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As an example of a one-pot multicomponent reaction, the formation of α-acyloxy carboxamides from a carboxylic acid, an 

aldehyde and an isocyanide (Passerini reaction) was investigated in aqueous solution in the presence of different types of 

surfactants. With dioctadecyldimethylammonium bromide (DODAB), a known vesicle-forming cationic surfactant, the 

reaction with hydrophobic starting materials proceeded with higher yields than without DODAB and with higher yields 

than in dichloromethane. These results demonstrate the potential of aqueous surfactant vesicle systems as promoters of 

multicomponent reactions.

Introduction 

The use of water as a solvent for organic transformations 

offers several environmental benefits. Therefore, water as a 

reaction medium has received considerable attention in 

synthetic organic chemistry, since it is an inexpensive, non-

toxic and non-flammable solvent.
1
 The use of water as a 

medium for organic reactions provides properties which may 

be advantageous for many reactions.
2
 However, one major 

disadvantage in the use of water as a solvent for the synthesis 

or transformation of organic compounds is that most organic 

molecules are insoluble in water. To circumvent this 

disadvantage, surfactants (amphiphiles), which can solubilize 

organic molecules, have been employed. The presence of 

surfactants not only ensures higher solubility of hydrophobic 

compounds in water but may also enhance reaction rates.
3
 

This rate-enhancing effect can be explained by at least three 

effects: the increased concentration of the reacting species in 

the area of the aggregates formed from the surfactants (e.g., 

micelles, vesicles), a different polarity of the actual locus 

where the reaction takes place, and possible steric hindrance 

so that the extent of side reactions is decreased.
4
 Meanwhile, 

the use of aqueous surfactant systems instead of organic 

solvents gains importance from the view point of green 

chemistry.
5
 

Certain amphiphiles, like decanoic acid, 1-palmitoyl-2-oleoyl-

sn-glycero-3-phosphocholine (POPC), sodium bis (2-ethylhexyl) 

sulfosuccinate (AOT) and dioctadecyldimethylammonium 

bromide (DODAB), form bilayer structures in aqueous media 

(dispersed artificial vesicles). Such vesicles have been used at 

room temperature for a variety of chemical reactions as 

reaction promoters.
4
 Furthermore, artificial vesicles are also 

prepared and investigated as models of protocells and for the 

construction of artificial cell-like systems,
6
 or for vaccination.

7
 

Vesicles are well-known for their use – or potential use – as 

drug delivery systems, since hydrophilic and/or lipophilic drugs 

can be hosted by vesicles.
8
 

With respect to literature data on the promotion (acceleration) 

of chemical reactions in the presence of bilayer- (vesicle-) 

forming surfactants, several examples are known.
4
 For 

example, the unimolecular decarboxylation of 

6-nitrobenzisoxazole-3-carboxylate is accelerated in the 

presence of vesicles containing cationic surfactants (e.g., 

DODAB), more efficiently than in the presence of micelle-

forming hexadecyltrimethylammonium bromide.
9
 Other 

examples are a Cu
2+

 catalyzed Diels-Alder reaction
10

 or an 

amino-acid catalyzed synthesis of tryptophan.
11

 There are also 

a few reports about enantioselective reactions promoted by 

vesicle containing membrane-embedded chiral peptides.
12

 

We were wondering whether artificial vesicles can also be 

used for the promotion of multicomponent reactions (MCRs). 

Recently, several MCRs were already carried out in micellar 

systems. For example, the Mannich reaction,
13

 the Kinugasa 

reaction,
14

 the Betti bases synthesis,
15

 the preparation of 

chromeno[2,3-b]quinolinedione derivatives,
16

 or the synthesis 

of 2-aminobenzothiazolomethyl naphthols.
17

 MCRs enable to 

synthesize new compounds from three or more reactants, 

where basically all or most of the atoms of the reactants 

contribute to the newly formed product.
18

 The classic reaction 

between carboxylic acids, carbonyl compounds (aldehydes or 

ketons) and isocyanides, described by Passerini in 1921 and 

later given his name, provides α-acyloxy carboxamides in a one 

step procedure (Scheme 1). This is the first example of a family 

of reactions called isocyanide-based MCRs (abbreviated as 

I-MCRs). 

The Passerini reaction is interesting because it has 100% atom-

economy. This means that every atom in the starting materials 

is incorporated in the product. Consequently, there is no 
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intrinsic chemical waste associated with the reaction. MCRs, 

like the Passerini reaction, have been used extensively in the 

field of combinatorial chemistry.
18

 Applying 10 different 

isocyanides, 10 different carboxylic acids and 10 different 

aldehydes leads readily to hundreds of different compounds. 

 

Scheme 1 The Passerini reaction. A carboxylic acid (1), an 

aldehyde (2) and an isocyanide (3) react to form an α-acyloxy 

carboxamide (4). 

