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Abstract

The carbanion of protected diethyl phosphoglycinate adds to nitroarenes
in liquid ammonia in ortho position to
the nitro group. Subsequent oxidation of the resulting adduct σH with
potassium permanganate gave N-protected diethyl α-(o-nitroaryl)phosphoglycinates.
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References and Notes

	
[bookmark: RG09710ST-1][bookmark: RG09710ST-1A]1a 
             Kafarski P. 
             Lejczak B. 
            Phosphorus,
Sulfur Silicon Relat. Elem. 
            1991, 
            63: 
            193 
          




Google Scholar





	
[bookmark: RG09710ST-1][bookmark: RG09710ST-1B]1b 
             De Lombaert S. 
             Blanchard L. 
             Stamfort LB. 
             Tan J. 
             Wallace EM. 
             Satoh Y. 
             Fitt J. 
             Hoyer D. 
             Simonsbergen D. 
             Moliterni J. 
             Marcopoulos N. 
             Savage P. 
             Chou M. 
             Trapani AJ. 
             Jeng AY. 
            J.
Med. Chem. 
            2000, 
            43: 
            488 
          




Google Scholar





	
[bookmark: RG09710ST-1][bookmark: RG09710ST-1C]1c 
             
              Aminophosphonic
and Aminophosphinic Acids
              
             Kukhar VP. 
             Hudson HR. 
            John
Wiley and Sons; 
            Chichester: 
            2000. 
          




Google Scholar





	
[bookmark: RG09710ST-1][bookmark: RG09710ST-1D]1d 
             Vassiliou S. 
             Xeilari M. 
             Yiotakis A. 
             Germbecka J. 
             Paweczak M. 
             Kafarski P. 
             Mucha A. 
            Bioorg.
Med. Chem. Lett. 
            2007, 
            15: 
            3187 
          




Google Scholar





	[bookmark: RG09710ST-2]2 
             Hirschmann R. 
             Smith AB. 
             Taylor CM. 
             Benkovic PA. 
             Taylor SD. 
             Yager KM. 
             Sprengler PA. 
             Benkovic SJ. 
            Science 
            1994, 
            265: 
            234 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RG09710ST-3]3 
             Smith AB. 
             Taylor CM. 
             Bencovic SJ. 
             Hirschmann R. 
            Tetrahedron
Lett. 
            1994, 
            35: 
            6853 
          






CrossrefGoogle Scholar





	
[bookmark: RG09710ST-4][bookmark: RG09710ST-4A]4a 
             Grembecka J. 
             Mucha A. 
             Cierpicki T. 
             Kafarski P. 
            
              
J.
Med. Chem. 
            2003, 
            46: 
            2641 
          




Google Scholar





	
[bookmark: RG09710ST-4][bookmark: RG09710ST-4B]4b 
             Moore JD. 
             Sprott KT. 
             Hanson PR. 
            J. Org. Chem. 
            2002, 
            67: 
            8123 
          




Google Scholar





	
[bookmark: RG09710ST-4][bookmark: RG09710ST-4C]4c 
             Liu W. 
             Rogers CJ. 
             Fisher AJ. 
             Toney MD. 
            Biochemistry 
            2002, 
            41: 
            12320 
          




Google Scholar





	
[bookmark: RG09710ST-4][bookmark: RG09710ST-4D]4d 
             Osipov SN. 
             Artyushin OI. 
             Kolomiets AF. 
             Bruneau C. 
             Dixneuf PH. 
            Synlett 
            2000, 
            1031 
          




Google Scholar





	
[bookmark: RG09710ST-4][bookmark: RG09710ST-4E]4e 
             Ranu BC. 
             Hajra A. 
             Jana U. 
            Org.
Lett. 
            1999, 
            1: 
            1141 
          




Google Scholar





	[bookmark: RG09710ST-5]5 
             Huang J. 
             Chen R. 
            Heteroat. Chem. 
            2000, 
            11: 
            480 
          






CrossrefGoogle Scholar





	[bookmark: RG09710ST-6]6 
             Maier L. 
             Diel PJ. 
            Phosphorous, Sulfur
Silicon Relat. Elem. 
            1994, 
            90: 
            259 
          






CrossrefGoogle Scholar





	[bookmark: RG09710ST-7]7 
             Yager KM. 
             Taylor CM. 
             Smith AB. 
            J. Am. Chem. Soc. 
            1994, 
            116: 
            9377 
          






CrossrefGoogle Scholar





	[bookmark: RG09710ST-8]8 
             Lavielle G. 
             Hautefaye P. 
             Schaeffer C. 
             Boutin JA. 
             Cudennec CA. 
             Pierre A. 
            J. Med. Chem. 
            1991, 
            34: 
            1998 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RG09710ST-9][bookmark: RG09710ST-9A]9a 
             Schmidt U. 
             Krause HW. 
             Oehme G. 
             Michalik M. 
             Fischer K. 
            Chirality 
            1998, 
            10: 
            564 
          




