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ABSTRACT

Lipoic acid is a naturally occurring compound involved in biological processes with special reactivity due to its 1,2-dithiolane ring. The novel ALA derivatives
were synthesized using the Steglich esterification in mild conditions and then concentrated and neutralized with yields of 45.1 to 81.2%.
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1. INTRODUCTION

a-Lipoic acid (ALA) [5-[1,2]-dithiolan-3-yl-pentanoic acid] or thioctic acid is
a natural compound with a five-member heterocycle, a dithiolane ring linked
from a stereogenic center to an alkylic chain with a terminal carboxylic acid,
obtaining two enantiomers R-(+)-a-lipoic acid with a natural occurrence and, S-
(—)-a-lipoic acid with remarkable antioxidant activity[1], Figure 1.
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Figure 1. Chemical structure of a-Lipoic acid (ALA).

ALA is necessary for the proper generation of ATP from glucose via the citric
acid cycle and is a cofactor of the enzymatic processes involved in mitochondrial
decarboxylation in the Krebs cycle[2], (ALA) is present in living organisms in
two forms: a reduced one (dihydrolipoic acid/DHLA) and an oxidized one (a-
lipoic acid/ALA) which are in equilibrium in the homeostasis conditions[3,4].
DHLA is involved in the bio-synthesis of intracellular glutathione (GSH) and
coenzyme Q10[5,6]. Both forms (ALA/DHLA) constitute a redox system with the
potential E°ALA/DHLA= -0.32 V[7], and due to this value, lipoic acid is
considered a universal multifunctional antioxidant with various applications such
as adjuvant in cancer treatment[7-10], Alzheimer disease[11], multiple
sclerosis[12] and electrocatalytic electrocatalytic applications[13-15]. ALA is a
vital modulator of several cellular metabolic processes, glutathione synthesis,
glycine breakdown to CO, and NHs, and oxidative decarboxylation of pyruvic
acid to acetyl-CoA. Moreover, ALA plays a role in leucine, valine, and isoleucine
metabolism and works as a cofactor in a multienzymatic complex of branched-
chain alpha-ketoacid dehydrogenases[4,16]. Moreover, lipoic acid and its
derivatives can be used to develop new polymeric materials, due to the 1,2-
dithiolane ring, using the ring-opening polymerization mechanism, ROP,
allowing the preparation of new polymeric materials by disulfide exchange
propagation[17-20].

Because of the diverse applications of ALA, we present the synthesis of new
ALA derivatives, Figure 2.
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Figure 2. Chemical structure of compounds (1-5).
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Figure 3. General scheme of synthesis of compounds (1-5).
2. EXPERIMENTAL SECTION
2.1 Materials

All the reagents and solvents used to synthesize these compounds were
obtained commercially and used without further purification. The 6,7-
dimethoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride, 6-aminoquinoline, (1-
benzyl-4-piperidyl)methanol, and 4-benzylpiperidine were obtained from Ak
Scientific Inc. (CA, USA) and, lipoic acid, acetone, diethyl ether,
dichloromethane, methanol, ethyl acetate, 1-pyrenebutanol, 4-N,N-
dimethylaminopyridine (DMAP) and dicyclohexylcarbodiimide (DCC) were
obtained from Merck Millipore (Santiago, Chile).

2.2 Chemical characterization

Spectroscopic characterization *H-NMR and **C-NMR were recorded using a
Bruker AMX 400 spectrometer at 400 MHz. Chemical shifts are reported relative
to TMS (8= 0.00) and coupling constants (J) are given in Hz. High-resolution
mass spectra (HRMS) were recorded using a Bruker compact QTOF MS with
direct injection. Reactions and product mixtures were routinely monitored by
thin-layer chromatography (TLC) on silica gel pre-coated F,s4 Merck plates, and
the compounds obtained were purified by column chromatography using ethyl
acetate as the mobile phase.

2.3 Synthesis
General procedure

In a 100 mL round bottom flask, 0.576 g (2.794 mmol) of lipoic acid, 5% mol
of DMAP, 0.576 g (2.794 mmol) DCC and 50 mL of CH,CI, were added with
2.794 mmol of the corresponding alcohol or amine. The reaction was carried out
at room temperature, with a magnetic stir for 24 hours. Then, the formed solid
was removed using vacuum filtered and washed with CH,Cl, (2 x 20 mL). The
Filtrate was concentrated in a rotary evaporator and then two portions of 20 mL
of a solution of HCI 0.5 M were added, later two portions of 20 mL of Na,CO,
10% solution were added and finally washed with two portions of 30 mL of
distilled water. Once the washing was completed, the organic phase was dried
with Na,SO, and concentrated at reduced pressure. Acetone was added to the
reaction crude extracted in the previous stage and cooled for 24 hours for further
precipitate formation.

