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Abstract: New Schiff bases were synthesized by condensation of methyl-5-(furan-2-yl)-5-oxopentanoate, methyl-4-
(furan-2-yl)-4-oxobutanoate, methyl-5-(thiophene-2-yl)-5-oxopentanoate, and methyl-4-(thiophene-2-yl)-4-oxobutanoate
with p -anisidine and n -butylamine. The structures of these synthesized compounds were clarified on the basis of
elemental analysis, IR, 1 H NMR, 13 C NMR, and GC-MS spectroscopic techniques. In addition, antioxidant activity of
the synthesized compounds was evaluated on the basis of DPPH radical.
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1. Introduction
Imine compounds containing the azomethine group (–C=N–) are known as Schiff bases.1 They are synthesized
from the condensation of the primary amines with activated carbonyl compounds. Imines are used for a variety
of purposes in many industries, such as paints, pharmaceuticals, and plastics, and also play a role in many
biological reactions.2−6 The imine compounds have an important role in medicinal and pharmaceutical fields
due to a broad spectrum of biological activities like antioxidant,7 antibacterial,8 antifungal,9 and antitumor10

activities.
According to the literature survey, a large number of imine derivatives were synthesized using different

catalysts such as montmorillonite, CuSO4 , ZnCl2 , MgSO4 , TiCl4 , and molecular sieves as dehydration reagents
and a Dean–Stark apparatus.11,12 Different methods have been developed to synthesize imines containing like
infrared irradiation,13 microwave,14 ionic liquids,15 and ultrasound irradiation.16

Thiophene and furan derivatives belong to the aromatic heterocyclic group; consequently, they are an
important structural fragment in many pharmaceutical and chemical compounds. Amines were also selected
from two groups, aliphatic and aromatic, to compare antioxidant activities. Due to the fact that the structures
containing γ - and δ -keto esters and amines were known to have a good potential for antioxidant activity
from the literature,17 in this study different heterocyclic γ - and δ -keto esters (1a–d) and p -anisidine and
n -butylamine were chosen to obtain heterocyclic γ - and δ -imino esters.

Eight novel imino esters (2a–d, 3a–d) were synthesized in the presence of TiCl184 and Et3N using
p -anisidine and n -butylamine in good yields. The synthesized compounds were purified by column chromatog-
raphy and their structures were determined by spectroscopic methods (elemental analysis, IR, 1H NMR, 13C
NMR, and GC-MS) and their isomerization ((E)/(Z) ratio) was determined by 1H NMR spectra and their
antioxidant activities were investigated by DPPH.
∗Correspondence: hasniye@istanbul.edu.tr
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2. Results and discussion
2.1. Synthesis of γ - and δ -imino esters
Imine compounds have received a great deal of attention due to their chemical and biological properties,
especially in the pharmaceutical industry. We aimed to synthesize imino esters, to identify their structure,
and to determine their antioxidant activities. In this paper, a total of eight novel imine compounds, four
γ -imino esters (2a,b; 3a,b) and four δ -imino esters (2c,d; 3c,d) (Scheme), were obtained in high yields.
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Scheme. Synthesis of γ - and δ -imino esters.

In the literature, some γ - and δ -imino ester derivatives were synthesized using TiCl4 ,18 molecular
sieves,19 and Dean–Stark apparatus.20 We prepared imino esters 2a–d and 3a–d from corresponding keto
esters 1a–d with p−anisidine and n−butylamine in the presence of TiCl4 and Et3N in this study. When
molar ratios of keto ester/amine/TiCl4/Et3N are used according to the literature,18,20 the starting compounds
are still present even if the reaction time is long. Therefore, we examined several molar ratios and reaction
times to provide optimal conditions. The best performances in the synthesis of the imines with p -anisidine were
obtained with keto ester/p -anisidine/TiCl4 /Et3N molar ratio of 1:3:1:4, respectively. The γ - and δ -imino
esters (2a–d) were synthesized at room temperature for 24–48 h in 35%–56% yield by these ratios. The results
are given in Table 1. Synthesis of imino esters from the reaction of keto ester and n -butylamine (3a–d) was
achieved using 1:3:0.7:4 molar ratios of keto ester/n -butylamine/TiCl4/Et3N in about 40–60 min and yield
was around 85%–98%. The results are given in Table 1.

