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A simple, generdl, efficient and greener method has been developed for the synthesis of a-aminophosphonates
through a solvent-free and catalyst-free one-pot three-component condensation of carbonyl compound, amine and

diethyl phosphite.

I ntroduction

a-Aminophosphonates, due to their structural analogy to «-
amino acids, have been the subject of considerable current
interest.r A number of synthetic methods have been developed
during past two decades.2 Of these methods, the nucleophilic
addition of phosphites to imines catalyzed by a base or an acid,
is the most convenient one. A variety of metal halides such as
TiCI4,2b SnC|4,20 ZnC|2,2d MgBrg,Zd InC|3,29 TaCITS 022f and
lanthanide triflates?a:n have been used as Lewis cataysts in
methylene chloride or other organic solvents to promote this
addition. However, organic solvents, particularly chlorinated
hydrocarbons are high on the list of damaging chemicals
because of their volatile nature, considerable toxicity and usein
large quantities for a reaction. On the other hand, the metal
halides employed as catalysts in these procedures are not all
eco-friendly and often entail severe environment pollution
during the process of waste disposal. To avoid these disadvan-
tages a couple of modifications using montmorillonite clay3a
and alumina® in dry media under microwave irradiation have
been reported recently. As a part of our green technology
program we would also like to disclose here a more practical
green aternative for the synthesis of «-aminophosphonates by
athree-component condensation of carbonyl compounds (alde-
hydes and ketones), amines and diethyl phosphite at 75-80 °C
in neat without any solvent and catalyst (Scheme 1).

Results and discussion

In a typical experimental procedure, a mixture of carbonyl
compound, an amine and diethyl phosphite was heated (75-80
°C) in neat without any solvent and catalyst for few minutes
(TLC). The liquid products were isolated by direct distillation

0 R
RI-C—R? + RNH, + HOP(OEY), — 220 C, R1—(|‘,—NHR3
O=P(OEY),

Scheme 1
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from the reaction pot under reduced pressure and the solid ones
were recrystallized from ethyl acetate.

A wide range of structuraly varied aldehydes and ketones
underwent reactions with aromatic and aliphatic amines to
produce the corresponding «-aminophosphonates by this proce-
dure. The results are summarized in Table 1. This procedure is
equally effective for conversion of open-chain, cyclic, hetero-
cyclic and aromatic aldehydes and ketones to the respective «-
aminophosphonates. The presence of electron-withdrawing or
electron-donating substituents on the aromatic ring does not
make any difference to the course of reaction. Several sensitive
functionalities such as OH, OMe, CI, NO,, CO,Me, C=C bond,
methylenedioxy are well tolerated under the present reaction
conditions.

The reactions are, in general very fast, clean and atom-
economic. No side product has been isolated in any reaction
leading to a minimum waste. The products obtained after
distillation or recrystallization are of high purity and do not
require any chromatographic purification. This avoids use of
large quantities of volatile organic solvents usually required for
work-up and purification in many existing procedures. On the
other hand, use of no catalyst in this process makes easier waste
disposal.

When the reaction was carried out in asolvent like THF under
similar reaction conditions the condensation proceeds to a
marginal extent (10-15%) for aldehydes and does not occur at
all for ketones. The reaction can be scaled up to the extent of a
batch of 10g (not optimized) without any difficulty avoiding use
of any organic solvent in any step.

Green Context

Minimisation of solvent usage and catalyst waste are key
factorsin any process. The synthesis of aminophosphonates
istypically carried out using an imine and a phosphite, and
reacting them together in an organic solvent using one of a
wide range of catalysts. Remarkably, this paper indicates
that neither is required. Simply heating the two reaction
partners together neat is sufficient in many cases to give
high yields of pure products. DJM
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Conclusion

The present procedure for the synthesis of «-aminophospho-
nates by a solvent-free and catalyst-free one-pot reaction of
carbonyl compounds, amines and diethyl phosphite provides a
very smple, efficient, general, cost-effective and greener
methodology. Most significantly, this protocol now throws a
challenge to the existing procedures? using solvents and
catalysts and in general, leads to a new technology of solvent-
free, catalyst-free reaction.# Finaly, we believe that this will
present a better and more benign alternative to the existing
methodologies?3 for the synthesis of «-aminophosphonates to
cater the need of academia as well as industries.

Experimental
General

1H NMR (300 MHZz) and 13C NMR (75 MHz) spectrawere run
in CDCl3 solutions. Analyseswere done on aPerkin ElImer 2400

Tablel Synthesisof «-aminophosphonates
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autoanalyzer. The adehydes, ketones, amines and diethyl
phosphite areall commercial materialsand were distilled before
use.

