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An efficient synthesis of �-aryl �-(N-tosyl)amino phosphonate
derivatives from �-diazophosphonate
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Abstract—The �-diazophosphonate was added to aryl (N-tosyl)imine to give �-aryl �-(N-tosyl)amino �-diazophosphonates, which
were further subjected to TsOH-catalyzed diazo decomposition to yield �-aryl �-(N-tosyl)enaminophosphonates through 1,2 aryl
migration. The �-aryl �-(N-tosyl)enamino phosphonates were hydrogenated to give �-aryl �-(N-tosyl)amino phosphonates.
© 2003 Elsevier Ltd. All rights reserved.

�- Or �-amino phosphonic acid derivatives have
attracted considerable attention in recent years because
of their involvement in certain biologically important
processes.1 For example, amino phosphonic acid
derivatives have been served as the transition state
analog in drug design and as haptens in the develop-
ment of catalytic antibody enzymes.2 Consequently, it is
desirable to develop efficient approach to synthesize
racemic or optically active amino phosphonates.1a,3

We have recently reported the based-catalyzed addition
of ethyl diazoacetate to aryl (N-tosyl)imines 1 and the
subsequent 1,2 aryl migration reaction of the resulting
�-(N-tosyl)amino �-diazo carbonyl products under
Rh(II) complex- or TsOH-catalysis condition.4 This
two-step reaction sequence transforms ethyl diazoac-
etate to �-aryl �-(N-tosyl)enamino esters 2, which can
be further hydrogenated to give �-aryl �-(N-
tosyl)amino esters 3 (Scheme 1).5 We conceived that
this highly efficient reaction sequence may be similarly
applied to the corresponding �-diazophosphonate to
give the corresponding �-amino phosphonate deriva-
tives. The results of our investigation are described
herein.

The �-diazophosphonate 4 was prepared according to
the literature procedure.6 The DBU-catalyzed addition
of �-diazophosphonate 4 to aryl N-tosylimine 1a–g was
carried out at room temperature and the �-aryl �-(N-
tosyl)amino �-diazophosphonates 5a–g were obtained
in 54–89% isolated yields (Scheme 2).7

Scheme 1.

Scheme 2.* Corresponding author.
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Y.Zhaoetal.�TetrahedronLetters44(2003)8339–83428340Thedecompositionofthediazocompounds5a–gwasexpectedtogive1,2-hydrideand1,2-arylmigration products.Theeffectofthecatalyticsystemonthemigratoryaptitudewasstudiedinsomedetailwithtransitionmetalcatalysts,LewisacidsandTsOH.The�-(N-tosyl)amino�-diazophosphonate5awastakenasthesubstrateandtheproductdistributionaresumma-rizedinScheme3andTable1.Inallcases,thediazodecompositionwashighlyef�cientand1,2phenyl

migrationpredominated.Theseresultsaresimilarto

thecorrespondingreactionwithpheny�-diazo�-(N-tosyl)aminoester.4,5However,theE:Zratioofthe1,2phenylmigrationproductsvariesunderdifferentcata-

lyticcondition.MostcatalystsgaveratherlowE:Zratio,TsOHbeingtheonlyexception,whichgaveonly

theZproduct.ItisworthwhiletonotethattheZproductisthermodynamicallymorestablerelativeto

theEisomerduetotheintramolecularhydrogenbond-ing.ItisconceivablethatsomeinitiallyformedEproductisomerizestothemorestableZisomerundertheTsOH-catalyzedreactioncondition.

Thesimilarreactionmechanismfor�-phenyl�-(N-tosyl)amino�-diazoesters4cmaybeappliedtothetran-



Y.Zhaoetal./TetrahedronLetters44(2003)8339–83428341Table2.ProductsfromTsOH-catalyzeddiazodecomposi-tionof5a–gandproductsfromhydrogenationof8a–gYield(%),8aEntryYield(%),12b5(Ar=)97951a,C6H589b,p-ClC6H4752c,p-FC6H438994d,p-MeOC4H44829694e,p-PhC6H493596681f,m-CF3C6H480g,2-Furyl–c7aYieldsafterarapidfiltrationthroughsilicagel.bYieldsaftersilicagelcolumnseparation.cHydrogenationgaveunidentifiedcomplexmixture.Smith,A.B.,III;Taylor,C.M.;Benkovic,P.A.;Taylor,S.D.;Yager,K.M.;Sprengeler,P.A.;Benkovic,S.J.Science1994,265,234–237.3.Forrecentexamplesof�-aminophosphonatesynthesis,see:(a)Thomas,A.A.;Sharpless,K.B.J.Org.Chem.1999,64,8379–8385;(b)Pousset,C.;Larcheveque,M.TetrahedronLett.2002,43,5257–5260;(c)Yamagishi,T.;Suemune,K.;Yokomatsu,T.;Shibuya,S.Tetrahedron2002,58,2577–2583;(d)Wroblewski,A.E.;Piotrowska,

D.G.Tetrahedron:Asymmetry2002,13,2509–2512;(e)Yamagishi,T.;Kusano,T.;Yokomatsu,T.;Shibuya,S.

