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(57) ABSTRACT 

Polymerization of ot-bromomethyl-ot-methyl-B-propiolac 
tone (BMMPL) or ot-chloromethyl-ot-methyl-[3-propiolac 
tone (CMMPL) yielded thermoplastic homopolymers that 
upon azidation led to a novel energetic thermoplastic poly 
ester: poly(ot-azidomethyl-ot-methyl-[3-propiolactone) 
(PAMMPL). An energetic copolyether-ester thermoplastic 
elastomer Was prepared by using glycidyl azide polymer, a 
dihydroXyl terminated energetic polymer, as a macroinitiator 
for the polymerization of BMMPL or CMMPL. The azida 
tion of the resulting copolyether-ester yielded an energetic 
thermoplastic elastomer that melted at betWeen 80° C. and 
85° C. Polymerization of ot-dibromomethyl-B-propiolactone 
(DBMPL) resulted in a polymer Which upon azidation 
yielded a neW energetic polymer that can be used as a binder 
or into an energetic thermoplastic elastomer synthesis. 
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FIGURE 2 

Synthesis of GAP-co-PAMMPL 
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Synthesis of q-dibromomethyl-B-propiolactone (DBMPL) 
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SYNTHESIS OF ENERGETIC POLYESTER 
THERMOPLASTIC HOMOPOLYMERS AND 

ENERGETIC THERMOPLASTIC ELASTOMERS 
FORMED THEREFROM 

FIELD OF THE INVENTION 

[0001] The present invention relates to energetic polyester 
thermoplastic homopolymers and more particularly to the 
synthesis thereof and to energetic copolyether-ester thermo 
plastic elastomers obtained therefrom. 

BACKGROUND OF THE INVENTION 

[0002] High-energy solid compositions such as propel 
lants and composite explosives are usually prepared by 
combining a variety of materials including oxidiZers, bind 
ers, plasticiZers and a curing agent. Many energetic binders 
are available for use in the preparation of these high-energy 
compositions. Usually, these binders are obtained by a 
curing reaction involving the use of isocyanates and poly 
hydroxyl energetic or non energetic prepolymers. The bind 
ers give the insensitive character to high energy composi 
tions. For composite explosives, the use of these binders 
leads to plastic bounded explosives (PBXs), Which are 
chemically crosslinked and not recyclable. Moreover, the 
existing melt cast facilities are not suitable for cast-cured 
PBX. An elegant Way to formulate PBXs in available melt 
cast facilities is to use thermoplastic elastomers. Moreover, 
an advantage of using thermoplastic elastomers is that they 
lead to recyclable PBXs. Furthermore, it Would be more 
desirable to use energetic thermoplastic elastomers because 
replacing explosives by energetic binders in the composition 
results in a lesser loss of energy in comparison With non 
energetic binders. The limitation of this technology is that 
thermoplastic elastomers melting in the range of betWeen 
80° C. and 100° C. are needed in order to be processed in the 
existing melt-cast facilities and that those melting at higher 
temperatures are not suitable for this process. For years, 
researchers have tried to synthesiZe energetic thermoplastic 
elastomers melting betWeen 80° C. and 100° C. In US. Pat. 
No. 4,707,540, issued to Manser, in 1987, it Was established 
that the polymeriZation of numerous oxetane monomers 
yielded energetic homopolymers that could be used as 
binders. Among these oxetane polymers, Manser isolated 
BAMO, an energetic thermoplastic homopolymer Which 
melts at 83° C. Until noW BAMO Was the only available 
energetic thermoplastic homopolymer. 

[0003] US. Pat. No. 4,806,613, issued to Wardle, in 1989, 
shoWed that energetic thermoplastic elastomers could be 
prepared directly in the mixer by block polymeriZation of 
BAMO With other oxetane polymers. 

