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1,3-dipolar cycloaddition reactions are among the most important synthetic manipulations allowing the construction
of five-membered ring carbocycles and heterocycles. Vinylphosphonates and its analogues have found wide
application in organic chemistry during the last two decades and have become very useful for the construction of
functionalised organophosphorous compounds. In this report, we have developed a method for the synthesis of
B-Substituted vinylphosphonates and the novel structural heterocyclic compound containing a phosphonyl group.
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1,3-dipolar cycloaddition reactions are among the most
important synthetic manipulations allowing the construction
of five-membered ring carbocycles and heterocycles.!2

Vinylphosphonates and its analogues have found wide
application in organic chemistry during the last two
decades and have become very useful for the construction
of  functionalised  organophosphorous  compounds.?*
Nitrile oxides and nitrones undergo smooth reactions with
vinylphosphonate to give isoxazolines and isoxazolidines
containing a phosphonyl group, respectively. Both classes of
heterocycle are versatile intermediates for the syntheses of
natural products and biologically active compounds.?

In order to extend the scope of the vinylphosphonate
cycloaddition reactions, its reactions as a dipolarophile
with nitrile oxides and nitrones are investigated here.
For our investigation, the requisite 1,3-dipoles were prepared
according to literature reports. Nitrile oxides were prepared
efficiently from either the corresponding hydroximoyl
chlorides or primary nitro compounds via base induced
dehydrochlorination, respectively.

Recently, we have discovered that diethyl vinylphosphonate
react with nitrile oxides to afford only one regiospecific
products which are valuable intermediates of the synthesis
of variously functionalised phosphonates.* As a continuation

of this study, we report here the behaviour of B-substituted
vinylphosphonates toward nitrile oxides.

B-substituted vinylphosphonates was synthesised according
to Coover’s method.® The synthetic route is shown in
Scheme 1. Under N, atmosphere, triethyl phosphite was
dropwised to a-bromide methacrylate at —15°C. After the
reaction was completed, evaporation of EtBr afforded a crude
product in 60% yield. Detected by TLC, two spots were
found. Purified by chromatography on a silica gel column (PE:
EA = 4:1), pure 2a (26.5%) and 2b (73.5%) were obtained.
They can also be separated by distillation in vacuum (6a:
b.p. 148—152°C/3 mm; 6b: 150—154°C/3 mm). Their structure
were distinguished according to "H NMR (different chemical
displacement of hydrogen on C =C) and polarity on a silica
gel column(2b has low polarity). From 'H NMR, two 3Jyy
coupling constants 13.95 Hz and 17.55 Hz were observed.
According to 3Jy,, > 3Jgy,, We can confirm 3Jg, = 13.95 Hz,
corresponding to 2a.

The reaction of [-substituted vinylphosphonate with
benzonitrile oxide generated in situ from benzohydroximoyl
chloride and triethylamine in ether occurred smoothly at room
temperature to afford the products 3 and 4 in good yield.
The cycloadducts characterised by elemental analysis and 'H
NMR spectra. Their related data are shown in Table 1 and 2,
respectively.
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Scheme 1 The synthesis of B-substituted vinylphosphonates.
Table 1 Physical data of compounds 3 and 4
Entry Ar Time/h Yield?/% Anal.found(calcd.)
C H N
3a 4-O,NCgH, 8 58.85 46.58(46.63) 4.95(4.92) 7.21(7.25)
4a 4-O,NCgH, 8 17.15 46.61(46.63) 4.88(4.92) 7.31(7.25)
3b 3,4-OCH,0CgH3 5 40.76 50.03(49.88) 5.19(5.23) 3.76(3.64)
4b 3,4-OCH,0CgH3 5 34.24 50.05(49.88) 5.25(5.23) 3.51(3.64)
3c 4-O,NCgH, 5 41.08 46.68(46.63) 4.98(4.92) 7.17(7.25)
4c 4-O,NCgH, 5 39.92 46.57(46.63) 4.86(4.92) 7.19(7.25)

alsolated yield based on substituted vinylphosphonate.

* Correspondent. E-mail: yeyong03@tsinghua.org.cn
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Scheme 2 Cycloaddition of nitrile oxides to a-substituted vinylphosphonates.