Google Scholar





	
[bookmark: RG09710ST-9][bookmark: RG09710ST-9B]9b 
             Ordonez M. 
             Rojas-Cabrera H. 
             Cativiela C. 
            Tetrahedron 
            2009, 
            65: 
            17 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10A]10a 
             Kabachnik MJ. 
             Medvev TY. 
            Dokl. Akad. Nauk SSSR 
            1952, 
            83: 
            689 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10B]10b 
             Fields EK. 
            J. Am. Chem. Soc. 
            1952, 
            74: 
            1528 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10C]10c 
             Lee S.-G. 
             Lee JK. 
             Song CE. 
             Kim D.-C. 
            Bull. Korean Chem. Soc. 
            2002, 
            667 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10D]10d 
             Matveeva ED. 
             Podrugina TA. 
             Tishkovskaja EV. 
             Tomilova LG. 
             Zefirov NS. 
            Synlett 
            2003, 
            2311 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10E]10e 
             Joly GD. 
             Jacobsen EN. 
            J.
Am. Chem. Soc. 
            2004, 
            126: 
            4102 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10F]10f 
             Wu J. 
             Sun W. 
             Xia H.-G. 
             Sun X. 
            Org. Biomol. Chem. 
            2006, 
            4: 
            1663 
          




Google Scholar





	
[bookmark: RG09710ST-10][bookmark: RG09710ST-10G]10g 
             Bhagat S. 
             Chakraborti AK. 
            J. Org. Chem. 
            2007, 
            72: 
            1263 
          




Google Scholar





	
[bookmark: RG09710ST-11][bookmark: RG09710ST-11A]11a 
             Mikoajczyk M. 
             Łyżwa P. 
             Drabowicz J. 
            Tetrahedron: Asymmetry 
            1997, 
            8: 
            3991 
          




Google Scholar





	
[bookmark: RG09710ST-11][bookmark: RG09710ST-11B]11b 
             Mikoajczyk M. 
             Łyżwa P. 
             Drabowicz J. 
            Tetrahedron: Asymmetry 
            2002, 
            13: 
            2571 
          




Google Scholar





	
[bookmark: RG09710ST-11][bookmark: RG09710ST-11C]11c 
             Mikoajczyk M. 
            J.
Organomet. Chem. 
            2005, 
            690: 
            2488 
          




Google Scholar





	[bookmark: RG09710ST-12]12 
             Kolesnichenko GA. 
             Malykhin EV. 
             Shteingarts VD. 
            Zh. Org. Khim. 
            1986, 
            22: 
            806 
          






Google Scholar





	
[bookmark: RG09710ST-13][bookmark: RG09710ST-13A]13a 
             Counotte-Potman A. 
             van der Plas HC. 
            J. Heterocycl. Chem. 
            1981, 
            18: 
            123 
          




Google Scholar





	
[bookmark: RG09710ST-13][bookmark: RG09710ST-13B]13b 
             Van der Plas HC. 
             WoŸniak M. 
            Croat.
Chim. Acta 
            1986, 
            59: 
            33 
          




Google Scholar





	
[bookmark: RG09710ST-13][bookmark: RG09710ST-13C]13c 
             WoŸniak M. 
             van der Plas HC. 
            Acta Chem. Scand. 
            1993, 
            47: 
            95 
          




Google Scholar





	
[bookmark: RG09710ST-13][bookmark: RG09710ST-13D]13d 
             Stern KM. 
             Cheng BK. 
             Hilman FD. 
             Allman JM. 
            J.
Org. Chem. 
            1994, 
            59: 
            5627 
          




Google Scholar





	[bookmark: RG09710ST-14]14 
             Mąkosza M. 
             Paszewski M. 
             Sulikowski D. 
            Synlett 
            2008, 
            2938 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15A]15a 
             Mąkosza M. 
             Surowiec M. 
             Szczepańska A. 
             Sulikowski D. 
             Maltsev O. 
            Synlett 
            2007, 
            470 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15B]15b 
             Mąkosza M. 
             Sulikowski D. 
             Maltsev O. 
            Synlett 
            2008, 
            1711 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15C]15c 
             Mąkosza M. 
             Staliński K. 
            Chem.
Eur. J. 
            1997, 
            3: 
            2025 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15D]15d 
             Mąkosza M. 
             Staliński K. 
            Synthesis 
            1998, 
            1631 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15E]15e 
             Mąkosza M. 
             Staliński K. 
            Tetrahedron 
            1998, 
            54: 
            8797 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15F]15f 
             Mąkosza M. 
             Staliński K. 
            Pol.
J. Chem. 
            1999, 
            73: 
            151 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15G]15g 
             Mąkosza M. 
             Kamieńska-Trela K. 
             Paszewski M. 
             Bechcicka M. 
            Tetrahedron 
            2005, 
            61: 
            11952 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15H]15h 
             Bartoli G. 
            Acc.
Chem. Res. 
            1984, 
            17: 
            109 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15I]15i 
             Mąkosza M. 
             Sypniewski M. 
            Tetrahedron 
            1994, 
            50: 
            4913 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15J]15j 
             Mąkosza M. 
             Paszewski M. 
            Synthesis 
            2002, 
            2203 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15K]15k 
             Mąkosza M. 
             Sulikowski D. 
            J. Org.
Chem. 
            2009, 
            74: 
            3827 
          