 

The P-MCR is usually performed in aprotic organic solvents 

such as dichloromethane or toluene, which are toxic and 

carcinogenic.
19

 However, Pirrung, Das Sarma and others have 

shown that the P-MCR can be performed efficiently in water.
20

 

Due to the mentioned benefits of MCRs, their combination 

with aqueous media constitutes one of the highlighted 

subclasses of ideal synthesis. Indeed In recent years, green 

chemistry has drawn the attention of synthetic chemists also 

for MCRs.
21

 It is evident that the possibility of using water as 

green solvent for organic multicomponent reactions is in the 

spotlight of many research groups. 

The use of micelle- and vesicle-forming surfactants in aqueous 

solutions can be viewed as a convenient alternative for 

performing Passerini multicomponent reactions in the absence 

of organic solvents. This is interesting not only from a purely 

scientific point of view, but also with respect to possible 

applications. The common P-MCR products, α-acyloxy 

carboxamides and α-hydroxy carboxamides, are key building 

blocks for the synthesis of natural products and drugs. These 

compounds are used for the synthesis of γ-lactones,
22

 

2-furanones,
23

 peptides,
24

 peptidomimetics,
25

 and both 

enantiomers of α-amino acids.
26

 

The research interest of our group is the application of 

enzymes and microorganisms in organic synthesis
27

 and the 

application of MCRs and enzymatic procedures for the 

synthesis of chiral peptidomimetics.
25,28

 Moreover we 

investigated a first enzyme-catalyzed Ugi-MCR.
29

 Performing 

Passerini reactions in the presence of vesicle systems – which 

are expected to be less deleterious to enzymes than micellar 

solutions – may be a suitable way for combining MCRs with 

enzymatic procedures.
30

 Entrapping enzymes inside artificial 

vesicles – or binding enzymes to vesicles – may enable (i) the 

one-pot synthesis of α-acyloxy carboxamides, followed by 

enzymatic hydrolysis to yield optically enriched α-hydroxy 

carboxamides, or (ii) the preceding preparation of starting 

materials by enzyme-catalyzed reactions within the same pot 

for a MCR, e.g., the enzymatic oxidation of an alcohol, 

followed by the Passerini reaction. This subject is part of 

further studies. 

 

Results and discussion 

For the first set of experiments, we have chosen as model 

reaction of the P-MCR the reaction of acetic acid (1a), dodecyl 

aldehyde (2a) and p-methoxybenzylisocyanide (3a). In order to 

compare results in micellar/vesicular systems with those 

obtained under standard conditions (organic solvents), we 

studied the influence of different solvents on the reaction 

course. The results are shown in Table 1. Dichloromethane was 

the best among the tested solvents, although the reaction 

takes place in all the solvents used. In diethyl ether, in 

alcohols, ethyl acetate and in acetonitrile, the yields were 

poor. Yields obtained in distilled water or in aqueous 

phosphate buffer saline (PBS) were about half the yield in 

dichloromethane. 

We then focused our work on aqueous reaction systems and 

investigated the effect of surfactants on the model Passerini 

reaction – using 1a, 2a, and 3a – in PBS, without the use of any 

organic solvent. The main drawback in using aqueous solutions 

is the low solubility of most organic substances in water, which 

could be overcome by addition of surfactants. We tested the 

effect of adding well-known micelle-forming (e.g. SDS) as well 

as vesicle-forming surfactants to PBS. Vesicle-forming 

surfactants (e.g. DODAB) are of special interests due to their 

potential usefulness for a combination of the (chemical) P-

MCR with enzyme-catalyzed transformations (see above).  

The surfactants were added at 20 mol%, which refers to the 

concentration of the individual starting materials. For 

comparison, the effect of a few other additives was also 

tested. The yields obtained are summarized in Table 2. 

In the presence of inorganic salts (entries 2-4), the yields were 

the same or slightly lower than without salt. In the presence of 

Montmorillonite K 10 (entry 5) the yield was also lower than in 

PBS alone. Entries 6 and 7 show, that addition of anionic 

surfactants hinders the reaction to take place, probably due to 

repulsive interactions between the acetate ions (deprotonated 

form of 1a) and the negatively charged surface of the micellar 

or vesicular aggregates formed. Addition of cholesterol (entry 

8) also decreases the reaction yield. The presence of non-ionic 

surfactants has a favorable effect (entries 9-11): The reaction 

yields for the model P-MCR were between 43 and 47 %, 

significantly higher than in PBS (33 %). The best results, 

however, were obtained in the presence of cationic 

surfactants (entries 12-13), particularly DODAB (entry 14). This 

amphiphile is known to form bilayers in aqueous solutions, 

present as dispersed vesicles.
4,31

 The positive effect of cationic 

surfactants like DODAB on the Passerini reaction is probably 

due to two main effects, (i) an increase of the solubility of the 

reacting molecules in the hydrophobic part of the bilayered 

vesicular aggregates and (ii) electrostatic attractions between 

the cationic surface of the vesicles and the acetate ions. This 

leads to increased local concentrations of the reacting 

molecules in the region of the vesicle bilayers and therefore to 

a promotion of the reaction. Comparing of entries 3, 13 and 14 

proofs that the accelerating effect is due to the presence of 

cationic DODAB, and not due to the bromide anion. 
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Table 1 Effect of different solvents on the model Passerini 

reaction
a 

 

