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The five-membered ring 2-phenyl-1,3,2-oxazaphospholidine exists in solution in equilibrium with its ten-mem-
bered ring dimers and polymeric species of high molecular weight. The corresponding 2-thiono derivatives have
been prepared by direct addition of elemental sulfur. The 'H, 13C, and 3!P NMR spectral parameters are reported
along with a discussion concerning the five-membered ring conformation.

In previous papers we described spontaneous dimeriza-
tion from various 1,3,2-dioxa and 1,3,2-dithia organophos-
phorus molecules. Thus, ten-membered rings have been ob-
tained from 2-phenyl-1,3,2-dioxaphospholane,2? 12-mem-
bered rings from 2-methyl-1,3,2-dioxaphosphorinane?® and
from 2-tert-butyl-1,3,2-dithiaphosphorinane,? 14-membered
rings from 2-tert-butyl-1,3,2-dioxaphosphepane,* and 16-
membered rings from 2-methyl-1,3,6,2-trioxaphospho-
cane.b

In those reactions, besides dimers one observes the forma-
tion of polymeric species which are under investigation and
whose structure (cyclic or not cyclic) has not yet been estab-
lished.

Such a dimerization has not been observed starting from
1,3,2-diazaphospholidines or 1,3,2-diazaphosphorinanes.
However, due to the influence of minor experimental factors
(moisture, nature of the storing vessel) on the evolution of the
reaction when it takes place, we cannot conclude that this
reaction does not take place with 1,3-diaza compounds. Thus,
it seemed interesting to investigate the behavior of 1,3-oxaza
compounds (~O-P-N-). As according to our previous results,
the dimerization is more easily observed in dioxaphospholanes
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than in dioxaphosphorinanes or dioxaphosphepanes, and as
this reaction goes easily with the 2-phenyl-1,3,2-dioxaphos-

O\
/P_CaHa
I\|1
CH,
1

pholane, the 2-phenyl-1,3,2-oxazaphospholidine 1 appeared
to be a good candidate for a possible ring-expansion reac-
tion.

Some results have been previously reported on the behavior
of 2-substituted 1,3,2-oxazaphospholidines. 2-Phenyl-3-
methyl-1,3,2-oxazaphospholidine (1) is an interesting com-
pound, since, at room temperature, it polymerizes into a solid
in a reversible reaction. The polymer formula was written as
a linear chain [OCH,CHoN(CH;3)P(CgHs)-],.6 In another
study, the 2,3-dimethyl-1,3,2-0xazaphospholidine was said
to exist as a dimer but no details concerning the dimer iden-
tification or stereochemical discussions were given.”
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We wish to report here on the identification of the com-
pounds which are obtained by evolution of the oxazaphos-
pholidine 1. They are two cyclic ten-membered ring dimers
and polymeric species of higher molecular weight. The NMR
spectral parameters (!H, 3C, and 3!P) of these different
species are also discussed.

Oxazaphospholidine Dimerization and Polymerization.
(a) 2-Phenyl-3-methyl-1,3,2-0xazaphospholidine. 2-
Phenyl-3-methyl-1,3,2-oxazaphospholidine (1) can be pre-

+CLPCH, + 2(C,H;);N

OH

cn”” —-2[(C,H,),NH]CI Py
b CH,
— (|3H P—CH;
LHM)\\‘H +[(CH,),N1,PCH; \f/
| —2(CH,),NH ]
CH,
CH. 1

pared by reaction of 2-(methylamino)ethanol with dichloro-
phenylphosphine or in better yield and higher purity with
bis(dimethylamino)phenylphosphine.?

When neat or in benzene solution (I), 1 undergoes a reaction
which has been followed via changes observed in its proton
noise-decoupled 3P NMR spectrum.

