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Abstraet--Oligoethers with hydroxyl end-groups were prepared in boiling toluene from bis(chlorometh- 
yl)methylphosphine oxide and glycols used as monosodium glycolates. From these oligoethers and diiso- 
cyanates (hexamethylenediisocyanate and 2,4-toluene-diisocyanate), phosphorus-containing polyureth- 
anes were synthesized. 

INTRODUCTION 

In previous papers we showed that oligoethers with 
hydroxyl end-groups could be synthesized from bis(ch- 
loromethyl)methylphosphine oxide (DCMMPO)  and 
bisphenols. These oligoethers were successfully used 
for the synthesis of phosphorus-containing polyether- 
esters, possessing increased resistance to combustion 
[1,2]. 

We now report the results of the synthesis of similar 
oligomers from D C M M P O  and glycols and their use 
for the preparation of phosphorus-containing polyur- 
ethanes. Synthesis of the oligoethers can be repre- 
sented thus: 
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CICH2--P- -CH2C1 + 2 N a O - - - R - - O H  , 
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H O - - R - - O - - C H _ ~ - - P - - C H  2 - - O - - - R - - O H  
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where R = CH,CH2--O---CH_,CH2 or (CH,),  
17 = 2 - 8 .  

EXPERIMENTAL 

Starting materials 
Toluene was dried over sodium and distilled. Dimethyl- 

sulphoxide (Fluka commercial product) was dried over 
Call2 at 100 ° and distilled at 56-61°/5-6 mm Hg. 
DCMMPO is a white crystal substance, very hygroscopic 
and soluble in methanol, chloroform and aromatic hydro- 

carbons. It was prepared by the method of Kabachnik and 
Tsvetkov [3], m.p. 49-50 °, b.p. 138-139°/4-5 mm Hg, Gly- 
cols: ethane diol, propane-l,3-diol, butane-l,4-diot, pen- 
tane-l,5-diol, hexane-l,6-diol, heptane-l,7-diol, octane-l,8- 
diol and bis(2-hydroxyethyl) ether were commercial pro- 
ducts; they were purified by dissolving 1-2 g of sodium in 40- 
50 g of the corresponding glycol and then distilling under 
reduced pressure. Hexane-l,6-diol and octane-l,8-diol were 
only distilled under reduced pressure. Hexamethylene diiso- 
eyanate (Fluka commercial product) and toluene-2,4-diiso- 
cyanate (Schuchardt commercial product) were used after 
distillation. 

Preparation qf oligoethers 
(a) Monosodium glycolates. Ethane diol 7.81 g (0.126 tool) 

and 40 ml dry methanol were placed in a three-necked 
round-bottomed flask, provided with reflux condenser and 
a tube for bubbling nitrogen. To this solution, 2.90 g (0.126 
g atom) sodium were added in small portions under a con- 
stant stream of nitrogen. After complete dissolution, the 
methanol was distilled off; the residue, monosodium glyco- 
late of ethane diol, was dried at 100°/l-2 mm Hg to constant 
weight. Quantitative yield-- 10,52 g. 

(b) Oligoethers. After powdering of the monosodium gly- 
colate of ethane diol in the reaction flask under a slow but 
steady stream of nitrogen, l0 ml of toluene were added. At 
room temperature and with stirring, 7-06 g (0.0438 mol) 
DCMMPO dissolved in 30 ml of toluene were added drop- 
wise. An exothermic reaction was apparent at this stage. The 
mixture thus prepared was refluxed with constant stirring in 
nitrogen for 7 hr. After cooling, the upper layer was 
removed. The residue was extracted three times with 26 ml 
of benzene and dissolved in 25 ml water. This solution was 
acidified with 3 M hydrochloric acid to pH 5.5-6 and the 
water was removed under vacuum. The syrupy product. 
containing particles of sodium chloride, was dried azeotro- 
pically with a mixture of benzene and ethyl alcohol (1:4) 
and then dissolved in 50 ml of the same mixture. The 
sodium chloride was removed by filtration and the solvent 
was evaporated. The residue was extracted again with ether 
or benzene. From the yellowish or light-brown syrupy prod- 
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Table I. Preparations of phosphorus-containing oligoethers 

H O - - R - -  i~CH2--;LCH2--O--Ri~--OH 

No. R 

Elemental analysis- 
Content of OH groups phosphorus 

(%) (%) 
Yield Calcd. for Calcd. for 
(~) m = 1 Found m = I Found 

Molecular weight 
Calcd. for 

m = 1 Found* 

1 - - (CH2)2--  54"3 16"02 
2 ---(CH2)3-- 82"2 14"16 
3 ---(CH2)4-- 74"2 12'68 
4 "--{CH2) s -  73"8 11"48 
5 ---(CH2) 6 -  75"4 10"49 
6 ---(CH2)7-- 77"6 9"65 
7 "--(CH_,)8-- 43"6 8'95 
8 - - C H 2 C H , - - O - - - C H . , C H 2 - -  94"5 I 1"83 

