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3-Nitrochromenes are readily converted into 4-phosphorylchromenes on treatment with dialkyl phosphite
in the presence of triethylamine in 60-70% yield. This method provides a general method for the preparation
of alkenyl phosphonates from nitroalkenes and dialkyl phosphite.
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In this paper we wish to report a simple conversion of
3-nitrochromenes 1 into 4-phosphorylchromenes 2, which
might be important precursors for functional materials or
biologically active compounds. Chromene ring systems
occur widely in plants [1], and they show various biological
activities. For example, levcromakalim [2], benzopyran-4-
amides [3] and related compounds [4] have been developed
for a number of therapeutic targets such as hypertension,
angina pectoris, asthma, and urinary incontinence [5]. In
addition to the biological activity of chromenes or other
benzopyran ring systems, they provide a new framework for
non-linear optical devices. Some 3-nitrochromenes 1 exhibit
highly effective non-linear optical responses, where an elec-
tron donor and acceptor are connected with the chromene
ring [6]. This system is different from the classical
one-dimensional charge transfer molecules which have been
extensively studied for non-linear optical molecules. The
charge transfer complex of the one dimensional type absorbs
at longer wavelengths and compounds based on such
inramolecular charge transfer complex are not suitable for
the purpose of second harmonic generation (frequency
doubling) due to reabsorption of light. Chromene ring
systems may have a good chance for providing colorless
non-linear optical materials, for donor and acceptor groups of
1 are perpendicular to one another, thus avoiding a direct
conjugation between donor and acceptor groups.
Phosphonates are also important compounds, which can
exert their biological activity as regulators, mediators, or
enzyme inhibitors [7). In addition, phosphonates have found
wide application in general organic synthesis, where the
phosphonyl functionality serves as an efficient electron with-
drawing group and also a leaving group for substitution or
elimination reactions [8]. Furthermore, the phosphonyl
group can also serves as an acceptor for non-linear optical
materials. Sulfonyl or phosphonyl groups are better than a
cyano or nitro group for obtaining colorless non-linear
optical materials [9]. So we have an interest in preparing
chromenes substituted with a phosphonyl functionality such
as 4-phosphorylchromenes 2, which may show biological
and non-linear optical activity. Although many syntheses of
benzopyrans [1] and alkenyl phosphonates [8] are to be
found in the literature, there have been no effective methods

for the preparation of benzopyran ring systems with a phos-
phonyl group. Here we report a simple synthesis of 2 starting
from 1. As nitrochromenes 1 are readily prepared from salicyl-
aldehydes and nitroalkenes, the present procedure is attractive
for the preparation of 2 with various substituents.

The procedure of the preparation of 2 is quite simple. A
solution of 1, triethylamine, and dialkyl phosphite in
dichloromethane was stirred at room temperature for 24
hours, followed by the usual work-up to give 2 in good
yields. The results are summarized in Table 1. The structure
of 2 was assigned on the basis of !H-nmr, ms and elementary
analyses data. The requisite 3-nitrochromenes 1 are prepared
cither by the reaction of substituted salicylaldehydes with
nitroalkenes under basic conditions [10] or the nitration of
chromenes with nitric oxide [11]. Thus, 2 with various
substituents can be prepared from readily available materials
by simple procedures. The conversion of nitroalkenes into
alkenyl phosphonates is not limited to the chromene ring
systems, but it may be extended to a general synthesis of
alkenyl phosphonates starting from nitroalkenes. For
example, the reaction of (E)-1-phenyl-2-nitropropene 3 with
dimethyl phosphite in the presence of tricthylamine gave
dimethyl] (1-phenyl-1-propenyl)phosphonate 4 with an E/Z
ratio of 3/1 in 72% yield. Each isomer was separated by
column chromatography, and the structural assignments of
the E and Z isomers of 4 were made by analysis of the 'H
nmr data. It is well established that the coupling constants
between olefinic protons and phosphorus in alkenyl phos-
phonates are in the ranges of J cis-H,P = 10-30 Hz and
J trans-H,P = 30-50 Hz [12]. In the case of E-4 and Z+4,
coupling constants between protons and phosphorus were 23
and 49 Hz, respectively. Other nitroalkenes were also
converted into alkenyl phosphonates by this procedure. Such
alkenyl phosphonates have been prepared by the Wittig reac-
tion [12], the Arbuzov reaction [13], and palladium catalyzed
hydrophosphorylation of alkynes [14]. Now a new method
starting from nitroalkenes is added to them. Recent progress
on the synthesis of nitroalkenes by the direct nitration of
alkenes with nitric oxide [11] makes the present method very
attractive. Namely, the present procedure can be used as an
indirect phosphorylation of alkenes via the nitration of
alkenes followed by the reaction with dialkyl phosphite.
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preparation of a,B-unsaturated phosphonates by the addi-
tion of dialkyl phosphite to nitroalkenes and the subse-
quent elimination of nitrous acid. The success of the prepa-
ration of functionalized alkenes by this process depends on
the structure of nitroalkenes and nucleophiles. For exam-
ple, the reaction of diaryl phopsphine oxide to nitroalkenes
stops at the stage of the formation of the addition product,
from which nitrous acid is not eliminated by treatment of
the adduct with bases [16].