3. RESULTS AND DISCUSSION

Due to the high sensitivity of lipoic acid to various reaction media for ester
formation, all compounds (1-5) were synthesized using Steglich
esterification[21-23]. All compounds were synthesised following the general
procedure described above, Figure 3, with a yield between 45.1 — 81.2%. All
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compounds were fully spectroscopically characterized by *H-NMR, *C-NMR,
and HRMS, observing the following signs:

In *H-NMR, compound (1) presented an aromatic signal from the phenyl group
with a § ranging from 7.33 to 7.08 ppm, integrating five hydrogens. Additionally,
a signal integrating for two hydrogens with a 6 ranging from 3.45 to 3.39 ppm
from the methylene part of the Ph-CH,-N portion was observed, along with a
signal integrating for one hydrogen with a d ranging from 2.48 to 2.35 ppm.
Compound (2) presented a signal integrating for one hydrogen at & 8.70 ppm
from the N-H amide, and an aromatic signal from quinoline with a § ranging
from 8.37 to 7.36 ppm. Compound (3) presented an aromatic signal at & 6.58
ppm, integrating for two hydrogens from the 1,2,3,4-tetrahydroisoquinoline
phenyl group, and a signal at § 3.80 ppm, integrating for six hydrogens from the
1,2,3,4-tetrahydroisoquinoline methoxy group. Compound (4) presented an
aromatic signal from the phenyl group with a ¢ ranging from 7.33 to 7.08 ppm,
integrating five hydrogens. Additionally, this compound showed signals with &
ranging from 3.87 to 3.54 ppm, integrating for one hydrogen from the methylene
of the alkyl chain of the piperidine group. Finally, compound (5) presented an
aromatic signal with a & ranging from 8.27 to 7.87 ppm, integrating nine
hydrogens from pyrene. Additionally, a signal integrating two hydrogens at &
4.16 ppm from the methylene group bonded to the oxygen of the ester group was
observed. On the other hand, in *C-NMR, compounds (1-5) exhibited a signal
in the range of § 173.56 to 170.98 ppm, which corresponds to the carbonyl carbon
of the amide or ester.

For high-resolution mass spectroscopy, molar masses found by this technique
of all compounds were compared with that calculated theoretically.

Chemistry

(1-benzyl-4-piperidinyl)methyl 5-(1,2-dithiolan-3-yl)pentanoate (1).

Compound (1) was prepared as described in procedures (A). Obtained as a dark
yellow oil, yield 73.5%. (C21Ha:NO,S,): & 7.33 — 7.08 (m, 5H), 3.97 — 3.83 (m,
2H), 3.49 - 3.39 (m, 2H), 3.19 — 3.04 (m, 1H), 2.90 — 2.80 (m, 2H), 2.72 (s, 1H),
2.48 — 2.35 (m, 1H), 2.31 — 2.21 (m, 2H), 1.98 — 1.85 (m, 3H), 1.66 — 1.57 (m,
6H), 1.47— 1.38 (m, 2H), 1.31- 1.16 (m, 3H). 3C-NMR (101 MHz, CDCl;) &
173.55,138.43,129.17, 128.17, 126.95, 68.79, 63.40, 56.34, 53.22, 40.22, 38.49,
35.34, 34.61, 34.08, 29.71, 28.95, 28.78, 24.74. HRMS m/z calcd. for
C21Ha31NO,S, (M+H), 394.1869; found, 394.1877.

4-(1,2-dithiolan-3-yl)-N-(quinolin-6-yl)butanamide (2).

Compound (2) was prepared as described in procedures (B). Obtained as a dark
yellow oil, yield 45.1%. (C17H2N20S;): *H-NMR (400 MHz, CDCl3) § 8.70 (s,
1H), 8.37 (s, 1H), 8.31 (s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 9.0 Hz, 1H),
7.50 (d, J = 9.0 Hz, 1H), 7.26 (dd, J = 8.6, 4.2 Hz, 1H), 3.42 (m, 1H), 3.01 (m,
2H), 2.40 —2.22 (m, 4H), 1.80 — 1.62 (M, 4H), 1.38 (m, 2H), 1.18 — 1.02 (M, 2H),
0.73 (m, 2H). C-NMR (101 MHz, CDCls) § 171.82, 149.22, 145.32, 136.20,
136.02, 129.83, 128.89, 123.41, 121.67, 116.18, 56.39, 40.24, 38.48, 34.67,
34.62, 28.88, 25.26. HRMS m/z calcd. for Ci7H0N0S, (M+H), 333.1090;
found, 333.1099.

