This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Determination of Ring Size in Cyclopolymers from Divinyl Phosphonates
G. C. Corfield* H. H. Monks®

* Department of Chemistry and Biology, Sheffield Polytechnic, Sheffield, England

To cite this Article Corfield, G. C. and Monks, H. H.(1975) 'Determination of Ring Size in Cyclopolymers from Divinyl
Phosphonates', Journal of Macromolecular Science, Part A, 9: 7, 1113 — 1131

To link to this Article: DOI: 10.1080/10601327508056926
URL: http://dx.doi.org/10.1080/10601327508056926

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601327508056926
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 39 25 January 2011

Downl oaded At:

J. MACROMOL. SCI—-CHEM., A9(7), pp. 1113-1131 (1975)

Determination of Ring Size in
Cyclopolymers from Divinyl Phosphonates

G. C. CORFIELD and H. H. MONKS

Department of Chemistry and Biology
Sheffield Polytechnic
Sheffield S1 1WB, England

ABSTRACT

Divinyl phenylphosphonate and divinyl methylphosphonate

have been synthesized using modifications of the method of
Gefter and Kabachnik. In contrast to the results reported by
these authors, it has been possible to obtain soluble, fusible,
linear polymers (cyclopolymers) from both monomers by
polymerization in dilute solution.

By *!P NMR spectroscopy it is possible to distinguish and
quantitatively determine phosphorus atoms in five- and six-
membered ring environments. Using a series of phosphonates
as model compounds, this technique has shown that poly(divinyl
phenylphosphonate) contains both five- and six-membered ring
repeating units in amounts which depend upon the method of
polymerization, whereas poly(divinyl methylphosphonate)
produced under a variety of conditions contains only six-
membered rings. This work has established that **'P NMR
can be used to determine the ring size in cyclopolymers from
divinyl phosphonates by direct analysis of the polymers.
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INTRODUCTION

Divinyl phosphonates (I) are examples of 1, 6-dienes; if cyclo-
polymerization of these monomers could be achieved, polymers with
five- (II) and/or six-membered ring repeating units (III) would be ex-
pected. Other phosphorus-containing 1, 6-dienes have been reported
to yield cyclopolymers [1-3]. Butler and Berlin | 1] described the
polymerization of diallylphenylphosphine oxide and dimethallylphenyl-
phosphine oxide and suggested that the cyclopolymers produced con-
tained only six-membered rings. They noted the possibility that
five-membered rings could be formed but rejected this theory on the
grounds that such a structure would necessitate formation of a
primary radical rather than a secondary (or tertiary) radical. They
also stated, at that time (1960), that a five-membered ring had never
been reported in cyclic polymerizations involving symmetrical 1, 6-
diene systems with terminal methylene groups.

More recent investigations of the cyclopolymerization reaction |4]
have shown that five-membered rings are formed in addition to six-
membered rings. Determination of the distribution of five- and six-
membered ring units in cyclopolymers from 1, 6-dienes has been
effected by spectroscopic or chemical methods. In such cases the
analysis is carried out directly on the cyclopolymer. Other workers
have used the indirect method of relating the products of telomeriza-
tion reactions of 1, 6-dienes with various chain-transfer agents to the
cyclopolymerization reaction., However, a systematic study of the
effect of temperature, solvent, initiator, molecular weight, and
structure of the monomer on the ring size distribution in cyclopolymer-
ization reactions or cyclotelomerization reactions of 1, 6-dienes has
yet to be investigated, Also, the relationship, if any exists, between
cyclotelomerization and cyclopolymerization reactions needs to be
studied. For such work to be carried out, it is necessary to find a
method which will enable the ring size to be determined in both
cyclotelomers and cyclopolymers directly. This paper describes the
use of *'P NMR as a means of estimating the amount of five- and/or
six-membered rings in poly(divinyl phosphonates).

