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5,6-DIHYDRO-2H-OXAPHOSPHORINE-2-OXIDES
BY HALOGENATION OF 2-CHLORO-1,3-
ALKADIENYLPHOSPHONIC DIALKYL ESTERS

CHRISTO M. ANGELOV* and VALERIJ CH. CHRISTOV

Department of Chemistry, Higher Pedagogical Institute 9700 Shoumen,
Bulgaria

JORDANKA PETROVA and MARKO KIRILOV

Department of Organic Chemistry, Faculty of Chemistry, Sofia University,
1126 Sofia, Bulgaria

{ Received December 7, 1982; in final form February 9, 1983)

Halogenation of 3- and 4-substituted 2-chloro-1,3-alkadienylphosphonic dialkyl esters leads to the
formation of six-membered heterocycles—derivatives of 5,6-dihydro-2 H-1,2-oxaphosphorine-2-oxides.
The structure of the products was established by 'H- and *'P-nmr. In one case column chromatography
allowed isolation of two diastereomeric six-membered heterocycles without any evidence of formation of
non-cyclic or five-membered cyclic products.

INTRODUCTION

Although halogenation of 1,3-alkadienes is a well studied reaction there is, however,
scant information on this reaction with 1,3-dienic compounds containing electron-
withdrawing groups adjacent to the conjugate bond system. Thus, only the halogena-
tion of 1,3-alkadienecarboxylic acids'-> and, recently, of their esters*® have been
investigated in details.

Lately, convenient methods for the preparation of derivatives of 1,3-
alkadienephosphonic acids were elaborated, thus making them available for sys-
tematic studies of their reactivity. Until now the investigations have shown that,
depending on the nature the substituents (usually Cl, R, Ar), including those at the
P-atom (RO, Cl, NR,), as well as on their position in the 1,3-diene system, the
reaction with halogens leads to formation of adducts,® five-’ or six-membered®
P-containing heterocycles, or mixtures of them,® or addition-elimination products
via five-membered heterocyclic intermediates.’

We now wish to report further investigations on this reaction, undertaken in order
to elucidate the influence of the substituents, especially in the 4-position of the
1,3-diene system, on the selectivity of the heterocyclic annulation pathway of the
reaction.

RESULTS

For our investigations we have used 2-chloro-1,3-alkadienylphosphonic dialkyl esters
la—j, substituted at C? and C* with different alkyl groups. The reaction with
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halogens (Cl, or Br,) proceeds smoothly in an inert solvent but, unlike the case of
the more reactive 1,2-alkadienylphosphonic esters,'® heating (50-60°C) is necessary.
In all cases 5,6-dihydro-2 H-1,2-oxaphosphorine-2-oxides 2a~j, 3a—c, 3e and 3h were
isolated in 77-89% yields, according to Scheme 1:

1

0 cl R
] 1 | 2
(RO) ,P~CH=C=~C=C—=R + X, = + RX
'3
R
la-j
2a-j, 3a—c, 3e, 3h
1,23 R R R? R?
a Me H Me Me
b Et H Me Me
c Me H Me Et 2 3
d Et H Me Et ._.|——
e Me H Et Pr” XICl Br
f Et H Et Pr”
g Me Me Me Me
h Et Me Me Me
i Pr! Me Me Me
j Me Me Me Pr!
SCHEME 1

In the "H-nmr spectra of the heterocycles 2a—j, 3a-h (Table I) there are weak field
doublets from H? (8 6.14-6.30, J;p 7.9-9.0 Hz) characteristic of six-membered
rings.*® The 3'P chemical shifts are in the upfield region (8 6.1-8.1 ppm) in
accordance with literature data®®!! for six-membered phosphorus heterocycles. The
formation of ring compounds is evident from the fact that in the 'H-nmr spectra of
the crude reaction mixtures of 2¢ and 3a a singlet from methyl halide is observed,
and from the fact that the integral over the methoxy group of 2¢ and 3a corresponds
to three hydrogens only. Some protons resonate at two frequencies, which is an
indication of the existence of diastereoisomers (chirality at P, C* or C¢). In Table II
physical constants and elemental analysis data are given.

