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ABSTRACT 

This report contains the results of an investigation o.i the 
synthesis of esters of 12-hydroxystearic acid and tris [l-(2-methyl) 
aziridinyl] phosphine oxide with low content of free 12-hydroxystearic 
ac id . 

Favorable conditions of synthesis were found to be not over 100°C, 
not less than 3 hours reaction time, presence of some water, and 
absence of heavy metals. 

Products were tentatively identified as the mono- and di-acid 
esters of the monomer, dimer, and trimer. 
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1. Introduction 

The mixture oí compounds formed by reacting equimolar quanti¬ 
ties of 12-hydroxystearic acid (hereafter referred to as acid) and tris 

[l-(2-methyl) aziridinyl] phosphine oxide (MAPO) may be used as a 
wetting agent in the processing of certain propellants [ll. 

It is necessary to reduce the free acid in the product to a low 
value to avoid bad side effects in the processing of propellants cured 
with isocyanates. A series of experiments were performed to explore 
the conditions under which this low value of free acid is obtained. 

Time, temperature, amount of water, and materials of construction 
were varied. 

2. Experimental Procedure 

The reactions have been carried out at 40°, 65°, 81°, 100°, 
and 62°C, the first four being the boiling points of the solvent used, 
methylene chloride, tetrahydrofuran, cyclohexane and methyl cyclohexane, 
respectively, and the fifth, a water bath temperature. Reaction mix¬ 
tures consisted of 0.1 mol acid, 0.1 mol MAPO, and 0.46 mol solvent. 
In the first two series, at 40° and 65°C, acid was dissolved in the 
solvent and added to a boiling solvent-MAPO solution with stirring. In 
the second two series, 81° and 100°C, reflux from the boiling solvent- 
hAPO solution was allowed to flow over the acid and back into the stirred 
solvent-MAPO reaction mixture. The solvent was removed during the last 
hour of reaction, the final half hour under vacuum. In the water bath 
experiment, equimolar quantities of acid and MAPO were mixed cold and 
brought up to temperature with stirring. 

Reactions were carried out for times varying from three days to 
1 hour, depending on the conditions of the experiment. 

The effect of water was investigated at three levels. In the 
water-free experiment, MAPO was dried over Linde Molecular Sieve 
Type 3A. Cyclohexane was dried over calcium chloride and acid was dried 
by azeotropic distillation of the water from a solution of acid in dry 
cyclohexane. Last traces of water in the reaction mixture were removed 
by azeotropic distillation of MAPO with dry cyclohexane just before the 
acid addition began. Water droplets or fog on the condenser were 
removed by replacing the condenser. In the low water experiment, dry 
cyclohexane and partially dry MAPO were used. Water content was esti¬ 
mated as about 0.1 percent in the reaction mixture. In the third 
experiment, normal undried materials were used. Water content was 
found to be 0.5 to 1.0 percent by volume in the reaction mixture by 
azeotropic distillation of water and cyclohexane into a calibrated trap. 
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Table I. Effect of Temperature 

Solvent 

Temperature 

(°c) 
Reaction Time 

(hr) Ac id 

Methylene chloride 

None 
Tetrahydrofuran 
Cyclohexane 
Methyl cyclohexane 

40 
62 
65 
81 
100 

2 

3 
3 

3 
3 

34.2 

27.8 

9.3 
3.2 
3.4 

NOTE: Equimolar quantities of reactants. 

Table II. Effect of Time 

Condition 

Reaction Time 
(hr) Acid 

Dry 
Dry 
Dry 

1 
2 
3 

20.7 
14.9 
13.0 

NOTE: Cyclohexane solvent and equimolar 
quantities of reactants. 

Table III. Effect of Water 

State of Materials 

Percent l^O by Volume, 

Estimated 
Reaction Time 

(hr) Acid 

Dry 
Dried 
Normal 

0.1 
0.5-1.5 

3 
3 
3 

13.0 
5.4 
3.0 

NOTE: Cyclohexane solvent and equimolar quantities of reactants. 
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Table IV. Effect of Materials of Construction 

Material 
Reaction Time 

(hr) Acid 

Glass 
Copper 
Stainless steel 

3 
3 
3 

5.4 
19.3 
17.7 

NOTE: Cyclohexane solvent and equimolar 
quantities of reactants. 

Table V. Acid Contents of Selected Samples 

Material 
Reaction Time 

(hr) Acid by Titration Acid by Ratio 

(Acid) ^ (MAPO)1 

(Ac id) L (MAPO)^ 

with copper 

(Ac id) L (MAPO)1 

(Acid)1 (MAPO) L 

(Acid)2 (MAPO)t 

3 

3 

1 

3 

3 

3.7 

7.5 

8.5 

1.5 

4.0 

4.3 

19,3 

20.7 

3.0 

4.8 
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Figure 1. Calibration Curve of Gel Permeation Chromatograph 
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Figure 2. Chromatogram of Reaction Products 
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Figure 3. Chromatogram of Raw MAPO 
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Figure 4. Chromatogram of Dry MAPO 
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Figure 6. Chromatogram of 12-Hydroxystearic 
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