Few cases are reported where high molecular weight polymers
have been obtained from phosphorus-containing monomers. Thus high
molecular weight polymers were not expected (nor were they obtained)
from polymerizations of divinyl phenylphosphonate and diviny! methyl-
phosphonate. However, the polymers obtained were soluble, fusible
solids and had no residual unsaturation, in contrast to previous reports
of their properties. Gefter and Kabachnik |5 ] reported poly(divinyl
phenylphosphonate) as a black, insoluble, noncombustible solid, and
poly(divinyl methylphosphonate) as a light yellow, insoluble, non-
combustible solid. Previous to this, Upson [6] reported poly(divinyl
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phenylphosphonate) as a viscous liquid or a soft tacky solid. Both
papers were published before the discovery of the cyclopolymerization
reaction and hence the possibility of linear polymers was not ex-
pected, nor was it investigated. The insoluble polymers (presumably
cross-linked) were obtained by polymerizations in bulk; Gefter and
Kabachnik [5] heated divinyl phenylphosphonate for 150 hr at 50°C
with benzoyl peroxide as initiator,

This work has shown that soluble polymers (proposed as cyclo-
polymers) can be obtained by polymerization of divinyl phosphonates
in dilute solution, especially if polymerization is carried out at low
temperature and the initiator is decomposed photolytically.

*1p NMR is directly applicable to recognition of phosphorus atoms
in different chemical environments (ring size) and is able to give a
quantitative measure of the relative amounts of nuclei in these differ-
ent environments, The cyclopolymers obtained from divinyl phos-
phonates were studied in this way with a view to determining the
relative amounts of six- and/or five-membered ring content.

MONOMER SYNTHESIS AND CYCLOPOLYMERIZATION

Divinyl phenylphosphonate (I, R = C,H,) was prepared by the method
of Gefter and Kabachnik [5] (IV - I). Low yields were reported by
these authors and only very brief experimental details were given. An
alternative route to divinyl phenylphosphonate, which involved dehydro-
chlorination of bis(2-chloroethyl) phenylphosphonate [6] (V, R = C H,),
was attempted many times without success. These findings agree with
those of other workers [7, 8] who consider the results published by
Upson [6] to be erroneous,

Divinyl methylphosphonate (I, R = CH,) was prepared by the method
outlined by Gefter and Kabachnik [5] and given in greater detail in a
later publication by Gefter [8] (VIO ~ I).

The polymerization of divinyl phenylphosphonate was achieved using
benzoyl peroxide or azobisisobutyronitrile as initiator, the results and
conditions being summarized in Table 1. The polymers were isolated
from the polymerization reaction as white amorphous powders by drop-
wise addition into vigorously stirred diethyl ether or light petroleum.
All the polymers shown in Table 1 (with the exception of the sample
from polymerization in bulk) had softening points in the range 130 to
160°C.

All the polymers of divinyl phenylphosphonate were soluble in
N,N-dimethylformamide and dimethylsulfoxide, with the exception of
the sample from polymerization in bulk, which was presumed to be
cross-linked in view of its insolubility and infusibility. After repeated
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reprecipitation of the soluble polymers, IR and NMR spectra were ob-
tained. The IR spectra showed no evidence of any residual vinyl un-
saturation and bands at 1280 cm~' (P=0); 755, 722, and 692 cm~'
(P-phenyl). The NMR spectra of poly(divinyl phenylphosphonate)
showed three sets of broad peaks at 2.2-2.7 and 7.8-8.8 7, which is
very different from the spectrum of the monomer, The spectra
showed no evidence of residual vinyl unsaturation, and the new peaks
are attributed to protons in saturated systems. A sample of poly(divinyl
phenylphosphonate) had a reduced specific viscosity of 0,042 in
solutions of N,N-dimethylformamide. This suggests that the polymers
are of low molecular weight.