Entry Solvents Yield
b
 (%) 

1 Dichloromethane 59 

2 Diethyl ether 31 

3 Acetonitrile 21 

4 Ethanol 16 

5 Ethyl acetate 13 

6 Methanol 10 

7 TBME 10 

8 Distilled water 32 

9 PBS (pH 7.4) 33 
a
 Reaction conditions: acetic acid (1a, 0.1 mmol), dodecyl 

aldehyde (2a, 0.1 mmol) and p-methoxybenzylisocyanide (3a, 

0.1 mmol) in solvent (1 mL) for 24 h at 20 °C. 
b 

Isolated yields of 4a. 
 

 

For gaining more insight into the effect of DODAB on the 

model Passerini reaction, the reaction was studied by varying 

the DODAB concentration, ranging from 1 to 100 mol%. All 

DODAB concentrations which were above critical micelle 

concentration (for H2O, 25°C,  4.28*10
-5

 M).
 32

 The reaction 

yields were determined by HPLC. The results are shown in Fig. 

1. In all cases, the yields were higher than in PBS. While upon 

increasing DODAB from 1 to 20 mol%, the yield of the target 

product 4a increased up to 58%, further increase from 20 to 

100 mol%, did not increase the yield more. Based on these 

data, DODAB as vesicular additive was used at a concentration 

of 20 mol % for all further measurements as optimal 

concentration. 

From an environmental point of view, the reusability of the 

surfactant used is a critical issue. Therefore, we investigated 

whether the DODAB vesicular suspension can be used more 

than once. Again, the model Passerini reaction was carried out 

with 1a, 2a and 3a for 24 h at room temperature in the 

presence of 20 mol% DODAB. During the progress of the 

reaction, crystals of product 4a are forming and falling out 

from the reaction mixture. The crystals could be separated by 

filtration through wadding (filter papers and frits led to 

plugging by the surfactant). The filtrate containing DODAB was 

then used for a next reaction run. The precipitate of 4a was 

washed with water and purified by recrystallization from 

hexane/ethyl acetate or analyzed by HPLC. The results from 

these DODAB reusability tests are shown in Fig. 2. DODAB 

could be reused three times without appreciable decrease in 

yield. Afterwards, there was a drop in yield from about 50-55 

% to about 35 %, almost the same value as obtained in PBS 

without additive. 

 

 

. 

 

Table 2 Effect of different additives on the model Passerini 

reaction in PBS
a
. 

 

Entry Additive (0.02 mmol) Yield
b
 (%) 

1 --------- 33 

2 CaCl2 25 

3 NaBr 29 

4 NaCl 33 

5 Montmorillonite K 10 (10 mg) 24 

6 Sodium dodecyl sulphate (SDS) 1 

7 Sodium bis(2-ethylhexyl) 

sulfosuccinate (AOT) 

2 

8 Cholesterol 20 

9 Span 60 43 

10 Tween 80 46 

11 Triton X-100 47 

12 Didodecyldimethylammonium 

bromide 

48 

13 Dioctadecyldimethylammonium 

bromide (DODAB) 

58 

14 DODAB (0.02 mmol) + NaCl (0.02 

mmol) 

55 

a
 Reactions (1 mL) were carried out with acetic acid (1a, 0.1 

mmol), dodecyl aldehyde (2a, 0.1 mmol) and p-

methoxybenzylisocyanide (3a, 0.1 mmol) for 24 h at room 

temperature. 
b 

Yields of 4a determined by HPLC analysis. 

 

 

 

 Fig. 1 Effect of mol% of DODAB on the isolated yield of 4a of 

the model Passerini reaction. Reaction conditions: acetic acid 

(1a, 0.1 mmol), dodecyl aldehyde (2a, 0.1 mmol) and p-

methoxybenzylisocyanide (3a, 0.1 mmol) in 1 mL PBS for 24 h 

at 20 °C. 
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Fig. 2 Reusability of DODAB as determined through the 

isolated yield of 4a for the model Passerini reaction. Reaction 

conditions: acetic acid (1a, 0.1 mmol), dodecyl aldehyde (2a, 

0.1 mmol) and p-methoxybenzyl isocyanide (3a, 0.1 mmol) in 1 

mL PBS for 24 h at 20 °C. 

