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CHEMISTRY
N. A. RAZUMOVA, A. A. PETROV

CONDENSATION OF ACID CHLORIDES OF
GLYCOLPHOSPHOROUS ACIDS WITH q, (-
UNSATURATED KETONES

(Presented by Academician M. I. Kabachnik on 23 IV 1964)

Acid chlorides of 1,2- and 1,3-glycolphosphorous acids condense with di-
ene hydrocarbons to form cyclic 1,4-adducts, which usually isomerize into
-chloroalkoxyphospholine oxides (}2). In those cases where the Arbuzov
rearrangement is impossible, the 1,4-adducts are the final products of the
reaction (). Similar condensations may also proceed with the participation of
acid chlorides of thio- and dithioglycolphosphorous acids (*).

Continuing the study of cyclization reactions involving acid chlorides of gly-
colphosphorous acids, we have shown that they are capable of adding in the
1,4-position to «, S-unsaturated ketones with the formation of cyclic systems
containing two heteroatoms—isoxaphospholines.

As a result of the condensation of acid chlorides of ethylene-, propylene-, and
1,3-butyleneglycolphosphorous acids with methyl vinyl ketone and mesityl oxide,
products containing pentavalent phosphorus were obtained. They did not add
oxygen or sulfur. The atomic refraction of phosphorus corresponded to the value
characteristic of a pentavalent phosphorus atom (4.27). In the IR spectra of the
condensation products, intense absorption was observed in the region of 1260
cm~ !, characteristic of the P = O group. Thus, it was established that the
reaction proceeded with an Arbuzov rearrangement.

It could be assumed that the condensation proceeds with the formation of
adducts of formula (I), which subsequently rearrange into products (II) or (III).
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IR spectra

Figure 1: IR spectra
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where n=1o0r2, R=H or CHy, R =CH,, R" = H or CHj.

The IR spectra spoke rather in favor of formula (II) than (IIT), since the bands
of the valence vibrations of the double bond had frequencies too high to permit
assuming the formation of compounds with a chlorine atom at the double bond

(Fig. 1).

Fig. 1. IR spectra (layer thickness 20 p): 1 —1-(2-chloroethoxy)-
3-methylisoxaphospholine  3-oxide-1; 2 —1-(2-chloro-1-methylethoxy)-3-
methylisoxaphospholine 3-oxide-1; 3 —1-(2-chloroethoxy)-3,5,5-trimethylisoxaphospholine
3-oxide-1; 4 —1-(2-chloro-2-methylethoxy)-3,5,5-trimethylisoxaphospholine 3-
oxide-1.

Table 1

Substan@H,),C CH,—(CHH,—C=CH,—P CH,—Cl CH,—O CH—O CH=

CH,Cl—CHy—O0—P(=0)(0-Z$,)—CHJ—CH=1,0 0,4 — =09
(2) (3) (3)
CH,Cl—CH(C€H,)—G4P(= O3(O—CH3 CH,—Ch=  — 02 —0,8
(2) (2) (2)
CH,Cl—CH,—CH(CBl5)—O—R6= (05(2¢H,)—CH,—CH= 02 —08
(2) (3)
CH,Cl—CH,60—P(= 0)—0—Q(@H,)=C{CH,),+0H 0,4 S
(2) 3) 3)
CH,Cl—CHGH,)—34P (= 03;:90—C(CH,)=C(CH,),—CH- 02 —0,6
(2) (2) (2)
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Fig. 2. NMR spectra

Figure 2: Fig. 2. NMR spectra

Substan@H,),C CH,—(CHH;—C=CH,~P CH,—Cl CH,—O CH-O CH=

CH,Cl—CH,5CH(CBl$)—O0—R 8= 0)—O—C(CHJ)EC(CHy),—CH 0,2 —0,6
@) () (3)

The final conclusion on the structure of the condensation products was made
possible by proton magnetic resonance spectra. These spectra (Fig. 2) allow
only one structure (IT). The assignment of the chemical shifts is given in Table
1.

As can be seen from the data in this table, the signals in the spectra of all six
substances strictly correspond to formula (IT). In the spectra of the isoxaphos-
pholines obtained from mesityl oxide, two signals are observed for the methyl
groups of the isopropenyl grouping, owing to their nonequivalence. One of the
peaks of the methyl-group signal in the ether residue is superimposed on the
peak of the signal of the methyl groups of the isopropenyl grouping. The signals
of methylene and methine groups bonded to oxygen are split owing to interac-
tion with neighboring protons and the phosphorus atom (through oxygen). The
splitting of the signals of the CH, groups bonded to phosphorus is due to their
nonequivalence and to the influence of the phosphorus atom and of the neigh-
boring proton.