To explain the formation of soluble, fusible, and hence linear
polymers from divinyl phenylphosphonate, containing no residual un-
saturation, it is proposed that they are produced via a chain-growth
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mechanism involving alternating intramolecular and intermolecular
steps. This mechanism is known as cyclopolymerizat—io_n.

Divinyl methylphosphonate was polymerized in solution using
azobisisobutyronitrile as initiator. The results and conditions are
summarized in Table 2. The polymers were isolated from the polym-
erization reaction by dropwise addition into vigorously stirred ether
or light petroleum, All the polymers in Table 2 had softening points
in the range 105 to 120°C.

All the polymers given in Table 2 were soluble in N,N-dimethyl-
formamide and had IR and NMR spectra which indicated the absence
of residual unsaturation. The NMR spectra again showed a consider-
able difference between the spectrum of the polymer and that of the
monomer. The polymers had peaks in the ranges 4.4-5.1, 7.0-7.5,
and 8.2-8.7 7. A reduced specific viscosity of 0.08 (N,N-dimethyl-
formamide) was measured for one sample of the polymer.

The cyclopolymerization mechanism must again be used to ex-
plain the formation of soluble, fusible, and hence linear polymers
from divinyl methylphosphonate. Thus both divinyl methylphosphonate
and divinyl phenylphosphonate can yield cyclopolymers under suitable
conditions,

ANALYSIS OF RING SIZE

As model compounds for the assignment of ' P chemical shifts in
the polymers, a number of cyclic phosphonate esters were synthesized
by either 1) addition of an acid chloride to a solution of a diol in the
presence of pyridine, or 2) the method of Toy {9] which consisted of
heating a diol with an acid chloride under vacuum. Table 3 shows the
conditions employed and the physical constants of the esters obtained.
The cyclic esters are named using the nomenclature proposed by
Mann | 10].

The ®'P NMR spectrum of certain samples of poly(divinyl phenyl-
phosphonate) showed two regions of absorption for 20% solutions of the
polymer in N,N-dimethylformamide. The chemical shifts of the
regions of absorption are shown in Table 4 along with the conditions
used in the polymerizations,

If the two chemical shift values of the soluble polymer are due to
phosphorus atoms in different chemical environments, then com-
pounds with similar structural units (five- and six-membered rings)
should show similar chemical shifts, This assumes that cyclopolym-
erization has occurred in the soluble polymers obtained, Evidence
which suggests that this is the case is given earlier. Table 5 shows
the structure and *'P chemical shifts of some cyclic five- and six-
membered phenylphosphonates along with certain acyclic phenyl-
phosphonates.
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All the *'P NMR spectra of poly(divinyl phenylphosphonate) given in
Table 4 showed peaks with chemical shifts near -28 ppm which by
comparison with chemical shift values of five-membered cyclic phos-
phonates given in Table 5 suggests that the polymers contained phos-
phorus atoms in environments very similar to phosphorus atoms in
five-membered rings. On this basis it is proposed that divinyl phenyl-
phosphonate does polymerize to give products with five-membered
rings (II). Three spectra also showed peaks with chemical shifts near
-14 ppm; this value is similar to the six-membered cyclic phosphonates,
especially 4-methyl-2-phenyl-1,3,2-dioxaphosphorinane-2-one which
is very similar structurally to the six-membered ring repeating unit
proposed for cyclopolymerization of divinyl phenylphosphonate (III).

Apparently, therefore, divinyl phenylphosphonate can cyclopolymer-
ize to give products containing predominantly five-membered rings or
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TABLE 4, *'P Chemical Shifts of Samples of Poly(divinyl Phenyl-

phosphonate)

Polymerization conditions

Chemical shift
(6 ppm)

40% Solution in DMF? using 2 mole %
ABINP as initiator for 20h at 70°C

50% Solution in THFC using 2 mole
% ABINP + hv as initiator for 15 hr
at 20°C

50% Solution in DMF® using 2 mole %
ABIND + hv as initiator for 16 hr at
20°C

40% Solution in DMF2 using 2 mole %
ABIND + hy as initiator for 5 hr at
20°C

-28.0

-28.2, -13.0

-28.5, -13.8

-28.0, -12.8

aN,N-Dimethylformamide.
bAzobisisobutyroni trile.
CTetrahydrofuran.

