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A Diethyl Phosphonate Containing Oxazoline: Synthesis and 
Characterization of Monomer and Homopolymer 

by R. E. Hermes, R. D. Thompson and L. S. Valdez 
Los Alamos National Laboratory 

Los Alarnos, NM 87544 . 

' Introduction: 
Oxazolines are synthetically versatile 5-membered 

oxygen and nitrogen containing monomers which are easily 
polymerized via cationic ring-opening methods.' We have 
synthesized a diethyl phosphonate containing monomer and 
its polymer for use as a metal-chelating agent. The 
synthesis is shown below. 
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E x p e r i m e n t a l  
Diet h y I cy an o m et h y 1 p h os p h o n a t e ( 9 8 YO, D E C M P ) , 

chloroform and HCI (all from Aldrich Chemical Company) 
and tetrahydrofuran (EM Science, chromatography grade, 
THF) were used as received. Triethylamine (Aldrich, TEA) 
was distilled from calcium hydride (90-9570, mesh size 
#40, Aldrich) before use. I3C nuclear magnetic resonance 
(NMR) spectra were collected on a Bruker AC-250 
spectrometer. Gel permeation chromatography was done 
using a Waters 510 HPLC pump, 410 Differential 
Refractometer and Millenium software with Shodex K- 
802.5, K-804 and KF-80M columns with 2 x I O 4 ,  4 x I O 5  
and 2 x I O 7  molecular wt. (polystyrene) exclusion limits. 
(Diethyl me thylphosp hona te)chloroe thy1 imida te 

DECMP (49.75 g, 0.281 mol), 2-chloroethanol 
(24.87 g, 0.309 mol), ,chloroform (100 mL) and a teflon- 
coated stirring bar were placed into a 100-mL round 
bottom flask. The flask was placed into an ice-water bath 
and HCI (88 g, 2.4 mol) was bubbled through the solution. 
After HCI addition the flask was sealed and allowed to sit 
for several hours (pressure build-up occurs as HCI comes 
out of solution). Conversion to the imidate/HCI salt was 
confirmed by I3C NMR (Figure 1). 
2- (die thy/ me thy@ h osph ona te) oxazo/in e (DEMPOX) 

Dry nitrogen was bubbled through the imidate 
solution to remove residual HCI gas. THF (170 mL) and TEA 
(130 mL) were added to a I - L  single-neck round-bottom 
flask which was placed into an ice water bath. The imidate 
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solution was added dropwise. The flask was manually 
shaken to ensure complete mixing. 

The salts were filtered off prior to rotary 
evaporation and the residue placed in a -5 OC freezer 
where residual salt crystallized out and was removed via 
filtration. Calcium hydride was added to remove 
adventitious water and the crude solution vacuum distilled' 
(short-path) to two high boiling fractions: Bp; -110 OCQ 
0.1 mtorr. Yield; (92% purity, 13.33 g, 21.5%; 95% purity, 
11.80 g, 19.0%; overall; 40.4%). 
Polymerization and Isolation 

Methyl iodide, . dimethyl sulfate, and trifluoro- 
methanesulfonic acid were used as initiators. A polymer- 
ization with no added initiator served as a control sample. 
Polymerizations were performed in test tubes sealed with 
rubber septa. Each tube was evacuated and heated to 100 
OC for at least 1/2 h under vacuum to remove dissolved 
gases and adventitious water. The tubes were removed, 
filled with dry nitrogen and allowed to cool before 
initiator was added unless stated otherwise. 

Dialysis with methanol and 500 molecular weight 
cutoff tubing was used to remove residual monomer for 1- 
4. Athough 'the polymer was soluble in all solvents 
(including water) at room temperature, polymers 5 & 6 
were isolated by precipitation from methanol into diethyl 
ethedhexanes ( 1  : I )  held at dry ice temperature. 
Polymers were dried in a vacuum oven at about 40-60 OC. 

1)  Methyl iodide (0.141 g, 0.955 mmol) was added to 
DEMPOX (1 .11  g, 5.0 mmol) while the tube was in the 100 
OC oil bath and polymerized for 22.5 hours. 

2) Methyl iodide (1.37 mg, 9.26 umol) was added to 
DEMPOX (1.04 g, 4.7 mmol) and the test tube set for one 
hour at room temperature before placing in the 100 OC oil 
bath. After polymerization for 17.5 h, methyl iodide (1.37 
mg) was again added in the same manner, and again at 
38.5: It was removed from the bath after 58.5 hours. 

