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Abstract

A new efficient one-pot synthesis afamino phosphonates derived from nitro substituted anilines, aldehydes and diethyl phosphite has
been carried out by employing 5 mol% of In(O3.ffhe method is equally effective for the generatiomedmino phosphonates from various
carbonyl compounds and other amines.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [15], montmorillonite KSF[16a], ZrCls; [16b] and sur-
face mediated reactions on 23 [17] based on diethyl
Because of their pharmacological and medicinal impor- phosphite or triethylphosphit§l8]. Syntheses of a few
tance[1] the synthesis ofi-amino phosphonates, the struc- chiral a-amino phosphonates have also been documented
tural analogues of-amino acids, has received increased [10d,11a,19]
attention during the last two decades. Their potential as In connection with some other studies we required some
peptidomimeticg§2], enzyme inhibitorg3] (including HIV a-amino phosphonates incorporating nitro substituted aro-
proteasd4]), herbicided5], insecticide$6], fungicideg7], matic amines. Surprisingly, only two suekamino phospho-
antiviral agentq8] as well as their role for antibody gen- nates have been recorded in the literafge17b] Although
eration[9] is well documented. Of the variety of reported attempted preparation ai-amino phosphonates fromm-
methods[10-12] for the synthesis ofx-amino phospho-  or p-nitroanilines by the reported methodologifis3,14]
nates most are based on nucleophilic addition of phosphitesfailed but under modification provided the desired prod-
to imines catalysed by proti¢lOa] or Lewis acids like ucts to the extent of 24-41% depending upon the substrates
BFs-etherate[11a,b] ZnCl, [11c], MgBry [11c], SnCh (Table 3.
[11a], etc. or by bas§l2]. However, these methods are not In continuation to our interest towards In(lll) mediated
devoid of their limitations as many imines are hygroscopic organic reactionf20], we were prompted to explore the ef-
and are not sulfficiently stable for isolation. fectiveness of In(OTH as a catalyst for the generation of
The first one-pot synthesis af-amino phosphonates «-amino phosphonates. Thus, reaction of diethyl phosphite
has been achieved recently by the reaction of phosphitewith the in situ generated imines from benzaldehyde and
in the presence of lanthanide triflai®3] with the imines m- or p-nitroaniline in refluxing THF using MgS®as the
generated in situ from aldehydes and amines using MgSO internal desiccant in the presence of catalytic amount of
or molecular sieves as the dehydrating agent. Subse-In(OTf)3 afforded the correspondingamino phosphonates
quent one-pot variations involved IngCJ14], TaCk-SiO, in very good yields $cheme 1Table 2. It may be noted
that although, metal triflates have received considerable at-
- _ tention in numerous organic transformatidgs], In(OTf)3
_ Corresponding author. has only been very recently usgDd,22] To the best of
E-mail address: ghoshrina@yahoo.com (R. Ghosh). !
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Table 1

One-pot synthesis ak-amino phosphonates

Catalyst (10 mol%)/solvent R R? RS Product Yield (%3
InCl3/THF Ph H p-NO2—CgsH4 3d 24
InCl3/THF m-NO;—CsHy H m-NO,—CgHy 6d 20
Yb(Otf)3/(CH2Cly) Ph H p-NO2—CgHgy 3d 35
Yb(otf)gl(CHzclz) mM-NO»,—CgHg H mM-NO,—CgHg 6d 41

@ Reaction mixtures were refluxed for 40 h; no products were formed at room temperature.

Table 2
In(OTf)3 catalysed one-pot synthesis @famino phosphonates
Entry R R2 R3 Time (h) Producf® Yields (%)
1 Ph H Ph 21 1d [14] 79
2 Ph H mM-NO,—CsH4 25 2d [17b] 82
3 Ph H p-NO2—CgH4 35 3d 79
4 Ph H PhCH 24 4d [14] 85
5 mM-NO,—CsHa H Ph 21 5d [18c] 70
6 M-NO,—CsHa H mM-NO,—CgHg4 13 6d 99
7 p-NO,—C6H4 H Ph 32 7d [14] 18
8 mM-OH-CGsH4 H Ph 12 8d [14] 84
9 p-Cl-CsH4 H Ph 18 9d [1843] 88
10 p-Cl-CsHg4 H mM-NO,—CsHg4 46 10d 77
11 p-Cl-CgHa H P-NO2—CsHy 32 11d 83
12 p-OMe-GsHg H Ph 12 12d [13] 97
13 p-OMe—-GsHy H p-OMe—GsHy 32 13d [15] 60
14 p-OMe-GsHg4 H mM-NO,—CsHg4 18 14d 80
15 p-OMe—GCsHy H p-NO,—CgHa 31 15d 92
16 Trans-GHsCHCH H Ph 36 16d [14] 64
17 Me,CH H M-NO,—CgH4 50 17d° 88
18 MeCH H PhChH 54 18d [14]° 45
19 GoH1g H PhCh 50 19d [13] 16
20 Cyclohexanone Ph 27 20d [15] 47
21 Cyclohexanone PhGH 35 21d [14] 83

