
SUPPORTING INFORMATION

A convenient method for the synthesis of fluorinated α-cyanoacetates via phase-transfer catalysis
Kavita Jain, Kalpataru Das*

Department of Chemistry, School of Chemical Sciences and Technology, Dr. Harisingh Gour University, 
Sagar, Madhya Pradesh – 470 003, India

*E-mail: kdas@dhsgsu.ac.in


	Contents

	1. 
	General experimental
	S-2

	2. 
	Characterization data for products
	S-3

	3. 
	Copies of 1H, 13C and 19F NMR Spectra 
	S-6

	4. 
	References
	S-16





1. General Experimental
Unless otherwise noted, all reactions were performed at room temperature and normal atmosphere. Where appropriate, solvents and all reagents were purified prior to use according to the handbook Purification of Laboratory Chemicals.1 Commercially available reagents were used as received. N-Flurobenzensulfonimide (Sigma-Aldrich) was used as electrophilic fluorinating agent and quaternary ammonium salts (Spectrochem, India) was employed as phase transfer catalyst. All substrates required for electrophilic fluorination were prepared according to the literature procedures.2 Thin layer chromatography (TLC) of each reaction was performed using silica gel 60 F254 pre-coated plates (Merck). Visualization was accomplished with UV lamp or iodine stain. For column chromatography, 230-400 mesh silica gel (Spectrochem India) was employed for the isolation of pure compounds using the combination of ethyl acetate and petroleum ether as an eluent. 1H NMR spectra were recorded on Bruker 400 MHz spectrometer at 400 MHz and chemical shifts were reported in parts per million (ppm, δ) relative to tetramethyl silane (TMS) at  δ 0.00 ppm, and coupling constants (J) were in Hertz (Hz). 1H NMR splitting patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q) or multiplet (m). Carbon nuclear magnetic resonance (13C NMR) spectra were recorded at 100 MHz and are referenced relative to CDCl3 at δ 77.16 ppm; 19F NMR spectra were recorded at 376 MHz and chemical shift values were reported in ppm and referenced to internal reference of trifluorotolune at δ - 63.73. The IR spectra were recorded using a FTIR-84005 Shimadzu and were reported in terms of frequency of absorption (cm-1). High resolution ESI and EI mass spectra were recorded on MicrOTOF-Q-II and AccuTOF-GCv 4G, respectively. 






2. Characterization data for products
Ethyl 3-(4-chlorophenyl)-2-cyano-2-fluoropropanoate (2b). Yield: 76%, 48.6 mg; colorless oil, TLC Rf = 0.40 (Petroleum ether: EtOAc = 9:1); 1H NMR (400 MHz, CDCl3): δ 7.35-7.22 (m, 4H), 4.32 (q,  J = 8.0 Hz, 2H), 3.46 -3.40 (m, 2H), 1.31 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 162.9 (d, J = 26.0 Hz), 134.9, 131.8, 129.2, 129.1 (d, J = 2.0 Hz), 113.8 (d, J = 34.0 Hz), 86.7 (d, J = 198.0 Hz),) 64.4, 42.3 (d, J = 22.0 Hz),), 14.0; 19F NMR (376 MHz, CDCl3): δ -157.9 (t, J  = 22.5, 1F); HRMS (EI+): m/z calcd for C12H11ClFNO2 [M]+: 255.0462; found: 255.0462. 