 

After optimization of the reaction conditions for the model 

Passerini reaction, the reaction was also carried out with other 

carboxylic acids, aldehydes and isocyanides to afford the 

corresponding α-acyloxy carboxamides. The isolated yields 

were determined after 24 h at room temperature, and 

comparison was made with the same reactions carried out in 

dichloromethane. The results are summarized in Table 3. They 

show that the reactions carried out with acetic acid (1a), 

p-methoxybenzylisocyanide (3a) and a hydrophobic aldehyde 

with a long alkyl chain (dodecanal (2a) or nonanal (2b)) gave 

comparable yields in the presence of DODAB and in 

dichloromethane (entries 1+3). Replacing 3a with 

benzylisocyanide (3b) results in a higher yield in the presence 

of DODAB, while the same or slightly better yields are obtained 

in dichloromethane (entries 2 and 4). Similar reactions with 

aryl instead of alkyl aldehydes gave lower yields (entries 5-7), 

and the yields obtained in dichloromethane are higher than in 

the aqueous DODAB system. Reactions carried out with the 

more hydrophobic benzoic acid (1b) instead of acetic acid (1a) 

resulted in higher yields (entries 8-15).  

Benzoic acid (1b), dodecanal (2a) and p-

methoxybenzylisocyanide (3a) stirred in water in the presence 

of DODAB gave product 4h with 94 % yield, besides 68 % in 

dichloromethane (entry 8). Reactions of 1b and 2a or 2b with 

benzylisocyanide (3b) in the DODAB system resulted in lower 

yields as compared to those with 3a (entries 8-13). It is the 

opposite effect as in the reactions with acetic acid (1a). It may 

be due to odds in polarity and solubility of acids in water. Aryl 

aldehydes (2c and 2d) gave only slightly lower yields than 

hydrophobic alkyl aldehydes (2a and 2b), but still higher ones if 

compared to the same reaction carried out in 

dichloromethane. 

 
Table 3 Comparison of Passerini reactions carried out in an 

aqueous DODAB system and in dichloromethane. 

 

 a
 Reactions were carried out with carboxylic acid (0.5 mmol), 

aldehyde (0.5 mmol) and isocyanide (0.5 mmol) in PBS (5 mL) for 24 

h at room temperature, using DODAB (0.1 mmol) as additive. 
b 

Reactions were carried out with carboxylic acid (0.5 mmol), 

aldehyde (0.5 mmol) and isocyanide (0.5 mmol) in dichloromethane 

(5 mL) for 24 h at room temperature. 
c
 Mixture of diastereoisomers, dr = 1:1, determined by 

1
H NMR. 

 

To investigate the possible influence of DODAB on the 

diastereoselectivity of the Passerini reaction, we preformed 

the reaction shown in entry 16 with racemic 2-methylpropionic 

acid (1c), dodecanal (2a) and p-methoxybenzylisocyanide (3a). 

Both in dichloromethane and in water, the diastereomeric 

ratio was 1:1, which means that in this case the (achiral) 

DODAB vesicles do not influence the diastereoselectivity of the 

reaction, which is a reasonable finding. The yield of product 4p 

obtained in the DODAB system was slightly higher (64 % 

compared to 55 % in dichloromethane). 

The product with the highest yield (94 %) was obtained in the 

reaction of benzoic acid (1b), dodecanal (2a) and p-

methoxybenzylisocyanide (3a) (entry 8 in Table 3). In a control 

measurement we performed this reaction in water and PBS 

without DODAB. In water, the yield was 70 %, in PBS 58 %, 

which indicates that the DODAB vesicle system acts as 

promoter of the Passerini reaction. Moreover, we have carried 

out the same reaction in water under the published 

Entry 1 2 3 4 Yield
a
 (%) Yield

b
(%) 

1 1a 2a 3a 4a 58 59 

2 1a 2a 3b 4b 67 58 

3 1a 2b 3a 4c 47 51 

4 1a 2b 3b 4d 78 62 

5 1a 2c 3a 4e 19 40 

6 1a 2d 3a 4f 17 32 

7 1a 2d 3b 4g 26 31 

8 1b 2a 3a 4h 94 68 

9 1b 2a 3b 4i 91 75 

10 1b 2b 3a 4j 80 69 

11 1b 2b 3b 4k 77 64 

12 1b 2c 3a 4l 92 73 

13 1b 2c 3b 4m 82 64 
14 1b 2d 3a 4n 74 58 

15 1b 2d 3b 4o 72 48 
16 1c 2a 3a 4p 64

c
 55

c
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°C. Dioctadecaldimethylammonium bromide (DODAB), purity 

≥98.0 % (AT), was purchased from Sigma Aldrich, product 

number 40165. Dilauryldimethylammonium bromide (= 

didodecyldimethylammonium bromide, purity >98.0 %), was 

purchased from TCI, product number D1974. Dioctyl 

sulfosuccinate sodium salt (AOT = sodium bis (2-ethylhexyl) 

sulfosuccinate, purity 98 %), was purchased from Sigma 

Aldrich, product number 323586. Sodium dodecyl sulfate 

(SDS), purity ≥99.0 % (GC), was purchased from Sigma Aldrich, 

product number L6026. Cholesterol, purity ≥99.0 %, was 

purchased from Sigma Aldrich, product number C3045. Triton 

X-100, was purchased from Sigma Aldrich, product number 

T9284. Sorbitan Monostearate (Span 60), was purchased from 

TCI, product number GL01-YQ. Tween 80, was purchased from 

Schuchardt München (now Merck). p-

Methoxybenzylisocyanide (3a) was synthetized from p-

mehoxybenzylamine in two-step synthesis (see Supporting 

Information). The remaining starting materials for the Passerini 

reaction were purchased from Sigma Aldrich or TCI.  

