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Abstract

Organocatalysts synthesized from L-proline have demonstrated effectiveness in catalyz-
ing various asymmetric reactions. Additionally, the choice of reaction medium plays a
crucial role; using environmentally friendly solvents, such as water or brine solutions, can
facilitate the formation of stable emulsions that enhance the interaction between the or-
ganocatalyst and the reactants. This work describes the synthesis of two organocatalysts
derived from L-proline through a five-step process with overall yields of 37% and 5%,
respectively. A significant advantage of these products is that they can be classified as
amphiphilic catalysts due to the presence of both hydrophilic and hydrophobic compo-
nents in their structures.

Keywords: amphiphilic organocatalysts; L-proline and azide

1. Introduction

In 2000, David W. C. MacMillan defined organocatalysis as the use of low-molecular-
weight organic molecules as catalysts in organic reactions [1,2]. Since then, various groups
have contributed to the development of new organocatalysts. Today, organocatalysts are
regarded as essential tools in organic synthesis, particularly for asymmetric and sustain-
able transformations [3]. Additionally, the growing interest in using more environmen-
tally friendly solvents has led many organic chemists to focus on reactions conducted in
aqueous media [4,5]. As a result, there is an increasing demand for organocatalysts that
exhibit better solubility or possess amphiphilic characteristics [6].

Amphiphilic organocatalysts possess both hydrophilic and hydrophobic compo-
nents in their structure, which serve as a bridge to facilitate the interaction of organic re-
actants in an aqueous medium [6]. Interested in the field of organocatalysis, In this report,
we present the synthesis of two amphiphilic organocatalysts derived from L-proline, (S)-
7-(pyrrolidin-2-yl) tridecan-7-amine (1) and (S)-2-(7-azidotridecan-7-yl) pyrrolidine (2).
Both were functionalized at C2 of the pyrrolidine ring with aliphatic chains of six carbon
atoms (Figure 1).
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The primary advantage of these compounds, given their characteristics, is that they
can be classified as amphiphilic catalysts because they contain both hydrophilic and hy-
drophobic segments in their structures. This property allows the catalysts to form stable
emulsions, facilitating organic reactions in aqueous media.

Figure 1. The synthesized amphiphilic organocatalysts: (S)-7-(pyrrolidin-2-yl) tridecan-7-amine (1)
and (S)-2-(7-azidotridecan-7-yl) pyrrolidine (2).

To synthesize this compound, we adapted part of the synthesis sequence reported by
Palomo and Reyes-Rangel [7-11]. Organocatalysts (1) and (2) were obtained through a
five-step process, yielding 37% and 5%, respectively (Figure 2).
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Figure 2. Reagents and conditions: (a) SOClz, MeOH, relux, 1 h, 100%; (b) BnBr, EtsN, CH2Cl, r. t.,
4 h, 76%; (c) n-CsHisBr, Mg; THF, 0 °C, 18 h, 98%; (d) NaNs, CFsCO:H, H2SOs, CHCls-H20, reflux, 6
h, 88% (e) Pd-C (10% mo), AcOH-H20 (3:1), Hz, 48 h, 57%; (f) H2/Pd-C, AcOEt, r. t., 7.9% [7-11].

The products were characterized using 'H-NMR, C-NMR, DEPT, COSY, HSQC,
and HMBC techniques, and the signals corresponded to their proposed structures.

2. Materials and Methods

General Information

Starting materials for the preparation of compounds 1 and 2 were obtained from
Sigma-Aldrich in reagent-grade quality. Commercially available reagents and solvents
were used as received. Tetrahydrofuran (THF) was distilled from sodium and benzophe-
none before use. Flash column chromatography was performed on silica gel (230400
mesh) Thin-layer chromatography (TLC) was performed on precoated silica gel Fzs4 plates
(Merck). Detection was performed with iodine vapor staining and UV light irradiation
(UV lamp, model UV-IIB). Infrared spectra (IR) were recorded on a Perkin-Elmer Spec-
trum One FTMS spectrometer. NMR spectra were recorded on a Varian VX-400
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spectrometer with tetramethylsilane (TMS) as an internal standard, and chemical shifts
are reported in d (ppm).