The (E)/(Z) isomer ratios of γ - and δ -imino esters were decided with respect to the literature data.18−20

The (E)/(Z) isomer ratios of γ - and δ -imino ester derivatives were investigated according to the 1H NMR
spectrum and the configuration of the imine was referred to mainly (E) in the literature.18,20 In our study, the
E/Z ratio of obtained γ - and δ -imino esters (2a–d, 3a–d) were determined by 1H NMR spectrum. The 1H
NMR spectra indicated double signals for methoxy group with (E)/(Z) mixtures of γ - and δ - imino esters. As
given in the literature, 2a, 2c, 3a, and 3b were isolated predominantly in (E) isomer ((E /Z) 2.5/1, 3.5/1, 2/1,
and 2/1, respectively)18,20 (Table 1). The obtained 2b, 2d, and 3c,d were seen in their 1H NMR spectrum
and had only one signal for the methoxy group. As a result, configuration of these imines (2b, 2d, 3c,d) was
determined as E according to the literature21 (Table 1).
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Table 1. Yields and isomer ratios of synthesized γ - and δ -imino esters.

Compound Yield (%)a Isomer ratiob ((E)/(Z))
2a 44 2.5/1
2b 38 E
2c 56 3.5/1
2d 35 E
3a 90 2/1
3b 85 2/1
3c 98 E
3d 91 E

a Isolated yield. b (E)/(Z) ratio was determined by 1 H NMR.

2.2. Antioxidant activity

There are many reports in the literature concerning the antioxidant activity of different Schiff bases.22 For exam-
ple, 2-((o -hydroxylphenylimino)-methyl)-phenol and 2-((p -hydroxylphenylimino)-methyl)-phenol using differ-
ent sources of water-soluble (6-hydroxyl-2,5,7,8- tetramethylchroman-2-carboxylic acid-Trolox, and L-ascorbic
acid) or lipophilic (tocopherol and Lascorbyl-6-laurate) antioxidants.

DPPH is used as a free radical to evaluate the antioxidative activity of some natural and synthetic sources.
The scavenging of the stable DPPH radical model is a widely used method to evaluate antioxidant activities
in a relatively short time compared with other methods. The inhibitory effects of different concentrations of
synthesized 2a–d and 3a–d on DPPH radical are presented in Table 2.

Table 2. Antioxidant scavenging activity of newly synthesized imines 2a–d and 3a–d at different concentrations.

Compound DPPH• scavenging activitya

250 µM/mL 500 µM/mL 1000 µM/mL
2a 90.85 ± 0.27 94.88 ± 0.47 91.32 ± 0.71
2b 56.43 ± 1.63 77.21 ± 1.68 86.20 ± 0.27
2c 50.85 ± 0.27 73.95 ± 0.81 85.89 ± 0.54
2d 65.89 ± 0.71 86.51 ± 1.23 90.54 ± 0.97
3a 51.63 ± 0.93 62.64 ± 0.27 30.08 ± 1.42
3b 43.72 ± 0.93 63.57 ± 0.71 32.87 ± 0.97
3c 20.78 ± 0.71 37.67 ± 0.81 57.99 ± 0.54
3d 24.80 ± 0.54 43.72 ± 1.23 71.63 ± 1.23
BHA 94.57 ± 0.71 96.12 ± 0.71 97.83 ± 0.27
BHT 95.81 ± 0.47 96.12 ± 0.54 97.05 ± 0.27
Ascorbic Acid 96.90 ± 0.27 97.36 ± 0.54 98.29 ± 0.27

a Values were the means of three replicates ± S.D.
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2.3. DPPH• scavenging activity
DPPH is a stable free radical that can receive an electron or hydrogen radical to turn into a stable diamagnetic
molecule. Because of its odd electron, the methanol solution of DPPH indicates a strong absorption band at 517
nm. The DPPH radical reacts with different electron-donating molecules. When electrons become paired off,
the DPPH solution is bleached. This results in the formation of the colorless 2,2’-diphenyl1-picryl hydrazine.
Reduction of the DPPH radicals can be calculated quantitatively by measuring the decrease in absorbance at
517 nm.