General procedure A for the synthesis of compounds 4a-p. A 

mixture of aldehyde (0.5 mmol), carboxylic acid (0.5 mmol) 

and isocyanide (0.5 mmol) was stirred at room temperature in 

PBS (5 mL) in the presence of DODAB (0.1 mmol). After 24 h 

the reaction mixture was extracted with ethyl acetate (3×20 

mL). The combined organic layers were dried with MgSO4 and 

residuals of solvent were removed by distillation under 

reduced pressure. The crude product was purified by column 

chromatography on silica gel using hexane/AcOEt as eluent. 

NMR spectra are given in Supporting Information.  

General procedure B for the synthesis of compounds 4a-p. A 

mixture of aldehyde (0.5 mmol), carboxylic acid (0.5 mmol) 

and isocyanide (0.5 mmol) was stirred at room temperature in 

dichloromethane (5 mL). After 24 h the solvent was distilled 

under reduced pressure. The crude product was purified by 

column chromatography on silica gel using hexane/AcOEt as 

eluent. 

Reusability of surfactant. In the case of the general procedure 

A, the aqueous filtrate containing surfactant was reused with a 

mixture of acetic acid (1 mmol), dodecyl aldehyde (1 mmol) 

and p-methoxybenzylisocyanide (1 mmol) for 24 h at room 

temperature. 

Procedure for analytical probes. A mixture of acetic acid 1a 

(0.1 mmol), dodecyl aldehyde 2a (0.1 mmol) and p-

methoxybenzyl isocyanide 3a (0.1 mmol) was stirred at room 

temperature in corresponding solvent, or in PBS (1 mL) in the 

presence of corresponding additive. After adding a surfactant 

(e.g., DODAB) (0.02 mmol) − depending on the reaction 

mixture − either stable, milky suspensions were obtained 

(dispersed vesicles), almost transparent solutions (e.g., SDS), 

or phase separation occurred (e.g. PBS). In all cases where 

significant yields were obtained, product precipitation 

occurred (see Supporting Information). After 24 h acetonitrile 

was added to the volume 10 mL. The resulting mixture was 

analyzed by HPLC (acetonitrile/water 70:30, v/v; flow rate 1 

mL/min). 

Characterization of compounds 4a-p. 

1-(4-Methoxybenzylamino)-1-oxotridecan-2-yl acetate 4a 

White powder; mp 77-78 °C; elemental analysis found: C, 

70.48; H, 9.34; N, 3.38. Calc. for C23H37NO4: C, 70.55; H, 9.52; 

N, 3.58;
1
H NMR (400 MHz; CDCl3) δH0.88(3H, t, J 7.2 Hz, 

CH3CH2), 1.21-1.35 (18H, br m, 9×CH2), 1.80-1.91 (2H, m, 

CH2CH), 2.11 (3H, s, CH3CO), 3.90 (3H, s, CH3O), 4.34-4.45 (2H, 

m, CH2N), 5.16-5.20 (1H, m, CH), 6.23 (1H, t, J 5.2 Hz, NH), 

6.21-6.24 (2H, m, Ph), 7.18-7.20 (2H, m, Ph); 
13

C NMR (100 

MHz; CDCl3) δC 14.07, 20.96, 22.66, 24.77, 29.23, 29.31, 29.40, 

29.49, 29.59, 31.89, 31.93, 42.67, 55.28, 74.22, 114.15, 129.04, 

129.96, 159.14, 169.63, 169.69; HRMS calcd. for C23H37NO4Na 

[M+Na]
+
: 414.2620, found: 414.2614. 

1-(Benzylamino)-1-oxotridecan-2-yl acetate 4b White powder; 

mp 72-73 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.88 (3H, t, J 7.2 Hz, 

CH3CH2), 1.19-1.35 (18H, br m, 9×CH2), 1.79-1.95 (2H, m, 

CH2CH), 2.12 (3H, s, CH3CO), 4.41-4.53 (2H, m, CH2N), 5.19-

5.22 (1H, m, CH), 6.30 (1H, br s, NH), 7.25-7.30 (5H, m, Ph); 
13

C 

NMR (100 MHz; CDCl3) δC 14.08, 20.96, 22.66, 24.77, 29.23, 

29.31, 29.40, 29.49, 29.59, 31.89, 31.94, 43.18, 74.23, 127.61, 

127.66, 128.76, 137.89, 169.65, 169.82; HRMS calcd. for 

C22H35NO3Na [M+Na]
+
: 384.2515, found: 384.2513. 