Immediately after preparation (by dissolving a freshly
distilled sample of compound 1 in benzene), solution I shows
only one line (M) at 142 ppm in the {1H}3!P NMR spectrum.3°
When the benzene solution (1) is left in an NMR tube sealed
under vacuum, additional lines appear in the {1HPF1P NMR
spectrum. The first new lines which appear consist of a four-
line pattern (P) of the same intensity and of equal spacing,
located between 134 and 135 ppm?° (Figure 1, A and B). By
recording the spectrum at two different frequencies (24 and
40 MHz), the line spacing is shown to be due to a chemical
shift and not to spin-spin couplings. Simultaneous with the
appearance of the line system P, the viscosity of the solution
increases suggesting that a polymerization process takes place,
and one observes the formation of compact colorless crystals,
whose existence has already been noticed by Hudson and
co-workers.® Finally, the {{H}]31P NMR spectrum of solution
I shows, in addition to the lines previously described [single
peak at 142 ppm (M), four line pattern (P) between 134 and
135 ppm], two lines at 136.53° (D;) and 134.9 ppm?° (D), re-
spectively (Figure 1, C). The rate of these changes can be in-
creased in the first step (appearance of the four-line pattern
denoted P) by addition of a catalytic amount of p-toluene-
sulfonic acid to the solution. The appearance of peaks I and
Dy is accelerated by heating the solution for a few hours at 80
°C.

The compounds corresponding to the different lines ob-
served in the {TH}3!P NMR spectra of solution I have been
characterized, either as the three-coordinate phosphorus
compounds or as the corresponding thiono derivatives.

(b) Identification of the Compounds. Compound 1 which
shows peak M in its {{H}3'P NMR spectrum (Figure 1, A) is
a nonviscous liquid which remains stable for several days at
0 °C. Reaction with elemental sulfur in benzene gives rise to
a stable crystalline compound 1’ (mp 67 °C). By elemental
analysis, mass spectrometry (molecular peak at m/e 181 and
218 for 1 and 1, respectively), and 'H, 13C, and 3'P NMR
spectroscopy (Tables [ and II) 1 and 1’ are identified as 2-
phenyl-3-methyl-1,3,2-oxazaphospholidine (1) and the cor-
responding 2-thiono derivative 1’.

The crystalline compound which appears in solution I was
isolated by filtration and recrystallization from hot benzene
(mp 191-193 °C). This compound, denoted 3, was character-
ized by elemental analysis (CoH;30NP),,, mass spectrometry
(molecular peak at m/e 362, n = 2), and 'H, 13C, and 3'P NMR

Robert and Weichmann

PO YL -

”

o

™M 1

[

] .
win o

T
5 0 736

Figure 1. {['HP'P NMR spectrum of a benzene solution of 3-
methyl-2-phenyl-1,3,2-oxazaphospholidine.

spectroscopy (Table III). All the data are in agreement with
a ten-membered ring structure for compound 3, a dimer of
2-phenyl-3-methyl-1,3,2-oxazaphospholidine (1). The {{H}]31P
NMR peak of compound 3 (134.9 ppm) corresponds to the
peak denoted D5 in solution I.

CH,
CH: X I
O\\P//N
O ()
./ N N~
N NN
l ' X C:H,
CH, H,C
1, X = lone pair 2, 3, X = lone pair
1, X=8 2,3.X=8

Addition of elemental sulfur to compound 3 gives the ex-
pected ten-membered ring cyclic dimer of 2-thiono-2-phe-
nyl-3-methyl-1,3,2-0xazaphospholidine (3!, mp 274-275 °C).
The elemental analysis is in agreement with the
(CoH15NOPS),, formula, and the mass spectrum exhibits a
molecular peak at m/e 426, n = 2. Unfortunately, compound
3’ is nearly insoluble in all common solvents and only the
{'H}?'P NMR spectrum has been obtained (sharp peak at 81.1
ppm).

The ten-membered ring dimer of 2-phenyl-3-methyl-
1,3,2-oxazaphospholidine (1) may exist in two diastereomeric
forms, depending upon the relative orientation of the phenyl
groups attached to the phosphorus to the mean plane of the
ten-membered ring. The isolation of a second ten-membered
ring dimer, with the phosphorus three-coordinate state, has
not been possible. However, after sulfurization and chroma-
tography of a reaction mixture which shows in its {{H}3!P
NMR spectrum the peaks denoted M (142 ppm), D; (136.5
ppm), Dy (134.9 ppm}), and P (134-135 ppm) (Figure 1, C), one
can isolate a second dimer of 2-thiono-2-phenyl-3-methyl-
1,3,2-oxazaphospholidine (2'). 2’ is a crystalline compound
(mp 186-187 °C) and is identified by elemental analysis
(CgH2NOPS),,, mass spectrometry (molecular peak at m/e



Ten-Membered Ring Heterocyclic Molecules J. Org. Chem., Vol. 43, No. 15, 1978 3033