General experimental procedure for the synthesis of
a-aminophosphonates

Representative procedure for the aminophosphonate
listed in entry 8. A mixture of 4-chlorobenzaldehyde (140.6
mg, 1 mmol), 4-chloroaniline (127.6 mg, 1 mmol) and diethyl
phosphite (138 mg, 1 mmol) was stirred at 75-80 °C (oil bath)
in neat without any solvent for 35 min (monitored by TLC). A
solid appeared and was recrystallized from ethyl acetate—
hexane (1: 4) to furnish the corresponding «-aminophosphonate
asacolorlesssolid (342 mg 88%), mp 117-118 °C; vinax (KBTI)/
cm—13292, 1598, 1490, 1230; oy 7.46-7.24 (m, 4H), 7.04 (d, J
= 8.7Hz, 2H), 6.50 (d, J = 8.8 Hz, 2H), 4.96 (br, 1H), 4.69 (d,
J = 24.2 Hz, 1H), 4.22-3.73 (m, 4H), 1.38-1.08 (m, 6H); oc
145.2, 145.0, 134.6, 134.4, 129.7, 129.6, 129.5, 129.4, 123.6,
1235, 115.3 (2C), 63.9, 63.7, 55.9 (d, Jep = 150.3 Hz), 16.8,

i i
75-80 °
R'—C—R? + R®NH, + HOP(OEY), _7880°C R1—(|)—NHR3
O=P(OEY),

Entry Rt R2 R3 Time/min Yielda (%) Ref.
1 Ph H Ph 25 92 29
2 Ph H 0-OTsCgH4 30 86
3 Ph H PhCH, 25 93 29
4 Ph H Cyclohexyl 30 88 2e
5 p-OMeCgH, H p-BrCgH, 30 85
6 m-OMeCgH4 H p-1CeHa 30 88
7 p-CICeH4 H 0-OMeCgH4 35 90
8 p-CICeH4 H p-ClCeHg4 35 88
9 p-NOZCGH4 H 0-CO,MeCgH4 35 82

10 p-NMexCgHg4 H Cyclohexyl 30 85

11 0-OHCgH,4 H m-ClICgH4 30 85

12 p-OAllylCeH4 H p-MeCgH., 30 85

[¢]
13 4 :©/ H p-CICeHa 30 94
[¢]
14 H 0-MeCeH, 30 )
15 @\ H Ph 25 88 2
N
16 | H Ph 25 81b 2g
(@]

17 [ . | H Cyclohexyl 25 85

18 PhCH=CH(t) H Ph 25 80p 29

19 n-Bu H Me,CH 25 92 2e

20 Me,CH H PhCH, 25 88 2e

21 Me,CH H n-Bu 25 88

22 Citral H PhCH, 25 80b 2e

23 Et Et PhCH, 140 86 2e

24 Me,CHCH, Me PhCH, 150 84

25 Cyclopentanone PhCH, 45 90

26 Cyclohexanone PhCH, 40 9 2e

27 Cyclohexanone Ph 40 94 2f

28 Cycloheptanone PhCH, 50 88

29 Cycloctanone PhCH, 50 88

30 4-Methylcyclohexanone n-Bu 45 89

31 4-tert-Butylcyclohexanone PhCH, 45 88 2e

o
PhCH, 180 80

S

aTheyields refer to pure products characterized by spectral and analytical data. ® The reaction was started at —20 °C and then temperature was riased to 75

°C.
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16.5. (Found: C, 5251; H, 5.08; N, 3.53. C17H20NO3PC|2
requires C, 52.61; H, 5.15; N, 3.61%).

This procedure is followed for the synthesis of al the
aminophosphonates listed in Table 1. The liquid products are
distilled directly from the reaction vessel under reduced
pressure. The products are characterized by their IR, 1H NMR ,
13C NMR spectral data and elemental analysis.

Spectral and analytical dataof the o-aminophosphonates, not
reported earlier are presented below in order of their entriesin
Table 1.