1-(4-Methoxybenzylamino)-1-oxodecan-2-yl acetate 4c White 

powder; mp 76-77 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.88 (3H, t, 

J 7.2 Hz, CH3CH2), 1.21-1.40 (12H, br m, 6×CH2), 1.81-1.92 (2H, 

m, CH2CH), 2.11 (3H, s, CH3CO), 3.78 (3H, s, CH3O), 4.34-4.46 

(2H, m, CH2N), 5.17-5.20 (1H, m, CH), 6.22 (1H, br s, NH), 6.85-

6.88 (2H, m, Ph), 7.17-7.20 (2H, m, Ph); 
13

C NMR (100 MHz; 

CDCl3) δC 14.05, 20.97, 22.61, 24.75, 29.14, 29.22, 29.34, 

31.80, 31.92, 42.67, 55.28, 74.22, 114.15, 129.04, 129.95, 

159.14, 169.71; HRMS calcd. for C20H31NO4Na [M+Na]
+
: 

372.2151, found: 372.2145. 

1-(Benzylamino)-1-oxodecan-2-yl acetate 4d White powder; 

mp 62-63 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.88 (3H, t, J 6.8 Hz, 

CH3CH2), 1.21-1.39 (12H, br m, 6×CH2), 1.80-1.93 (2H, m, 

CH2CH), 2.17 (3H, s, CH3CO), 4.43-4.50 (2H, m, CH2N), 5.19-

5.30 (1H, m, CH), 6.28 (1H, br s, NH), 7.26-7.31 (5H, m, Ph); 
13

C 

NMR (100 MHz; CDCl3) δC 14.05, 20.95, 22.61, 24.75, 29.13, 

29.22, 29.33, 31.79, 33.92, 43.17, 74.21, 127.61, 127.65, 

128.75, 137.88, 169.66, 169.82; HRMS calcd. for C19H29NO3Na 

[M+Na]
+
: 342.2045, found: 342.2044. 

2-(4-Methoxybenzylamino)-2-oxo-1-phenylethyl acetate 4e 

White powder; mp 100-101 °C; 
1
H NMR (400 MHz; CDCl3) δH 

2.15 (3H, s, CH3CO), 3.79 (3H, s, CH3O), 4.34-4.53 (2H, m, 

CH2N), 6.01 (1H, s, CH), 6.34 (1H, br s, NH), 6.83-6.87 (2H, m, 

Ph), 7.13-7.16 (2H, m, Ph), 7.35-7.40 (2H, m, Ph), 7.40-7.46 

(3H, m, Ph); 
13

C NMR (100 MHz; CDCl3) δC20.97, 42.88, 55.28, 

75.56, 114.15, 127.38, 128.75, 128.98, 129.05, 135.57, 159.15, 

168.11; HRMS calcd. for C18H19NO4Na [M+Na]
+
: 336.1212, 

found: 336.1208. 

2-(4-Methoxybenzylamino)-1-(4-nitrophenyl)-2-oxoethyl 

acetate 4f White powder; mp  111-111.5 °C; 
1
H NMR (400 

MHz; CDCl3) δH2.20 (3H, s, CH3CO), 3.80 (3H, s, CH3O), 4.35-

4.45 (2H, m, CH2N), 6.16 (1H, s, CH), 6.53 (1H, br s, NH), 6.85-

6.88 (2H, m, Ph), 7.15-7.17 (2H, m, Ph), 7.61-7.63 (2H, m, Ph), 

8.20-8.22 (2H, m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 20.87, 

43.05, 55.30, 74.43, 114.26, 123.82, 128.02, 129.14, 129.34, 
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142.50, 159.33, 166.83; HRMS calcd. for C18H18N2O6Na 

[M+Na]
+
: 381.1063, found: 381.1057. 

2-(Benzylamino)-1-(4-nitrophenyl)-2-oxoethyl acetate 4g White 

powder; mp 123-124 °C; 
1
H NMR (400 MHz; CDCl3) δH 2.20 (3H, 

s, CH3CO), 4.46-4.49 (2H, m, CH2N), 6.19 (1H, s, CH), 6.58 (1H, 

br s, NH), 7.22-7.25 (2H, m, Ph), 7.30-7.33 (3H, m, Ph), 7.61-

7.65 (2H, m, Ph), 8.18-8.23 (2H, m, Ph); 
13

C NMR (100 MHz; 

CDCl3) δC 20.88, 43.55, 74.45, 123.85, 127.74, 127.92, 128.03, 

128.90, 137.30, 142.45, 166.95; HRMS calcd. for C17H16N2O5Na 

[M+Na]
+
: 351.0957, found: 351.0952. 