[0004] Wardle also shoWed in US. Pat. No. 4,952,644, 
that ABA triblocks or star thermoplastic elastomers could be 
obtained by polymeriZation of the BAMO monomers With 
other oxetanes monomers. Although useful, all these ener 
getic thermoplastic elastomers must comprise BAMO as the 
hard segment. Since energetic thermoplastic elastomers are 
potential products to introduce in and prepare insensitive 
high-energy compositions, there is a need to develop neW 
energetic thermoplastic homopolymers and energetic ther 
moplastic elastomers. 

SUMMARY OF THE INVENTION 

[0005] An object of one embodiment of the present inven 
tion is to provide the synthesis of novel energetic polyester 
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thermoplastic homopolymers by the polymeriZation of 
ot-bromomethyl-ot-methyl-[3-propiolactone (BMMPL) or 
ot-chloromethyl-ot-methyl-[3-propiolactone (CMMPL) to 
yield thermoplastic homopolymers Which upon aZidation, 
lead to a novel energetic thermoplastic polyester: poly(ot 
aZidomethyl-ot-methyl-[3-propiolactone) (PAMMPL). 

[0006] A further object of the embodiment of the present 
invention is an energetic thermoplastic polyester of the 
formula: 

CH3 (6 

PAMMPL 

[0007] Where n is 4 to 1500. This neW energetic polyester 
melts at 80° C. and can be used as the hard block of an 
energetic thermoplastic elastomer. 

[0008] Another object of this invention is to provide a 
process to synthesiZe energetic copolyether-ester thermo 
plastic elastomers and particularly those copolyether-esters 
that are obtained by using energetic dihydroxyl terminated 
prepolymers such as glycidyl aZide polymer as macroinitia 
tors for the polymeriZation of (ot-bromomethyl-ot-methyl-[3 
propiolactone (BMMPL) or ot-chloromethyl-ot-methyl-[3 
propiolactone (CMMPL) folloWed by the aZidation of the 
resulting copolymers. The resulting copolyether-esters are 
energetic thermoplastic elastomers, Which melt at 80° C. 

[0009] Another object of the present invention is also to 
provide the synthesis of a novel energetic polyester 
homopolymer by the polymeriZation of ot-dibromomethyl 
[3-propiolactone (DBMPL) to yield an homopolymer Which 
upon aZidation, led to a novel energetic polyester: poly(ot 
diaZidomethyl-[3-propiolactone) (PDAMPL). This neW ener 
getic polyester can be used as a binder or be introduced in 
an energetic thermoplastic elastomer synthesis. 

PDAMPL 

[0010] Where n could be 3 to 1100 leading to molecular 
Weights betWeen 500 to 200 000 g/mol. 

[0011] In accordance With another feature of the present 
invention, there is provided a process for preparing an 
energetic copolyether-ester thermoplastic elastomer of type 
ABA. This process comprises the step of using an energetic 
dihydroxyl terminated polymer as a macroinitiator to poly 
meriZe ot-bromomethyl-ot-methyl-B-propiolactone 
(BMMPL) or ot-chloromethyl-ot-methyl-[3-propiolactone 
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(CMMPL) followed by the aZidation of the resulting copoly 
mer. The structure of the resulting copolyether-ester can be 
illustrated as followed: 

PAMMPL-DHTEP-PAMMPL 

[0012] Where PAMMPL is the hard polyester block A and 
DHTEP is the dihydroxyl terminated polyether used as the 
soft block B. Preferably, the dihydroxyl terminated energetic 
polymer (soft segment) has a molecular Weight ranging from 
about 500 to about 100,000 g/mol and the PAMMPL (hard 
segment) has a molecular Weight of 500 to 200,000 g/mol. 
Preferably, the dihydroxyl terminated prepolymer is glycidyl 
aZide polymer (GAP), but is not limited to and could be 
applied to other hydroxyl terminated energetic prepolymer 
selected from the group consisting of: poly 3-aZidomethyl 
3-methyloxetane (AMMO), poly 3-nitratomethyl-3-methy 
loxetane (NIMMO) and poly glycidyl nitrate (GLYN). 