TABLE 5. *'P Chemical Shifts of Phenylphosphonates

Compound Structure

31p chemical shift
(8 ppm)

2-Phenyl-1,3,3-dioxaphospholane-

2-oxide X -31.0
2-Phenyl-1,3,2-dioxaphosphorin-

ane-2-oxide X -11.2
4,5-Dimethyl-1,3-2-dioxaphos-

pholane-2-oxide X1 -28.0
4-Methyl-1,3,2-dioxaphos -

phorinane-2-oxide X1 -13.0
Divinyl phenylphosphonate I, R=C,H, -11.4
Diethyl phenylphosphonate X1 -16.9
Bis(2-chloroethyl) phenyl-

phosphonate \' -17.2
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a mixture of five- and six-membered rings dependent on the polymer-
ization conditions.

Before using the *' P NMR spectra of poly(divinyl phenylphos-
phonate) in a quantitative manner to calculate the amount of five- and
six-membered rings in the polymer, the method was tried using known
mixtures of cyclic phosphonates. The results (Experimental section)
show that, in general, the precision limits for calculating the amount
of five- and six-membered rings are 12%. In some *'P NMR spectra
this limit is raised to +5% because of noise. Table 6 gives the cal-
culated amount of five- and six-membered rings in poly(divinyl
phenylphosphonate).

The *'P spectra of samples of poly(divinyl methylphosphonate)
were similarly obtained. However, these spectra showed only one
region of absorption at approximately -24 ppm (Table 7). By compar-
ison with the chemical shifts of some cyclic and acyclic methylphos-
phonates ( Table 8), a six-membered ring (III) is proposed as the
repeating unit in the cyclopolymers from divinyl methylphosphonate.

This work has shown that the ring size in cyclopolymers of
divinyl phosphonates is dependent on the solvent, method of initiation,
and the structure of the monomer. In the case of divinyl phenyl-
phosphonate the five- and six-membered ring content in the polymer
is markedly altered when the solvent or initiation technique is
changed. Divinyl methylphosphonate does not give variations in ring
size content when conditions are altered. However, this work has
indicated that these factors are important and should enable a more

TABLE 6. Calculated Amount of Five- and Six-Membered Rings in
Samples of Poly(divinyl Phenylphosphonate)

Polymerization conditions Five-membered Six-membered
rings rings

Solvent Initiator (%) (%)

DMF? ABINC 100 -

THFD ABINY 46 54

DMF2 ABING 63 37

DMF? ABINd 32 68

aN,N-Dimet.hylformamide.

bTetrahydrofura,n.

CAzobisisobutyronitrile, thermally at 70°C.
Azobisisobutyronitrile, photochemically at 20°C,
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TABLE 7. °'P Chemical Shifts for Samples of Poly(divinyl
methylphosphonate)

chemical shift
Polymerization conditions (6 ppm)

50% Solytion in DMF? using 2 mole %

ABIN"” as initiator for 14 hr at 70°C -24.2
50% Solution in THF¢ using 2 mole %
ABIND + hv as initiator for 17 hr at 20°C -25.0

aN,N-Dimethylformamide.
bA zobisisobutyronitrile.
CTetrahydrofuran.

TABLE 8. *!'P Chemical Shifts of Methylphosphonates

31p chemical shift

Compound Structure (8 ppm)
2-Methyl-1,3,2-dioxaphospholane-

2-oxide xiv -42.6
2-Methyl-1,3,2-dioxaphosphorinane-

2-oxide Xv -23.2
2,4,5-Trimethyl-1,3,2-dioxaphos-

pholane-2-oxide XV1 -39.2
2,4-Dimethyl-1,3,2-dioxaphosphor - :

inane-2-oxide Xvia -26.4
Divinyl methylphosphonate I, R=CH, -22.8
Diethyl methylphosphonate v -26.0

systematic study to be completed in view of the ease of assignment
of > P chemical shifts to five- and/or six-membered rings.

