck, 40-63 um), and spots were visualised by spraying with
a 10% H>SO4 solution, followed by heating. HRESIMS data were recorded on an LC-Agilent
1100 LC-MSD trap using a MicrOTOF-Q mass spectrometer.
2.2. Stictic acid modification procedure

AICl3 (22 mg, 0.165 mmol) was added to a solution of stictic acid (1, 100.0 mg, 0.26
mmol) in acetic acid: DMF solvent (2.0 mL, 1:1, v/v). The mixture was stirred at 110 °C for
5 h. The reaction was periodically monitored using TLC. The resulting solution was
neutralised with saturated sodium hydrogen carbonate, then extracted with ethyl acetate-
water (1:1, v/v) to gain an organic layer. This layer was subsequently washed with brine
three times, then dried and applied to silica gel CC, eluted with hexane-chloroform-ethyl
acetate-acetone-acetic acid-water (50:125:250:250:1.5:1, v/v/v/viviv) to obtain 1a, 1b, 1c.

1a White amorphous powder; *H NMR (CDCls, 500 MHz) and *C NMR (CDCls, 125
MHz): see Table 1. HRESIMS found m/z 238.1052 (calcd. for [Ci2H1sNOas+H]*, m/z
238.1001) .

1b White amorphous powder; *H NMR (DMSO-ds, 500 MHz): see Table 1.

1c Yellow amorphous powder; *H NMR (CDCls, 500 MHz) and 3C NMR (CDCls,
125 MHz): see Table 1.
3. Results and discussion

Stictic acid 1 was modified using an AlClz catalyst in DMF solvent. The results
showed that three compounds (1a, 1b and 1c) were isolated after 5h of reaction (Scheme 1).
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Scheme 1. Modification of stictic acid with AICIz and DMF

The *H NMR spectrum of 1 exhibited the presence of two methyl groups [on 2.51 (3H,
s, H-9) and 2.20 (3H, s, H-9”)], one methoxy group at 1 3.92 (3H, s, 4-OCHj3), one aldehyde
proton at 6n 10.44 (1H, s, H-8), two hydroxy groups [6n 8.21 (1H, br, 8’-OH) and 10.19 (1H,
s, 2’-OH)], and one aromatic proton at o4 7.10 (1H, s, H-5).

The *H NMR spectrum of 1a resembled those of 1: an aromatic proton (84 6.28, 1H,
s), an aldehyde proton (6 10.27, 1H, s), and a methoxy group (6n 3.92, 3H, s) indicated the
presence of ring A of 1a. However, the absence of one methyl group at 8’-CHzs (61 2.20, 3H,
s) and a hydroxy group at C-2’ (6w 10.19, 1H, s) indicated that ring B was absent in the
structure of 1a. In addition, the 3C NMR spectrum of 1a also showed a lack of signals on
ring B, two new methyl groups [(6H 2.51 (3H, s) and 2.50 (3H, s)] and a hydroxy group (6H
12.24, 1H, s) were observed. HMBC correlation of 1a showed that the two methyl groups
correlated with C-7 (3¢ 167.6), and the correlation between the two methyl groups indicated
that it was an amide group at C-1. The correlation of the hydroxy group (6n 12.24, 1H, s)
with C-1 defined the appearance of a hydroxy group at C-2 O(Fig. 2).

Table 1. NMR data of stictic acid and its transformation derivatives

1 la 1b 1c
OH
OH OH . OH
S dc S oc (multi, J S dc

No (mul'_f'Z’)J N bmso- (m“Lf'Z’)J N (cbcl, inHz) (mul'_f'Z’)J N cDCl,

(DMSO-ds, ‘:&;i? (CDCl;,  125MH2) (D'\é'eso' (cDCl;,  12°MH2)

500 MHz) 500MHz) sooMiz)  50OMH?)
1 113.0 : 1186 - - 1234
2 161.9 : 159.7 - - 156.7
3 1147 : 10838 - - 1136
4 : 162.9 : 162.2 - - 159.0
5  710(1H,s) 1126 628(lH,s) 1033  7.13(1H,s) - 118.8
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6 151.1 147.4 - - 145.0
7 - 166.5 167.6 - - 166.4
8 10'4;‘)(1'*' 186.4  3.16(3H,s) 347 2'515)(3H' 3.09 (3H, s) 34.6
9 251(3H,s) 214  292(3H,s)  37.8 2'52)(3'*' 2.83 (3H, s) 37.7
10.28 (1H,
10.27 (1H, 5)
10 9 1937 lo2s  1014(1H,;9) 1939
(1H,s)
1 231(3H,s) 208 2'285)(3'*' 2.27 (3H, s) 18.4
1 - 109.0 - - - 123.4
2 10'12)(1H' 152.0 156.7
3 - 121.1 - - - 113.6
4 148.1 - - - 159.0
5 135.8 - - - 118.8
6 137.6 - - - 145.0
7 - 160.0 - - - 166.4
6.61 (1H,
8 d) 9.4 3.09 (3H, s) 34.6
8.21 (1H, d)
9 220(3H,s) 952 - - 2.83 (3H, 5) 37.7
10' - - - - 10.14 (1H,s)  193.9
11 - - - - 2.27 (3H, s) 18.4
2-OH 12'2;‘)(1'*' - 11.70 (1H, s)
4-OCH; 3.92(3H,s)  56.6  3.92(3H,s)  56.0 3'935)(3“' 3.92 (3H, s) 63.1
2'-OH - - 11.70 (1H, s)
4'-
OcH: 3.92 (3H, s) 63.1
8cH,
/
N )
9CH;