Methyl (S)-pyrrolidine-2-carboxylate hydrochloride (3)

(S)-pyrrolidine-2-carboxylate methyl hydrochloride (3) was prepared following es-
tablished procedures [7-11]. In a 20 mL round-bottom flask fitted with a magnetic stirrer
and a condenser, 200 mg of L-proline (1.73 mmol) was dissolved in 1.5 mL of anhydrous
methanol at 0 °C. Thionyl chloride (SOCI2) (0.138 mL, 1.91 mmol) was then added slowly,
and the reaction mixture was refluxed for 1 h. After the reflux period, methanol and thio-
nyl chloride were removed under reduced pressure using a rotary evaporator, yielding a
yellow oily liquid. This product was utilized in the subsequent reaction without further
purification and was obtained in quantitative yield.

(5)-N-benzylpyrrolidine-2-carboxylate methyl ester (4)

To prepare the protected compound (4), a solution of (S)-pyrrolidine-2-carboxylate
methyl ester (3, 0.225 g, 1.36 mmol) hydrochloride was created in 7 mL of dichloromethane
(CH2CL) at 0 °C. Triethylamine (0.38 mL, 2.72 mmol) was added, followed by benzyl bro-
mide (0.117 mL, 1.50 mmol). The reaction mixture was stirred continuously for 4 h at room
temperature. After the reaction was complete, the mixture was treated with a saturated
sodium bicarbonate solution and then extracted with dichloromethane (2 x 20 mL). The
organic phase was dried over anhydrous magnesium sulfate and concentrated using a
rotary evaporator under reduced pressure. The residue was purified by flash chromatog-
raphy (Hex:AcOEt, 9:1). The N-benzylated L-proline ester (4) was obtained as a yellow oil
with a yield of 76%. "H-NMR spectrum (CDCls, 600 MHz) d(ppm): 1.71 (m, 1H); 1.86 (m,
2H); 2.06 (m, 1H); 2.32 (¢, 1H, ] = 8.4 Hz); 2.97 (td, 1H); 3.18 (dd, 1H); 3.50 (d, 1H, J=12.8
Hz); 3.57 (s, 3H); 3.81 (d, 1H, [ =12.8); 7.17 (c, 1H); 7.24 (m, 4H). *C NMR spectrum (CDCls,
150 MHz) d (ppm): 23.1, 29.5, 51.8, 53.4, 58.9, 65.4, 127.2, 128.3, 129.4, 138.4, 174.7.

(5)-7-(1-benzylpyrrolidin-2-yl)tridecan-7-ol (5)

To prepare the protected amino alcohol (5), the in-situ formation of the Grignard re-
agent was necessary. In a 20 mL two-necked round-bottom flask equipped with a mag-
netic stirrer, septum, and reflux system, 0.144 g of magnesium turnings (5.95 mmol) was
added to 3 mL of anhydrous THEF. The flask was sealed, cooled to 0 °C, and purged with
nitrogen. Subsequently, 0.416 mL of bromohexane (0.490 g, 2.97 mmol) was added. After
stirring the mixture for two hours at 0 °C, the color changed from dark gray to light gray,
indicating the formation of the Grignard reagent. Next, a solution of (4) (0.163 g, 0.743
mmol) in 2 mL of THF was added to the Grignard reagent. The cooling system was turned
off, and the mixture was stirred continuously at room temperature for 16 h. Upon com-
pletion of the reaction, the mixture was treated with 2 mL of saturated ammonium chlo-
ride solution (NH4Cl) and stirred for 30 min. The mixture was then filtered and concen-
trated using a rotary evaporator under reduced pressure. The resulting suspension was
extracted with dichloromethane (CH2Cl2) (3 x 5 mL). The organic phase was washed with
a 9% saline solution and dried over magnesium sulfate. After filtration, the mixture was
again concentrated with a rotary evaporator. The residue was purified by flash chroma-
tography (Hex:AcOEt, 95:5), yielding a light-yellow oil in 98% yield. '"H-NMR spectrum
(CDClIs, 600 MHz) d(ppm): 0.80 (dt, 6H, ] = 17.94 Hz); 1.22 (m, 18H); 1.40 (m, 3H); 1.60 (m,
2H); 1.76 (m, 2H); 2.40 (m, 1H, ] = 6.24, 8.52 Hz); 2.75 (m, 1H, ] = 6.42, 8.52 Hz); 2.80 (t, 1H,
J=7.38 Hz), 3.51 (d, 1H, | =13.7 Hz); 3.94 (d, 1H, ] = 13.7 Hz); 7.16 (t, 1H, ] = 1.62, 7.20 Hz);
7.24 (td, 2H, | = 1.74, 6.69 Hz); 7.28 (dd, 2H, ] =1.68, 8.19 Hz) *C NMR spectrum (CDCls,
150 MHz) 6 (ppm): 14.0, 14.0, 22.6, 22.6, 23.4, 23.7, 24.9, 27.3, 30.1, 30.2, 31.8, 31.8, 34.4, 37.8,
55.0, 63.1, 70.5, 75.7, 126.9, 128.2, 128.3, 140 4.

