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Reactions of Nitrosovinylphosphonates
with Electron-Rich Alkenes and Heterocycles

Emanuel Guimarães
Américo Lemos
Marta Lopes
Departamento de Quı́mica e Bioquı́mica, Faculdade de Ciências
e Tecnologia, Universidade do Algarve, Campus de Gambelas, Faro,
Portugal

In the presence of a base, chlorohydroxyiminophosphonates are converted in situ
into the corresponding transient nitrosovinylphosphonates, which react as heterodi-
enes with electron-rich alkenes and heterocycles producing oxazines and open-chain
oximes in moderate yields and good selectivity. This approach may be regarded as
a new strategy for the synthesis of precursors of α-amino phosphonic acids.

Keywords α-aminophosphonates; chloro-hydroxyiminophosphonates; Diels-Alder reac-
tions; nitrosoalkenes; nitrosovinylphosphonates

INTRODUCTION

When treated with a base, halogen oximes 1 can generate in situ tran-
sient nitrosoalkenes 2. These are intercepted by a wide range of elec-
tron rich alkenes and heterocycles, producing a variety of 1,2-oxazines
3 or open chain oximes 4. The scope, versatility, and usefulness of the
cycloaddition reactions of nitrosoalkenes with carbon-carbon double
bonds over the last 20 years are well documented.1,2 The efficiency of
the cycloaddition is directly associated with the electron-withdrawing
capacity of the 3-substituent and groups such trifluoromethyl, acyl,
ethoxycarbonyl, or aryl have been used (Scheme 1).

The majority of these studies have been carried out with ni-
trosoalkenes bearing a 3-ethoxycarbonyl substituent. Reductive trans-
formations of the C N bond of the adducts and cycloadducts so formed
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SCHEME 1

allow the access to α-amino esters, and thus to a great variety of non-
proteinogenic aminoacids, proline analogues, and pyrroles.2a,c,3

α-Amino phosphonic acids are considered as surrogates of α-amino
acids and they exhibit biological activity4 and applications as plant
growth regulators,5 inhibitors of certain enzymes,6 HIV,7 and antibac-
terial agents.8 To the best of our knowledge there are no literature
reports of Diels-Alder cycloaddition reactions involving the use of a
3-phosphonate substituent in nitrosoalkenes, which could mimic the
carboxylic functionality. There are only a few reports, where a phos-
phonate or phosphinyl group was present in 1,2-diaza-1,3-butadienes,
used in [4 + 2] cycloadditions.9

Here, we report the initial results of our investigation on the forma-
tion of transient nitrosovinylphosphonates, obtained from the corre-
sponding chlorooximes, which act as heterodienes in Diels-Alder reac-
tions with inverse electron demand, towards electron rich heterocycles
and olefins.

RESULTS AND DISCUSSION

Initially we turned our attention to the preparation of the acyl phos-
phonate 5a, obtained by the Arbuzov reaction of chloroacetyl chlo-
ride and diethyl trimethylsilyl phosphite.10 Further treatment of the
acylphosphonate with hydroxylamine hydrochloride in a mixture of
methanol/dichloromethane afforded the desired oxime 6a in 74% yield.
As diethyl trimethylsilyl phosphite is an expensive reagent and because
of the fact, that the oxime 6a was an oil, we decided to perform similar
experiments with triisopropyl phosphite. We isolated the oxime 6b in
a similar yield, which crystallized forming a nice colorless solid after a
few days in the refrigerator (Scheme 2).

When treated with a base, oximes 6a,b were converted into the tran-
sient nitrosovinylphosphonates 7a,b, which were intercepted by ethyl
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SCHEME 2

vinyl ether and α-methylstyrene affording the dihydrooxazines 8a,b
and 10, respectively, as oils. As might be expected for a cycloaddition
involving less electron rich alkenes, reaction with styrene failed to pro-
duce an isolable cycloadduct 9 (Scheme 3).

SCHEME 3

With indole, pyrrole and N-methylpyrrole, the open chain oximes
11–13 were obtained. Our efforts to intercept the nitrosovinylphospho-
nate with furan were unsuccessful; a very complicated and inseparable
mixture of products was obtained (Scheme 4).

The yields, although not optimized, were quite good, and the reac-
tions were found to be completely regioselective; no other isomers were
detected or isolated from the reaction mixture. The 1H NMR spectra
were instructive, particularly the signal of 6-H, in compounds 8a,b ap-
peared as a perfect doublet of triplets at δ = 5.14 (8a) and as a triplet
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SCHEME 4 : i) Na2CO3; CH2Cl2; rt; 16 h

at δ = 5.15 (8b). We postulate, by analogy with earlier work,11 that
all compounds are formed by [4 + 2] cycloaddition reactions of the ni-
trosovinylphosphonates 7a,b, i.e., the cycloadduct will always be the
primary product of the reaction. The open-chain oximes result from
rearomatization by proton transfer and concomitant ring opening (the
complications observed with furan may be partially associated with this
kind of isomerization).