All the tested compounds showed lower free-radical–scavenging activities when BHA, BHT and ascorbic
acid were compared. The results of the antioxidant activity of 2a–d, 3a–d, and standards are presented in
Table 2. Further preliminary in vitro antioxidant activity of newly synthesized γ - and δ -imino esters exhibited
that 2a–d show significant activity in comparison with standard antioxidant BHA, BHT, and ascorbic acid.

2.4. Conclusions
In this article, we modified the imine synthesis method in the literature using different molar ratios of keto
ester/amine/TiCl4 /Et3N. As a result, we obtained a total of eight original γ - and δ -imino esters by p -anisidine
and n -butylamine in the existence of TiCl4 and Et3N in high yields. The synthesized imine compounds were
described by IR, 1H NMR, 13C NMR, GC-MS, and elemental analysis. The isomerization ((E)/(Z)) of obtained
imines was clarified by 1H NMR spectra according to the literature data. The results are summarized in Table 1.

The antioxidant activities of synthesized imines were first determined using DPPH scavenging activity
and compared with BHA, BHT, and ascorbic acid as the standards. All of the synthesized imino esters (2a–d,
3a–d) exhibited antioxidant activity at least. According to the results, 2a–d were more effective in terms of
antioxidant activity than the other compounds (Table 2). We think that these imine compounds and their
antioxidant activity properties can be used in medicinal and pharmaceutical areas.

3. Experimental
3.1. General procedure

The chemicals used in this study were commercially available from Merck (Kenilworth, NJ, USA) and Aldrich
(St. Louis, MO, USA) and were used without further purification. Friedel–Crafts acylation was used to
synthesize γ - and δ -keto esters.23,24 The starting compounds and imines were purified by column chromatog-
raphy on silica gel (particle sizes 0.063–0.200 mm and 0.040–0.063 mm, respectively). 1H and 13C NMR
(500 and 125 MHz, respectively) spectra were recorded using Me4Si as the internal standard in CDCl3 . Gas
chromatography–mass spectrometry (GC-MS) data were recorded on a Shimadzu QP2010 Plus using a GC-MS
column Teknokroma TRB-5MS (30 m × 0.25 mm × 0.25 µm I.D.) (Kyoto, Japan). The operating conditions
were as follows: injection temperature 250 ◦C, helium carrier gas flow 20 psi, split ratio 1/100, E.I 70 eV. Tem-
perature programming: 80 ◦C (5 min) up to 250 ◦C at 5 ◦C/min, hold 30 min. FT-IR spectra were recorded
on a Bruker Vertex 70 (Billerica, MA, USA). The E/Z ratios of obtained γ - and δ -imino esters (2a–d, 3a–d)
were determined by 1H NMR spectrum according to the literature.18−20

3.2. Synthesis of γ - and δ -imino esters using Method A (2a–d)

A solution of the corresponding 10 mmol of keto ester and 30 mmol of p -anisidine in 60 mL of dry ether was
added to a dried flask under nitrogen atmosphere. The system was cooled to –15 ◦C, and 40 mmol Et3N was
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added to the solution. Then 10 mmol TiCl4 was added dropwise within 10 min. The reaction mixture was
stirred for 24–48 h at room temperature. Then solution quenched with saturated NaHCO3 was stirred for 15
min and filtrated. The filtrate was extracted with ether, washed with brine, and dried over anhydrous Na2SO4 ,
concentrated under reduced pressure. The crude product was purified by column chromatography on silica gel.