Google Scholar





	
[bookmark: RG09710ST-15][bookmark: RG09710ST-15L]15l 
             Bartoli G. 
             Bosco M. 
             Melandri A. 
             Boicelli C. 
            J. Org. Chem. 
            1979, 
            44: 
            2087 
          




Google Scholar





	
[bookmark: RG09710ST-16][bookmark: RG09710ST-16A]16a 
             Oberhauser T. 
             Meduna V. 
            Tetrahedron 
            1996, 
            52: 
            7691 
          




Google Scholar





	
[bookmark: RG09710ST-16][bookmark: RG09710ST-16B]16b  
              
Modified
Literature Procedure
              
                ¹6c
              
              

To
the solution of diethyl phosphoglycinate (4.55 g, 27.2 mmol) in
CHCl3 (100 mL) Et3N (3 equiv, 81.6 mmol, 12.5 mL)
was added followed by CS2 (1.5 equiv, 40.8 mmol, 2.43 mL).
The resulting mixture was stirred at r.t. for 24 h, and then ethylene
bromide (1.2 equiv, 32.6 mmol, 6.07 g) was added. The solution was
stirred for further 24 h at 60 ˚C. After cooling
to r.t., the mixture was washed with H2O, dried with
anhyd Na2SO4, and evaporated. The residue
was purified by column chromatography (CHCl3-MeOH,
30:1, v/v). The N-protected phosphoglycinate was obtained
as an oil, 3.73 g, 51% yield.










	
[bookmark: RG09710ST-16][bookmark: RG09710ST-16C]16c 
             Hoppe D. 
             Beckmann L. 
            Liebigs Ann. Chem. 
            1979, 
            2066 
          




Google Scholar





	[bookmark: RG09710ST-18]18 
             Appel R. 
             Loos H. 
             Mayr H. 
            J.
Am. Chem. Soc. 
            2009, 
            131: 
            704 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RG09710ST-19][bookmark: RG09710ST-19A]19a 
             Mąkosza M. 
             Glinka T. 
             Kinowski A. 
            Tetrahedron 
            1984, 
            40: 
            1863 
          




Google Scholar





	
[bookmark: RG09710ST-19][bookmark: RG09710ST-19B]19b 
             Mąkosza M. 
             Wenall M. 
             Goliński J. 
             Kinowski A. 
            Bull. Pol.
Acad. Chem. 
            1985, 
            33: 
            427 
          




Google Scholar






[bookmark: RG09710ST-17]17  
            
General Procedure
            

To
liquid NH3 (15 mL) at -78 ˚C
a solution of nitroarene (2.0 mmol) and 1b (269
mg, 1.0 mmol) was added followed by dropwise addition of KOt-Bu in THF (1.05 mL, 1.00 M, 1.05 mmol)
over 5 min. The reaction mixture was stirred at this temperature
for 30 min and then solid KMNO4 (156 mg, 1.0 mmol) was
added. After 5 min reaction was quenched by addition of NH4Cl
(500 mg), and the mixture was left to evaporation of NH3.
The residue was treated with H2O (50 mL) and EtOAc (50
mL) and filtered through a pad of Celite. The organic layer was
separated, dried, and evaporated. Products were isolated by column
chromatography (EtOAc-hexane).
[bookmark: RG09710ST-20]20  
            
Selected Analytical
Data
            


            
Diethyl 
            N
            -(1,3-Ditiholan-2-ylidene)-α-(2-nitrophenyl)-phosphoglycinate
(2a)
            