In summary, we report the first examples of Diels-Alder reactions
of nitrosovinylphosphonates, generated in situ from the corresponding
chlorooximes, with electron rich alkenes and heterocycles. The prod-
ucts are obtained with high selectivity and the yields are compara-
ble with those reported for nitrosoalkenes bearing a 3-ethoxycarbonyl
substituent.12

Since reductive transformations at the C N bond of compounds
like 11 allow an access to α-amino phosphonates and consequently to
α-amino phosphonic acids,13 which are considered surrogates or equiv-
alents of α-amino acids, this strategy can be regarded as a new entry
to this class of compounds.

Further studies of the reaction of these phosphonates, as well as other
phosphorus derivatives, with electron rich alkenes and heterocycles, are
in progress.

EXPERIMENTAL

1H NMR and mass spectra were performed by RIAIDT at Santiago
de Compostela. 1H NMR spectra were recorded with a Bruker AMX
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300 spectrometer. Deuteriochloroform was used as a solvent and TMS
was used as an internal reference. The chemical shifts are given in δ

(ppm) and the coupling constants J in Hz. IR spectra were recorded
on a Brucker FT-IR Tensor 27 instrument. Melting points were mea-
sured on a Stuart Scientific SMP3 melting point apparatus and are
uncorrected.

Synthesis of the Phosphonates 6a,b—General Procedure

Hydroxylamine hydrochloride (20 mmol) and the acylphosphonate (5a
or 5b 16.8 mmol) were added to the mixture of MeOH/CH2Cl2 (60/20
mL) and stirred at room temperature for 16 h. The solvents were then
evaporated under reduced pressure. The residue was dissolved in a
mixture of CH2Cl2/H2O (50/40 mL). The organic layer was separated,
washed with H2O and dried (Na2SO4). Evaporation of the solvent af-
forded the phosphonates 6a,b.

Diethyl 2-Chloro-1-(hydroxyimino)ethylphosphonate (6a)
Yield 2.50 g (74%), oil, IR (neat) νmax = 3598–3300, 2989, 1249,

1024 cm−1. 1H NMR: δ = 1.36 (dt, J = 6.9 and 1.3 Hz, 6H), 4.18–
4.21 (m, 4H), 4,30 (d, JPH = 12,9 Hz, 2H), 10.5 (br, 1H). HRMS cal-
culated for C6H13NO4P35Cl 229.027074, found 229.027635; calculated
for C6H13NO4P37Cl 231.024124, found 231.024339.

Diisopropyl 2-Chloro-1-(hydroxyimino)ethylphosphonate (6b)
Yield 3.12 g (72%), colorless solid, mp 57.6-59.2◦C (from

hexane/CH2Cl2). IR (KBr) νmax = 3451, 3145, 2983, 1255, 1220, 1002
cm−1. 1H NMR: δ = 1.37 (dd, J = 7.0 and 6.6 Hz, 12H) , 4.29 (d, JPH =
12,6 Hz, 2H), 4,74–4.85 (2 H, m), 10.6 (1H, br). MS (CI): m/z(%) =
260 (13), 258 (43), 218 (12), 216 (40), 176 (33), 174 (100). HRMS calcu-
lated for C8H18NO4P35Cl 258.066199, found 258.066271; calculated for
C8H18NO4P37Cl 260.063249, found 260.062837.

Synthesis of the Phosphonates 8, 10–13—General Procedure

A mixture of the oxime (6a or 6b, 2.2 mmol), Na2CO3 (11 mmol) and the
dienophile (22 mmol) in CH2Cl2 (30 mL) was stirred at room tempera-
ture for 16 h. Filtration of the insoluble material and evaporation of the
solvent followed by dry-flash chromatography gave the phosphonates
8, 10–13.
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Diethyl 6-Ethoxy-5,6-dihydro-4H-1,2-oxazin-3-yl-phosphonate
(8a)

From oxime 6a and ethyl vinyl ether, yield 0.372 g, (64%), oil, IR
(neat) νmax = 2983, 1263, 1224, 1026 cm−1. 1H NMR: δ = 1.16-1.24 (m,
6H), 1.35 (t, J = 7.1 Hz, 3H), 1.82–2.03 (m, 2H, 5′ and 5-H), 2.28–2.45
(m, 2H, 4′ and 4-H), 3.61 (dq,J = 11.0 and 8.0 Hz, 1H, MeCHHO), 3.85
(dq, J = 10.7 and 8.0 Hz, 1H, MeCHHO), 4.07–4.25 (m, 4H), 5.14 (dt, J =
5.3 and 2.6 Hz, 1H, 6-H). MS (EI): m/z(%) = 265 (9), 248 (36), 221 (100).
HRMS calculated for C10H20NO5P 265.107911, found 265.107861.