3.2.1. Methyl 4-(4-methoxyphenylimino)-4-(furan-2-yl)butanoate (2a)

Chromatographic purification with 10% Et3N in 150 mL of hexane; yield 44%; yellow oil; Anal. Calcd. for
C16H17NO4 : C, 66.89; H, 5.96; N, 4.88. Found: C, 66.85; H, 5.92; N, 4.85. IR (neat, cm−1) : 3140, 3116, 2953,
2916, 1737 (C=O), 1627 (C=N), 1498, 1436, 1235, 1194, 1026, 830, 790. 1H NMR (500 MHz, CDCl3 , δ/ppm):
2.54 (2H, m, –CH2 –), 2.82 (2H, t, J = 7.1 Hz, –CH2–), 3.64 (3H, s, –OCH3) , 3.82 (3H, s, arom. –OCH3) ,
6.53 (1H, dd, J = 3.5 and 1.8 Hz, furan –CH–), 6.64 (1H, d, J = 8.9 Hz, furan –CH–), 6.76 (2H, d, J = 8.9
Hz, arom. –CH–), 6.90 (2H, dd, J = 8.9 and 5.4 Hz, arom. –CH–), 7.57 (1H, dd, J = 1.08 and 0.7 Hz furan
–CH–). 13C NMR (125 MHz, CDCl3 , δ/ppm ) : 25.0 (–CH2 –), 31.3 (–CH2 –), 51.6 (–OCH3–), 55.4 (arom.
–OCH3) , 114.3 (furan –CH–), 114.8 (furan –CH-), 118.9 (2 × arom. –CH–), 120.4 (2 × arom. –CH–), 143.2
(arom. –CH–), 144.9 (furan –CH–), 156.1 (furan –CH–), 158.9 (arom. –CH–), 172.3 (–C=N–), 173.9 (–C=O).
GC-MS (m/z): 64, 77, 92, 107, 115, 137, 200, 213, 228, 256, 272, 287 (M+) .

3.2.2. Methyl 4-(4-methoxyphenylimino)-4-(thiophen-2-yl)butanoate (2b)

Chromatographic purification with 10% Et3N in 150 mL of hexane; yield 38%; yellow oil; Anal. Calcd. for
C16H17NO3S: C, 63.34; H, 5.65; N, 4.62; S, 10.57. Found: C, 63.29; H, 5.62; N, 4.58; S, 10.52. IR (neat,
cm−1) : 3104, 3079, 2953, 2916, 1723 (C=O), 1602 (C=N), 1500, 1434, 1230, 1194, 1026, 830, 790. 1H NMR
(500 MHz, CDCl3 , δ/ppm): 2.54 (2H, m, –CH2 –), 2.98 (2H, m, –CH2–), 3.65 (3H, s, –OCH3) , 3.83 (3H, s,
arom. –OCH3) , 6.75 (2H, m, arom. –CH–), 6.91 (2H, m, arom. –CH–), 7.10 (1H, dd, J = 5.1 and 3.7 Hz,
thiophen –CH), 7.47 (2H, dd, J = 5.1 and 1.1 Hz, thiophen –CH–).13C NMR (125 MHz, CDCl3 , δ/ppm):
26.1 (–CH2–), 32.3 (–CH2–), 51.9 (–OCH3–), 55.3 (arom. –OCH3) , 114.3 (2 × arom. –CH–), 120.2 (2 ×
arom. –CH–), 127.6 (thiophen –CH–), 128.5 (thiophen –CH–), 129.9 (thiophen –CH–), 143.4 (arom. –CH–),
144.8 (thiophen –CH–), 156.0 (arom. –CH–), 162.7 (–C=N–), 172.1 (–C=O). GC-MS (m/z): 64, 77, 92, 107,
121, 136, 201, 216, 229, 244, 256, 271, 288, 303 (M+) .

3.2.3. Methyl 5-(4-methoxyphenylimino)-5-(furan-2-yl)pentanoate (2c)

Chromatographic purification with 10% Et3N in 150 mL hexane; yield 56%; yellow crystals; mp: 92.6–93.2 ◦C,
Anal. Calcd. for C17H19NO4 : C, 67.76; H, 6.36; N, 4.65. Found: C, 67.71; H, 6.32; N, 4.63. IR (neat, cm−1) :
3132, 3116, 2944, 2839, 1724 (C=O), 1622 (C=N), 1500, 1446, 1206, 1104, 1026, 830, 790. 1H NMR (500 MHz,
CDCl3 , δ/ppm): 1.89 (2H, m, –CH2–), 2.27 (2H, t, J = 7.2 Hz, –CH2 –), 2.61 (2H, m, –CH2 –), 3.63 (3H, s,
–OCH3) , 3.81 (3H, s, arom. –OCH3) , 6.53 (1H, dd, J = 3.5 and 1.8 Hz, furan –CH–), 6.76 (2H, d, J = 8.9
Hz, arom. –CH–), 6.90 (2H, d, J = 8.9 Hz, arom. –CH–), 7.04 (1H, dd, J = 3.5 and 0.5 Hz, furan –CH–),
7.57 (1H, dd, J = 1.07 and 0.7 Hz furan –CH–). 13C NMR (125 MHz, CDCl3 , δ/ppm ) : 23.7 (–CH2 –), 29.2
(–CH2 –), 33.5 (–CH2 –), 51.6 (–OCH3 –), 55.4 (arom. –OCH3) , 111.8 (furan–CH–), 113.1 (furan–CH–), 114.6
(2 × arom. –CH–), 120.7 (2 × arom. –CH–), 144.7 (arom. –CH–), 153.0 (furan –CH–), 156.1 (furan –CH–),
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160.1 (arom. –CH–), 173.2 (–C=N–), 173.9 (–C=O). GC-MS (m/z): 51, 65, 77, 104, 119, 130, 162, 190, 270,
301 (M+) .

