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Poly(2-methyl-2-oxazoline) (PMeOZO) is known as
the polymer homolog of an aprotic polar solvent, N,N-
dimethylacetamide (DMAc). PMeOZO has high hydro-
philicity and good miscibility with polar polymers based
on its repeating structure. Thus, PMeOZO is regarded
as an aprotic polar polymer.! In previous papers, we also
prepared the polymers containing sulfoxide groups in
repeating structures as novel aprotic polar polymers.?
They are considered as polymer homologs of dimethyl
sulfoxide (DMSO)® and actually showed the expected
properties such as miscibility with other organic polymers
and ability as oxidizing reagents.’

Hexamethylphosphoramide (HMPA) is one of the
most useful aprotic polar solvents in organic synthesis
due to its high polarity and stability to organic and
organometallic reagents.* HMPA is utilized not only as
a solvent but also as an additive or a ligand in organo-
metallic chemistry® and as a reagent for changing reaction
selectivity.® Though HMPA is carcinogenic, it has been
widely used because of its usefulness and few alterna-
tives.”

Thus, the polymers having HMPA repeating structures
can be designed as novel aprotic polar polymers and they
are expected to show properties as excellent alterna-
tives of HMPA. The polymers and gels having HMPA
structures as substituents on phenyl rings of polystyrene
have been prepared and showed good results in some
applications,? although their versatility as alternatives of
HMPA was limited mainly due to their polystyrene main
chain. A polymer having HMPA structures in the main
chain was also prepared® and was found to form polymer
complex with poly(methacrylic acid).'® On the other
hand, a polymer possessing bis(dimethylamino)phos-
phoryl groups as side chains would show better prop-
erties as a polymer homolog of HMPA because inter-
action of phosphoryl groups with other polymers would
be easy to occur. In fact, the polymer having sulfinyl
groups as side chains showed higher miscibility with other
polymers than the main-chain sulfoxide polymers.?
Therefore, in this paper, we report synthesis and some
properties of poly[ N-bis(dimethylamino)phosphoryl-
ethylenimine] 1, the polymer having phosphoryl groups
as side chains, as a polymer homolog of HMPA.

' To whom Correspondence should be addres%ed
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1 as poly(HMPA) was prepared by polymer reaction
of linear poly(ethylenimine) with appropriate phosphor-
ylating agent. Linear poly(ethylenimine) was synthesized
by alkaline hydrolysis of PMeOZO.!1'12 Poly(ethylen-
imine) was then converted to poly(HMPA) 1 according
to Scheme 1. 1,1,1,3,3,3-Hexamethyldisilazane 3 is
known as a silylating agent not to form acidic by-
products.'® Saccharin 4 was used as a catalyst'® and
molecular sieves 4A was added for removing con-
taminated water and produced ammonia. The resulting
poly(HMPA) 1 had 37% phosphoryl units and was
obtained in a quantitative yield. The structure of
poly(HMPA) was confirmed by 'H NMR and IR spectra
and the ratio of introduction of phosphoryl groups was
calculated from the integrals of peaks in 'H NMR
spectrum (vide infra). The number-average molecular
weight and the polydispersity index of poly(HMPA) 1
with 37% phosphoryl units were estimated to be 15000
and 1.47 by gel permeation chromatography (GPC).'#
This relative molecular weight is in good agreement with
the calculated molecular weight (12000) from the degree
of polymerization of PMeOZO.!? Poly(HMPA) 1 was
soluble not only in protic solvents such as water and
methanol but also in aprotic polar solvents like
acetonitrile and N,N-dimethylformamide and in chloro-
form and methylene chloride. These results show that
poly(HMPA) 1 actually has amphiphilicity expected from
its repeating structures.

In order to improve the ratio of introduction of
bis(dimethylamino)phosphoryl units, direct reactions of
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Scheme 1.
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Table I. Synthesis of poly(HMPA) 1 by direct reaction of c b
poly(ethylenimine) 2 and bis(dimethylamino)phosphoryl \
chloride 5 \ i
Results JJULV\J\_
Entry Base Solvent Conditions — ——— R A Raaas e e e R L T
P-Unit¥/%  Yield/% 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 5, ppm
| None CH,CN  60°C/36h Trace Quant. B Figure 1. 'H NMR (270 MHz) chart of poly[ N-bis(dimethylamino)-
2 TED* CH,CN  Reflux37h 22 Quant. phosphorylethylenimine] 1.
3 DBU® CH,(l, Reflux/21 h 29 94
4 DBU®  Pyridine Reflux/19h 19 40
5 DBU® CH,CN 60°C/38h 58 75 Table II. Miscibility of poly(HMPA) 1
6  DBU® DMPU® 60°C/4lh 43 89 with other polymers
7 DBU®  None 60°C/39h 44 84 e

*TED = triethylenediamine N
Y [NG
°DBU = 1,8-diazabicyclo[ 5.4.0]Jundec-7-ene C\L/j
N N
N
¢DMPU = N,N'-dimethylpropyleneurea O=<N>
4The ratio of introduction of bis(dimethylamino)phosphoryl groups.