11.15 14-62 14.24 212 304-9 
I 1.00 12.91 l 1.85 240 309-9 
7.71 11.56 12.54 268 440.9 

11.02 10.84 10-26 296 308.5 
11.09 9.56 9.57 324 306.4 
9.98 8"80 7.94 352 340.6 

10.43 8.18 665 380 326-3 
13.44 10.33 8.65 300 252-9 

* Calculated from terminal hydroxyl groups. 

uct, the excess of ethane diol was distilled under vacuum. 
Yield 5-03 g (59-3 per cent). 

The monosodium glycolates of the remaining glycols and 
the oligoethers from them and D C M M P O  were prepared 
similarly (Table 1). The oligoethers synthesized from hep- 
tane-l,7-diol and octane-l,8-diol (Nos. 6 and 7, Table 1) 
were isolated by dissolving in dry hot benzene, filtration of 
the solution and distillation of the benzene. 

Preparation of polyurethanes 
Hexamethylenediisocyanate 1-27 g (0.0075 tool) and 2 ml 

dimethylsulphoxide were placed in a three-necked round- 

bottomed flask of 100 ml, provided with a stirrer, a tube for 
a bubbling nitrogen and a reflux condenser. A solution of 
7 ml dimethylsulphoxide and 2.17 g (0.0071 mol) oligoether 
obtained from ethane diol and D C M M P O  was then added 
in one portion. The reaction mixture was stirred slowly and 
heated at 135-140 ° for 3 hr under a slow stream of nitrogen. 
The resulting polyurethane was isolated from the reaction 
mixture by pouring the solution into benzene. The precipi- 
tated polyurethane was washed with ether and ethyl alcohol 
and then dried in a vacuum oven at 50-60 °. Yield 2.80 g 
(81.5 per cent). 

The polyurethanes from the remaining oligoethers were 
prepared similarly (Table 2). 

Table 2. Preparation of phosphorus-containing polyurethanes 

? r , 7 o 9 
- - N H - - ~ - -  ~ O - - R - - / ~ O - - C H  z - - ; - - C H  , - - O - - R - -  - - O ~ ( ~ - - N H - - R ' - - N H - - ~ -  

L t , , ,  

- - O  m 

n 

No. 

lisp x 
Yield Melting in DMF* 

R R' (~o) point (dl/g) 

Phosphorus content 
(°4) 

Calcd. Found 

1 --{CH2)2--  ----(CH 2) 6 - -  81-5 91-95 0"08 
2 ---{CH2) 3 - -  - -{CH 2) 6 - -  55"2 94-96 0"21 
3 --(CH2) 4 - -  - - ( C H  2) 6 - -  73-0 104-107 0.09 
4 - - - ( C H  2) 5 - -  - - - ( C H 2 ) 6 - -  55'0 94-100 0"14 
5 ----(CH2 ) 6 - -  -~CH2)  . - -  71"8  122-130 0"20 

--(CH,)<,-- - ' ~ / I ' ~  76-8 94-100 0"15 6 
v N 

CH3 
7 - - (CH2)7--  ---(CH 2 )~,-- 60"0 108 111 0"15 

8 --(CH2 FT-- - ' ~  ~/~- 94.7 84-86 0.12 

CH3 
9 "--(CH,) 8 -  ---(CH 2) 6 - -  84'5 115-120 0"23 

10 - - C H 2 C H 2 - - O - - C H 2 C H 2 - -  - - (CH2)6--  58"5 88-90 0"22 

9'20 8.93 
7"62 6-87 
9-11 8"83 
6"62 6-47 
6" 17 4.06 

6'09 6-O 1 

5-40 4.95 

5"32 5.08 

4'38 3"76 
5-20 4"82 

* Dimethylformamide. 
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Characterization of the oli9oethers and the polyurethanes 
obtained from them 

The molecular weights of the oligoethers were calculated 
from the contents of hydroxyl groups, determined by acety- 
tation with acetic anhydride in pyridine. 

The i.r. spectra of films of the oligoethers and those of the 
polyurethanes, in KBr pellets, were taken using a Zeiss-Jena 
UR-10 instrument. 