3.2.4. Methyl 5-(4-methoxyphenylimino)-5-(thiophen-2-yl)pentanoate (2d)

Chromatographic purification with 10% Et3N in 150 mL of hexane; yield 35%; brown oil; Anal. Calcd. for
C17H19NO3S: C, 64.33; H, 6.03; N, 4.41; S, 10.10. Found: C, 64.29; H, 5.98; N, 4.38; S, 10.05. IR (neat,
cm−1) : 3107, 3010, 2956, 2839, 1716 (C=O), 1606 (C=N), 1495, 1434, 1230, 1194, 1026, 830, 790. 1H NMR
(500 MHz, CDCl3 , δ/ppm): 1.92 (2H, m, –CH2–), 2.28 (2H, t, J = 7.1 Hz, –CH2–), 2.66 (2H, m, –CH2 –),
3.64 (3H, s, –OCH3) , 3.82 (3H, s, arom. –OCH3) , 6.76 (2H, m, arom. –CH–), 6.90 (2H, m, arom. –CH–), 7.11
(1H, dd, J = 5.1 and 3.7 Hz, thiophen –CH), 7.45 (1H, dd, J = 5.1 and 1.1 Hz, thiophen –CH–), 7.57 (1H, dd,
J = 3.7 and 1.1 Hz thiophen –CH–). 13C NMR (125 MHz, CDCl3 , δ/ppm): 23.8 (–CH2–), 29.9 (–CH2 –),
33.5 (–CH2–), 51.6 (–OCH3 –), 55.4 (arom. –OCH3) , 114.6 (2 × arom.–CH–), 120.3 (2 × arom.–CH–), 120.8
(thiophen –CH–), 127.6 (thiophen –CH–), 125.6 (thiophen –CH–), 129.9 (arom. –CH–), 143.5 (thiophen –CH–),
156.0 (arom.–CH–), 164.1 (–C=N–), 173.2 (–C=O). GC-MS (m/z): 55, 64, 77, 92, 110, 122, 135, 201, 216, 230,
244, 258, 270, 286, 317 (M+) .

3.3. Synthesis of γ - and δ -imino esters using Method B (3a–d)

A solution of the corresponding 10 mmol of keto ester and 30 mmol of n-butylamine in 60 mL of dry ether was
added to a dried flask under a nitrogen atmosphere. The system was cooled to –15 ◦C and 40 mmol Et3N was
added to the solution. Then 7 mmol of 1.0 M solution of TiCl4 in CH2Cl2 was added slowly. The reaction
mixture was stirred for 40–60 min at room temperature. Then the solution quenched with saturated NaHCO3

was stirred and filtered, and the obtained filtrate was extracted with ether. The organic layers were washed
with brine and dried over anhydrous Na2SO4 and concentrated under reduced pressure.