EXPERIMENTAL

31D Nuclear magnetic resonance spectra were determined at nor-
mal temperatures for chloroform or N, N-dimethylformamide solutions
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(unless otherwise stated) containing 85% phosphoric acid (§ = 0.0

ppm) in a sealed capillary as an internal standard, using a JEOL
C-60 HL high resolution 24 MHz instrument.

Divinyl Phenylphosphonate (I, R=C,H,)

Freshly distilled phenylphosphonic dichloride, bp 86 to 88°C at
0.5 Torr (138.0 g, 0.70 mole), was added dropwise over 2 hr to a
stirred solution of acetaldehyde (230.0 g, 5.2 mole) and triethyl-
amine (196.0 g, 1.94 mole) which was previously cooled to -15°C
and swept with dry nitrogen. The solution was maintained at -15°C
for 5 hr during which time the precipitate and solution slowly
darkened in color. The solution was allowed to warm to room tem-
perature, stirred for a further 15 hr, and then light petroleum, bp
40 to 60°C (200 ml), was added with stirring, The precipitate
(triethylamine hydrochloride, mp 253° from alcohol) was removed
by filtration and the volatile fractions removed under reduced
pressure. Distillation of the residue gave divinyl phenylphosphonate,
bp 116 to 118°C at 1.5 Torr, which was redistilled through a Nester-
Faust spinning band column with an 18 in. stainless steel band and
partial take-off head (60.0 g, 41%), bp 107 to 108°C at 0.5 Torr as a
colorless liquid nlz)5 1.5149.

Analysis. Found: C, 57.4; H, 5.25; P, 14.8%; M*, 210;
Calculated for C,H, , PO,: C, 57.15; P, 14.75%; M, 210; Y max

3060( C—H phenyl and vinyl), 1642(C=C vinyl), 1593, 1443(C=C
phenyl), 1280(P=0), 1020(P—O~CH=CH,), 980-960(CH=C ), 792
(P—O—C assym.), 755, 722, 692 cm™'(C—H phenyl); 7 (CCL,),
1.9-2.6(5H, m, P-phenyl), 3.1-3.6(2H,q, P-O—CH=CH,), 4.9-5.5
(4H,t, P—O—-CH=CH,); §°'P(CHCl,), -11.4 ppm.

Poly(divinyl Phenylphosphonate)

Conditions and results are given in Table 1. A typical example of
a free radical initiated polymerization was carried out as follows.
Divinyl phenylphosphonate (2.10 g, 0.01 mole) was dissolved in
freshly distilled N,N-dimethylformamide (2,10 g, bp 44 to 45° at 20
Torr), added to a Pyrex tube containing azobisisobutyronitrile (30
mg, 2 x 10”* mole, 2.0 mole %) and the tube purged with dry nitrogen
and sealed with a rubber serum cap. The mixture was irradiated
with a medium pressure mercury discharge lamp for 16 hr, then
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slowly poured into vigorously stirred diethyl ether (200 ml), the pre-
cipitate collected by filtration, washed repeatedly with diethyl ether,
and dried under reduced pressure 55°C at 0.5 Torr. The solid was
ground to a fine powder, Soxhlet extracted with hexane, and dried
under reduced pressure at 55°C at 0.5 Torr giving poly(divinyl
phenylphosphonate) (0.45 g, 21%) softening point 155 to 160°C.,
Analysis. Found: C, 56.5; H, 5.55%. Calculated for
(C.oH PO, )n: C, 57.15; H, 5.25%; Ymax 3100-2900(br){C—H),

1600-1550, 1450(C==C phenyl), 1300-1250(br)(P=0), 1040-990
(br)(P—0—C), 755-690 cm™'(C—H phenyl); 7 ((CD,), SO), 2.2-2.7
(br), 4.8-5.8(br), 7.7-8.8(br); 6 *'P(N,N- dlmethylformamlde)
-14.2, -29.0 ppm. The sample had a reduced specific viscosity
(nsb/c) of 0.042 (N,N-dimethylformamide).