Viscosity measurements were carried out using 0.5 per 
cent solutions of the polymers in dimethylformamide at 25 ° 
with an Ostwald viscometer. 

formula: 

0 

H O-- -R--O--CH 2--~---CH 2 - - O - - R - - O  H 

Ic., 
(i} 

This discrepancy is probably due to exchange reac- 
tions between the monosubstituted or disubstituted 
product and the corresponding glyeolate according to 
the.scheme: 

O 
Jj 

H O - - - R - - O - - C H 2 - - P ~ C H 2 - - O - - R - - O H  + Na--O---R--OH 

CH3 
O L~ 

- -  , H O - - R - - O H  + H O - - R - - O - - - C H 2 - - P - - C H 2 - - O - - R - - O - - N a  

CH 3 

The resistance to thermal degradation was evaluated un- 
der dynamic conditions in air by measuring weight losses 
with a torsional balance. The rate of temperature increase 
for all cases was 10~/min. 

The resistance to combustion of the polymer was eva- 
luated by attaching 0.0t g of the polymer to a metal rod and 
allowing it to ignite in the flame of a gas-burner; the interval 
between the removal of the sample from the burner and ces- 
sation of burning was recorded. 

R E S U L T S  A N D  D I S C U S S I O N  

Although it is well-known that glycols react with 
alkaline metals to give mono-substituted glycolates, 
only the preparation and properties of monosodium 
glyeolates obtained from ethane diol and propane-l.3- 
diol have hitherto been described [4-7]. Forcrand has 
shown that glycols are able to replace alcohols from 
their alcoholates giving monosubstituted glycolates 
[4]. On this basis, we prepared in dry methanol the 
monosodium glycolates of ethane diol, propane-l,3- 
diol, butane- 1,4-diol, pentane- 1,5-diol, hexane- 1,6-diol. 
heptane-l,7-diol octane-l,8-diol and bis(2-hydrox- 
yethyl) ether. After distillation of the solvent and dry- 
ing, all glycolates were obtained as white hard, porous 
masses which could be powdered. 

From the monosodium glycolates of the glycols and 
DCMMPO, phosphorus-containing oligoethers with 
hydroxyl end-groups were synthesized in boiling 
toluene (Table 1). Although the glycolates are insoluble 
in the reaction medium, the yields in all cases were 
comparatively high. 

The molecular weights of the oligoethers in most 
cases were higher than those corresponding to the 

As a result of this reaction, higher moleeular pro- 
ducts are synthesized: 

H O - - R - - i  

O 

--O--CH 2-- ~---CH 2 - - O - - R - -  

CH3 

- -OH 

m 

The molecular weights of the oligoethers synthesized 
from higher boiling glycols (containing six or more 
carbon atoms per molecule) are lower than those cal- 
culated according to formula (I). This means that the 
isolated products are mixtures of phosphorus-contain- 
ing oligoethers of the above structure and considerable 
quantities of the glycols. All these conclusions are in 
good agreement with results of elemental analysis of 
phosphorus. The proposed structure of the oligoethers 
is further confirmed by the i.r. spectra. They show 
characteristic absorption bands typical for the ether 
bond at 1100-1140 cm -1, for phosphoryl groups 
(P=O)  at 1175 cm-1  for methylene units at 2800- 
2900 cm-~, for the P--CH3 bond at 1300 c m - t  for 
hydroxyl groups at 3100-3400 c m - k  Absorption 
bands at 2550-2700 cm-1  characteristic of hydroxyl 
groups directly bound to the phosphorus atom, were 
absent. 

All oligoethers are syrupy, light yellow or light 
brown products. Their solubility in organic solvents 
changes as the number of the methylene units in- 
creases, as is the case with the corresponding glycols. 
All of them are freely soluble in methyl and ethyl alco- 
hols, pyridine, dimethylformamide and water, except 
that the product from octane-l,8-diol is only partly 
soluble in water. The oligoethers are not soluble in 
chloroform, acetone, ether or aromatic hydrocarbons, 
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but those synthesized from heptane-l,7-diol and 
octane-l,8-diol (nos. 6 and 7, Table 1) are soluble in 
hot benzene. 

From diisocyanate and these phosphorus-contain- 
ing oligoethers with terminal hydroxyl groups, polyur- 
ethanes were synthesized: 

HO---R--  = - -O--- -CH_,--P--CH2--O---R--I - -OH + O C N - - R ' - - N C O  

, O---R-- 

? 
--O---C H ,_--P--C H , - -O- - -R- -  

o 

- - O - - - ~ - - N H - - R ' - - N H - -  - - O - -  

hi d I1 

IOC 

8C 
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Fig. 2. Thermogravimetric analysis of polyurethanes at a 
heating rate of 10°/min. Polyurethane prepared from 
totuene-2,4-diisocyanate and: (l}-oligoether from hexane- 
1,6-diol; (2}--oligoether from heptane-l,7-diol; (3)-ethane 

diol. 