Table 2 The 'H NMR data of compound 3 and 4

TH NMR(ppm)

3a 1.23-1.37 (m, 6H); 3.76 (s, 3H); 4.19-4.26 (m, 4H); 4.82 (dd, 1H, J=7.3, 21.88 Hz); 5.27 (d, 1H, J=7.3 Hz); 7.90 (d, 2H,
J=8.98 Hz); 8.25 (d, 2H, J = 8.98 Hz)

4a 1.18-1.34 (m, 6H); 3.83 (s, 3H); 3.96-4.34 (m, 4H); 4.44 (dd, 1H, J = 4.18, 19.82 Hz); 5.49 (dd, 1H, J = 4.18, 21.9 Hz); 8.04
(d, 2H, J = 8.62 Hz); 8.25 (d, 2H, J = 8.62 Hz)

3b 1.16-1.30 (m, 6H); 3.66 (s, 3H); 4.10-4.17 (m, 4H); 4.73 (dd, 1H, J = 6.24, 22.41 Hz); 5.15 (d, 1H, J = 6.24 Hz); 5.93 (s, 2H);
6.73 (d, TH, J=8.20 Hz); 7.05 (d, 1H, J = 8.20 Hz); 7.18 (s, 1H)

4b 1.19-1.36 (m, 6H); 3.79 (s, 3H); 3.99-4.14 (m, 4H); 4.34 (dd, 1H, J = 3.14, 19.8 Hz); 5.42 (dd, 1H, J = 3.14, 21.3 Hz); 5.98
(s, 2H); 7.36 (s, 1H); 6.81 (dd, 1H, J = 8.28 Hz); 7.30 (dd, 1H, J = 8.28 Hz)

3c 1.23-1.37 (m, 6H); 3.73 (s, 3H); 4.19-4.29 (m, 4H); 4.81 (dd, 1H, J = 6.86, 21.88 Hz); 5.28 (d, 1H, J = 6.86 Hz); 7.90 (d, 2H,
J =8.45 Hz); 8.25 (d, 2H, J = 8.45 Hz)

4c 1.18-1.31 (m, 6H); 3.82 (s, 3H); 3.99-4.20 (m, 4H); 4.45 (dd, 1H, J = 3.14, 19.82 Hz); 5.55 (dd, 1H, J = 3.14, 20.86 Hz);
8.03 (d, 2H, J = 8.63 Hz); 8.25 (d, 2H, J = 8.63 Hz)

(EtO), /

R

R=CO,Me, Ar = 2,4-C1,C¢H,

d (EtO)zP
/g + ArHC—lil o —> R

iz

APh EtO)qu C APh

“,
&,
“Ar

62 (55.6%) 6b(44.4%)

Scheme 3 Cycloaddition of nitrones to a-substituted vinylphosphonates.

We next examined the scope of electron-deficient alkene
with a nitrone. When reacted with a nitrone, substituted
vinylphosphonate showed analogous behaviour. N-benzyl-
ideneaniline N-oxide generated in situ from the corresponding
nitro compounds reacted with vinylphosphonate 5 to give a
mixture product 6a and 6b (shown in Scheme 3).

The reactions of vinylphosphonate 5 with N-benzyl-
ideneaniline N-oxide are very simple and convenient. After
refluxing vinylphosphonate 5 in benzene with an excess
of nitrone about 12 h, a mixture of isoxazolindines was
produced. The adducts 6a and 6b can be separated by column
chromatography. The ratio of isoxazolidine 6a and 6b is 55:
44. The differentiation between stereoisomers 6a and 6b was
obvious and was based on observed chemical shifts.

We have developed a simple, convenient and efficient
method for the synthesis of B-substituted vinylphosphonates
and the novel structural heterocyclic compound containing
a phosphonyl group. Applications of these heterocyclic
compound are being examined.

Experimental

Melting points were uncorrected. Elemental analyses were carried
on a Yanaco CHN Corder MT-3 apparatus. 'H and 3'P NMR spectra
were measured by using a Bruker AC-P200 spectrometer with TMS
and 85% H;3PO, as the internal and external reference respectively
and with CDCls as the solvent. Solvents used were purified and dried
by standard procedures.

General procedure for cycloaddition of nitrile oxides to [-substituted
vinylphosphonates

To a stirred solution of compounds 2 (2.0 mmol) and hydroxamic
chlorides (2.2 mmol) in dry THF (20 ml) under N, a solution of Et;N
(0.22 g, 2.2 mmol) in dry THF (10 ml) was added dropwise at —10°C.
The mixture was stirred at room temperature until the consumption
of vinylphosphonates, monitored by TLC. Then, the reaction mixture
was filtered to remove triethylamine hydrochloride and the solvent
was evaporated in vacuum. The residue was chromatographed on a
silica gel column to give pure 3 and 4.

Procedure for cycloaddition of nitrones to a-substituted vinyl-
phosphonates
To a solution of the 2,4-dichlorophenyl nitrone (2.2 mmol) in
benzene (15 ml) was added the vinylphosphonates 5 (2 mmol) and
the resulting solution was heated under an N, atmosphere at reflux for
12 h. Then, the reaction mixture was cooled to room temperature and
concentrated under reduced pressure. The cycloadduction products 6
were separated by column chromatography (eluenting with petroleum
ether/ethyl acetate 7: 1).