Ethyl 3-(3-bromophenyl)-2-cyano-2-fluoropropanoate (2c). Yield: 72%, 54.0 mg; colorless oil, TLC Rf = 0.36 (Petroleum ether: EtOAc = 9:1); 1H NMR (400 MHz, CDCl3): δ 7.51-7.24 (m, 4H), 4.34 (q, J = 8.0 Hz, 2H), 3.46 -3.40 (m, 2H), 1.31 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 163.0 (d, J = 26.0 Hz ), 133.5, 132.8 (d, J = 2.0 Hz ), 131.9, 130.5, 129.1, 122.9, 113.8 (d, J = 34.0  Hz), 86.6 (d, J = 198.0  Hz), 64.4, 42.6 (d, J = 23.0  Hz), 14.0; 19F NMR (376 MHz, CDCl3): δ -157.6 (t, J = 22.5 Hz, 1F); HRMS (ESI+): m/z calcd for C12H12BrFNO2 [M+H]+: 300.0035; found: 300.0010. 
Ethyl 2-cyano-2-fluoro-3-(4-fluorophenyl)propanoate (2d). Yield: 69%, 41.3 mg; colorless oil, TLC Rf = 0.38 (Petroleum ether: EtOAc = 9:1); IR νmax (KBr, cm-1): 2967, 2915, 2251, 1769, 1608, 1512, 1472, 1272, 1105, 1041, 1016, 840; 1H NMR (400 MHz, CDCl3): δ 7.28-7.04 (m, 4H), 4.32 (q, J = 8.0 Hz, 2H), 3.47-3.41 (m, 2H), 1.31 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 163.2 (d, J = 247.0 Hz), 163.0 (d, J = 26.0 Hz ), 132.2 (d, J = 9.0 Hz), 126.5,  116.0 (d, J = 21.0  Hz), 113.9 (d,  J = 34.0 Hz), 86.9 (d, J = 196.0  Hz), 64.3, 42.3 (d, J = 23.0 Hz), 14.0; 19F NMR (376 MHz, CDCl3): δ -114.1 to -114.2 (m, 1F), -157.9 (t, J = 22.5 Hz, 1F); HRMS (ESI+): m/z calcd for C12H11F2NNaO2 [M+Na]+: 262.0656; found: 262.0645. 
Ethyl 2-cyano-2-fluoro-3-(4-nitrophenyl)propanoate (2e). Yield: 67%, 44.6 mg,; colorless oil, TLC Rf  = 0.26  (Petroleum ether: EtOAc = 9:1); 1H NMR (400 MHz, CDCl3): δ 8.25 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 4.37 (q, J = 8.0 Hz, 2H), 3.59 -3.55 (m, 2H), 1.34 (t, J = 8.0 Hz, 3H);  13C NMR (100 MHz, CDCl3): δ 162.7 (d, J = 26.0  Hz), 148.4, 135.9, 131.6, 124.1, 113.6 (d, J = 33.0  Hz), 86.3 (d, J = 197.0  Hz), 64.7,  42.5 (d, J = 23.0  Hz), 14.1; 19F NMR (376 MHz, CDCl3): δ -157.9 (t, J = 22.5 Hz, 1F); HRMS (ESI+): m/z calcd for C12H12FN2O4 [M+H]+: 267.0781; found: 267.0776. 

Ethyl 2-cyano-2-fluoro-3-(4-(trifluoromethyl)phenyl)propanoate (2f). Yield: 79%, 57.1 mg; colorless oil, TLC Rf  = 0.48 (Petroleum ether: EtOAc = 9:1); IR νmax (KBr, cm-1): 2963, 2350, 1757, 1327, 1250, 1116, 1067, 802; 1H NMR (400 MHz, CDCl3): δ 7.64 (d, J = 8.0 Hz, 2H), δ 7.43 (d, J = 8.0 Hz, 2H), 4.34 (q, J = 8.0 Hz, 2H), 3.55-3.45  (m, 2H), 1.31 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 162.9 (d, J = 26.0 Hz), 134.7 (d, J = 2.0 Hz), 131.3, 130.9 (d, J = 1.0 Hz), 125.9 (q, J = 4.0 Hz ), 122.6, 113.7 (d, J = 34.0 Hz), 88.0 (d, J = 190.0 Hz), 64.5, 42.7 (d, J = 23.0 Hz), 14.0; 19F NMR (376 MHz, CDCl3) δ -63.8 (s, 3F), -157.9 (t, J = 22.5 Hz, 1F),  HRMS (EI+): m/z calcd for C13H11F4NO2 [M]+: 289.0726; found: 289.0725. 