Entry 2. vinax (neat)/cm—1 3442, 1610, 1456, 1232; oy 7.86
(d,J = 8.3Hz, 2H), 7.33-7.23 (m, 7H), 6.95-6.87 (m, 2H), 6.55
(t,J = 7.9Hz, 1H),6.34(d, J = 8.0Hz, 1H), 5.31 (br, 1H), 4.68
(dd, J = 5.3, 23.9 Hz, 1H), 4.12-3.77 (m, 4H), 2.19 (s, 3H),
1.28-1.16 (m, 6H); 6c 145.8, 139.7, 139.5, 137.5, 135.6, 135.5,
133.2, 130.3 (2C), 129.0 (2C), 128.9, 128.3, 128.1, 128.0,
122.8,117.9, 113.6, 63.9, 63.6, 56.0 (d, Jcp = 149.1 Hz), 22.2,
16.9, 16.6. (Found: C, 58.78; H, 5.72; N, 2.81. C4H2gNOsSP
requires C, 58.89; H, 5.77; N, 2.86%).

Entry 5. Mp 108-109 °C; vmax (KBr)/cm—1 3456, 1615,
1452, 1226; 6 7.34 (d, J = 8.1 Hz, 2H), 7.15(d, J = 7.8 Hz,
2H), 6.85 (d, J = 7.8 Hz, 2H), 6.46 (d, J = 8.1 Hz, 2H), 4.65
(m, 1H), 4.10-3.83 (m, 4H), 3.77 (s, 3H), 3.69 (m, 1H),
1.36-1.10 (m, 6H); oc 159.8, 145.7, 132.2 (2C), 129.3, 128.9,
126.8,115.9(2C), 114.5,110.5, 63.8, 63.6, 55.8 (d, Jcp = 151.2
Hz), 55.6, 16.8, 16.6. (Found: C, 50.31; H, 5.37; N, 3.22.
C18H23NO4PBr requires C, 50.48; H, 5.41; N, 3.27%).

Entry 6. Mp 112-114 °C; vmx(KBr)/lcm—1 3429, 1624,
1457, 1231; 64 7.33 (d, J = 8.7 Hz, 2H), 7.25-6.77 (m, 4H),
6.37 (d, J = 8.7 Hz, 2H), 4.65 (d, J = 24.0 HZ), 4.14-3.78 (m,
4H), 3.75 (s, 3H), 3.68-3.65 (m, 1H), 1.27 (t, J = 7.1 Hz, 3H),
1.11 (t, J = 7.1 Hz, 3H); &c 160.3, 146.5, 138.1 (2C), 137.4,
130.1, 130.0, 120.5, 116.4 (2C), 113.8, 113.7, 63.9, 63.6, 56.3
(d, Jcp = 149.8Hz), 55.6, 16.9, 16.6. (Found: C, 45.31; H, 4.77;
N, 2.87. C1gH23NO4PI requires C, 45.49; H, 4.88; N, 2.95%).

Entry 7. vma(nest)/cm—1 3419, 1600, 1510, 1244; &y
7.42-7.23 (m, 4H), 6.76-6.64 (m, 3H), 6.34-6.31 (M, 1H), 5.28
(br, 1H), 4.72 (d, J = 24.1 Hz, 1H), 4.13-3.88 (m, 3H), 3.85 (s,
3H), 3.83-3.72(m, 1H), 1.33(t,J = 7.1Hz, 3H), 112 (t, J = 7.1
Hz, 3H); 8c 147.7, 136.4, 135.2, 134.0, 129.6, 129.5, 129.1,
129.0, 121.3, 118.3, 111.5, 110.0, 63.8, 63.5, 55.9, 55.8 (d, Jcp
= 149.9 Hz), 168, 16.6. (Found: C, 56.21; H, 6.01; N, 3.55.
Ci15H23NO,PCI requires C, 56.33; H, 6.04; N, 3.65 %).

Entry 9. Mp 82-84 °C; vinax(KBr)/cm—1 3317, 1685, 1519,
1232; 6, 8.90-8.84 (m, 1H), 8.16 (d, J = 8.5 Hz, 2H), 7.89 (d,
J =79Hz 1H),7.63(dd,J = 2.2,8.7Hz, 2H), 7.14 (t,J = 7.3
Hz, 1H), 6.60 (t,J = 7.3Hz, 1H), 6.32(d, J = 8.5Hz, 1H), 4.94
(dd, J = 7.1, 25.3 Hz, 1H), 4.15-3.89 (m, 4H), 3.89 (s, 3H),
124 (t,J = 7.1 Hz, 6H); 6c 169.1, 149.4, 149.2, 148.0, 144.2,
134.9, 132.2, 129.0, 128.9, 124.5, 124.0, 117.0, 112.3, 64.2,
63.8, 55.6 (d, Jcp = 148.1 Hz), 52.2, 16.8 (2C). (Found: C,
53.93; H, 5.37; N, 6.56. C19H23N-0O7P requires C, 54.03; H,
5.49; N, 6.63%).