Bis(2-chloroethyl) Phenylphosphonate (V)

Ethylene oxide (13.2 g, 0.3 mole) was added through a wide bore
gas inlet tube over 2 hr to a stirred solution of phenylphosphonic
dichloride (19.5 g, 0.1 mole) and anhydrous aluminium chloride
(1.95 g) at room temperature. Distillation of the reaction mixture
gave bis(2-chloroethyl) phenylphosphonate (19.8 g, 70%), bp 192 to

194°C at 2.0 Torr as a colorless viscous liquid nlz)5 1.5236;

Vmax 3060(C--H phenyl), 2980, 2900(C—H aliphatic), 1593,
1445(C=C), 1255(P=0), 1140, 1030(P—O—CH,—CH,), 760, 700
cm™'(C—H phenyl; 7(CCL), 2.0-2.6(5H, m, P- phenyl) 4.6-4.9
(4H, m, P~O—CH, —) 6.3-6. %(4H, t, 0~ CH, —CH .); 6 *'P(CHCl),
-17.2 ppm.

Diethyl Methylphosphonate (VII)

Triethyl phosphite (110.0 g, 0.66 mole) and iodomethane (100.0 g,
0.705 mole) were refluxed for 2 hr on a steam bath using an efficient
condenser and an anhydrous calcium chloride guard tube. Iodoethane
(96 g) was distilled from the reaction mixture and the residue dis-
tilled giving diethyl methylphosphonate {95.0 g, 95%), bp 59 to 60°C
at 1.0 Torr as a colorless liquid nzg 1.4128,

Analysis. Found: C, 39.45; H, 8.6%. Calculated for C,H ,PO;:
C, 39.45; H, 8.55%; Y nax 2970, 2910(C—H aliphatic), 1308(P-—~CH,),

1230(P=0), 1160, 1025 cm™'(P—0O—C;Hs); 7 (CDCl) 5.6-6.2(4H,
m, P-O-CH,), 8.4-8.8(9H, q, CH, protons); & 31P(CHClg) -26.0 ppm.
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Methylphosphonic Acid (VI)

Diethyl methylphosphonate (140.0 g, 0.985 mole) was refluxed for
8 hr with hydrochloric acid (600 ml) and water (600 ml). Water,
hydrochloric acid, and ethanol were removed by distillation giving
methylphosphonic acid (80.0 g, 83%) as a colorless viscous liquid
crystallized on standing, mp 103 to 105°C (white plates from
hexane/ethyl acetate).

Methylphosphonic Dichloride (IV, R = CH,)

Phosphorus pentachloride (180.0 g, 0.865 mole) was added to
methylphosphonic acid (36.0 g, 0.375 mole) in a flask equipped with
an efficient reflux condenser and an anhydrous calcium chloride
guard tube. A vigorous exothermic reaction started on gentle heating
and the contents of the flask soon became liquid. The solution was
refluxed for a further 12 hr and distilled through a 30-cm Vigreux
column, Phosphoryl chloride was removed as the first fraction
followed by methylphosphonic dichloride (48.0 g, 77%), bp 160 to

25 1.4595, which crystallized on stand-

162 °C as a colorless liquid ny

ing, mp 32 to 34°C,
Analysis. Found: Cl, 53.15%. Calculated for CHs POCl,: Cl,
53.35; Y max 2980, 2900(C—H aliphatic), 1303(P-CH,), 1268 cm™*