The second harmonic generation efficiency of
3-nitrochromene 1a which was determined by means of
the powdered technique was 62 times that of urea [6]. In
order to compare second harmonic generation efficiency
of 2 with that of 1a, hyperpolarizabilities of 2 were calcu-
lated using the MOPAC PM3 program [17] (Table 1).
Compound 2¢ showed the large hyperpolarizability value,
but it was liquid not to be used for the powdered second
harmonic generation test. Although compounds 2e and 2f
were solid, they were inactive by the powdered second
harmonic generation test. The absorption cut off wave-
lengths of 2 are listed in Table 1. As they have no absorp-
tion at 400 nm, they are good candidates for colorless
non-linear optical materials. Our search for colorless
non-linear optical materials based on phosphoryl-
chromenes is now in progress.

Table 1
Preparation of Compounds, 2 their Absorption WaveLength (Acy o¢) and Calculated Hyperpolarizability B
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R Yield % Acutore/nm [a] B (x10-%) [b]
Et 78 350 0.43
Et 77 350 0.57
Et 70 360 10.7
Me 60 320 0.57
Me 64 330 0.73
Me 68 330 0.88

Yields refer to pure isolated products. [a] The absorption spectra were measured in methanol. {b] The hyperpolarizability (B) was calculated by MOPAC PM3.

The present conversion of nitroalkenes into alkenyl
phosphonates proceeds via the addition of dialkyl phos-
phite to nitroalkenes followed by elimination of nitrous
acid. Such addition-elimination sequences using a nitro
group as the activating and the leaving group provide a
useful method for the preparation of functionalized
alkenes such as o,B-unsaturated nitriles or esters [15]. To
the best of our knowledge, this is the first example of the

EXPERIMENTAL

The 'H nmr spectra were recorded on JEOL JNM-400, chemi-
cal shifts (in deuteriochloroform) being reported in the data scale
(ppm) relative to tetramethylsilane. The ir spectra were recorded
on a Hitachi 270-30 spectrometer. Mass spectra were measured
on a Hitachi M-80B instrument operating at 20 eV.
Microanalyses were performed at the Advanced Instrumentation
Center for Chemical Analysis, Ehime University.
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General Procedure for Synthesis of 4-Dialkoxyphosphinyl-
chromenes 2a-f.

To a stirred solution of 3-nitrochromene 1 (2 mmoles) and
dialkyl phosphite (2 mmoles) in dichloromethane (50 ml) was
added triethylamine (1 ml) at room temperature. The resulting
solution was stirred at room temperature for 24 hours, poured
into water, and extracted with ethyl acetate. The organic layer
was dried with anhydrous sodium carbonate, concentrated in
vacuo, and the residue was subjected to column chromatography
(silica gel, hexane/ethyl acetate = 10/1) to give pure 2.

4-Diethoxyphosphinyl-2-phenylchromene (2a).

This compound was obtained as a colorless oil; ir: v 3400,
2960, 1535, 1487, 1325, 1235, 1200, 970, 800, 720 cm-1; 1H
nmr: 8 7.71 (m, 9H), 6.81 (dd, 1H,J=3.9,J p.y = 20 Hz), 5.58 (g,
1H, J = 3.8 Hz), 4.19 (m, 4H), 1.39 (m, 6H); ms: m/z 344 (M*,
48) 315(19), 207.

Anal. Calcd. for CygH5,04P: C, 66.28; H, 6.10. Found: C,
66.38; H, 6.13.

2-p-Anisyl-6-chloro-4-diethoxyphosphinylchromene (2b).

This compounds was obtained as a colorless oil; ir: v 2960,
1538, 1S10, 1480, 1235, 11785, 1200, 970, 800, 710 cm!; 1H
nmr: § 7.64-7.15 (m, 7H), 6.86 (dd, 1H, J=3.7, J P-H = 20 Hz),
5.45 (q, 1H, J = 3.8 Hz), 4.18 (m, 4H), 3.83 (s, 3H), 1.39 (m, 6H).
ms: m/z 408 (M+, 39), 379 (41), 273 (100).