a All new compounds were characterized by IR, NMR4{ and 13C-), mass and/or elemental analysis.
b |solated vyields.
¢ Reaction mixtures were stirred at 80.

R GCMS-QP5000 (Shimadzu). All melting points are uncor-
. , 5 mol% In(OTY), | . rected. All known compounds were characterized by com-
RR'CO+ RNH, + HFOYOEY), oo s R'|CH'NHR paring their physical data with those in the literature.
(O)P(OEt),

2.2. General experimental procedure
Scheme 1.
To a mixture of aldehyde (0.90-0.95mmol), amine
2. Experimental (0.95-1.00 mmol), diethyl phosphite (1.2-1.5mmol) and
MgSQy (400 mg) in dry THF (5ml) was added In(OEf)
2.1. Materials and methods (5 mol%) and the reaction mixture was refluxed under nitro-
gen for the appropriate perioddble 2. After completion
In(OTf)3 (Catalog No. 44,215-1; Batch No. 10716BIl) was of the reaction (checked by TLC on silica gel), THF was re-
purchased from Aldrich. moved under reduced pressure. The residue taken #CGCH
Infrared (IR) spectra were recorded on a Perkin-Elmer (5 ml) was filtered through celite bed and washed well with
297 spectrophotometeéfd NMR spectra were recorded on CH»Cl> (4 x 3ml). The combined filtrate and washings
Bruker DPX-300 (300 MHz) spectrometer using CR@bk were washed with water (& 15ml), the pooled organic
solvent and TMS as the internal standdC NMR spectra layer was dried over anhydrous M0, and concentrated
were recorded on Bruker DPX-300 (75 MHz) spectrometer. under reduced pressure. The crude residue was purified by
Elemental analyses were performed on a Perkin-Elmer au-column chromatography on silia gel with EtOAc-pet. ether
toanalyzer 2400 II. Mass spectrometric data were taken on(60-80) to afford the product.
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Representative physical and chemical data of products:

3d: yield 79%. Cream coloured crystals (EtOAc-pet.
ether, 60-80), mp 143-144. 1H NMR (CDClz, 300 MHz):
8 1.12 (t,J 6.9 Hz, 3H), 1.31 (tJ 7.0Hz, 3H), 3.57-3.65
(m, 1H), 3.89-3.97 (m, 1H), 4.12-4.20 (m, 2H), 4.83 (dd,
1 Jpn 24.0Hz,Jun 7.7 Hz, 1H), 6.10 (t) 8.13 Hz, 1H), 6.60
(d, J 9.15Hz, 2H), 7.28-7.49 (m, 5H), 8.01 (@9.12 Hz,
2H). 13C NMR (proton decoupled, CDgl 75.4 MHz):
16.56 (d,3Jpc 4.20 Hz), 16.83 (d3Jpc 4.28 Hz), 55.91 (d,
1Jpc 150.74 Hz), 63.78 (d2Jpc 7.04 Hz), 64.28 (d2Jpc
6.78Hz), 112.81 (s), 126.47 (s), 128.16 {dpc 5.1 Hz),

128.90 (s), 129.29 (s), 135.0 (s), 139.33 (s), 152.36 (d,

2 Joc 13.42 Hz). IR (KBr): cnt! 3250, 3050, 2970, 1600,
1490. Major mass peaks (CI-MSye 364 M), 228, 227
(base peak), 181, 103, 76. Anal. calcd. for782105N2P
(364.337): C 56.04%; H 5.81%; N 7.68%; found C 56.26%;
H 5.98%; N 7.95%.