The structure of the condensation products as isoxaphospholine derivatives was
confirmed by converting one of them (obtained from mesityl oxide) by the action
of PCl; into the previously described 1-chloroisoxaphospholine oxide (IV).

~0-C—CH
Cl—P(= 0) (), — ot I av)

The substance was identified by its boiling point and by conversion into a crys-
talline anilide with the known melting point (124°).

1-Chloroisoxaphospholine-3-oxide (IV) was obtained as early as 1884 by
Michaelis by the action of PCl; on acetone in the presence of AlCl;; however,
an incorrect formula was assigned to it (°). Later the formation of the same
substance was observed upon treatment with acetic anhydride of the products
of the reaction of PCl; with mesityl oxide (°). The structure and identity of
the substances obtained by both methods were established by Anschiitz (7).

Fig. 2. N.m.r. spectra: 1 —1-(2-chloroethoxy)-3-methylisoxaphospholine-3-
oxide-1, 2 —1-(2-chloro-1-methylethoxy)-3-methylisoxaphospholine-3-oxide-1,
3 —1-(3-chloro-1-methylpropoxy)-3-methylisoxaphospholine-3-oxide-1, 4 —
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1-(2-chloroethoxy)-3,5,5-trimethylisoxaphospholine-3-oxide-1, 5 —1-(2-chloro-
3-methylethoxy)-3,5,5-trimethylisoxaphospholine-3-oxide-1, 6 —1-(3-chloro-1-
methylpropoxy)-3,5,5-trimethylisoxaphospholine-3-oxide-1.

Experimental Part*

The acid chlorides of glycolphosphorous acids were obtained by the usual meth-
ods (8, ). Their reaction with unsaturated ketones was carried out in sealed

* With the participation of A. Kh. Voznesenskaya and M. V. Zolotarevskaya.
Table 2

Foun@foun&oundpund, Calculfled(ftled(ftled]ated,
bp, Pressure, MRMR % % % % % % % %
Subst@ncemm d3° n?% foundalee C H P Cl Form@da H P Cl

1- 78- 0.08 1.3086.48283.2943.0036.963@2881%70613.32CEHHEBAEBIIP3 15.7618.04

(2- 79
Chloroethoxy)-

3.
methylisoxaphospholin-
3.

oxide-

1

1- 64- 0.06 1.2547.47627.4247.5940.143%601150816.386ABIDI5IPA 14.7116.84
(2- 66

Chloro-

1-

methylethoxy)-

3-
methylisoxaphospholin-
3.

oxide-

1

1- 67- 0.07 1.2098.476%2.4052.2143.436.29 13.4813.66CHAXIGIR8 13.79
(3- 69

Chloro-

1-

methylpropoxy)-

3-
methylisoxaphospholin-
3.

oxide-

1
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Foun@foun&oundpund, Calculfled(ftled(ftled]ated,
bp, Pressure, MR MR % % % % % % % %
Subst@ncemm dio n%? foundcale. C H P Cl Form@la H P CI

1- 159- 10 1.2028.47632.4852.2142.6862681161113.20C; HAAILGIPS 13.79
(2- 161

Chloroethoxy)-

3,5,5-

trimethylisoxaphospholin-

3-

oxide-

1

1- 72- 0.2 1.1669.46936.9956.8345.1965801605313.31C, H4IRIOIP6 12.98
(2- 73

Chloro-

3-

methylethoxy)-

3,5,5-

trimethylisoxaphospholin-

3-

oxide-

1

1-  67- 0.07 1.1424.46961.8761.4547.2864631422113.39C3 AAZAFTCIF 12.2514.02
(3- 68

Chloro-

1-

methylpropoxy)-

3,5,5-

trimethylisoxaphospholin-

3-

oxide-

1

tubes, with heating on a water bath until the decrease in volume ceased. In
experiments with methyl vinyl ketone the reaction was completed within 4-6
h, and in experiments with mesityl oxide, within 8-12 h. The condensation
products were distilled in a high vacuum. The yields were 30-50% (higher with
mesityl oxide). Resinified polymers remained in the residue. The constants and
analytical data for the condensation products are given in Table 2.
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