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ABSTRACT

A simple procedure for the synthesis of o — aminophosphonates in high
yields by Kabachnik — Fields reaction in one pot three component opera-
tion involving 4-aminophenol and hal o/methoxy substituted benzaldehydes
and dibutyl/diphenyl phosphites without using a catalyst has been em-
ployed. The structures of novel a - aminophosphonates were established
by elemental analysis, IR, *H, *C. 3P NMR and Mass spectral data.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

a—Aminophogphonatesareimportant classof com-
pounds, sincethey are considered to be structural ana-
logs of the corresponding o.—amino acidsand find ap-
plicationsasenzymeinhibitors, antibiotics, pharmaco-
logical agentsand catal ytic antibodies.! Dueto their
gructurd andogy with a.—amino acids, thesecompounds
arewidely used as neuroactive compounds and plant
growthregulators2® o — Aminophosphonatesare chief
substratesin the synthesi s of phosphonopeptides. In
addition, they have been used as antibacterial§%, anti
HIV agentdt, attractive peptidemimics!” Someof these
derivativesare potentia herbicides® and many other
applicationsof o.—aminophosphonatesarewel | docu-
mented.

The synthesis of o — aminophosphonates exhib-
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iting high bio-activity and large number of modified
conditionsin their syntheses have drawn consider-
able attention over the past few years. The three -
component coupling of a carbonyl compound, an
amine and hydrophosphoryl compound yielding o.—
aminophosphonatesis called Kabachnik - Fieldsre-
action.

However, thismethod usudly applied to a dehydes,
has been much less studied with ketones.*** Thelow
activity of ketonesin comparison to al dehydes, neces-
sitates either harsh conditionslike heatingin an auto-
claveor the use of various catalysts.'>*3 Meanwhile,
theapplication of microwaveirradiation hasoften been
demonstrated to enablefacileredization of reactions,
which otherwiserequire harsh conditionsand aretoo
slow for practical purposes.[*#19

Themechanistic pathway of the Kabachnik-Fields
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reaction depends on the nature of the substrates. The
amineand hydro phosphoryl compound formacomplex
inwhich either oneof the partnersmay react with carbo-
nyl compound. Weakly basic amines such asanilines
favour theformation of animine, whereasakyl amines
suchascyclohexyl aminesdo not formimines. Thekey
step in the Kabachnik-Fields synthesis of
aminophosphonatesisthenuceophilic addition of amine
to a carbonyl compound followed by the addition of
didkyl or diaryl phosphiteto theresultingimine. Thefor-
meation of amino phosphonateisfrequently accompanied
by theformation of ahydroxyphosphonate or aproduct
of itsrearrangement® and thisisdueto the presence of
oneelectrophile(carbonyl compound) and two nucleo-
philes(amineand phosphite) inthereactionmixturewhich
may competefor the e ectrophilic centre*”

Naryana Reddy et al.[*® synthesized novel o —
aminophosphonates from one-pot simul ataneousreac-
tion of indole-3-carboxal dehyde, adialkyl - or diphe-
nyl phosphiteand different heterocydlic-, cyclic- or other
primary aminesinthe presenceof tetramethylguanidine
(TMG) ascatalyst intoluene at reflux temperature by
Kabachnik - Fields reaction. Novel o -
aminophosphonates were reported by Srinivasulu et
al.l*¥ through one-pot three-component reaction of
substituted sdicyla dehydes, aminesand didkyl / diaryl
phosphitesin dry toluene, at reflux temperature.

Recent literature reports indicate that
tetramethylguanidine (TM G)®, quininé?!, magnesium
perchlorate or molecular iodineg?? were successfully
used as catalysts in the synthesis of o-
aminophosphonates.

Ali Karimian® prepared a-aminophosphonatesin
asolution of lithium perchlorate/ diethyl ether (5.0 M)
inhighyidds.

A simple, efficient and general method hasbeen
devel oped by Babak K aboudin? for the synthesis of
o-aminophosphonates from o-hydroxyphosphonates
under solvent-freeconditionsusing microwaveirradia
tion. a-Aminophosphonateswereobtainedinhighyieds
by thereaction of diethyl a-hydroxyakylphosphonate
withaminesinthepresenceof acidicaumina

EXPERIMENTAL

Mélting pointswere determined in open capillary
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tubeson aMd-Temp apparatus and are uncorrected.
IR spectrawererecorded in KBr pelletson aPerkin-
Elmer FT-IR 1000 spectrophotometer. The'H, *Cand
%P NMR spectra were taken on Bruker ACF NMR
spectrophotometer operating at 400 MHz, 100MHz
and 161.89 MHz respectively in CDCI,or DMSO—d,
and were referenced to TMS (*H and **C) and 85%
H,PO, (*'P). Massspectra datawerecollectedon LC-
MS—2010A, Shimadzu spectrometer.