Solidifying oil. IR (film, CH2Cl2): νmax = 2986,
2905, 1589, 1534, 1355, 1245, 1026, 572 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 8.00
(m, 1 H), 7.90 (m, 1 H), 7.61 (m, 1 H), 7.41 (m, 1 H), 4.50 (s,
1 H), 5.96 (d, J = 18.8
Hz), 4.11-4.00 (m, 4 H), 3.64-3.40 (m, 4 H), 1.26-1.21
(m, 6 H). ¹³C NMR (100 MHz, CDCl3): δ = 175.6
(d, J = 19
Hz), 148.4 (d, J = 7
Hz), 132.9 (d, J = 4
Hz), 130.9 (d, J = 7
Hz), 130.7 (d, J = 4
Hz), 128.1 (d, J = 4
Hz), 124 (d, J = 3
Hz), 65.9 (d, J = 156
Hz), 63.4 (d, J = 15
Hz), 63.3 (d, J = 15
Hz), 38.1, 35.0, 16.3 (d, J = 10
Hz), 16.2 (d, J = 10
Hz). ³¹P NMR (162 MHz, CDCl3): δ = 18.1.
ESI-LRMS (+): m/z 391 [M + H]+.
Anal. Calcd for C14H19N2O5S2P:
C, 43.07; H, 4.91; N, 7.18; S, 16.43. Found: C, 42.85; H, 4.90;
N, 7.17; S, 16.55.

            
Diethyl 
            N
            -(1,3-Dithiolan-2-ylidene)-α-(1-nitro-2-naphthyl)-phosphoglycinate
(9b)
            

Oil. IR (film, CH2Cl2): νmax = 2983,
1581, 1528, 1254, 1049, 1020, 563 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 8.05-7.95 (m,
2 H), 7.90-7.85 (m, 1 H), 7.76-7.71 (m, 1 H),
7.63-7.54 (m, 2 H), 5.15 (d, J = 18.0
Hz), 4.20-4.00 (m, 4 H), 3.65-3.51 (m, 2 H), 3.49-3.35
(m, 2 H), 1.28 (dt, J = 0.4,
7.1 Hz, 3 H), 1.22 (dt, J = 0.4,
7.1 Hz, 3 H). ¹³C NMR (100 MHz, CDCl3): δ = 175.7

(d, J = 19
Hz), 146.8 (d, J = 9
Hz), 133.0 (d, J = 2
Hz), 130.6 (d, J = 3
Hz), 128.4, 127.9 (d, J = 2
Hz), 127.4, 126.2 (d, J = 4
Hz), 126.0 (d, J = 6
Hz), 124.2 (d, J = 2
Hz), 121.8, 66.9 (d, J = 161
Hz), 63.6 (d, J = 8
Hz), 63.5 (d, J = 8
Hz), 38.2, 34.9, 16.2 (d, J = 6
Hz), 16.1 (d, J = 6
Hz). ³¹P NMR (162 MHz, CDCl3): δ = 17.6.
ESI-LRMS (+): m/z 463 [M + H]+.
Anal. Calcd for C18H21N2O5S2P:
C, 49.08; H, 4.91; N, 6.36; S, 14.56. Found: C, 48.62; H, 4.93;
N, 6.34; S, 14.45.
[bookmark: RG09710ST-21]21  The hydrolysis reactions were performed
according to literature procedure, see ref. 15a.

            
Selected Analytical Data
            


            
Diethyl α-(5-Fluoro-2-nitrophenyl)phosphoglycinate
(3c)
            

Oil. IR (film, CH2Cl2): νmax = 3250,
2987, 1689, 1589, 1532, 1351, 1236 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 8.27
(s, 1 H), 8.00 (ddd, J = 0.4,
5.1, 9.0 Hz, 1 H), 7.64 (dt, J = 2.7, 9.5
Hz, 1 H), 7.13-7.09 (m, 1 H), 5.52 (d, J = 21.5
Hz), 4.26-4.00 (m, 4 H), 2.95 (br s, 1 H), 1.29 (t, J = 7.0 Hz,
3 H), 1.17 (t, J = 7.0
Hz, 3 H). ¹³C NMR (100 MHz, CDCl3): δ = 164.9
(d, J = 204
Hz), 160.9 (d, J = 7.4
Hz), 144.7 (dd, J = 2.3,
5.0 Hz), 137.0 (d, J = 6.6
Hz), 127.9 (dd, J = 1.6,
7.8 Hz), 116.5 (dd, J = 2.4,
3.5 Hz), 115.4 (dd, J = 2.3,
18.6 Hz), 63.6 (d, J = 5.5
Hz), 63.5 (d, J = 5.5
Hz), 47.8 (d, J = 118 Hz),
16.3 (d, J = 2.5
Hz), 16.2 (d, J = 2.5
Hz). ³¹P NMR (162 MHz, CDCl3): δ = 22.0.
ESI-LRMS (+): 357 [M + Na]+. Anal.
Calcd for C12H16N2O6PF:
C, 43.12; H, 4.83; N, 8.38. Found: C, 43.16; H, 4.83; N, 8.30.
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