5O0 0 3 0  

Fig. 1. Thermogravimetric analysis of polyurethanes at a heating rate of 10°/min. Polyurethane prepared 
from hexamethylenediisocyanate and: (1)-oligoether from pentane- 1,5-diol ; (2)--oligoether from butane- 
1,4-diol; (3)-oligoether from ethane diol; (4)-oligoether from bis(2-hydroxyethyl) ether; (5)-oligoether 
from hexane-l,6-diol; (6)-oligoether from propane-l,3-diol; (7}-ethane diol; (8}-oligoether from heptane- 

1,7-diol; (9}-oligoether from octane- 1,8-diol. 

All polyurethanes are readily synthesized in dimeth- 
ylsulphoxide according to known methods in high 
yields (Table 2). They are solid white products with not 
very high melting points. As shown by Figs. 1 and 2, 
their thermal stability in air is not lower, but in most 
cases higher, than the thermal stability of similar ordi- 
nary polyurethanes not containing phosphorus. 
Decomposition begins at about 220-240 ° with a 
weight loss of about 50 per cent over an interval of 
100 °. 

The polymers are easily soluble in dimethylforma- 
mide, m-cresol and formic acid. They are insoluble in 
methyl and ethyl alcohols, aromatic and aliphatic hyd- 
rocarbons, ether, acetone, etc. Their structure is con- 
firmed by elemental analysis for phosphorus. The i.r. 
spectra possess absorption bands at 1690-1720 cm-1, 
1250-1270 cm- 1 characteristic of C~---O and C - - O  of 
the urethane groups at 1100-1120 cm-1 for ether 
bonds, at 1160-1180 cm -~ for phosphoryl groups 
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(P~----O), at 2800-2900 cm-~ for methylene units. 
Absorption bands at 2550-2700 c m -  ~, characteristic of 
the hydroxyl groups directly bonded to the phos- 
phorus atoms, were absent. 

All polyurethanes possess self-extinguishing proper- 
ties. In a flame, they ignite with difficulty and burn; 
after removal from the flame, they extinguish. Under 
the same conditions, similar phosphorus-free polyur- 
ethanes ignite much more easily and, after removal 
from the flame, they burn completely. 

REFERENCES 

1. G. Borissov and S. Varbanov, Communs Dep. chem. 
Bulg. Acad. Sci. 4, 415 (1971). 

2. G. Borissov and S. Varbanov, Communs Dep. chem. 
Bulg. Acad. Sci. 6, 585 (1973). 

3. M.I. Kabachnik and E. N. Tsvetkov, Dokl. Akad. Nauk 
SSSR 143, 592 (1962). 

4. Sh. Mamedov, Prostie Efirie Glycolei, pp. 127-130. Izd. 
Akad. Nauk Azerbaidjanskoi SSR, Baku (1961). 

5. K. A. Andrianov and H. I. Makarova, Dokl. Akad. Nauk 
SSSR 127, 1213 (1959). 

6. U Luciani, P. Manaresi and S. Bianchi, Belg. Pat. 
617696, Chem. Abstr. 58, 14226f (1963). 

7. Noyes, Am. chem. J. 19, 767(1897). 

R6sum6--On a pr6par6 des oligo6thers comportant des groupes hydroxyles terminaux dans le tolu6ne 
houillant ~ partir de l'oxyde de bis(chlorom6thyl)m6thylphosphine et de glycols sous forme de glycolates 
monosodiques. A partir de ces oligo6thers et de diisocyanates (hexam6thyl6ne diisocyanate et tolu6ne 2,4- 
diisocyanate), on a synthetis6 des polyur6thanes contenant du phosphore. 

Sommario--Si sono preparati degli oligoeteri con gruppi terminali idrossilici in toluene bollente, partendo 
da ossido di bis(clorometil)metilfosfina e glicoli impiegati come glicolati monosodici. Partendo da tali 
oligoeteri e diisocianati (esametilenediisocianato e 2,4-toluene-diisocianato), si sono sintetizzati dei 
poliuretani contenenti fosforo. 

Zusammenfassung--OligoS, ther mit HydroxyI-Endgruppen wurden hergestellt durch Umsetzung von 
Chlormethyl-methylphosphinoxid mit Mononatriumglykolaten in siedendem Toluol. Durch Umsetzung 
dieser Oligo~ither mit Diisocyanaten (Hexamethylendiisocyanat und 2,4-Toluoldiisocyanat) wurden phos- 
phorhaltige Polyurethane synthetisiert. 