3.3.1. Methyl 4-(butylimino)-4-(furan-2-yl)butanoate (3a)

Yield 90%; brown oil; Anal. Calcd. for C13H19NO3 : C, 65.80; H, 8.07; N, 5.90. Found: C, 65.78; H, 8.01; N,
5.85. IR (neat, cm−1) : 3145, 3116, 2956, 2920, 2875, 1710 (C=O), 1622 (C=N), 1573, 1438, 1255, 1156, 1074,
883, 745. 1H NMR (500 MHz, CDCl3 , δ , ppm): 0.97 (3H, t, J = 6.0 Hz, –CH3) 1.43 (2H, m, –CH2 –), 1.76
(2H, m, –CH2–), 2.55 (2H, m, –CH2 –), 2.90 (2H, m, –CH2) , 3.54 (2H, t, J = 6.2 Hz, –CH2–), 3.71 (3H, s,
–OCH3) , 6.45 (1H, dd, J = 3.4 and 1.8 Hz, furan –CH–), 6.78 (1H, d, J = 3.4 Hz, furan –CH–), 7.49 (1H, d, J
= 1.7 Hz furan –CH–). 13C NMR (125 MHz, CDCl3 , δ/ppm): δ 13.5 (–CH3 –), 20.6 (–CH2 –), 23.5 (–CH2 –),
30.6 (–CH2 –), 32.0 (–CH2 –), 51.9 (–OCH3–), 52.5 (–CH2–), 110.8 (furan –CH–), 144.0 (furan –CH–), 142.7
(furan –CH–), 153.1 (furan –CH–), 157.6 (–C=N–), 172.6 (–C=O). GC-MS (m/z): 41, 57, 79, 94, 107, 122, 134,
150, 162, 178, 195, 208, 237 (M+) .

3.3.2. Methyl 4-(butylimino)-4-(thiophen-2-yl)butanoate (3b)

Yield 85%; brown oil; Anal. Calcd. for C13H19NO2S: C, 61.63; H, 7.56; N, 5.53; S, 12.66. Found: C, 61.60;
H, 7.50; N, 5.28; S, 12.60. IR (neat, cm−1) : 3145, 3116, 2956, 2920, 2854, 1737 (C=O), 1618 (C=N), 1573,
1438, 1255, 1156, 1074, 883, 745. 1H NMR (500 MHz, CDCl3 , δ , ppm): 0.97 (3H, t, J = 7.4 Hz, –CH3) ,
1.14 (2H m, –CH2–), 1.69 (2H, m, –CH2 –), 2.56 (2H, m, –CH2–), 3.02 (2H, m, –CH2 –), 3.53 (2H, t, J = 7.1
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Hz, =NCH2 –), 3.72 (3H, s, –OCH3) , 7.03 (1H, dd, J = 5.1 and 3.7 Hz, thiophen –CH), 7.31 (1H, dd, J =
3.7 and 1.1 Hz, thiophen –CH–), 7.33 (1H, dd, J = 5.1 and 1.0 Hz, thiophen –CH–). 13C NMR (125 MHz,
CDCl3 , δ/ppm): 13.5 (–CH3) , 20.9 (–CH2 –), 24.1 (–CH2 –), 28.4 (–CH2 –), 31.7 (–CH2 –), 33.2 (–CH2–), 50.7
(–OCH3 –), 125.9 (thiophen –CH–), 127.3 (thiophen –CH–), 128.5 (thiophen –CH–), 146.6 (thiophen –CH–),
161.1 (–C=N–), 172.7 (–C=O). GC-MS (m/z): 41, 57, 82, 97, 110, 123, 136, 150, 166, 178, 196, 238, 252
(M+ -1).

3.3.3. Methyl 5-(butylimino)-5-(furan-2-yl)pentanoate (3c)

Yield 98%; brown oil; Anal. Calcd. for C14H21NO3 : C, 66.91; H, 8.42; N, 5.57. Found: C, 66.88; H, 8.38; N,
5.52. IR (neat, cm−1) : 3145, 3116, 2956, 2920, 2875, 1740 (C=O), 1627 (C=N), 1573, 1438, 1255, 1156, 1074,
883, 740. 1H NMR (500 MHz, CDCl3 , δ , ppm): 0.98 (3H, t, J = 7.4 Hz, –CH3) , 1.42 (2H, m, –CH2 –), 1.73
(2H, t, J = 7.5 Hz, –CH2 –), 1.88 (2H, m, –CH2 –), 2.42 (2H, t, J = 7.1 Hz –CH2 –), 2.64 (2H, m, –CH2–), 3.52
(2H, t, J = 7.5 Hz, –CH2 –), 3.69 (3H, s, –OCH3) , 6.44 (1H, dd, J = 3.4 and 1.8 Hz, furan –CH–), 6.78 (1H,
d, J = 3.4 Hz, furan –CH–), 7.47 (1H, d, J = 3.6 Hz furan –CH–). 13C NMR (125 MHz, CDCl3 , δ/ppm):
13.5 (–CH3 –), 20.4 (–CH2 –), 20.6 (–CH2–), 22.6 (–CH2–), 22.7 (–CH2–), 33.2 (–CH2 –), 34.0 (–CH2 –), 50.7
(–OCH3 –), 110.6 (furan –CH–), 111.4 (furan –CH–), 143.7 (furan –CH–), 153.3 (furan –CH–), 158.8 (–C=N–),
173.2 (–C=O). GC-MS (m/z): 41, 55, 81, 94, 109, 123, 136, 150, 164, 178, 192, 208, 251 (M+) .