(5)-2-(3-Azidopentan-3-yl)-1-benzylpyrrolidine (6)

In a two-necked round-bottom flask equipped with a magnetic stirrer, septum, con-
densation system, and a NaHCO: trap, 0.1 g of compound (5) (0.27 mmol) was added to 3
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mL of chloroform. The mixture was stirred vigorously at 0 °C under a nitrogen atmos-
phere. Following this, 106 pL of trifluoroacetic acid (1.39 mmol) was added, quickly fol-
lowed by the addition of 72 mg of sodium azide (NaNs) (1.11 mmol). Next, 0.46 mL of
water and 1 mL of concentrated sulfuric acid (H2504) were added. The reaction mixture
was then refluxed for 6 h, with progress monitored by TLC. After refluxing, the mixture
was cooled to room temperature, and the organic layer was extracted with dichloro-
methane (CH2ClLz) (3 x 15 mL). The organic phase was washed with a 5% sodium bicar-
bonate solution followed by a 9% saline solution and and dried over anhydrous sodium
sulfate, filtered, and concentrated using a rotary evaporator. The resulting mixture was
purified by column chromatography (Hex:AcOEt,98.5:1.5). The pure product was ob-
tained in 88% yield. [a]p % =-33.3 (c = 1.0, CH2Cl2). 'TH-NMR spectrum (CDCls, 600 MHz)
O(ppm): 0.88 (t, 6H); 1.31 (m, 14 H); 1.47 (m,2H); 1.71 (m, 4H); 1.97 (¢, 1H, | =8.82, 17.4 Hz);
2.12 (m, 4H); 2.90 (d, 1H, ] = 13.1Hz); 2.95 (t, 1H, ] = 8.31 Hz); 3.26 (t, 1H, ] = 8.28); 3.92 (d,
1H, [ =13.14 Hz); 7.20 (s, 1H); 7.28 (m, 4H). *C NMR spectrum (CDCls, 150 MHz) d (ppm):
14.1, 14.1, 22.6, 22.6, 22.7, 27.3, 29.2, 29.3, 29.6, 29.7, 30.1, 30.7, 31.6, 31.9, 53.5, 58.5, 64.8,
126.6, 128.1, 128.6, 140.3.

(5)-7-(pyrrolidin-2-yl) tridecan-7-amine (1)

In a round-bottom flask, 100 mg (0.260 mmol) of compound (6) was dissolved in 0.5
mL of a 3:1 acetic acid-water solution. A 10% palladium on carbon (Pd-C) catalyst, weigh-
ing 31 mg (0.0291 mmol), was added to the mixture, which was then subjected to hydro-
genolysis for 48 h. The progress of the reaction was monitored using thin-layer chroma-
tography (TLC). Upon completion, the mixture was filtered through Celite and evapo-
rated to dryness. Next, 10 mL of water was added to the residue, and the pH was adjusted
to 1 using hydrochloric acid (HCI). A liquid-liquid extraction was then performed using
ethyl acetate (2 x 15 mL). The aqueous phase was treated with 2N sodium hydroxide
(NaOH) and ethyl acetate (2 x 15 mL). The organic phase was dried with anhydrous so-
dium sulfate, filtered, and then evaporated to dryness using a rotary evaporator under
reduced pressure. The resulting crude product was purified by column chromatography
with a solvent system of dichloromethane (CH2Cl2) and methanol (MeOH) in a 9:1 ratio.
The pure product was obtained as a clear oil with a yield of 57%. 'H-NMR spectrum
(CDCls, 600 MHz) d(ppm): 0.89 (t, 6H); 1.28 (m, 24 H); 1.73 (q, 2H, ] =7.62 Hz); 2.95 (t, 2H,
J=8.01 Hz); 7.01 (2H). *C NMR spectrum (CDCls, 150 MHz) d (ppm): 14.1, 22.7, 23.9, 26.6,
28.4,29.8,31.9, 33.2,33.5,37.4, 39.9.