3)  Triflic acid (1.36 mg, 9.04'pmol) was added to 
DEMPOX (0.94 g, 4.2 mmol) at room temperature. After 
approximately 65 h and again at 89 h the same amount of 
initiator was added again. It was removed at 113 hours. 

4 )  The monomer was heated for 67 h with no 
init iator. 

5) Dimethyl sulphate (4.8 mg, 38 pmol) was added to 
DEMPOX (1.12 g, 5 mmol) at 100 .OC and polymerized for 20 
h. The precipitation was performed twice, with 
considerable loss because of spillage (see Table 1). 

6)  Methyl iodide (6.4 mg, 45 pmol) was added to 
DEMPOX (1.12 g, 5 mmol) at .lo0 OC. The viscous liquid 
became solid at room temperature, and was isolated in the 
same manner as 5 except no spillage occurred. 
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Results and Discussion: 
Monomer Synthesis 

The monomer used for the results shown in Table 1 
was produced via an alternate synthesis using the ethyl 
imidate hydrochloride and ethanol amine which gave low 
purified yields.2 Monomer purity was ca 92% for 1 - 4 and 
98% for 5 - 6.  Due to the low yield we developed the 
synthesis reported above which gave similar purity at 
higher yield. We are using monomer from the new 
synthesis for further polymerization studies. 

The synthetic scheme used here uses a modified 
Pinner synthesis to make the chloroethyl imidate. A 
similar technique3 uses the bromoethyl . imidate but we 

. were only able to get complete conversion to the imidate 
using the strong acid, trifluoromethanesulfonic acid made 
monomer isolation very difficult. 

This procedure has only been used once at the time 
' of this writing. The first step in is formation of the 

chloroethyl . imidate hydrochloride from the nitrile, 
chloroethanol and HCI gas. This reaction works very well 
in chloroform due to solubility of reagents and desired 
products. Conversion of the nitrile to the imidate 
hydrochloride is. complete as shown by 13C NMR (Figure 1). 
Reaction of the crude solution with TEA gives 2 in high 
crude yield. 

The monomer is very sensitive during distillation to 
temperature and drying agent. When potassium hydroxide' 
(an equilibrium shifting drying agent) was used the vessel 
contents would polymerize before distilling. Calcium 
hydride (a chemical drying agent) did not cause this 
problem as long as the vessel temperature did not exceed 
-200 OC. This made purification by distillation difficult 
since only short path distillation was possible. 

The byproduct that was the most difficult to remove 
was the primary amide, diethylphosphonoacetamide, which 
appears to form from hydrolysis and rearrangement of the 
imidate. 
'Initiation and Polymerization 

Triflic acid and methyl iodide were used to initiate 
polymerization. In an attempt to improve conversions 
multiple initiations were performed on the assumption 
that chain termination was occurring. Although a 
noticeable viscosification increase occurred with more 
initiator no increase in yield or molecular weight was 
observed. Similar polymerization results were seen for 
the uninitiated sample indicating that the initiator may 
have been ineffective and unneeded. In all cases two 

'distinct peaks were seen by GPC of very different 
molecular weights. The reason for this is unclear and 
under investigation. 13C NMR of the crude polymer did not 
show significant amounts of monomer despite the low 
recovered yields (Figure 1). Apparently two different 
reactions are occurring giving high and low molecular 
weights. 

Its effect on polymerization is under study. 
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Table 1. Yields and mole,cular weights (number average, 
high and low peaks and percentages for low 

[ " " ~ . . . . I . . . .  1 " " I  
200 150 100 50 0 

ppm 

Figure 1. 13C NMR of (from bottom) imidate, oxazoline, 
and polymer before and after isolation. 

Conclusion 
A diethyl phosphonate oxazoline monomer and its 

polymer have been synthesized. The monomer appears to 
polymerize via a ring-opening mechanism giving the 
expected polyethyleneirnine backbone with pendant 

* carbonyl groups. Two distinct molecular weights were 
produced during polymerization suggesting two mechan- 
isms of chain growth. Studies are underway to elucidate 
the reasons for this. This polymer has potential as a 
metal-chelating agent. 
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