Synthesis of dibutyl [(4-hydroxyanilino) (4-
methoxyphenyl) methyl] phosphonate(8)

A mixture of 4-methoxy benzaldehyde (0.68 g,
0.005 mole), 4-aminophenol (0.55 g, 0.005mole) and
dibutyl phosphite (0.97 g, 0.005 mole), in dry toluene
(30 mL) wasstirred at reflux temperaturefor 5 hours
to obtain the corresponding product. After completion
of thereaction, asindicated by TLC (silicagel) using
hexane and ethyl acetate (3:1) asamobile phase, the
solvent wasremoved in arota-evaporator and thecrude
product obtained was purified by column chromatog-
raphy on silicagel (60-120 mesh) using hexane and
ethyl acetate (3:1) asan duent to afford theand yticaly
puredibutyl [(4-hydroxyanilino) (4-methoxyphenyl)
methyl] phosphonate (8). Yid d: 71%, m.p: 182-184°C.
Theremaining compoundswere synthesized by adopt-
ing theabove procedure.

RESULTSAND DISCUSSION

A simple procedure, for the synthesis of a —
aminophosphonatesin highyieldsby Kabachnik-Felds
reaction in aone-pot three-component operation in-
volving aminophenol and hal o/methoxy subgtituted ben-
za dehydesand dibutyl/di phenyl phosphiteswithout us-
ing acatalyst, has been employed.

Syntheses of new o — aminophosphonates (4-11)
were accomplished by the one-pot reaction of equimo-
lar quantitiesof different substituted aromatic a dehydes
(1) 4-aminophenal (2) and dibutyl / diphenyl phosphi-
tes(3) inthesamevessd intoluene, at reflux tempera-
ture for 4 - 5 hours with 67-72% yields. TLC was
employed to monitor the progress of thereaction and
to determinethe purity of the products (hexane- ethyl
acetate, 3:1).All thetitlecompoundswerereedily soluble
inpolar solventsand melted intherange of 182-206°C.
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Thesynthetic and andlytica dataof compounds (4-
11) aregiveninthe TABLE 1. Theinfrared spectral
dataaregiveninthe TABLE 1. Thecompounds (4-11)
exhibited P=0, P—C( dliptetio and N-H stretching frequen-
ciesin the regions 1219-1249, 721-753 and 3255-
3374 cmrt respectively.[® The characteristic absorp-
tion for Ar—OH stretching frequency'®! of these com-
poundsisobserved in theregion 3430-3508 cn.

The proton NMR spectral dataof the compounds
(4-11) arefurnishedinthe TABLE 2. Thearométic pro-
tons showed acomplex multipletintheregion s 6.10-

> ) NH 7.74. The P-C*-H proton signal appeared asamulltiplet
4-5 hours RO i intheregion § 4.04 - 4.56 ppm duetoitscouplingwith
6 ! phosphorousand the neighbouring N-H proton. TheN-
5 1 31R H proton signd appeared asasingletintheregion$ 5.12
R4 2 —5.68 ppm. The OH proton gaveasignd intheregion 6
3 8.90—9.86 ppm, whichwasconfirmed by D,O exchange
(4-11) experiments. Themethyleneproton signasof P-O-CH. -
CH,-CH_-CH,in(4), (6), (8), (10) showed amultipletin
Compound Ry Rp Rs R theregion 5 3.94-4.56 and thoseof P-O-CH,-CH -CH -
4 Hoc H CHrCHZCHACH: - CH, P-O-CH,-CH,-CH,-CH, appeared as multiplets
5 H Cl H _@ intheregionsd 1.42—1.72 and 6 1.20 — 1.48 respec-
tively. P-O-CH,-CH,-CH,-CH appeared asatriplet in
6 H Br H -CHz-CH,-CHx-CH;  theregiond 0.76-0.90(t, 3H,J=12Hz—- 16 Hz). The
; H B H _@ protonsignal of Ar-O-CH., in (8) and (9) appeared asa
singlet at 6 3.65 and 3.74 respectively. The B.C NMR
8 H H OCH; -CH,CHyCH,-CH;  spectra dataof (4-11) are presented inthe TABLE 3.
Thechemica shiftsfor thearomatic carbonsof thetitle
9 H H  OCH, —Q compoundsareobservedinthe expected regionsand N-
10 cl H cl -CH,-CH,-CH,-CH;  C-Pisobservedintheregion 51.5-57.3. Thecarbon
chemicd shiftsfor Ar-O-CH. in(8) and (9) areobserved
1 ¢ H —Q at § 55.8 and 4.8 respectively. P-O-CH,CH,CH,CH,
Scheme 1 in(4), (6), (8), (10) areresonated intheregion 6 66.8-
TABLE 1: Physical, analytical, IR and *PNM R spectral datafor thecompounds(4-11)
o~ Yield  Molecular Elemental analysis Found (Calcd)% IR Frequenciesin cm ™ 3lp NM R2P
Compound m.p ("C) .
(%) Formula c H N P=O -NH Ar-OH p-c®"  ppm
4 192-194 72 CyHxPNO,Cl 59.32(59.22) 6.79(6.82) 3.34(3.29) 1220 3362 3502 743 18.96
5 198-200 69 CuxHnPNO,Cl  64.56 (64.45) 4.46 (451) 3.07(301) 1219 3281 3430 751 21.49
6 182-184 67 CyH,PNO,Br 5359 (53.63) 6.23(6.17) 2.90(2.98) 1221 3374 3512 738 21.16
7 188-190 69 CxHx;PNO,Br 5881 (58.82) 4.09(4.12) 2.71(275) 1220 3318 3456 732 20.22
8 182-184 71 CpHypPNOs 62,69 (62.71) 7.64(7.60) 3.34(3.33) 1249 3348 3506 721 21.49
9 188-190 69 CxHnPNOs — 67.72(67.68) 5.28(5.21) 2.96(3.04) 1248 3272 3470 736 20.30
10 194-196 68 CyHxPNO,Cl, 54.83(54.78) 6.22(6.09) 3.03(3.04) 1242 3255 3492 753 21.00
11 204-206 67 CuHxPNO,Cl, 60.07 (60.00) 3.97 (4.00) 2.79(2.80) 1224 3289 3508 748 19.78