Diisopropyl 6-Ethoxy-5,6-dihydro-4H-1,2-
oxazine-3-yl-phosphonate (8b)

From oxime 6b and ethyl vinyl ether, yield 0.471 g, (72%), oil, IR
(neat) νmax = 2981, 1255, 1109, 1001 cm−1. 1H NMR: δ = 1.18 (t, J =
7.0 Hz, 3H), 1.33–1.36 (m, 12H), 1.83-2.10 (m, 3H, 5′-H, 5-H and 4-H),
2.34–2.42 (m, 1H, 4′-H), 3.62 (dq, J = 10.8 and 7.9 Hz, 1H, MeCHHO),
3.86 (dq, J = 10.9 and 7.9 Hz, 1H, MeCHHO), 4.70-4.82 (m, 2H), 5.15
(t, J = 2.4 Hz, 6-H, 1H).

Diisopropyl 6-Methyl-6-phenyl-5,6-
dihydro-4H-1,2-oxazine-3-yl-phosphonate (10)

From oxime 6b and α-methylstyrene, yield 0,134 g, (18%), oil, IR
(neat) νmax = 2927, 2856, 1465, 1267, 1001 cm−1. 1H NMR: δ = 1.22–1.34
(m, 12H), 1.45 (s, 3H), 1.98–2.13 (m, 3H, 5′-, 5-H and 4-H), 2.25–2.28
(m, 1H, 4′-H), , 4.64–4.82 (m, 2H), 7.25–7.68 (m, 5H).

Diisopropyl 1-(Hydroxyimino)-2-(1H-indol-3-
yl)ethylphosphonate (11)

From oxime 6b and indole, yield 0.365 g, (49%), light yellow solid,
mp 148.6–150.2◦C, IR (KBr) νmax = 3546, 3413, 1639, 1618, 1209, 1010
cm−1. 1H NMR: δ = 1.06 (d, J = 7.0 Hz, 6H), 1.23 (d,J = 7.1 Hz, 6H),
4.03 (d, JPH = 14,1 Hz, 2H), 4.59–4.63 (m, 2H), 7.05–7.22 (m, 3H), 7.36
(d, J = 7.6 Hz, 1H); 7.78 (d, J = 8.6 Hz, 1H), 8.2 (br, 1H), 9.2 (br, 1H). MS
(EI): m/z(%) = 338 (37), 237 (96), 236 (100), 156 (22), 155 (18), 130 (29).
HRMS calculated for C16H23N2O4P 338.139546, found 338.139120.

Diisopropyl 1-(Hydroxyimino)-2-(1H-
pyrrol-2-yl)ethylphosphonate (12)

From oxime 6b and pyrrole, yield 0.266 g (42%), oil, IR (neat) νmax =
3255, 3176, 2981, 1454, 1387, 1242, 999 cm−1. 1H NMR: δ = 1.30–1.37
(m, 12H), 3.83 (d, JPH = 14,1 Hz, 2H), 4.58–4.64 (m, 2H), 6.00–6.05
(m, 2H), 6.64–6.65 (m, 1H), 9.2 (br, 1H), 10.8 (br, 1H). MS (CI): m/z(%)
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= 289 (100) [M++1]. HRMS calculated for C12H21N2O4P 288.123444,
found 288.123896.

Diisopropyl 1-(Hydroxyimino)-2-(1-
methyl-1H-pyrrol-2-yl)ethylphosphonate (13)

From oxime 6b and N-methyl pyrrole, yield 0.306 g (46%), oil, IR
(neat) νmax = 3220, 2981, 1386, 1240, 1012 cm−1. 1H NMR: δ = 1.19-1.37
(m, 12H), 3.59 (s, 3H), 3.85 (d, JPH = 13,8 Hz, 2H), 4.59–4.68 (m, 2H),
5.96–6.07 (m, 2H), 6.58–6.61 (m, 1H), 10.5 (br, 1H). MS (CI): m/z(%)
= 303 (100) [M++1], 94 (100). HRMS calculated for C13H23N2O4P
302.139546, found 302.139344.
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