Entry 10. vima(neat)/cm—1 3444, 1614, 1519, 1236; &, 7.20
(dd, J = 2.2, 8.8 Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 4.11-4.01
(m, 5H), 2.92 (s, 6H), 2.35-1.03 (m, 18H); 8¢ 150.4, 129.5 (2C),
124.2,112.7 (2C), 63.3, 62.8, 57.1 (d, Jep = 154.8 Hz), 53.5,
53.3, 40.9, 34.7, 32.3, 26.5, 25.3, 24.8, 16.9, 16.6. (Found: C,
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5390, H, 5.41; N, 6.52. C19H23N207P ra]uires C, 5403, H,
5.49; N, 6.63%).

Entry 11. vihx(neat)/cm—1 3480, 2927, 1610, 1222; 6y 9.16
(br, 1H), 7.36-6.54 (m, 8H), 5.27 (d, J = 23.7 Hz, 1H), 4.90 (br,
1H), 4.25-3.82 (m, 4H), 1.39-1.07 (m, 6H); oc 155.9, 148.1,
135.2, 130.6, 129.8, 129.1, 121.7, 120.6, 118.8, 117.2, 114.2,
112.5,64.3,64.1,51.4 (d, Jcp = 154.5Hz), 16.8, 16.5. (Found:
C, 55.08; H, 5.59; N, 3.70. C17H2:NO4PCI requires C, 55.22; H,
5.72; N, 3.79%).

Entry 12. vpx(neat)/cm—1 3432, 1609, 1460, 1238; dy
7.36-6.48 (m, 8H), 6.01-5.90 (m, 1H), 5.36-3.62 (m, 10H),
2.14 (s, 3H), 1.30(t,J = 7.1 Hz, 3H), 1.07 (t,J = 7.1 Hz, 3H);
Oc 158.6, 144.6, 133.6, 129.6 (2C), 129.4, 129.3, 128.6, 128.5,
127.5, 115.2, 115.1, 114.4 (2C), 69.0, 63.4, 63.3, 56.01 (d, Jcp
= 151.2 Hz), 20.7, 16.9, 14.5. (Found: C, 64.61; H, 7.19; N,
3.51. C1HogNO4P requires C, 64.77; H, 7.25; N, 3.60%).

Entry 13. mp 114-115 °C; vmx(KBr)/cm—1 3460, 1612,
1460, 1254; 6y 7.02-6.50 (m, 7H), 5.87 (s, 2H), 4.84 (br, 1H),
4.60 (d, J = 23.9 Hz, 1H), 4.14-3.69 (m, 4H), 1.28 (t, J = 7.1
Hz, 3H), 1.13(t,J = 7.1 Hz, 3H); 6 148.4, 147.8, 145.4, 129.6,
129.3(2C), 123.3, 121.7, 115.4 (2C), 108.7, 108.4, 101.5, 63.8,
63.6, 56.2 (d, Jcp = 151.8 Hz), 16.8, 16.6. (Found: C, 54.22; H,
5.27; N, 3.41. C1gH>;NOsPCI requires C, 54.35; H, 5.32; N,
3.52%).

Entry 14. vma(neat)/cm—1 3430, 1608, 1452, 1236; oy
7.91-6.39 (m, 11H), 4.99-4.75 (m, 2H), 4.13-3.58 (m, 4H), 2.31
(s, 3H), 1.25(t, J = 7.1 Hz, 3H), 0.86 (t, J = 7.1 Hz, 3H); 6c
144.9, 134.1, 130.7, 128.9, 128.4, 128.3, 128.2, 128.1, 127.5,
127.1, 126.6, 126.5, 125.4, 124.9, 118.7, 111.8, 63.7, 63.6, 56.9
(d, Jep = 148.6 Hz), 18.1, 16.6, 14.6. (Found: C, 68.81; H, 6.75;
N, 3.52. C,,H,6NO3P requires C, 68.92; H, 6.83; N, 3,65 %).

Entry 17. vma(neat)lcm—1 3422, 1601, 1458, 1252; &y
7.13-6.85 (m, 3H), 4.32 (d, J = 22.0 Hz, 1H), 4.08-3.75 (m,
4H), 2.40-0.92 (m, 18H); 6c 141.2, 127.1, 126.3, 125.2, 63.7,
63.1, 54.1, 53.5 (d, Jcp = 159.2 Hz), 34.5, 32.3, 26.3, 25.2,
24.7, 16.8, 16.5. (Found: C, 54.22; H, 7.85 N, 4.16.
C15H26NOsSP requires C, 54.36; H, 7.91; N, 4.23%).