(P=0),

Divinyl Methylphosphonate (I, R=CH,)

Methylphogphonic dichloride (26.6 g, 0.20 mole) in anhydrous
benzene (40 ml) was added dropwise over 2 hr to a stirred solution
of acetaldehyde (64.0 g, 1.45 mole) and triethylamine (55.5 g, 0.55
mole) which had been previously cooled to -15°C and swept with dry
nitrogen. The solution was maintained at -15°C for 4 hr with
continuous stirring during which time the precipitate and solution
slowly darkened in color. The solution was allowed to warm to room
temperature, stirred for a further 12 hr, and then light petroleum,
bp 40 to 60°C (200 ml), was added with stirring. The precipitate
(triethylamine hydrochloride, mp 253°C from alcohol) was removed
by filtration and the volatile fractions removed under reduced
pressure. Distillation of the residue gave divinyl methylphos-
phonate, bp 68 to 70°C at 6,0 Torr, which was redistilled through
a Nester-Faust spinning band column equipped with an 18 in stainless
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steel band and partial take-off head (9.3 g, 32%), bp 52 to 53°C at 1.0
Torr, as a colorless liquid n2D5 1.4369.

Analysis. Found: C, 40.34; H, 6.45; P, 21.25%; M*, 148. Calcu-
lated for C,H,PO,: C, 40.5; H, 6.1; P, 20.95%; M, 148; Y nax 3010

(C—H vinyl), 2920(C—H methyl), 1643(C=C), 1308(P—CH,), 1270
(P=0), 1020(P-O—CH=CH,), 910(CH=C), 818 cm™'(P—-0-C
assym); 7(CClL), 3.1-3.6(2H,m,P—O—C§=CH§), 5.0-5.6(4H, q,
P-0-CH=CH,), 8.3-8.6(3H, d, CH;—P=0); 8 *'P(CHCl,), -22.8 ppm,

Poly(divinyl Methylphosphonate)

Conditions and results are given in Table 2, A typical example of
a free radical initiated polymerization was carried out as follows.
Divinyl methylphosphonate (1.48 g, 0.01 mole) was dissolved in freshly
distilled tetrahydrofuran (1.5 g), added to a Pyrex tube containing
azobisisobutyronitrile (30 mg, 2 x 10™* mole, 2 mole %) and the tube
purged with dry nitrogen and sealed with a rubber serum cap. The
mixture was irradiated with a medium pressure mercury discharge
lamp for 20 hr, then slowly poured into vigorously stirred ether
(200 ml), the precipitate collected by filtration, washed repeatedly
with ether, and dried under reduced pressure at 55°C at 0.5 Torr,
The solid was ground to a fine powder, Soxhlet extracted with hexane,
and dried under reduced pressure giving poly(divinyl methylphos-
phonate) (0.41 g, 30%) softening point 105 to 110°C.

Analysis. Found: C, 40.1; H, 6. 9%. Calculated for (CsH QPOS)n:
C, 40.5; H, 6.1%; Y max 2990-2900(br)(C—H), 1310(P—CH,),

1270-1220(br)(P=0), 1040-980(br)(P—-0—C), 825-800 cm ™' (br)
{P—O-C assym); 7((CD,),S0), 4.4-5.1(br), 7.0-7.5(br), 8.2-8.7
(br); & *'P(N,N-dimethylformamide), -24.6 ppm. The sample had a
reduced specific viscosity (nsp/c) of 0.08 (N,N-dimethylformamide).

Calipration of the NMR Method for Analysis of the
Ring Size in Phosphonate Polymers

Varying amounts of 2-phenyl-1, 3, 2-dioxaphospholane-2-oxide,
2-phenyl-1,3,2-dioxaphosphorinane-2-oxide, and acyclic phosphonates
were dissolved in chloroform (2.0 ml) and *' P NMR spectrum of the
mixture obtained. The results are summarized in Table 9.
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