Table I. 'H NMR Data of 2-Phenyl-3-methyl-1,3,2-0xazaphospholidine®
and of 2-Thiono-2-phenyl-3-methyl-1,3,2-0xazaphospholidine? in CgDs

H,
H. O\ 7 X
/P
H, N
H. l CH;
CH.
chemical shift, ppm, from Me,Si spin—-spin coupling constants, Hz
CH; H; H, Hj Hy4 *Jun,  2JuH,  SJmH, JuH, CJun,; SJHeH,
1, X = lone pair 2.54 3.70 3.76 2.61 2.28 -8.7 -10.4 7.0 7.0 7.7 5.3
1nX=8 2.30 3.90 3.73 2.90 2.83 -8.8 —-8.6 6.6 44 7.4 6.7
a Registry no.: 1885-79-6. ® Registry no.: 1885-80-9.
Table II. 13C and 3!P NMR Data of 2-Phenyl-3-methyl-1,3,2-0xazaphospholidine
and of 2-Thiono-2-phenyl-3-methyl-1,3,2-0xazaphospholidine in C¢Dg
(15’0\ F X
e
Comy’ \
l C.H,
CH,
chemical shift, ppm spin-spin coupling constants, Hz
Cy° Cs CHj 3Ipb %Jpc,  2*Jpc,  *JpcH,  SJpH,  JpH,  JpH,  °JPH,
1, X = lone pair 50.9 67.4 37.9 141.8 5.6 10.5 26.8 7.0 1.0 2.7 7.0
1 X=8§ 50.1 66.2 31.8 94.3 6.3 9.5 3.8 10.0 14.3 6.0 16.8

a 13C chemical shifts are in parts per million downfield from internal Me,Si. ¢ 3! P chemical shifts are in parts per million downfield
from external 85% H3POy.

Table IIL. Partial !3C and 3!P NMR Data of Dimeric Forms of 2-Phenyl-3-methyl-1,3,2-0xazaphospholidine
and of 2-Thiono-2-phenyl-3-methyl-1,3,2-0xazaphospholidine in C¢Ds

CH,
GH, X |
')[OQPZ/NJV
4 } /P_\ v
N Vi O
X CH,
CH,
phosphorus carbon
chemical shift, ppm¢ spin-spin coupling, Hz
3P Coy Csz CH; T poCs  PJPiC,  JPyCs  JpaC;  ZJPNCHy
2, X = lone pair, D, 136.5
3, X = lone pair, Dy 134.9 50.9 67.2 37.2 17.4 2 24.1 0 9.8
2, X=8,Dy 80.9 50.5 62.9 35.6 2.5 2.5 7.3 2.1 6.9
3, X=8Dy ¢ 81.1

a See Table 11 for the references. ® The dimer D; has not beenisolated in the three-coordinate phosphorus valence state. ¢ The very
low solubility of dimer Dy’ precluded the recording of 3C NMR spectra.

426, n = 2), and 'H, 13C, and 3P NMR spectroscopy (Table
I1D).

It has been verified that compound 2’ can been obtained
only from the chromatography of a sulfurized mixture if peak
D; (136.5 ppm; Figure 1, C) is present in the mixture of
three-coordinate phosphorus compounds. Thus, we conclude
that peak Dy corresponds to one of the two possible dimeric
forms of 2-phenyl-3-methyl-1,3,2-oxazaphospholidine.

The first additional peaks which appear in the {'tH}3'P NMR
spectrum of a freshly prepared sample of compound 1 dis-
solved in benzene (solution I) are a quartet (Figure 1, A-C).
The peaks corresponding to dimers 2 and 3 appear only later
on. After sulfurization, the species corresponding to the
quartet observed in the {{H}3'P NMR spectrum can be isolated

by column chromatography on silica, with a 7:3 benzene-
acetone mixture as eluent. This compound is a solid white
powder, 4'. The elemental analysis indicates the formula
(CgH{3NOPS),,, which corresponds to a polymer of the 2-
thiono-2-phenyl-3-methyl-1,3,2-oxazaphospholidine.

A gel permeation chromatography study?! on compound
4’ shows that it corresponds to a highly polydispersed polymer.
The number average molecular weight, M,, = = (n;M;/n;), and
the weight average molecular weight, M, = Zn;M;2/Zn;M,,
are equal to 6000 and 17 000, respectively. This corresponds
to a polydisperstiy index M /M,, = 2.9. The highest molecular
weights are around 70 000 and the molecular weight distri-
bution is bimodal and shows two maxima around 2000 and
8000, respectively.
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Figure 2. {{H}!3C NMR spectrum of the sulfurized polymeric species
obtained by evolution of a benzene solution of 3-methyl-2-phenyl-
1,3,2-oxazaphospholidine.