Ethyl 2-cyano-2-fluoro-3-(4-methoxyphenyl)propanoate (2g). Yield: 80%, 50.2 mg; colorless oil, TLC Rf  = 0.32 (Petroleum ether: EtOAc = 9:1); IR νmax (KBr, cm-1): 2962, 2938, 2251, 1772, 1613, 1516, 1457, 1254, 1116, 1038, 831; 1H NMR (400 MHz, CDCl3): δ 7.20 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 4.31 (q, J = 8.0 Hz, 2H), 3.81 (s, 3H), 3.40 (d, J =  20.0 Hz, 2H), 1.30 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 163.3 (d, J = 26.0 Hz), 160.0, 131.6, 122.6 (d, J = 3.0 Hz) , 114.4, 114.1 (d, J = 34.0 Hz), 87.2 (d, J = 196.0 Hz ), 64.2, 55.4, 42.5 (d, J = 23.0 Hz ), 14.0; 19F NMR (376 MHz, CDCl3): -157.7 (t, J = 22.5, 1F); HRMS (ESI+): m/z calcd for C13H14FNNaO3 [M+Na]+: 274.0855; found: 274.0850.
Ethyl 2-cyano-2-fluoro-3-(p-tolyl)propanoate (2h). Yield: 77%, 45.3 mg; colorless oil, TLC Rf  = 0.53 (Petroleum ether: EtOAc = 9:1); IR νmax (KBr, cm-1): 2999, 1772, 1516, 1447, 1272, 1112, 1023, 812, 772; 1H NMR (400 MHz, CDCl3): δ 7.26 -7.16 (m, 4H), 4.32 (q, J = 8.0 Hz, 2H), 3.41 (d, J = 20.0 Hz, 2H), 2.34 (s, 3H), 1.30 (t, J = 8.0 Hz, 3H);  13C NMR (100 MHz, CDCl3): δ 163.3 (d, J = 26.0 Hz), 138.6, 130.3, 129.6,  127.6 (d, J = 2.0 Hz), 114.1 (d, J = 34.0 Hz), 87.2 (d, J = 196.0 Hz), 64.2, 42.8 (d, J = 23.0 Hz), 21.3, 14.0;  19F NMR (376 MHz, CDCl3): δ -157.5 (t, J = 22.5 Hz, 1F); HRMS (ESI+): m/z calcd for C13H14FNNaO2 [M+Na]+: 258.0906; found: 258.0901. 
Ethyl 2-cyano-2-fluoropent-4-enoate (2j). Yield: 65%, 27.8 mg; colorless oil, TLC Rf = 0.52 (Petroleum ether: EtOAc = 9:1); 1H NMR (400 MHz, CDCl3): δ 5.85-5.75 (m, 1H), 5.38-5.30 (m, 2H), 4.38 (q, J = 8.0 Hz, 2H), 2.92 (dd, J = 28.0, 8.0 Hz, 2H), 1.37 (t, J = 8.0 Hz, 3H); HRMS (EI+): m/z calcd for C8H10FNO2 [M]+: 171.0696; found: 171.0696. 








3. 1H, 13C and 19F NMR Spectra




Figure 1: 1H NMR spectrum of 2a (CDCl3, 400 MHz)
[image: ]
Figure 2: 13C NMR spectrum of 2a (CDCl3, 100 MHz)
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Figure 3: 19F NMR spectrum of 2a (CDCl3, 376 MHz)
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Figure 4: 1H NMR spectrum of 2b (CDCl3, 400 MHz)
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Figure 5: 13C NMR spectrum of 2b (CDCl3, 100 MHz)
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Figure 6: 19F NMR spectrum of 2b (CDCl3, 376 MHz)
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Figure 7: 1H NMR spectrum of 2d (CDCl3, 400 MHz)
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Figure 8: 13C NMR spectrum of 2d (CDCl3, 100 MHz)

[image: ]
Figure 9: 19F NMR spectrum of 2d (CDCl3, 376 MHz)
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Figure 10: 1H NMR spectrum of 2f (CDCl3, 400 MHz)
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Figure 11: 13C NMR spectrum of 2f (CDCl3, 100 MHz)
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Figure 12: 19F NMR spectrum of 2f (CDCl3, 376 MHz)
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Figure 13: 1H NMR spectrum of 2g (CDCl3, 400 MHz)
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Figure 14: 13C NMR spectrum of 2g (CDCl3, 100 MHz)
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Figure 15: 19F NMR spectrum of 2g (CDCl3, 376 MHz)
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Figure 16: 1H NMR spectrum of 2h (CDCl3, 400 MHz)
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Figure 17: 13C NMR spectrum of 2h (CDCl3, 100 MHz)
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Figure 18: 19F NMR spectrum of 2h (CDCl3, 376 MHz)



Figure 19: 1H NMR spectrum of 2k (CDCl3, 400 MHz)



Figure 20: 13C NMR spectrum of 2k (CDCl3, 100 MHz)




 Figure 21: 19F NMR spectrum of 2k (CDCl3, 376 MHz)
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