High antimicrobial effectiveness of acrylonitrile adducts and evaluation of their biological activity as haemolytic and thrombolytic agent
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General information
All the chemicals used for the synthesis of mono and di-adducts of acrylonitrile were procured from Sigma-Aldrich and TCI Chemicals, Japan. Molecular sieves of 4Aº beads, 4-8 mesh were purchased from Sigma-Aldrich. Merck silica gel 60 F254 plates were used for thin layer chromatography. All the chemical reagents were of analytical grade and were used without further purification. Solvents used during the synthesis were dried by using standard procedure. Mixing of the substrates was carried out by LED Digital Vortex Mixer.
[bookmark: _Hlk102387709]General method for synthesis of acrylonitrile adducts 
n-alkyliminobis-propionitrile and n-alkyliminopropionitrile was synthesized by aza-Michael addition reaction under microwave irradiation using literature procedure[1] as shown in Scheme 1. In this reaction, 2.5 mmol acrylonitrile was mixed with 1 mmol n-alkylamine in a test tube and 0.12 g of finely powdered molecular sieves (4Aº), which act as a catalyst, was added to the same. After proper mixing, it was subjected to microwave irradiation at 40 ºC for a period of 2 hours. After the reaction is completed, the content in the test tubes were cooled down to room temperature and the catalyst was removed by centrifugation at a speed of 2500 rpm for 5 minutes. The supernatant obtained was collected and concentrated under vacuum evaporation. 


Scheme 1: Synthetic route for acrylonitrile adducts


Fig. S1. Series of acrylonitrile adducts.
Spectral data for the aza-Michael addition products
n-propyliminobis-propionitrile (N1, C9H15N3) [1]


82.09 µL (1 mmol) of n-propylamine was dissolved in 164.57 µL (2.5 mmol) of acrylonitrile and to this 0.12 g molecular sieve was added. The reaction mixture was heated at 40 oC for 2 h under microwave irradiation. The reaction was monitored with the help of thin layer chromatographic technique (30% ethyl acetate as eluent). On completion of reaction, it was cooled down to normal room temperature and catalyst was separated by centrifuge technique at 2500 r.p.m. for 5 minutes. The supernatant was collected and further purified by column chromatography. Upon isolation of product the solvents were evaporated. Recrystallization from methanol afforded 163.19 g (98.9 %) N1. B.p.: 310-313 0C; Rf  = 0.7; 1H NMR (300 MHz, CDCl3): δ = 0.94 (t, 3H, J = 7.5 Hz, CH3 terminal), 1.42-1.54 {m, 2H, J = 7.5 Hz, CH2 (propyl)}, 2.47 {t, 2H, J = 2.4 Hz, CH2−N (propyl)}, 2.52 (t, 2H, J = 7.2 Hz, CH2−CN), 2.83 (t, 2H, J = 6.9 Hz, CH2−N) ppm; 13C{1H} NMR (300 MHz, CDCl3): δ = 11.6(−CH3), 20.7(−CH2−), 118 (C≡N) ppm; IR: νmax = 2245 (C≡N stretching), 2825-2961 (C−H stretching), 1136 (C−N stretch) cm-1; MS: m/z = 165 (M+), calcd for C9H15N3 165, found = 166.4.
n-butyliminobis-propionitrile (N2, C10H17N3) [1]


99.1 µL (1 mmol) of n-butylamine was dissolved in 164.57 µL (2.5 mmol) of acrylonitrile and to this 0.12 g molecular sieve was added. The reaction mixture was heated at 40 oC for 2 h under microwave irradiation. The reaction was monitored with the help of thin layer chromatographic technique (30% ethyl acetate as eluent). On completion of reaction, it was cooled down to normal room temperature and catalyst was separated by centrifuge technique at 2500 r.p.m. for 5 minutes. The supernatant was collected and further purified by column chromatography. Upon isolation of product the solvents were evaporated. Recrystallization from methanol afforded 176.673g (98.7%) N2. B.p.: 366-368 0C; Rf = 0.79; 1H NMR (300 MHz, CDCl3): δ = 0.91 (t, 3H, J = 3 Hz, CH3 terminal), 1.33 {m, 2H, J = 3.3 Hz, CH2 (butyl)}, 1.39 {m, 2H, J = 3.9 Hz, CH2 (butyl)}, 2.42 {t, 2H, J = 6.6 Hz, CH2−NH (butyl)}, 2.5 (t, 2H, J = 6.9 Hz, CH2−CN), 2.8 {t, 2H, J = 6.6 Hz CH2−NH (propyl)} ppm; 13C{1H} NMR (300 MHz, CDCl3): δ = 13.8 (−CH3), 30.5 (−CH2−), 118 (C≡N) ppm; IR: νmax = 2247 (C≡N stretching), 2860-2957 (C−H stretching), 1127 (C−N stretch) cm-1; MS: m/z = 179 (M+), calcd for C10H17N3 179, found = 180.
n-hexyliminopropionitrile (N3, C9H18N2) [1]