The 'H and 13C NMR spectra of the polymeric species 4’
show signals only in the NCHj;, OCHy, NCHy, and phenyl
regions (Figure 2). The {!H}*'P NMR spectrum corresponds
to a complex multiplet spread over 20 Hz. The phosphorus
chemical shift (~81.0 ppm) corresponds unambiguously to a
OP(S)(CgH5)N- group. Although it was not possible to locate
in the 'H, 13C, and 3!P spectra peaks which correspond to end
groups, we cannot conclude at present whether the polymeric
species 4' corresponds to linear chains or to macrocyclic
molecules.

The quartet observed in the {{H}13C NMR spectrum of the
three-coordinate phosphorus polymer 4 can easily be ex-
plained by assuming that a phosphorus nucleus is sensitive
only to the stereochemistry of its two nearest phosphorus
neighbors. As the phosphorus atom is an asymmetric center,
one observes four different sequences depending upon the
phosphorus absolute configuration (RRR, RRS, RSR, RSS)
and their enantiomeric configurations. In the {{H}3!P NMR
spectrum of the tetracoordinate phosphorus polymer, one does
not observe such a regular pattern.

By heating at 80 °C a sealed tube which, at room tempera-
ture, shows a {IH}]31P NMR spectrum similar to the one ob-
served on Figure 1, C (i.e., containing the monomeric species
1, the dimers 2 and 3, and the polymer 4), one reaches a new
equilibrium in which the signal corresponding to the polymer
disappears almost completely. Going back to room tempera-
ture, one obtains again the initial ratio of the different species.
A quantitative analysis is difficult as one of the dimer has a
low golubility and is present at a greater amount than the one
corresponding to its NMR signal.

Thus, the evolution of a benzene solution of 2-phenyl-3-
methyl-1,3,2-oxazaphospholidine (1) leads to the formation
of the two corresponding ten-membered ring dimers by a
ring-expansion reaction similar to what has been observed
with dioxaphospholanes, dioxaphosphorinanes, dioxaphos-
phepanes, and dithiaphosphorinanes. In addition to the ten-
membered ring dimers, one observes the formation of poly-
meric species. The different species are in equilibrium at room
temperature.

NMR spectral data. In the ten-membered rings, monomer
1 and 17, the proton and phosphorus nuclei form an ABCDX
system (X, phosphorus) which results in an ABCD system
after phosphorus decoupling. For the first step, the {31P}'H
spectra have been analyzed. The final results quoted in Tables
I and IT have been obtained by use of the LAOCOON III itera-
tive computer program. The 1H NMR spectra of the dimeric
ten-membered rings are much more complicated and have not
been analyzed.

In the five-membered ring compounds 1 and 1’, the low-
field protons are assigned to those attached to the carbon in
the a-position of the oxygen atom (H{,H,). In 2-R-1,3,2-
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dioxaphospholanes, the high-field proton which has the
highest coupling constant with the phosphorus atom (10 Hz)
corresponds to the proton which is on the same side as the R
group with respect to the mean plane of the ring.? Thus, one
can assign the H; proton of compound 1 (3Jpy = 7 Hz) to the
CH bond which has a syn relationship with respect to the
phenyl group. In the case of the 2-R-1,3,2-diazaphospholanes,
the difference between the two 3J(PNCH) NMR coupling is
smalll® and the stereochemical assignment of the ring proton
of the NCH,CH,N fragment is difficult on the basis of the
NMR data.

The conformational analysis of five-membered rings is al-
ways a complex problem due to the possible existence of sev-
eral conformations close in energy.1! The proton-proton and
phosphorus-proton NMR coupling constants could be used
in order to obtain information concerning the oxazaphos-
pholidine ring shape.12 However, care must be exercised in
such studies for two main reasons. Firstly, there exist two
pathways joining the phosphorus and hydrogen nuclei; thus,
the Jpy NMR coupling must be considered as 3J and 4J at the
same time. Secondly, the 3Jyy couplings depend upon the
heteroatoms’ lone pair orientation, resulting in a complex
angular dependence. Here, the 2/pc NMR coupling constants
provide some insight into the five-membered ring conforma-
tion.