6d: yield 99%. Canary yellow crystals (EtOAc-pet.
ether, 60-80), mp 158. 'H NMR (CDCls, 300 MHz): §
1.20 (t,J 7.0Hz, 3H), 1.33 (tJ 7.0Hz, 3H), 3.87-3.95
(m, 1H), 4.03-4.11 (m, 1H), 4.18-4.22 (m, 2H), 4.92 (d,
1Jon 24.4Hz, 1H), 5.62 (bs, 1H), 6.85-6.88 (d#i,1.63
and 8.07Hz, 1H), 7.25 (t) 8.1Hz, 1H), 7.43 (s, 1H),
7.53-7.58 (m, 2H), 7.84 (d, 7.5 Hz, 1H), 8.16 (dJ 7.9 Hz,
1H), 8.36 (s, 1H).13C NMR (proton decoupled, CDg|
75.4MHz): 16.27 (s), 16.43 (s), 55.4 (8/pc 151.2 Hz),

55

2H). 13C NMR (proton decoupled, CDg 75.4 MHz): §
16.23 (d,3Jpc 4.65Hz), 16.43 (d3Jpc 4.8 Hz), 55.0 (d,
1 Jpc 151.47 Hz), 63.55 (d2Jpc 6.48Hz), 63.9 (d2Jpc
6.10Hz), 112.47 (s), 126.09 (s), 129.0 (hc 4.52Hz),
129.1 (s), 133.26 (s), 134.46 (s), 139.32 (s), 151.5)¢@,
13.1Hz). Major mass peakswe 227 (base peak), 210,
181, 152, 76, 50. IR (KBr): cm* 3280, 3050, 2980, 1590,
1500, 1480. Anal. calcd. for GH2005N,CIP (398.782): C
51.20%; H 5.05%; N 7.02%; found: C 51.41%; H 5.13%;
N 7.03%.

14d: yield 80%. Yellow crystals (EtOAc-pet. ether), mp
152. 'H NMR (CDClz, 300 MHz): § 1.13 (t,J 7.04 Hz,
3H), 1.30 (t,J 7.05Hz, 3H), 3.65-3.68 (m, 1H), 3.78 (s,
3H), 3.90-3.96 (m, 1H), 4.10-4.17 (m, 2H), 4.73 {dpH
23.59Hz, 1H), 6.88 (dJ 8.42Hz, 3H), 7.21 (t) 8.13 Hz,
1H), 7.37-7.43 (m, 3H), 7.49-7.52 (d#1.83 and 7.84 Hz,
1H). 13C NMR (proton decoupled, CDg| 75.4 MHz):
8 16.27 (d,3Jpc 5.0Hz), 16.44 (d2Jpc 5.07 Hz), 55.15
(d, 1Jpc 153.31Hz), 55.25 (s), 63.22 (dJpc 6.22Hz),
63.64 (d,%Jpc 6.49Hz), 107.86 (s), 112.90 (s), 114.29
(s), 119.64 (s), 126.50 (s), 129.0 (@c 4.75Hz), 129.7
(s), 147.30 (dJpc 15.08 Hz), 149.21 (s), 159.6 (s). Major
mass peaks (CI-MS)n/e 394 (M), 257 (base peak), 240,
211, 167, 149, 121, 103, 76, 65. IR (KBr): ch 3280,
3100, 2980, 1620, 1610, 1580, 1530, 1510. Anal. calcd. for
C18H2306N2P (394.363): C 54.82%; H 5.88%; N 7.10%;

63.89 (s), 108.0 (s), 113.54 (s), 119.28 (s), 122.57 (s), found: C 55.17%:; H 5.84%; N 7.18%.

123.35 (s), 129.79 (s), 130.03 (s), 133.83 (s), 137.77 (s),

146.66 (s), 148.88 (s), 149.26 (s). IR (KBr): th3270,

15d: yield 92%. Light yellow crystals (EtOAc-pet. ether),
mp 115. *H NMR (CDCls, 300 MHz):8 1.12 (t,J 7.04 Hz,

3085, 2990, 1620, 1530, 1355, 1235, 1025, 985, 965, 750.3H), 1.30 (t,J 7.04 Hz, 3H), 3.60-3.68 (m, 1H), 3.79 (s,

Major mass peaks (CI-MSi/e 409 (M), 273, 272 (base

3H), 3.86-3.99 (m, 1H), 4.06-4.17 (m, 2H), 4.74 {dpn

peak), 255, 238, 226, 179, 138, 111, 82, 76. Anal. calcd. for 23.45Hz, 1H), 5.55 (bs, 1H), 6.56 (d9.10Hz, 2H), 6.89

C17H2007N3P (409.334): C 49.88%; H 4.92%; N 10.26%;
found: C 50.01%, H 5.08%, N 10.22%.