In order to elucidate the course and stereoselectivity of the reaction as well as to
isolate the isomers, the reaction products from 1¢ and chlorine were chromatographi-
cally examined in detail. The crude reaction product was subjected to column
chromatography on silica gel Merck 60 (0.063-0.200 mm) using as eluents n-
hexane-ethylacetate mixtures of increasing polarity, the separation being monitored
by thin-layer chromatography. As a result, only two pure diastereoisomeric
oxaphosphorins, 2¢ « and 2¢ B, were isolated in a total yield of 74% (2c a—16%; 2¢
B—58%), thus indicating a high selectivity of the six-membered annulation pathway
of this reaction. No other compounds could be eluted from the column. The 'H-nmr
spectrum of the crude reaction product shows (Figure 1) that the two diastereo-
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TABLEII

Physical constants, yields and elemental analyses of
2-Alkoxy-5,6-dihydro-2 H-1,2-oxaphosphorine-2-oxides

41

Found % Calculated %
Yield* bp,°C —_—

No. % mm Hg d? n% P CLX Formula P QX

2a 84  121-122/05 13941 15047 12.84 2932 C,H;CL,OP 1264 28.94

b 86 124-125/0.5 13784 14993 11.80 2781 CgH;C1,0,P 11.96 27.37

¢ 88 mp 53-54 — — 1209 2769 CgH,;CL,O,P 1196 27.37

d 89 126-127/05 12969 14968 1131 2619 CoH,sCl,0,P 1134 2596

e 88 134-135/0.5 1.2750 14991 1088 2502 C,,H;;Cl,0,P 10.79 24.69

f 87  133-134/05 12613 14931 1038 2390 C,H,,Cl,0,P 1028 23.53

g 89  118-119/05 13082 15078 12.18 2753 C.H;CL,O,P 1196 27.37

h 87  123-124/05 13025 14993 1152 2641 CoH,Cl,0,P 1134 25.96

i 85  131-132/0.5 1.3009 14981 1092 2495 C,,H,Cl,0,P 10.79 24.69

i 8  130-131/0.5 13232 15102 1052 2490 C,H,;,Cl,0,P 10.79 24.69

3a 79 137-138/0.5 1.5987 1.5274 1093 4032 C,H,BrCIO;P 10.70 39.85

b 77 140-141,05 15822 15186 1033 3847 CzH3;BrCIO;P 1020 38.01

c 79 mp 67-68 — e 10.34 3851 CgH,;BrCl0,P 1020 38.01

e 81 148-149/0.5 14486 1.5148 924 3412 C,H;,BrCIO,P 934 34.79

h 80 134-135/0.5 14676 15212 961 37.02 CgHBrClIO;P 975 3632
*Purified by distillation.

l
K 100 Mtz
Il A Y 'y e rl m

FIGURE 1

4

dienylphosphonic dimethyl ester (1¢) and chlorine.

3

"H-nmr spectrum of the reaction mixture obtained from 3-ethyl-2-chloro-1,3-penta-
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FIGURE 2 'H-nmr spectrum of 5-ethyl-6-methyl-4,5-dichloro-2-methoxy-5,6-dihydro-2H-
oxaphosphorine-2-oxide 2¢; a-isomer (methylene protons of the ethyl group at C-5 are equivalent (8 2.17
ppm).

|~
|
J 100 Mz
P " " L N PR . L
s ) 4 3 2 1

FIGURE 3 'H-nmr spectrum of S-ethyl-6-methyl-4,5-dichloro-2-methoxy-5,6-dihydro-2H-1,2-
oxaphosphorine-2-oxide, 2¢; B-isomer (in the region 1.90 to 2.30 ppm two multiplets for non-equivalent
methylene protons of the ethyl group at C-5 were observed).
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isomers are present in the ratio a: B = 1:3.5, which correlates well with the
chromatographic data (a: 8 = 1:3.6). On the other hand the 'H-nmr spectrum of
one of the isomers () reveals the existence of diastereotopism of the ethyl group
methylene protons at the C* atom in the ring (Figure 3), while for the other isomer
(@) such equivalence is not observed (Figure 2).