The most interesting point in examining the NMR data of
Tables I and II comes from the exocyclic (NCH3) and intra-
cyclic (NCHy) 2Jpc NMR couplings which are significantly
different in the three-coordinate compounds.

Such a difference can be explained in two different ways:
change of the phosphorus bond angles between the intra- and
extracyclic groups or influence of the lone pair orientation.
From X-ray structural data, it has been found in the five-
membered ring dioxaphospholanes that the O-P-O ring angle
is about 5° smaller than the normal average bond angle
measured in six-membered rings.13-15 A similar trend is ob-
served in going from six- to seven-16 or ten-membered!” ring
organophosphorus compounds. However, as one observes both
increase and decrease of the 2Jp¢ values on increasing the ring
size (increase for 2Jpncu, and decrease for 2JpNcp,) in going
from the five-membered ring to the ten-membered ring (Ta-
bles IT and III), we think that the O-P-N bond angle differ-
ence which must certainly exist between the five- and ten-
membered rings cannot account for the 2Jpc differences found
in the five-membered ring. The second factor which plays an
important role on the 2Jpyc coupling is the phosphorus lone
pair orientation in three-coordinate derivatives.

As a general rule, it appears that in a P-Y-X fragment,
where X and Y represent first or second row atoms, the 2Jpx
NMR coupling is larger when the phosphorus lone pair and
the Y-X bond adopt a cis relationship.18-24 Such an influence
is clearly illustrated by the low-temperature study of N,N-
dimethylaminophosphines (when the P-N rotation barrier
becomes slow on the NMR time scale). From the low-tem-
perature study of C¢HsP(C1)N(CHgy)s, one obtains two very
different 2Jpnc values: 33.9 and 11.4 Hz, respectively.24 As one
expects a decrease for 2/pnc, when the phosphorus atom bears
less electronegative substituents, the extracyclic 2Jpxc value
(26.8 Hz) observed in compound 1 must correspond to a con-
formation in which the phosphorus lone pair and the extra-
cyclic N-C bond are close to a cis relationship. Conversely, the
small value observed for the intracyclic 2Jpnc (5.6 Hz) cou-
pling, which is of unknown sign, indicates that the phosphorus
lone pair and the N-C bond and phosphorus lone pair orien-
tation would be in agreement with a half-chair conformation
of the ring with a nitrogen edge. Moreover, the close values
found for the 3Jgy coupling would not disagree with such a
conformation.

In the case of compound 1’, the 2Jpnc NMR coupling con-
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Chart I. Newman Projection Representation of the
Torsional Angle around the C,—C, Bond in Compound 1’

H,

H, H
<y 3 o
—dy )
0 \X H, 0

H, N

stants, which are quite similar for the extra- and intracyclic
carbon atoms, cannot be used for stereochemical information,
because in tetracoordinate phosphorus molecules the 2J/pxc
values are virtually insensitive to the bond orientation around
the phosphorus atom. The absence of large 3Jyy coupling
suggests the presence of at least two conformations which will
correspond to different torsional angles (« and ) around the
C-C bond. Evidence that the torsional angles « and g are
different is given by the large difference which exists between
the two 3Jpgcy couplings (10.0 and 14.3 Hz) and the two
3JpncH couplings (16.8 and 6.0 Hz). The existence of such a
difference contrasts with what has been observed in other
unsubstituted 1,3,2-oxazaphospholidines!2 rings. On the other
hand, the absence of a precise knowledge of the angular de-
pendence of the 3Jpocy, 3/ pnen, and *Juccy NMR coupling
does not allow us to check if the ring conformation of com-
pound 1’ is in agreement with the recently reported solid-state
ring shape of the 2-thiono-2-chloro-3,4-dimethyl-5-phenyl-
1,3,2-oxazaphospholidine.??

Experimental Section

General Data. 3'P NMR spectra were recorded on a Bruker
WP-60, lTH NMR spectra on a Varian HA-100, and the 13C NMR
spectra on a Varian XL-100(15). Elemental analyses were carried out
by Service Central de Microanalyse, Villeurbanne. Melting points
were obtained with a Biichi melting point apparatus and are uncor-
rected.