3.3.4. Methyl 5-(butylimino)-5-(thiophen-2-yl)pentanoate (3d)

Yield 91%; brown oil; Anal. Calcd. for C14H21NO2S: C, 62.89; H, 7.92; N, 5.24; S, 11.99. Found: C, 62.84; H,
7.86; N, 5.20; S, 11.95. IR (neat, cm−1) : 3145, 3116, 2956, 2920, 2854, 1732 (C=O), 1618 (C=N), 1573, 1438,
1255, 1156, 1074, 883, 793. 1H NMR (500 MHz, CDCl3 , δ/ppm): 1.04 (3H, t, J = 6.6 Hz, Aliphatic –CH3) ,
1.42 (2H, m, –CH2 –), 1.78 (2H, m, –CH2–), 2.03 (2H, m, –CH2 –), 2.42 (2H, t, J = 7.7 Hz, –CH2–), 2.46
(2H, t, J = 5.7 Hz, –CH2–), 3.74 (3H, s, –OCH3) , 3.82 (2H, t, 5.3 Hz, =NCH2 –), 7.13 (1H, t, J = 7.5 Hz,
thiophen –CH), 7.26 (1H, dd, J = 7.5 and 1.6 Hz, thiophen –CH–), 7.51 (1H, dd, J = 7.4 and 1.5 Hz, thiophen
–CH–). 13C NMR (125 MHz, CDCl3 , δ/ppm): 13.8 (–CH3) , 20.9 (–CH2–), 22.7 (–CH2 –), 28.4 (–CH2 –),
33.2 (–CH2–), 33.7 (–CH2 –), 51.0 (–OCH3 –), 51.6 (–CH2) , 126.2 (thiophen –CH–), 127.0 (thiophen –CH–),
128.5 (thiophen –CH–), 147.4 (thiophen –CH–), 162.2 (–C=N–), 173.5 (–C=O). GC-MS (m/z): 41, 57, 82, 97,
110, 123, 139, 153, 166, 180, 194, 238, 266 (M+ -1).

3.4. Determination of antioxidant activity by the scavenging of the stable radical DPPH

Equal volumes of 0.02% DPPH in methanol were added to different concentrations of test compounds (250–1000
µM/mL) in methanol, mixed well, and kept in dark for 30 min. The absorbance at 517 nm was measured.25

Plotting the percentage DPPH• scavenging against concentration gave the standard curve and the percentage
scavenging was calculated from the following equation:

DPPH radical scavenging activity (%) = (A0 – A1/A0) × 100
A0 and A1 are the absorbance of blank (without sample) and test sample, respectively. Ascorbic acid,

BHA, and BHT were used as standards for comparison.
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2. General procedure 

The chemicals used in this study were commercially available from Merck (Kenilworth, NJ, 

USA) and Aldrich (St. Louis, MO, USA) and were used without further purification. Friedel–

Crafts acylation was used to synthesize γ- and δ-keto esters. The starting compounds and 

imines were purified by column chromatography on silica gel (particle sizes 0.063–0.200 mm 

and 0.040–0.063 mm, respectively). 1H and 13C NMR (500 and 125 MHz, respectively) 

spectra were recorded using Me4Si as the internal standard in CDCl3. Gas chromatography–

mass spectrometry (GC-MS) data were recorded on a Shimadzu QP2010 Plus using a GC-MS 

column Teknokroma TRB-5MS (30 m × 0.25 mm × 0.25 µm I.D.) (Kyoto, Japan). The 

operating conditions were as follows: injection temperature 250 °C, helium carrier gas flow 

20 psi, split ratio 1/100, E.I 70 eV. Temperature programming: 80 °C (5 min) up to 250 °C at 

5 °C/min, hold 30 min. FT-IR spectra were recorded on a Bruker Vertex 70 (Billerica, MA, 

USA). The E/Z ratios of obtained γ- and δ-imino esters (2a–d, 3a–d) were determined by 1H 

NMR spectrum according to the literature  

 

2.1. Synthesis of γ- and δ-imino esters using Method A (2a-d) 

A solution of the corresponding 10 mmol of keto ester and 30 mmol of p-anisidine in 60 mL 

of dry ether was added to a dried flask under nitrogen atmosphere. The system was cooled to 

–15 °C, and 40 mmol Et3N was added to the solution. Then 10 mmol TiCl4 was added 

dropwise within 10 min. The reaction mixture was stirred for 24–48 h at room temperature. 