10d: yield 77%. Yellow crystals (RO-pet. ether, 60-80)
mp 114. 'H NMR (CDCls, 300 MHz):5 1.16 (t,J 7.04 Hz,
3H), 1.31 (t,J 7.04 Hz, 3H), 3.75-3.79 (m, 1H), 3.98-4.01
(m, 1H), 4.12-4.20 (m, 2H), 4.76 (dJpy 24.3Hz, 1H),
5.49 (bs, 1H), 6.83-6.86 (dd] 1.97 and 8.07 Hz, 1H),
7.22-7.43 (m, 6H), 7.51-7.54 (ddi1.49 and 8.01 Hz, 1H).
13C NMR (proton decoupled, CDg;l 75.4 MHz): 16.24
(d, 3Jpc 5.5Hz), 16.44 (d3Jpc 5.6 Hz), 55.30 (d1Jpc
151.85Hz), 63.5 (d2Jpc 6.86 Hz), 63.7 (d2Jpc 6.9 HZ),

107.9 (s), 113.18 (s), 119.42 (s), 129.07 (s), 129.19 (s),

129.84 (s), 133.57 (s), 134.27 (s), 147.1 Jg¢ 14.5Hz),
149.25 (s). IR (KBr): crr? 3280, 3080, 2990, 1640, 1590,
1530, 1490, 1350, 1230, 1020. Major mass peak&

(d,J8.50 Hz, 2H), 7.34 (d] 8.49 Hz, 2H), 8.02 (d] 9.09 Hz,
2H).13C NMR (proton decoupled, CDg;|75 MHz):5 16.19
(d, 3Jpc 5.55Hz), 16.38 (d3Jpc 5.62 Hz), 54.78 (dlJpc
152.47 Hz), 55.21 (s), 63.20 (d,Jpc 7.20Hz), 63.75 (d,
2 Jpc 6.97 Hz), 112.35 (s), 114.26 (d,2.1 Hz), 125.99 (s),
126.22 (d,Jpc 2.8 Hz), 128.88 (dJpc 5.4 Hz), 138.82 (s),
151.9 (d,Jpc 13.65Hz), 159.64 (s). IR (KBr): cmt 3280,
3060, 2980, 1590, 1540, 1500, 1330, 1310, 1290, 1230,
1110, 1040, 1010. Anal. calcd. for;§H230sN2P (394.36):
C 54.82%; H 5.87%; N 7.10%; found: C 54.94%; H 6.06%;
N 7.16%.

17d: yield 88%. Dark yellow crystals (pet. ether), mp
118-119.1H NMR (CDCls, 300 MHz):5 1.08 (d,J 7.61 Hz,
3H), 1.10 (d,J 7.13Hz, 3H), 1.17 (tJ 7.05Hz, 3H), 1.30
(t, J 7.05Hz, 3H), 2.25-2.34 (m, 1H), 3.65-3.73 (m, 1H),

261 (base peak), 215, 152, 76, 65, 50. Anal. calcd. for 4.00-4.15 (m, 4H), 4.32—4.37 (d#3.71 and' Jpy 13.35 Hz,

C17H2005N2CIP (398.78): C 51.20%; H 5.05%; N 7.02%;
found: C 51.43%; H 5.17%; N 7.02%.

11d: yield 83%. Light yellow crystals (EtOAc, pet. ether,
60-80), mp 13%. 'H NMR (CDCl3, 300 MHz): § 1.31
(t, J 7.01Hz, 3H), 1.64 (tJ 7.01Hz, 3H), 3.70-3.81 (m,
1H), 3.94-4.04 (m, 1H), 4.08-4.17 (m, 2H), 4.78 {dpy
23.98Hz, 1H), 5.8 (bs, 1H), 6.56 (#9.06 Hz, 2H), 7.33 (d,
J 8.42Hz, 2H), 7.39 (dJ 7.7 Hz, 2H), 8.01 (d,) 9.03 Hz,

1H), 6.93-6.96 (dd,) 1.94 and 8.12Hz, 1H), 7.28 (1l
8.13Hz, 1H), 7.49-7.54 (m, 2H\.3C NMR (proton de-
coupled, 75.4MHz)5 16.49 (s), 17.95 (3 Jpc 4.35Hz),
20.64 (s), 20.81 (s), 29.79 (&/pc 5.11 Hz), 56.05 (d' JpH
152.9 Hz), 62.15 (RJpc 7.22 Hz), 62.65 (R Jpc 7.11 Hz),
106.85 (s), 112.47 (s), 119.15 (s), 129.87 (s), 148.67 (s),
149.42 (s). IR (KBr): cm! 3320, 2980, 1625, 1590, 1530,
1352, 1290, 1230, 1060, 1050, 1025, 960, 895, 825. Anal.
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