The preparation of the three-coordinate phosphorus compounds
was conducted in an atmosphere of dry argon using the Schlenk
technique. Ether and benzene were dried over sodium and freshly
distilled before use. 2-(Methylamino)ethanol (Baker Co.) was dried
with about 5% weight of sodium and distilled under reduced pressure.
Triethylamine (Prolabo) was refluxed over sodium 12 h before dis-
tillation. Bis(dimethylamino)phenylphosphine was prepared by
treatment of dichlorophenylphosphine (Aldrich) with dimethylamine
in presence of triethylamine.?®

2-Phenyl-3-methyl-1,3,2-0xazaphospholidine (1). 1 was pre-
pared as described previously® but, instead of bis(diethylamino)-
phenylphosphine as starting material, bis(dimethylamino)phenyl-
phosphine was used: yield 85-90%.

2-Thiono-2-phenyl-3-methyl-1,3,2-0xazaphospholidine (1’).
To a 2.9-g (16 mmol) solution of 1 in 30 mL of benzene, 0.6 g of ele-
mental sulfur (19 mmol) was added under stirring.2? The reaction took
place instantaneously. After evaporation of the solvent, the resulting
product was recrystallized from cyclohexane: mp 67 °C; yield 2.7 g;
H NMR (CDCl3) 2.7 (NCHj, 2Jpcn, = 12.6 Hz), 3.30-3.60 (NCHy),
4.20-4.75 (OCHy), 7.3-8.1 (ArH), 94.3 ppm (*!P). Anal. Calcd for
CoH1:NOPS: C, 50.70; H, 5.67; N, 6.57; P, 14.52; S, 15.04. Found: C,
50.74; H, 5.66; N, 6.58; P, 14.45; S, 15.186.

Dimer of 2-Phenyl-3-methyl-1,3,2-0xazaphospholidine (3). A
solution of 1 in benzene (50% v/v) containing a catalytic amount. (1
mol %) of p-toluenesulfonic acid was allowed to stand for several days
at room temperature and then heated for some hours at 80 °C. After
cooling, the resulting colorless crystals were separated and recrys-
tallized from henzene: mp 191-193 °C; 'H NMR (CgDg) 2.7 (NCHj,
%JpcH, = 7 Hz), 2.9 (NCHy), 3.6-4.3 (OCHz and NCH,), 7.2-7.8 (ArH),
134.9 ppm (31P). Anal. Calcd for CgH;sNOP: C, 59.67; H, 6.68; N, 7.73;
P, 17.09. Found: C, 59.64; H, 6.69; N, 7.48; P, 16.91.

Dimer of 2-Thiono-2-phenyl-3-methyl-1,3,2-0xazaphospho-
lidine (3’). A suspension of 0.5 g (1.3 mmol) of 3 and of 0.13 g (4 mmol)
of sulfur in 20 mL of benzene was refluxed for 2-3 h. The resulting fine
crystalline product was separated by filtration and recrystallized from
hot pyridine: mp 274-275 °C. 3’ is nearly insoluble in all common
solvents: 8 81.1 ppm (3!P). Anal. Caled for CoH12NOPS: C, 50.70; H,
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5.67; N, 6.57; P, 14.52; S, 15.04. Found: C, 50.62; H, 5.62; N, 6.49; P,
14.52; S, 14.90.

Dimer of 2-Thiono-2-phenyl-3-methyl-1,3,2-0xazaphospho-
lidine (2') and Polymer 4'. A 1:1 vol benzene solution of a freshly
distilled sample of 1 was allowed to stand for several days at room
temperature. When the {{H]’*P NMR spectrum showed a figure
similar to Figure 1, C (see the text), an excess of elemental sulfur was
added to the solution. The insoluble dimer 3’ was separated by fil-
tration. The remaining solution was chromatographed on a silica
column. The monomer 1’ and the dimer 2’ were eluted together with
benzene and then separated by fractionated crystallization from cy-
clohexane. 2': mp 186-187 °C; NMR (CDCl;) 3.2 (NCHj3, 2Jpen, =
11.8 Hz), 2.8-3.6 (NCHjy), 3.9 and 5.1 (OCHy), 7.4-7.9 ppm (ArH).

The polymer 4’ was eluted with a 7:3 benzene-acetone mixture.
After removal of the solvent and drying, one obtains a white powder.
Anal. Caled for CgH1oNOPS: C, 50.70; H, 5.67; N, 6.57; P, 14.52; S,
15.04. Found: C, 51.58; H, 5.85; N, 6.17; P, 13.74; S, 14.70.
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