1-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-4-(1,2-dithiolan-3-
ylhbutanone (3).

Compound (3) was prepared as described in procedures (C). Obtained as a dark
yellow oil, yield 81.2%. (C15H2;NO3S,): *H-NMR (400 MHz, CDCl3) § 6.58 (s,
2H), 4.64 — 4.47 (m, 2H), 3.80 (s, 6H), 3.64 — 3.49 (m, 2H), 3.24 — 3.03 (m, 1H),
2.82-2.69 (m, 4H), 2.39 (m, 3H), 1.89 (m, 1H), 1.46 (m, 4H), 1.18 (m1H), 0.83
(m, 2H). ¥C-NMR (101 MHz, CDCl5) & 171.58, 147.90, 147.68, 126.99, 125.83,
111.29, 109.45, 56.46, 56.09, 55.99, 43.90, 43.37, 40.25, 38.50, 34.78, 33.31,
29.11, 28.09, 24.96. HRMS m/z calcd. for Cy9H»;NO3S, (M+H), 382.1505;
found, 382.10506.

1-(4-benzyl-1-piperidinyl)-5-(1,2-dithiolan-3-yl)pentanone (4).

Compound (4) was prepared as described in procedures (D). Obtained as a dark
yellow oil, yield 54.2%. (CH20NOS,): *H-NMR (400 MHz, CDCls) § 7.35 —
7.02 (m, 5H), 3.94 — 3.83 (m, 1H), 3.77 (d, J = 13.6 Hz, 1H), 3.71 — 3.60 (m,
1H), 3.60 — 3.49 (m, 1H), 3.19 — 3.02 (m, 2H), 2.81 — 2.67 (m, 1H), 2.55 — 2.47
(m, 2H), 2.47 — 2.34 (m, 3H), 2.04 — 1.85 (m, 4H), 1.73 — 1.63 (m, 2H), 1.48 —
1.41 (m, 4H), 1.27 — 1.07 (m, 1H), 0.88 — 0.68 (m, 1H). 3C-NMR (101 MHz,
CDCl3) 6 170.98, 139.95, 129.08, 128.30, 126.05, 56.42, 42.98, 40.25, 38.50,
38.27,34.70, 32.77, 30.96, 28.88, 26.34, 25.50, 25.35, 24.74. HRMS m/z calcd.
for CH2NOS, (M+H), 364.1763; found, 364.1772.
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4-(pyren-1-yl)butyl 5-(1,2-dithiolan-3-yl)pentanoate (5).

Compound (5) was prepared as described in procedures (E). Obtained as a dark
yellow oil, yield 64.0%. (CzsH300:S;): 'H-NMR (400 MHz, CDCls) & 8.27 (dd,
J=9.2,1.8Hz, 1H), 8.17 (dd, J = 7.8, 4.5 Hz, 2H), 8.15 — 8.07 (m, 2H), 8.07 —
7.94 (m, 3H), 7.87 (dd, J=7.9, 1.7 Hz, 1H), 4.16 (m, 2H), 3.51 (m, 1H), 3.39 (t,
J=7.7 Hz, 2H), 3.18 — 3.01 (m, 2H), 2.45 — 2.23 (m, 3H), 1.95 (m, 1H), 1.84 —
1.79 (m, 2H), 1.71 — 1.54 (m, 6H), 1.49 — 1.37 (m, 2H). ®*C-NMR (101 MHz,
CDCl3) & 173.56, 136.34, 131.45, 130.90, 129.89, 128.63, 127.52, 127.30,
127.25, 126.66, 125.85, 125.13, 125.04, 124.93, 124.83, 124.74, 123.30, 64.19,
56.32, 40.17, 38.45, 34.58, 34.12, 33.06, 28.75, 28.68, 28.15, 24.73. HRMS m/z
caled. for CagH300,S, (M-H), 461.1603; found, 461.1632.

CONCLUSIONS

Considering the high sensitivity of ALA to the reaction medium, Steglich
esterification is a good option to be used to prepare ALA derivatives. All
compounds were obtained and fully characterized by *H-NMR, *C-NMR, and
HRMS.
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