Entry 21. vimax(neat)/cm—1 3452, 1658, 1235; oy 4.04-3.92
(m, 4H), 2.70-2.63 (m, 1H), 2.51-2.44 (m, 2H), 1.98-1.96 (m,
1H), 1.34-0.74 (m, 20H); 6c 61.8, 61.5, 61.1 (Jcp = 140.6 Hz),
49.9, 32.9, 29.3, 21.0, 20.8, 20.5, 18.2, 16.8, 14.2. Found: C,
54.21; H, 10.48; N, 5.17. C;5HogNO3P requires C, 54.32; H,
10.54; N, 5.28%).

Entry 24. via(neat)/cm—1 3446, 1454, 1228; 6y 7.39-7.20
(m, 5H), 4.20-3.89 (m, 7H), 2.04-0.96 (m, 18H); oc 141.5,
129.1 (2C), 1285 (2C), 127.1, 62.3, 62.0, 57.6 (Jcp = 137.9
Hz), 48.1, 42.6, 25.7, 25.4, 23.4, 21.1, 17.0, 16.6. (Found: C,
62.24; H, 9.21; N, 4.22. C;7H3NOsP requires C, 62.37; H,
9.24; N, 4.28%).

Entry 25. vinax(neat)/cm—1 3446, 1452, 1228; 6 7.31-7.16
(m, 5H), 4.18-3.87 (m, 6H), 1.99-1.22 (m, 15H); &c 1417,
128.6 (2C), 1284 (2C), 127.1, 64.2 (d, Jop = 145.2 Hz), 62.2,
61.1, 48.7, 34.7, 34.6, 24.8, 24.7, 17.1, 17.0. (Found: C, 61.59;
H, 829, N, 4.38. C16H25NO3P raqui res C, 6172, H, 842, N,
4.50%).
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Entry 28. vimax(neat)/cm—1 3446, 1456, 1234; oy 7.38—7.21
(m, 5H), 4.20-4.10 (m, 4H), 3.92-3.91 (m, 2H), 2.00-1.25 (m,
19H); oc 141.9, 128.6 (2C), 128.5 (2C), 127.1, 62.1, 62.0, 59.7
(d, Jcp = 135.0 Hz), 48.0, 34.2, 34.1, 30.4 (2C), 22.3, 22.2,
17.1, 17.0. (Found: C, 63.58; H, 8.79; N, 4.09. C;1gH3,NOsP
requires C, 63.70; H, 8.91; N, 4.13%).

Entry 29. vina(neat)lcm—1 3442, 1450, 1230; & 7.43-7.17
(m, 5H), 4.24-3.83 (m, 6H), 2.39-0.90 (m, 21H); Sc 1418,
128.8 (2C), 128.5 (2C), 127.1, 62.0, 61.9, 59.7 (d, Jep = 134.8
Hz), 48.0, 30.0, 29.5 (2C), 28.5, 24.9, 21.4, 21.3, 17.1, 17.0.
(Found: C, 60.01; H, 6.83; N, 3.61. C19H3,NO3P requires C,
60.14; H, 6.91; N, 3.69 %).

Entry 30. Vmac(Neat)/cm—1 3444, 1455, 1234; &, 3.95-3.83
(M, 4H), 2.47-2.44 (m, 2H), 1.55-0.67 (m, 26H); 5c 61.6, 61.5,
55.4 (d, Jep = 141.0 Hz), 42.4, 33.5, 32.4, 29.9, 29.2, 28.7,
28.5,22.8,20.6, 16.9, 16.8, 14.3. (Found: C, 58.90; H, 10.51; N,
4.48. C15H3,NO3P requires C, 58.99; H, 10.56; N, 4.59%).

Entry 32. vinax(neat)/cm—1 3442, 1452, 1236; 6 7.35-7.05
(m, 7H), 4.18-3.57 (m, 7H), 2.81-2.78 (m, 2H), 2.24-2.03 (m,
4H), 1.34(t,J = 7.1Hz, 3H), 1.12(t, J = 7.1 Hz, 3H); 6c 141.0,
140.8, 133.3, 128.7 (2C), 128.6 (2C), 127.9, 127.2, 122.0, 63.5,
62.8, 58.9 (d, Jcp = 153.0 Hz), 47.8, 29.7, 25.3, 21.0, 16.9,
16.7. (Found: C, 60.01; H, 6.82; N, 3.59. C;gH,NOsPS
requires C, 60.14; H, 6.91; N, 3.69%).
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