aRecorded in CDCI; "Chemical shifts were expressed in ppm from 85% ortho-phosphoric acid as external standard.
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67.5. The carbon chemical shifts for P-O- 11)arepresentedintheTABLE 1. The*'PNMRsig-

CH,CH,CH,CH,, P-O-CH,CH.,CH.CH, and P-O- nals*1 of 4-11 appearedintherangeof  18.96- 21.49

CH,CH,CH.CH, are observed in the regions 6 31.9-  ppm. The LC Mass Spectraof the compounds (7-10)

32.4,18.5-18.6and 13.2-13.5 respectively. wererecorded and interpreted. Thedataaregivenin
The*PNMR dataof a-aminophosphonates (4- theTABLEA4.

TABLE 2: *H NMR spectral data?® of compounds(4-11)

Comp. Ar-H P-C-H N-H Ar-O-CHs P-OCH,CH,CH,CH; P-OCH,CH,CH,CH; P-OCH,CH,CH;CH; P-OCH;CH,CH,CH; Ar-OH

4 610753 405-417 534 4.02-4.25 1.52-1.64 116-127 0.82-0.90 9.14
(m8H) (mIH) (siH) (m, 2H) (m,2H) (m,2H) (t3H, J=16Hz) (s 1H)
5 638738 404419 521 9.10
(MmisH) (mIH) (siH) ) ) ) ) (s 1H)
6 642758 410426 552 4.42-456 1.42-156 1.21-129 0.84-0.90 8.90
(M8H) (MIH) (siH) (m, 2H) (m,2H) (m,2H) (t3H, J=12Hz) (s 1H)
7 6.27-7.70 4.32-446 540 9.55
(Mmi8H) (MmIH) (siH) ) ) ) ) (s, 1H)
8  637-7.74 422-456 518 365 3.94-4.16 1.60-1.72 121-148 0.76-0.84 9.15
(M8H)  (MIH) (sIH) (s 3H) (m, 2H) (m,2H) (m,2H) (t3H, J=16Hz) (s 1H)
9 642736 440-455 568 374 9.62
(Mi8H) (MIH) (siH) (s 3H) ) ) ) ) (s, 1H)
10  6.407.38 405417 562 412432 151-1.66 1.20-1.33 0.76-0.82 9.13
(M7H)  (MIH) (siH) (m, 2H) (m,2H) (m,2H) (t3H, J=12Hz) (s 1H)
11 648762 410423 512 9.86
(Mmi7H) (MIH) (siH) ) ) ) ) (s.1H)

- No such type of proton present, “Recorded in CDCI_*Chemical shiftsin & ppm
TABLE 3: C NM R spectral data® of compounds(4-11)