1-(4-Methoxybenzylamino)-1-oxotridecan-2-yl benzoate 4h 

White powder; mp 90-91 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.87 

(3H, t, J 7.2 Hz, CH3CH2), 1.19-1.36 (16H, br m, 8×CH2), 1.36-

1.48 (2H, m, CH2CH2), 1.97-2.03 (2H, m, CH2CH), 3.78 (3H, s, 

CH3O), 4.35-4.48 (2H, m, CH2N), 5.44-5.47 (1H, m, CH), 6.30 

(1H, br s, NH), 6.83-6.86 (2H, m, Ph), 7.16-7.18 (2H, m, 

Ph),7.44-7.48 (2H, m, Ph),7.74-7.61 (1H, m, Ph), 8.03-8.05 (2H, 

m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 14.07, 22.65, 24.95, 

29.24, 29.30, 29.38, 29.49, 29.58, 31.88, 32.01, 42.67, 55.26, 

74.68, 114.12, 128.60, 128.91, 129.73, 129.99, 133.54, 159.08, 

165.41, 169.80; HRMS calcd. for C28H39NO4Na [M+Na]
+
: 

476.2777, found: 476.2781. 

1-(Benzylamino)-1-oxotridecan-2-yl benzoate 4i White powder; 

mp 69-70 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.86 (3H, t, J 5.6 Hz, 

CH3CH2), 1.21-1.35 (16H, br m, 8×CH2), 1.38-1.49 (2H, m, 

CH2CH2), 2.00-2.04 (2H, m, CH2CH), 4.46-4.62 (2H, m, CH2N), 

5.46-5.49 (1H, m, CH), 6.37 (1H, br s, NH), 7.23-7.33 (5H, m, 

Ph),7.44-7.48 (2H, m, Ph),7.57-7.62 (1H, m, Ph), 8.03-8.06 (2H, 

m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 14.08, 22.65, 24.95, 

29.25, 29.31, 29.39, 29.49, 29.58, 31.89, 32.01, 43.17, 74.69, 

127.53, 127.54, 128.62, 128.73, 129.34, 129.74, 133.57, 

137.90, 165.43, 169.93; HRMS calcd. for C27H37NO3Na 

[M+Na]
+
: 446.2671, found: 446.2672. 

1-(4-Methoxybenzylamino)-1-oxodecan-2-yl benzoate 4j White 

powder; mp 80.5-81 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.86 (3H, 

t, J 6.0 Hz, CH3CH2), 1.18-1.38 (10H, br m, 5×CH2), 1.38-1.49 

(2H, m, CH2CH2), 1.97-2.03 (2H, m, CH2CH), 3.78 (3H, s, CH3O), 

4.35-4.50 (2H, m, CH2N), 5.44-5.47 (1H, m, CH), 6.31 (1H, br s, 

NH), 6.83-6.85 (2H, m, Ph),7.16-7.19 (2H, m, Ph), 7.44-7.48 

(2H, m, Ph), 7.57-7.61 (1H, m, Ph), 8.03-8.05 (2H, m, Ph); 
13

C 

NMR (100 MHz; CDCl3) δC 14.05, 22.60, 24.94, 29.13, 29.23, 

29.33, 31.78, 32.00, 42.67, 55.26, 74.67, 114.12, 128.60, 

128.91, 129.36, 129.72, 129.99, 133.54, 159.07, 165.41, 

169.80; HRMS calcd. for C25H33NO4Na [M+Na]
+
: 434.2307, 

found: 434.2302. 

1-(Benzylamino)-1-oxodecan-2-yl benzoate 4k White powder; 

mp 69-70 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.86 (3H, t, J 7.2 Hz, 

CH3CH2), 1.20-1.42 (10H, br m, 5×CH2), 1.42-1.46 (2H, m, 

CH2CH2), 2.00-2.04 (2H, m, CH2CH), 4.46-4.52 (2H, m, CH2N), 

5.46-5.49 (1H, m, CH), 6.34-6.44 (1H, m, NH), 7.24-7.31 (5H, m, 

Ph),7.44-7.48 (2H, m, Ph), 7.57-7.61 (1H, m, Ph), 8.03-8.06 (2H, 

m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 14.04, 22.60, 24.95, 

29.13, 29.24, 29.32, 31.77, 32.01, 43.15, 74.68, 127.52, 127.53, 

128.61, 128.71, 129.34, 129.73, 133.56, 137.90, 165.42, 

169.90; HRMS calcd. for C24H31NO3Na [M+Na]
+
: 404.2202, 

found: 404.2201. 