(5)-2-(7-azidotridecan-7-yl) pyrrolidine (2)

In a round-bottom flask equipped with magnetic stirring, 100 mg of compound (6)
(0.260 mmol) was dissolved in 1 mL of AcOEt. Next, 28 mg of 10% Pd-C (0.0260 mmol)
was added as a catalyst, and the mixture was subjected to hydrogenolysis for 24 h. Upon
completion of the reaction, the mixture was filtered through Celite, washed with metha-
nol, and then evaporated to dryness. The resulting product was purified by column chro-
matography, 5i02, methanol/triethylamine (98:2). The compound (2) was obtained with a
yield of 7.9%. TH-NMR spectrum (CDCls, 600 MHz) d(ppm): 0.88 (t, 6H, ] =7.11 Hz); 1.25
(m, 23H); 1.44 (q, 2H, ] =7.29 Hz); 2.70 (t, 2H, ] =7.14 Hz); 4.12 (¢, 1H, | = 7.14 Hz,-NH) 3C
NMR spectrum (CDCls, 150 MHz) d (ppm): 14.1, 22.7, 24.0,26.7, 29.7, 29.8, 31.9, 33.6, 33.7,
37.5,41.9.

3. Results and Discussion

The synthesis of compounds (1) and (2) was initiated using L-proline, where aliphatic
chains (-CsHis) were added to the carbonyl group to form alcohol (5). This was followed
by the substitution of the -OH group with an azido group, and then catalytic hydrogena-
tion was performed. In both synthetic pathways, azide (6) serves as the key intermediate,
and depending on the hydrogenation conditions, either compound (1) or compound (2)
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can be obtained. The choice of solvent for the hydrogenolysis of (6) was crucial. When a
methanol and acetic acid mixture was used, free aminoazide (2) could not be detected.
AcOEt proved to be the appropriate solvent.

When analyzing the 1H-NMR spectrum of compounds (6) and (2), we can clearly see
the influence of the azido group. As an electron-withdrawing group, it causes a deprotect-
ing effect. The protons in the pyrrolidine ring of compound (6) exhibited greater shifts
compared to the corresponding protons in the aminoalcohol (5). A similar trend was ob-
served in the diamine (1) and aminoazide (2); specifically, the chemical shift of the N-H
proton in the pyrrolidine ring was greater in the aminoazide than in the diamine.

The resulting organocatalysts are anticipated to exhibit potential in semi-aqueous re-
actions, particularly in Michael-type reactions. The effectiveness of some intermediates
obtained in these processes has already been demonstrated, as shown with compound (5),
which successfully functioned as an organocatalyst in Michael addition reactions as re-
ported by Palomo in 2006 and Lu in 2008 [7,8]. Similarly, independent research groups led
by Hosoda, Olivares-Romero, and Reyes-Rangel synthesized organocatalysts derived
from pyrrolidine with aryl substituents at the C-2 position, with reported encouraging
results in Mannich and Michael-type reactions [9-11].

4. Conclusions

The synthesis of (S)-7-(pyrrolidin-2-yl) tridecan-7-amine (1) and (5)-2-(7-azidotride-
can-7-yl) pyrrolidine (2) was successfully completed, yielding moderate results overall.
This process involved a five-step sequence, with the compound (6) serving as a common
intermediate in the final step of the synthesis. Both organocatalysts (1) and (2) are func-
tionalized at C2 of the pyrrolidine ring with two aliphatic chains, each containing six car-
bon atoms. As a result, these organocatalysts can be classified as amphiphilic and are ex-
pected to be effective in reactions conducted in aqueous media.
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