Synlett2002,1471–1474.4.(a)Jiang,N.;Qu,Z.;Wang,J.Org.Lett.2001,3,2989–2992;(b)Jiang,N.;Wang,J.TetrahedronLett.2002,43,1285–1287;(c)Jiang,N.;Ma,Z.;Qu,Z.;Xing,X.;Xie,L.;Wang,J.J.Org.Chem.2003,68,893–90095.Jiang,N.;Wang,J.Synlett2002,149–15196.Seyferth,D.;Marmon,R.S.;Hilbert,P.J.Org.Chem.1971,36,1379–138697.TypicalprocedureforDBU-catalyzedadditionof�-dia-zophosphonate4toarylN-tosylimine1a–g.Toasolutionof�-diazophosphonate4(1.0mmol)inanhydrousCH3CN(2ml),atroomtemperatureunderN2,wasaddedsucces-sivelyasolutionofDBU(092mmol)inanhydrousCH3CN(1mL)andimine4(1.2mmol)inanhydrousCH3CN(2mL)viaasyringe.Afterstirringatroomtemperaturefor

12h,thereactionwasquenchedwithsaturatedaqueous

NaHCO3,andthenextractedwithCH2Cl2(15×2mL).Thesolventwasremovedbyevaporationunderreducedpres-

sure,andthecrudeproductwaspurifiedbyflashchro-matographytogive�-aryl�-(N-tosyl)amino�-diazophos-phonate5a–g.Thestructuresoftheproductswereconfi-rmedbyIRand1HNMR(300or200MHz)spectraldata.Dimethyl[1-diazo-2-(N-tosylamino)-2-(p-phenylphenyl)-ethyl]phosphonate(5e):1HNMR(300MHz,CDCl3)�2740(s,3H),3.54(d,6H,JHP=8.0Hz,3H),3.64(d,JHP=7.6Hz,3H),5923(dd,J=12.6,699Hz,6H),5967(d,J=699Hz,1H),7.25–7.74(m,13H).13CNMR(75MHz,CDCl3)�21.5,3099,5391,5392(d,JCP=1094Hz),54.7(d,JCP=5.8Hz)12698,12699,127.2,127.4,127.6,12898,129.6,13791,13792,14091,14192,143.6.IR(KBr):�2098,1595cm−1.FAB-MS(m/z,relativeintensity)492(M+Li)+.Anal.calcdforC23H24PO5SN3:C,56990;H,4998;N,8.669Found:C,56990;H,4990;N,8.6798.GeneralprocedurefortheTsOH-catalyzeddiazodecompo-sitionof5a–g.ToasolutionofTsOH(496mg)inanhy-drousCH2Cl2(2mL)at0°CunderN2,wasaddeddropwiseasolutionofindividualdiazocompounds5a–ginanhydrousCH2Cl2(10mL).Thereactionwascompletewithin30minasmonitoredbyTLC.Solventwasremoved

byevaporation,andtheresiduewaspurifiedbyquickflashcolumnchromatographyoversilicageltogive�-aryl�-enaminophosphonates8a–g,whichweresubjectedtosubsequenthydrogenationwithoutfurtherpurification.

Dimethyl[1-(p -phenylphenyl)-2-(N-tosylamino)ethenyl]-phosphonate(8e):1HNMR(200MHz,CDCl3)�2741(s,3H),3.62(d, JHP=6.2Hz,3H),3.65(d, J=6.2Hz,6H),7721–7.80(m,14H),10951(d, J=11.6Hz,1H).13CNMR

(75MHz,CDCl3)�21.4,5273,5274,126.7,126.9,12773,12776,12778,128.0,12779,128.7,12976,12979,130.0,13772,

142.0,142.1,144.1.IR(fi lm):�2947,1611cm−1.Scheme6.casewhenthearylgroupis2-furyl,whichgaveuniden-tifiedcomplexmixture.Thus,theabovethree-stepreactionsequencecanefficientlytransformthe�-diazophosphonateto� -aryl� -( N-tosyl)aminophosphonates.Moreover,thediazogroupinthe�-diazo� -( N-tosyl)aminophosphonatecanbesubjectedtoothersyntheticallyusefultransfor-mations.Forexample,wefoundthatthediazogroupcouldbeoxidizedwithdimethyldioxiranetogive� -oxo

� -( N-tosyl)aminophosphonate13,whichwashydrogenolyzedtogive�-oxo� -( N-tosyl)aminophos-phinate14ingoodyield(Scheme6).
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9. General procedure for the hydrogenation of �-aryl �-enam-
inophosphonates 8a–g. To a solution of �-aryl �-enam-
inophosphonate (0.1 mmol) in absolute MeOH (15 mL)
was added 10% Pd/C catalyst (10 mg). The reaction mix-
ture was stirred for 24 h under 1 atm hydrogen atmo-
sphere. Then catalyst was removed by filtration and
solvent was evaporated to give a residue, which was
purified by flash column chromatography. Dimethyl[1-(p-
phenylphenyl)-2-(N-tosylamino)ethyl]phosphonate (12e):

1H NMR (200 MHz, CDCl3) � 2.34 (s, 3H), 3.43–3.52 (m,
1H), 3.54 (d, JHP=8.4 Hz, 3H), 3.67 (d, JHP=11.4, 1H),
5.28 (t, J=9.0 Hz, 1H), 6.90–7.80 (m, 14H). 13C NMR (50
MHz, CDCl3) � 21.4, 42.8 (d, JCP=45.2 Hz), 45.1, 52.9 (d,
JCP=7.2 Hz), 53.6 (d, JCP=6.8 Hz), 126.9, 127.5, 127.5,
127.9, 129.4, 129.5, 129.7, 129.9, 136.9, 140.2, 140.7, 143.4;
IR (film): � 2954, 1607 cm−1. Anal. calcd for
C23H26NO5PS: C, 60.12; H, 5.70; N, 3.05. Found: C,
60.09; H, 5.62; N, 2.83.
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