Then solution quenched with saturated NaHCO3 was stirred for 15 min and filtrated. The 

filtrate was extracted with ether, washed with brine, and dried over anhydrous Na2SO4, 

concentrated under reduced pressure. The crude product was purified by column 

chromatography on silica gel. 



4	
  
	
  

2.2. Synthesis of γ- and δ-imino esters using Method B (3a-d) 

A solution of the corresponding 10 mmol of keto ester and 30 mmol of n-butylamine in 60 

mL of dry ether was added to a dried flask under a nitrogen atmosphere. The system was 

cooled to –15 °C and 40 mmol Et3N was added to the solution. Then 7 mmol of 1.0 M 

solution of TiCl4 in CH2Cl2 was added slowly. The reaction mixture was stirred for 40–60 min 

at room temperature. Then the solution quenched with saturated NaHCO3 was stirred and 

filtered, and the obtained filtrate was extracted with ether. The organic layers were washed 

with brine and dried over anhydrous Na2SO4 and concentrated under reduced pressure. 
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Spectral Data 

 
                  Figure S1. 1H NMR spectra of compound 2a (500 MHz, CDCl3). 

	
  

	
  
Figure S2. 13C NMR spectra of compound 2a (125 MHz, CDCl3). 
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Figure S3. IR spectra of compound 2a.  

 

Figure S4. GC-MS spectra of compound 2a.  
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Figure S5. 1H NMR spectrums of compound 2b (500 MHz, CDCl3). 

 

 
Figure S6. 13C NMR spectra of compound 2b (125 MHz, CDCl3). 
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Figure S7. IR spectra of compound 2b.  

 

 
Figure S8. GC-MS spectra of compound 2b.  
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Figure S9. 1H NMR spectra of compound 2c (500 MHz, CDCl3). 

 

 

	
  
Figure S10. 13C NMR spectra of compound 2c (125 MHz, CDCl3). 
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Figure S11. IR spectra of compound 2c.  

 

 
Figure S12. GC-MS spectra of compound 2c.  
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Figure S13. 1H NMR spectra of compound 2d (500 MHz, CDCl3). 

 

 

	
  
Figure S14. 13C NMR spectra of compound 2d (125 MHz, CDCl3). 
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Figure S15. IR spectra of compound 2d.  

 

 
Figure S16. GC-MS spectra of compound 2d.  
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Figure S17. 1H NMR spectra of compound 3a (500 MHz, CDCl3). 

 

 

 
Figure S18. 13C NMR spectra of compound 3a (125 MHz, CDCl3). 
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Figure S19. IR spectra of compound 3a. 

 
 

 
 

Figure S20. GC-MS spectra of compound 3a.  
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Figure S21. 1H NMR spectra of compound 3b (500 MHz, CDCl3). 

 

	
  

	
  
Figure S22. 13C NMR spectra of compound 3b (125 MHz, CDCl3). 
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Figure S23. IR spectra of compound 3b. 

 

 
Figure S24. GC-MS spectra of compound 3b.  
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Figure S25. 1H NMR spectra of compound 3c (500 MHz, CDCl3). 

	
  

	
  

	
  
Figure S26. 13C NMR spectra of compound 3c (125 MHz, CDCl3). 
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Figure S27. IR spectra of compound 3c. 

	
  

Figure S28. GC-MS spectra of compound 3c.  
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Figure S29. 1H NMR spectra of compound 3d (500 MHz, CDCl3). 

	
  

 
Figure S30. 13C NMR spectra of compound 3d (125 MHz, CDCl3). 

 



20	
  
	
  

 
Figure S31. IR spectra of compound 3d. 

 

 
Figure S32. GC-MS spectra of compound 3d.  
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