Compound Chemical shiftsin 8/ppm
141.7 (C-1), 115.4 (C-2/C-6), 116.3 (C-3/C-5), 149.7 (C-4), 136.0 (C-17), 127.4(C-2’), 132.9(C-3’),
4 128.4(C-4’), 129.0(C-5’), 125.7(C-6"), 53.3(N-C-P), 66.8(PCH,CH,CH,CHj3), 32.3(POCH,CH,CH,CHy),
18.5 (P-OCH,CH,CH,CHj3), 13.2 (P-OCH,CH,CH,CH5)
139.4 (C-1), 115.9 (C-2/C-6), 116.3 (C-3/C-5), 149.8 (C-4), 138.9 (C-1°), 126.8 (C-2°), 134.6 (C-3),
5 128.7(C-4’) 129.7 (C-5’), 125.2 (C-6’) 53.5 (N-C-P), 150.4(C-1""), 115.7 (C-2"’/(C-6""),
129.7 (C-3°/(C-5"), 120.6 (C-4").
139.9 (C-1), 115.5 (C-2/C-6), 116.7 (C-3/C-5), 148.9 (C-4), 138.8 (C-1"), 127.3(C-2’), 130.9(C-3’),
6 130.0 (C-4’), 122.7 (C-5), 131.9 (C-6’), 56.1(N-C-P),67.3(P-O-CH,CH,CH,CH3), 32.2 (P-O-
CH,CH,CH,CH3), 18.6 (P-O-CH,CH,CH,CH3), 13.5 (P-O-CH,CH,CH,CH5)
140.9 (C-1), 115.6 (C-2/C-6), 116.2 (C-3/C-5), 148.0 (C-4), 137.6 (C-1), 130.0 (C-2°), 124.5 (C-3),

! 130.6(C-4’/ C-5), 125.0(C-6") 53.2(N-C-P), 150.3(C-1""), 112.2(C-2""/(C-6""), 130.4(C-3"/C-5"), 1205 (C-4"").
139.7 (C-1), 115.7 (C-2/C-6), 116.2 (C-3/C-5), 149.4 (C-4), 130.4 (C-1°), 129.0(C-2"/ C-6"),
8 114.1 (C-3'/ C-5°), 159.3(C-4), 57.3(N-C-P) 55.8 (Ar-O-CHs), 67.1(P-O-CH,CH,CH,CH.),

32.4(POCH,CH,CH,CH3), 18.5 (P-OCH,CH,CH,CH,), 13.5 (P-OCH,CH,CH,CH5).
139.0(C-1),114.9 (C-2/C-6), 116.0(C-3/C-5), 148.2(C-4), 128.7(C-1"), 128.2 (C-2°/ C-6"),
9 134.6 (C-3’/ C-57),158.7(C-4"), 56.1 (N-C-P), 44.8(Ar-O-CHj3), 149.4(C-1""), 115.2 (C-2"’/(C-6""),
128.7 (C-3’/(C-57"), 119.6 (C-4").
139.2 (C-1), 115.1 (C-2/C-6), 116.3 (C-3/C-5), 149.0 (C-4), 139.0 (C-1), 129.8 (C-2’/ C-6°), 127.0(C-3"),
10 133.2(C-4’), 129.9(C-5"), 51.5 (N-C-P), 67.5(P-OCH,CH,CH,CH35), 31.9(POCH,CH,CH,CH5),
18.6 (P-OCH,CH,CH,CH,), 13.5 (P-OCH,CH,CH,CH>).
11 140.2 (C-1), 114.5 (C-2/C-6), 118.0 (C-3/C-5), 147.9 (C-4), 136.5 (C-1"), 132.5 (C-2’/ C-6°), 1325 (C-3’/ C-5"),
133.2(C-4’), 53.1 (N-C-P), 148.1(C-1""), 114.5 (C-2"°/C-6"), 130.8 (C-3"’/C-5"), 118.9 (C-4").
Recorded in CDCI,, ®Chemical shiftsin &/ppm

e, Onganic CHEMISTRY
Au Tudian Yournal




324

Synthesis and spectral characterization of some new dibutyl / diphenyl a -aminophosphonates

OCAIJ, 7(5) 2011

FPull Paper =

TABLE 4: Massspectral dataof compounds(7-10).

Compound m/z (% relative abundance)
7 514[(M+4)*,10], 512[(M+2)",35], 495(25), 494(100), 481 (3), 402(5), 369(10).
8 420 [(M-1)*, 34], 419 [(M — 2)*,100], 391 (5), 343 (15), 287(2).
9 461 (M™, 10), 450 (100), 406 (50), 433 (5).
10 465[(M+2)*,64], 463 (M**, 100), 459 (2), 405 (5), 391 (2), 370 (4).
[10] R.Gancarz;. Phosphorus, Sulfur, Silicon Relat.Elem.,
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