DISCUSSION

Recently it was established' ' that 2-chloro-1,3-alkadienylphosphonic dialky! esters
synthesized by chlorination of 1,2-alkadienylphosphonic dichlorides'*" exist pre-
dominantly in the s-cis conformation which is favourable for cyclization reactions.
The observed six-membered heterocyclization in our case might be easily explained
by the following mechanism of the reaction (Scheme 2).

Halogen attack occurs exclusively at the C*~C* double bond, because of the great
destabilizing effect of both the electron-withdrawing phosphonate group and the
chlorine atom on a C'-C2 onium ion (not shown in Scheme 2), compared with the
alkyl substituted C*~C* onium ion shown. This ion, however, exists in equilibrium

H c1
N\ 7’ 3 i+t
c==cC R c=C 3
RO - + %, —= (r0),2” \c/R
(RO) 2Py i 2 N Tx %
c 0 I/
Rl/ Ng2 <
rY R?
c1
H c1
Ne=c’ 3 Se==c{ L3
/ ~N R / N~
(RO) ,P Ic — (RO) 5B cl
A\ i - | > x
o) o +
- /C\—X " /C\
X 1
R™ Q2 gl 2
B A i
H c1 H ci
— R0 /—— X
Ox X A
°F 3 —— P 3
rO” \ R -RX ro” \ R
o 0
gt R? x~ r! ®?
2a—j, 3a—c, 3¢, 3h C

SCHEME 2
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with the acyclic carbenium ions 4 and B. In the case of C* mono- and, especially,
dialkyl-substituted starting phosphonates 1a—j, this equilibrium is evidently shifted
largely towards the more stabilized carbenium ion A, leading, after P==0 attack to
six-membered heterocyclization (intermediate C) with subsequent elimination of
alky! halide and formation of stable products with tetracoordinate phosphorus, 2a-j,
3a-h.

EXPERIMENTAL

Methods of Analysis. 'H-nmr spectra were determined on a “Tesla” BS 487 B (80 MHz) and “Jeol”
JNM-PS-10 (100 MHz) spectrometers as solutions in CCl, or CDCl; with TMS as internal standard. The
31P chemical shifts were determined on a spectrometer at 24.28 MHz. The ir spectra were run on a IR-72
spectrophotometer (Carl Zeiss Jena, GDR).

Starting Materials. 2-Chloro-1,3-alkadienylphosphonic dialkyl esters were synthesized according to the
literature.'

Chromatographic Investigations. The column chromatography separations were made in a 80 cm column
with a diameter of 3 cm. A mixture of n-hexane—ethylacetate (10: 1 through 1: 1) was used as a solvent
and as sorbent-silica gel Merck 60. By means of thin-layer chromatography on alumina (Merck 60 F,s,),
solvent benzene-ethylacetate 2:1, the separation of the substances was followed. The plates were
developed by sprinkling with 0.06% aqueous solution of rhodamin 6G and irradiation with UV light.

General Method for Preparation of 2-Alkoxy-5,6-dihydro-2H-1,2-o0xaphosphorine-2-oxides, 2a—j, 3a—¢, 3e,
3h. A solution of 0.05 mole of the halogen in dry CCl, or CHCl; was slowly added, with stirring, at 50
to 60°C to a solution of 0.05 mole of the 2-chloro-3-alkyl-1,3-alkadienylphosphonic dialkyl ester in the
same solvent. Stirring was continued for 3 h and the reaction mixture kept at room temperature overnight.
The solvent was removed and the residue was distilled in vacuo or recrystallized from heptane.
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