Figure 2. HMBC correlation of 1a

The *H NMR spectrum of 1b showed signals identical to those of 1a. However, the
two methyl groups [6H 2.51(3H, s) and 2.50 (3H, s)] of 1b shifted to a higher frequency field
than the two methyl groups of 1a [dn 3.16 (3H, s) and 2.92 (3H, s)]. The lack of a hydroxy

group at C-2 of 1b indicated the presence of an amine group in the structure of 1b at C-2.
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The *H and 3C NMR spectra of 1c resemble those of 1a, except for the absence of a
proton at C-5. The HMBC spectrum of 1c also showed a correlation between the amide and
hydroxy groups at C-2, similar to the structure of 1a (Fig. 3). The absence of a proton at C-

5 is the key to deduce that the structure of compound 1a is linked at C-5.
g

oH;C . o

Figure 3. HMBC correlation of 1c

Based on the products’' formation, the proposed reaction mechanism is suggested to
involve two steps. The first step is the hydrolysis of DMF using an AICI3 catalyst when
heated (Fig. 4). This resulted in the formation of dimethylamine and formic acid, reagents
for other transformations. Step two involves the formation of two products, 1la and 1b.
Dimethylamine produced from the hydrolysis of DMF attacked the ester group of stictic
acid, leading to the lactone ring opening. Then, water reacted at C-2 of ring A and ring B
was removed to synthesise la (Fig. 5). The mechanism of 1b preparation followed the
reversible order of 1a synthesis (Fig. 6). Water ring-opening of the lactone ring, followed by
the reaction of dimethylamine at C-2 of ring A, leads to the disconnection of ring B to
produce 1b. 1c was synthesised by the dimerisation of 1a using an AlClz catalyst (Sartori et
al., 1995) (Fig. 7).

i |
/“\ + y o O_ (“NH
H on . ac CLAIA ®

H
Figure 4. Hydrolysis of DMF under AICI; catalyst
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Figure 5. Transformation of stictic acid to 1a
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Figure 6. Transformation of stictic acid to 1b
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Figure 7. Dimerisation of 1a
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4.  Conclusion

This investigation showed that the percentage of transformed stictic acid was small.
Under the AICIs catalyst, stictic acid was modified into three compounds. Products 1a and
1b were produced by ring opening of lactone ring A of stictic acid. The product 1c was
created by dimerising of 1a using an AIClIs catalyst.
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NGHIEN CUU SU BIEN POI CUA STICTIC ACID VOI XUC TAC AICI;
TRONG DUNG MOI DIMETHYLFORMAMIDE

Nguyén Tra Vwong Quang', Nguyén Hong Nam Phwong', L& Hé Minh Quang?,

Vo Tri Toan!, Nguyén Thi Trac Ngan? Dwong Thiic Huy', Pham Dirc Diing"
Trwong Pai hoc Si pham Thanh phd Ho Chi Minh, Viét Nam
2Trwong Pai hoc Khoa hoc Tur nhién, Pai hoc Quac gia Thanh phé Ho Chi Minh, Viét Nam
“Tac gia lién hé: Pham Bire Diing — Email: dungpd@hcmue.edu.vn

Ngay nhdn bai: 26-3-2024; ngay nhdn bai sira: 02-4-2024; ngay duyét dang: 09-4-2024

TOM TAT

Stictic acid, depsidone dwoc tim thdy trong nhiéu lodi dia y, 1a hop chat c6 nhiéu hoat tinh
sinh hoc quan trong. Céc dan xudt ciia stictic acid dwoc tong hop dua trén phan izng halogen hda
hogc phan iing ester hoa. Tuy nhién, anh hwéng cia diéu kién thuc hién phan ing dén sy phan huiy
ciia stictic acid chira dwoc nghién ciru. Do do, sw bién doi cua stictic acid khi siz dung xuc tac AlCI;
va dung méi dimethylformamide dwoc nghién cizu thuc hién. Két qua nghién cizu cho thdy khodng
20% lwong stictic acid da bi bién doi thanh nhiing hep chat khdc trong diéu kién ndy. Sw phan hiy
Ciia stictic acid dw6i sw anh hwong cia AICI; do qua trinh mé vong lactone tgo thanh san pham 1a,
1b va qué trinh dime hda san pham 1a tgo thanh san pham 1c.

Tar khoa: AICIs; phan hay; dimethylformamide; dia y; Stictic acid
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