Anal. Calced. for C,9H,,04PCl: C, 58.75; H, 5.38. Found: C,
58.68; H, 5.37.

2-p-Anysil-8-methoxy4-diethoxyphosphinylchromene (2c¢).

This compound was obtained as a colorless oil; ir: v 2960,
2930, 1543, 1535, 1S10, 1460, 1240, 1020, 970, 720 cm-!; 1H
nmr: & 7.70-7.20 (m, 7H), 6.96 (dd, 1H, J = 3.8, J p g = 20 Hz),
5.92 (q, 1H, J = 4.0 Hz), 4.23 (m, 4H), 3.78 (s, 3H), 3.76 (s, 3H),
1.38 (m, SH). ms: m/z 404 (M+, 40), 375 (49), 267 (100).

Anal. Calcd. for C;;H»s04P: C, 62.37; H, 6.19. Found: C,
62.28; H, 6.24.

4-Dimethoxyphosphinyl-2-phenylchromene (2d).

This compound was obtained as a colorless oil; ir: v 2952,
1490, 1456, 1328, 1306, 1286, 1238, 1052, 1030, 1006, 820, 762,
698 cm-!; IH nmr: § 7.73-7.25 (i, 9H), 7.09 (dd, 1H, J=5.5,Jp.g
=20 Hz), 5.58 (q, 1H, J=9.1 Hz), 3.75 (d, 3H, J = 10.3 HZ), 3.62
(d, 3H, J = 10.3 Hz). ms: m/z 316 (Mt, 6), 237 (14), 207 (100).

Anal. Calced. for Cj7H7;04P: C, 64.56; H, 5.38. Found: C,
64.71; H, 5.44.

2-p-Anisyl-6-chloro4-dimethoxyphosphinylchromene (2e).

This compound was obtained as colorless crystals, mp
157-158°; ir: v 2956, 1660, 1610, 1514, 1482, 1284, 1243,
1176, 1118, 1026, 852, 840, 822, 794, 700 cm'!; 1H nmr: 3
7.64-7.05 (m, 7H), 6.93 (dd, 2H, J = 5.6, J P-H = 20 Hz), 5.46
(g, 1H, J = 3.9 Hz), 3.84 (s, 3H), 3.78 (d, 3H, ] = 10.3 Hz), 3.71
(4, 3H, J = 10.3 Hz); ms: m/z 380 (M+, 15), 273 (100), 271
(99), 165 (36).

Anal. Calcd. for C gH,305PCl: C, 56.76; H, 4.73. Found: C,
56.48; H, 4.64.

4-Dimethoxyphosphinyl-8-methoxy-2-phenylchromene (2f).

This compound was obtained as colorless crystals, mp
113-114°; ir: v 2940, 1584, 1488, 1212, 1102, 1050, 1026, 834,
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822, 764, 738, 696, 544 cm’!; IH nmr: 6 7.737.05 (m, 8H), 6.93
(dd, 1H,J =5.2, J P-H = 20 Hz), 5.61 (g, 1H, J = 3.9 Hz), 4.20 (q,
1H, J =5.2 Hz), 3.78 (d, 3H, J = 10.3 Hz), 3.76 (s, 3H), 3.66 (d,
3H, J = 10.3 Hz); ms: m/z 345 (M+, 17), 267 (32), 237 (100).

Anal. Caled. for CgH;9OsP: C, 62.42; H, 5.49. Found: C,
62.20; H, 5.67.

Dimethyl (1-Phenyl-1-propenyl)phosphonate (4).

The same procedures as in the preparation of 2 were employed
to give 4 as a colorless liquid in 73% vyield; ir: v 3476, 2952,
2848, 1494, 1444, 1252, 1184, 1056, 1028, 826; 1H nmr: & for
E-isomer (major) 7.38 (m, 5H), 7.05, 6.99 (q, 1H, J = 6~8 Hz, J
p.u =23 Hz),3.70 (4, 6H,J = 10.1 Hz), 1.75, 1.74 (4, 3H, = 6.8
Hz); 8 for the Z-isomer 7.30 (m, SH), 6.66, 6.53 (q, 1 H,J =73
Hz, ] P-H = 49 Hz), 3.69 (d, 6H, J = 11.2 Hz), 2.26, 2.25 (d, 3H,
J =17.2 Hz). ms: m/z 226 (M*, 100), 115 (67).

Anal. Calcd. for C;H,504P: C, 58.41; H, 6.64. Found: C,
58.12; H, 6.58.
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