poly(ethylenimine) with bis(dimethylamino)phosphoryl
chloride in the presence of organic base were examined
(Scheme 2). The obtained poly(HMPA) 1 was separated
from the salt of organic base by dialysis due to similar
solubility of the polymer and the salt. The results of the
reactions are summarized in Table I. Polymer with little
introduction of bis(dimethylamino)phosphoryl units was
obtained when there was no base in the reaction system
(entry 1). Triethylenediamine (TED) did not improve the
introduction of phosphoryl units (entry 2). On the other
hand, as shown in entries 5 and 6, the reactions in aprotic
polar solvents such as acetonitrile or N,N’-dimethyl-
propyleneurea (DMPU) in the presence of 1,8-diaza-
bicyclo[5.4.0]undec-7-ene (DBU) gave poly(HMPA)s
having 58 or 43% phosphoryl units, respectively, in good
yields. Poly(HMPA) containing 44% phosphoryl units
was obtained when the reaction was carried out with-
out any solvent as shown in entry 7. Formation of
poly(HMPA) with high introduction of phosphoryl
groups would be because of low nucleophilicity of DBU
compared with TED.

Figure 1 shows *H NMR spectrum of poly(HMPA)
1 containing 52% bis(dimethylamino)phosphoryl units.
The doublet peak a is assigned to the methyl protons of
dimethylamino groups and the peaks for main chain
methylene protons b and ¢ are observed as broad peak
between 2.9-—3.7 ppm. Degree of phosphorylation was
calculated from the integrals of these peaks. All amine
units in polymer 1 would be quarternarized because the
peak for methylene protons adjacent to secondary amine
units is usually observed around 2.8 ppm though there
is no peak at that position in Figure 1. IR spectrum of
poly(HMPA) 1 also supported the presence of HMPA
repeating structures and ammonium salts (such as the
absorptions at 1636, 1458, 1298, 1197, 1066, 986, and
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‘ T,(s) of
0/ a 0, g
Entry 1/wt% The other polymer/wt% the mixture

! >0 0 Poly(2-methyl-2-oxazoline) 31, 53°C
2 200 80y 8500, T,=71°C 42°C
3 80 20 " T 46°C
4 >0 30 Poly(N-vinylpyrrolidone) 32, SOZC
5 200 80 4y 10000, T,=93°C 34, 74°C
6 80 20 " > e 33, 59°C
7 50 50 } Polystyrene 39, 62°C
8 20 80 - . ione 45, 78°C
9 80 20 M,=125000, T,=100°C 51°C

*Poly(HMPA) 1 having 47% phosphoryl units was used.

746cm~Y). M, and M, /M, of the polymer having
58% phosphoryl units (Table I, entry 5) estimated from
GPC'* were found to be 15000 and 1.53, respective-
ly, and corresponded to the molecular weight calculat-
ed from the degree of polymerization of PMeOZO
(14000).*2

Miscibility of poly(HMPA) 1, which shows the glass
transition temperature (7,) at 30°C, with other organic
polymers was examined by differential scanning calor-
imetry (DSC) method as one of the properties expected
in aprotic polar polymers.? Samples for DSC analyses
were prepared according to ref 15. The resulting samples
were subjected to DSC analyses at heating rate of
10°Cmin~!. The degree of miscibility was estimated by
comparing Ts of the mixture of two polymers with those
of the original polymers. Table IT summarizes the results
of DSC analyses and changes of T,s were observed in
all entries as shown in the table. Especially, only one T,
appeared in entries 2, 3, and 9. Correlation between
weight ratio of two polymers and shifts of Tis is not
apparent in these systems, probably because strong
interaction derived from polar bis(dimethylamino)-
phosphoryl groups exists between two polymers. From
these results, it is considered that poly(HMPA) 1 has
good miscibility with PMeOZO, poly(N-vinylpyrroli-
done), and polystyrene. DSC thermograms of poly-
(HMPA) 1, polystyrene and the mixture of these two
polymers at a ratio of 80 to 20 are exhibited in Figure
2. From these thermograms, it is obvious that the mix-
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Figure 2. DSC thermograms of poly(HMPA) 1, polystyrene and the
mixture of 1 with polystyrene (80 : 20).

ture of poly(HMPA) 1 with polystyrene has one glass
transition temperature, and accordingly that these
polymers have good miscibility in this ratio.

In summary, 1 as a novel polymer homolog of HMPA
was successfully prepared by polymer reactions of linear
poly(ethylenimine) with bis(dimethylamino)phosphoryl
chloride. Introduction of phosphoryl units was proved
by 'H NMR and IR spectra. Direct reaction of poly-
(ethylenimine) with phosphoryl chloride in the presence
of DBU gave the poly(HMPA) having bis(dimethyl-
amino)phosphoryl units up to 58%. Poly(HMPA) 1
actually showed miscibility not only with PMeOZO and
poly(N-vinylpyrrolidone) but also with polystyrene.
Synthesis of poly(HMPA) having more phosphoryl units
by repeating the reactions is currently under way.
Examination of miscibility and properties as a polymer
solvent and as a polymer additive will be done by using
poly(HMPA) possessing 100% phosphoryl units.
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Samples for DSC analyses were prepared as follows: A mixture
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