132.27 µL (1 mmol) of n-hexylamine was dissolved in 164.57 µL (2.5 mmol) of acrylonitrile and to this 0.12 g molecular sieve were added. The reaction mixture was heated at 40 oC for 2 h under microwave irradiation. The reaction was monitored with the help of thin layer chromatographic technique (30% ethyl acetate as eluent). On completion of reaction, it was cooled down to normal room temperature and catalyst was separated by centrifuge technique at 2500 r.p.m. for 5 minutes. The supernatant was collected and further purified by column chromatography. Upon isolation of product the solvents were evaporated.  Recrystallization from methanol afforded 151.382 g (98.3%) N3. B.p.: 250-252 0C; Rf = 0.77; 1H NMR (300 MHz, CDCl3): δ = 0.88 (t, 3H, J = 6.9 Hz CH3 terminal), 1.29 {m, 2H, CH2 (hexyl)}, 2 (m, 1H, NH), 2.53 {t, 2H, J = 6.6 Hz, CH2−NH (butyl)}, 2.8 {t, 2H, J = 6.6 Hz, CH2−NH (propyl)}, 2.9 (t, 2H, J = 6.6 Hz, CH2−CN) ppm. 13C{1H} NMR (300 MHz, CDCl3): δ = 13.8 (−CH3), 31.2 (−CH2−), 118 (C≡N) ppm; IR: νmax = 2251 (C≡N stretching), 2853-2925 (C−H stretching), 1127 (C−N stretch) cm-1; MS: m/z = 154 (M+), calcd for C9H18N2 154, found = 155.3.
n-decyliminopropionitrile (N4, C13H26N2) [1]


199.87 µL (1 mmol) of n-decylamine was dissolved in 164.57 µL (2.5 mmol) of acrylonitrile and to this 0.12 g molecular sieve was added. The reaction mixture was heated at 40 oC for 2 h under microwave irradiation. The reaction was monitored with the help of thin layer chromatographic technique (30% ethyl acetate as eluent). On completion of reaction, it was cooled down to normal room temperature and catalyst was separated by centrifuge technique at 2500 r.p.m. for 5 minutes. The supernatant was collected and further purified by column chromatography. Upon isolation of product the solvents were evaporated. Recrystallization from methanol afforded 205.8 g (98%) N4. B.p.: 520-523 0C; Rf = 0.73; 1H NMR (300 MHz, CDCl3): δ = 0.88 (t, 3H, J = 6.9 Hz, CH3 terminal), 1.26 {m, 2H, CH2 (decyl)}, 2 (m, 1H, NH), 2.53 {t, 2H, J = 6.6 Hz CH2−NH (decyl)}, 2.8 {t, 2H, J = 6.9 Hz, CH2−NH (propyl)}, 2.9 (t, 2H, J = 6.6 Hz, CH2−CN) ppm; 13C{1H} NMR (300 MHz, CDCl3): δ = 14 (−CH3), 31.8 (−CH2−), 118 (C≡N) ppm; IR: νmax = 2247 (C≡N stretching), 2851-2922 (C−H stretching), 1129 (C−N stretch) cm-1; MS: m/z = 210 (M+), calcd for C13H26N2 210, found = 211.
n-dodecyliminopropionitrile (N5, C15H30N2) [1]


229.97 µL (1 mmol) of n-dodecylamine was dissolved in 164.57 µL (2.5 mmol) of acrylonitrile and to this 0.12 g molecular sieve was added. The reaction mixture was heated at 40 oC for 2 h under microwave irradiation. The reaction was monitored with the help of thin layer chromatographic technique (30% ethyl acetate as eluent). On completion of reaction, it was cooled down to normal room temperature and catalyst was separated by centrifuge technique at 2500 r.p.m. for 5 minutes. The supernatant was collected and further purified by column chromatography. Upon isolation of product the solvents were evaporated. Recrystallization from methanol afforded 233.24 g (98%) N5. B.p.: 530-532 0C; Rf = 0.75; 1H NMR (300 MHz, CDCl3): δ = 0.88 (t, 3H, J = 6.9 Hz, CH3 terminal), 1.26 {m, 2H, CH2 (dodecyl)}, 2 (m, 1H, NH), 2.53 {t, 2H, J = 6.6 Hz, CH2−NH (dodecyl)}, 2.8 {t, 2H, J = 6.6 Hz, CH2−NH (propyl)}, 2.9 (t, 2H, J = 6.6 Hz, CH2−CN) ppm; 13C{1H} NMR (300 MHz, CDCl3): δ = 14.1 (−CH3), 31.9 (−CH2−), 118 (C≡N); IR: νmax = 2251 (C≡N stretching), 2853-2920 (C−H stretching), 1129 (C−N stretch) cm-1; MS: m/z = 238 (M+), calcd for C9H15N3 238, found = 239.
1H NMR spectra of Michael adducts
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Fig. S2. 1H NMR spectra of (i) n-propyliminobis-propionitrile (N1), (ii) n-butyliminobis-propionitrile (N2), (iii) n-hexyliminopropionitrile (N3), (iv) n-decyliminopropionitrile (N4) and (v) n-dodecyliminopropionitrile (N5) [1].
ESI-Mass spectra of Michael adducts
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Fig. S3. ESI Mass spectra of (a) n-propyliminobis-propionitrile (N1), (b) n-butyliminobis-propionitrile (N2), (c) n-hexyliminopropionitrile (N3), (d) n-decyliminopropionitrile (N4) and (e) n-dodecyliminopropionitrile (N5) [1].
Antimicrobial activity 
The compounds were evaluated for their antimicrobial activities against two bacteria viz. Gram-positive bacterial strain Bacillus subtilis (MTCC 1305) and Gram-negative bacterial strain Escherichia coli (MTCC 443). Both of the strains were procured from Microbial Type Culture and Collection (MTCC), Chandigarh, India. Maintaining a temperature of 37 ºC lyophilized culture was revived in nutrient broth medium by keeping it in a rotatory shaker for 12 h. Using 0.5 McFarland standards each strain was adjusted to a concentration of 108 cells/ml [2–4]. 
Antibacterial Test
The negative control (distilled water) showed no antibacterial activity while the positive control (ceftriaxone) showed the zone of inhibition against E. coli (18±0.1) and B. subtilis (17±0.3 mm) (Fig. S4).
[image: ]
Fig. S4. Zone of inhibition for positive and negative control against E. coli and B. subtilis
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