2-(4-Methoxybenzylamino)-2-oxo-1-phenylethyl benzoate 4l 

White powder; mp 141-142 °C; 
1
H NMR (400 MHz; CDCl3) 

δH3.77 (3H, s, CH3O), 4.04-4.45 (2H, m, CH2N), 6.36 (1H, s, CH), 

6.42 (1H, br s, NH), 6.81-6.84 (2H, m, Ph), 7.13-7.15 (2H, m, 

Ph), 7.36-7.46 (5H, m, Ph), 7.53-7.60 (3H, m, Ph), 8.05-8.08 

(2H, m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 42.91, 55.28, 76.01, 

114.15, 127.38, 128.60, 128.82, 128.95, 129.03, 129.23, 

129.84, 130.13, 133.62, 135.55, 159.11, 165.02, 168.28; HRMS 

calcd. for C23H21NO4Na [M+Na]
+
: 398.1368, found: 398.1366. 

2-(Benzylamino)-2-oxo-1-phenylethyl benzoate 4m White 

powder; mp 86-87 °C; 
1
H NMR (400 MHz; CDCl3) δH 4.48-4.52 

(2H, m, CH2N), 6.38 (1H, s, CH), 6.51 (1H, br s, NH), 7.20-7.31 

(5H, m, Ph),7.31-7.52 (5H, m, Ph), 7.53-7.64 (3H, m, Ph), 8.06-

8.09 (2H, m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 43.37, 76.00, 

127.53, 127.58, 128.41, 128.72, 128.82, 129.03, 129.19, 

129.83, 130.12, 133.51, 133.62, 135.50, 137.72, 165.01, 

168.38; HRMS calcd. for C22H19NO3Na [M+Na]
+
: 368.1263, 

found: 368.1254. 

2-(4-Methoxybenzylamino)-1-(4-nitrophenyl)-2-oxoethyl 

benzoate 4n White powder; mp 127-128 °C; 
1
H NMR (400 

MHz; CDCl3) δH 3.78 (3H, s, CH3O) 4.42-4.45 (2H, m, CH2N), 

6.44 (1H, s, CH), 6.61 (1H, br s, NH), 6.82-6.86 (2H, m, Ph),7.13-

7.16 (2H, m, Ph), 7.46-7.50 (2H, m, Ph), 7.61-7.65 (1H, m, Ph), 

7.72- 7.75 (2H, m, Ph), 8.05-8.10 (2H, m, Ph), 8.21-8.25 (2H, m, 

Ph); 
13

C NMR (100 MHz; CDCl3) δC 43.10, 55.29, 74.79, 114.25, 

123.89, 128.05, 128.45, 128.52, 128.83, 129.00, 129.36, 

129.83, 134.13, 148.19, 159.27, 164.61, 167.05; HRMS calcd. 

for C23H20N2O6Na [M+Na]
+
: 443.1219, found: 443.1218. 

2-(Benzylamino)-1-(4-nitrophenyl)-2-oxoethyl benzoate 4o 

White powder; mp 137-138 °C; 
1
H NMR (400 MHz; CDCl3) δH 

4.50-4.52 (2H, m, CH2N), 6.46 (1H, s, CH), 6.65 (1H, br s, NH), 

7.22-7.34 (5H, m, Ph), 7.47-7.51 (2H, m, Ph), 7.61-7.66 (1H, m, 

Ph), 7.72-7.76 (2H, m, Ph), 8.06-8.09 (2H, m, Ph), 8.22-8,26 

(2H, m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 43.56, 74.80, 123.90, 

127.57, 127.84, 128.04, 128.44, 128.84, 128.87, 129.83, 

134.14, 137.32, 142.38, 148.20, 167.14; HRMS calcd. for 

C22H18N2O5Na [M+Na]
+
: 413.1113, found: 413.1115. 

1-(4-Methoxybenzylamino)-1-oxotridecan-2-yl 2-

methylbutanoate 4p – mixture of diasteromers; White 

powder; mp 63-64 °C; 
1
H NMR (400 MHz; CDCl3) δH 0.88-0.91 

(6H, m, 2×CH3CH2), 1.09-1.15 (3H, dd, J 7.7 Hz J 7.1 Hz, CH3CH), 

1.18-1.38 (18H, m, 9×CH2), 1.42-1.52 (1H, m, CH3CHHCH), 

1.60-1.69 (1H, m, CH3CHHCH), 1.79-1.92 (2H, m, CH3CH2CH2), 

2.33-2.48 (1H, m, CHCH3), 3.80 (3H, s, CH3O), 4.37-4.40 (2H, m, 

CH2N), 5.20-5.29(1H, m, CHCH2), 6.18(1H, br s, NH), 6.85-6.87 

(2H, m, Ph),7.17-7.19 (2H, m, Ph); 
13

C NMR (100 MHz; CDCl3) δC 

11.46, 11.53, 14.07, 16.44, 16.67, 22.65, 24.77, 26.62, 26.71, 

29.18, 29.31, 29.38, 29.47, 29.59, 31.89, 31.90, 41.02, 41.10, 

42.70, 42.72, 55.28, 73.72, 114.14, 129.00, 129.01, 129.90, 

129.93, 159.14, 169.85, 175.30, 175.32; HRMS calcd. for 

C26H43NO4Na [M+Na]
+
: 456.3090, found: 456.3088. 
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