6a: M.p. 128-130°C yield 41.28% Anal. Calcd. for C,H,4C1,NO¢P:
C 52.60, H 5.22, N 2.79, Found: C 52.80, H 5.29, N 2.80, 'H
NMR(ppm): 0.87-1.00 (m, 6H); 1.20-1.27 (m, 3H); 3.81-3.91 (m,
6H); 4.59 (dd, 1H, J=18.76, 13.56 Hz); 4.99 (dd, 1H, J=13.56, 9.38
Hz); 5.84 (d, 1H, NCH J = 18.35 Hz); 6.90 (m, 3H); 7.20 (m, 3H);
7.36 (s, 1H); 7.59 (d, 1H, J = 8.45 Hz).

6b: M.p. 110-112°C yield 33.02% Anal. Caled. for
CyHyCLNOGP: C52.6, H 5.22, N 2.79, Found: C 52.51, H 5.17,
N 2.76, 'H NMR(ppm): 1.20-1.38 (m, 9H); 2.88-3.01 (m, 1H);
3.25-3.45 (m, 1H); 4.17-4.30 (m, 6H); 4.85 (dd, 1H, NCH, J = 5.6,



9.82 Hz); 6.96-7.24(m, 6H, ArH); 7.39 (s, 1H, ArH); 7.48 (d, 1H,
J=8.44 Hz, ArH).

The authors would like to thank the Chinese National Natural
Science Foundation (N0.20602032 and 20572061), Education
Department of Henan Province and Zhengzhou University for
financial support.

Received 20 November 2006, accepted 21 December 2006
Paper 06/4130

References

1 For recent reviews, see: (a) L.N.N. Namboothiri and A. Hassner, Topics
Curr. Chem., 2001, 216, 1; (b) K. Ruck-Braun, TH.E. Freysoldt and
F. Wierschem, Chem. Soc. Rev., 2005, 34, 507; (c) A.R.S. Ferwanah and
AM. Awadallah, Molecules, 2005, 10, 492; (d) I.N.N. Namboothiri,
N. Rastogi and B. Ganguly, Tetrahedron, 2004, 60, 1453; (e) J.K. Gallos
and A.E. Koumbis, Curr. Org. Chem., 2003, 7, 39.

2 For representative examples, see: (a) H. Takikawa, Y. Hachisu and
J. W. Bode,. Angew. Chem. Int. Ed. Engl., 2006, 45, 3492; (b) E. Coutouli-
Argyropoulou, P. Lianis and M. Mitakou. Tetrahedron, 2006, 62, 1494;

JOURNAL OF CHEMICAL RESEARCH 2007 21

(c) T.V. Hansen, P. Wu and V.V. Fokin, J. Org. Chem., 2005, 70, 7761;
(d) N.M. Fedou, P.J. Parsons and E.M.E. Viseux. Org. Lett., 2005,7,3179;
(e) D. Muri, N. Lohse-Fraefel and E.M. Carreira, Angew. Chem. Int. Ed.
Engl., 2005, 44, 4036; (f) F. Himo, T. Lovell and R. Hilgraf. J. Am. Chem.
Soc., 2005, 127, 210; (g) A. Dondoni, P.P. Giovannini and A. Massi. Org.
Lett., 2004, 6, 2929; (h) Y. Ye, Y. Zheng and G.Y. Xu, Heteroat. Chem.,
2003, 14, 254; (i) Z.X. Yu, P. Caramella and K.N. Houk, J. 4m. Chem.
Soc., 2003, 125, 15420.

For a review, see: (a) T. Minami and J. Motoyoshiya Synthesis, 1992,
333; (b) T. Minami; T. Okauchi and R. Kouno, Synthesis, 2001, 349;
(c) M. Braun, Angew. Chem., Int. Ed. Engl., 1998, 430; (d) T. Kauffmann,
Angew. Chem., Int. Ed. Engl., 1982, 410.

For representative article, see: (a) O. Tsuge, S. Kanemasa and H. Suga,
Chem. Lett., 1986, 1833; (b) H.-J. Gi, Y. Xiang, R.F. Schinazi and
K. Zhao, J.Org.Chem., 1997, 88; (c) Y. Ye, G.Y. Xu, Y. Zheng and
L.Z. Liu, Heteroat. Chem., 2003, 14, 309; (d) Y. Ye, L.Y. Li and L.Z. Liu,
Phosphorus, Sulfur Silicon, 2004, 179, 2503.

(a) M. Benltifa, S. Vidal and D. Gueyrard, Tetrahedron Lett., 2006, 47,
6143; (b) D. Giguere, R. Patnam and M.A. Bellefleur, Chem. Commun.,
2006, 22, 2379; (c) J. Kaffy, R. Pontikis and D. Carrez, Bioorgan. Med.
Chem., 2006, 14, 4067, (d) E. Gallienne, T. Gefflaut and J. Bolte, J. Org.
Chem., 2006, 71, 894; (e) Z.X. Yu and K.N. Houk, J. Am. Chem. Soc.,
2003, 125, 13825.

H.W. Coover, J. Am. Chem. Soc., 1957, 79, 1963.