[0013] Those skilled in the art Will see that the function 
ality of the soft segment is not restricted to tWo. In fact, using 
the process With a difunctional soft segment resulted in an 
ABA triblock copolymer but using a monofunctional soft 
segment Would have resulted in an AB diblock copolymer. 
The use of a tri-, tetra- or polyfunctional soft segment Would 
have led to star shaped or grafted thermoplastic elastomers. 

[0014] Yet another object of one embodiment of the 
present invention is to provide an energetic for use as a 
prepolymer for binder or thermoplastic elastomer synthesis 
having the formula: 

PDAMPL 

[0015] Where n could be 3 to 1100 leading to molecular 
Weights betWeen 500 to 200 000 g/mol Which can be used as 
a binder or be introduced in an energetic thermoplastic 
elastomer synthesis. 

[0016] Having thus generally denoted the invention, ref 
erence Will noW be made to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic illustration of a reaction 
sequence for forming BMMPL; 

[0018] FIG. 2 is a schematic illustration of a reaction 
sequence for forming GAP-co-PAMMPL; and 

[0019] FIG. 3 is a schematic illustration of a reaction 
sequence for forming DBMPL. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] Thermoplastic elastomers (TPE) are copolymers of 
the type triblock ABA, diblock AB or multiblock (AB)n 
Where A and B are the hard and soft segments, respectively. 
Star shaped and grafted copolymers that include A and B 
blocks are also thermoplastic elastomers. The hard segment 
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is capable of crystalliZation or association and gives the 
thermoplastic behavior to the copolymer, Whereas the soft 
segment gives the elastomeric behavior to the copolymer. In 
practice, at room temperature, a thermoplastic elastomer 
behaves like a rubber because it is crosslinked in the same 
fashion as a conventional elastomer, but With reversible 
physical crosslinks. Since the physical crosslinks are revers 
ible, the thermoplastic elastomer can be melted or dissolved 
in a solvent, so that the polymer can be mixed With other 
components of, for example, a melt cast explosive. A gun or 
rocket propellant or a composite explosive could be isolated 
upon cooling or evaporating the solvent. Cooling or evapo 
rating the solvent lets the broken physical crosslinks reform 
and the elastomeric properties are recovered. Therefore, 
obsolete material can be melted or dissolved before the 
separation of the components leading to a recyclable mate 
rial. The molecular Weight of the soft segment and the hard 
segment must be balanced to get good mechanical proper 
ties. Since it is very difficult to predict the mechanical 
properties of the thermoplastic elastomer, it is often chal 
lenging to ?nd the perfect balance for the molecular Weights 
of both segments. 

[0021] In the present invention, the novel energetic ther 
moplastic polyester Was synthesiZed by polymeriZing ot-bro 
momethyl-ot-methyl-[3-propiolactone (BMMPL) or ot-chlo 
romethyl-ot-methyl-[3-propiolactone (CMMPL) to isolate 
poly(ot-bromomethyl-ot-methyl-[3-propiolactone) (PBM 
MPL) or poly(ot-chloromethyl-ot-methyl-[3-propiolactone) 
(PCMMPL). The aZidation of PBMMPL or PCMMPL in 
dimethylformamide at 90° C. and 120° C., respectively 
yielded poly(ot-aZidomethyl-ot-methyl-[3-propiolactone) 
(PAMMPL). All the attempts to do aZidation of the BMMPL 
or CMMPL monomers failed and resulted in the polymer 
iZation of the lactones. Sodium aZide as a nucleophile 
initiated the polymeriZation and poor yields Were observed. 
Many initiators are suitable for the polymeriZation of [3-pro 
piolactones. 

[0022] Cationic initiators usually lead to loW molecular 
Weight polymers. Suitable examples of cationic initiators 
include, LeWis acids, tri?uoroacetic acid, acetyl perchlorate, 
tri?uoroacetic anhydride/aluminum trichloride, boron trif 
luoride and its derivatives, halonium salts (dialkylbromo 
nium hexa?uoroantimonate, etc), tri?uoromethanesulfonic 
acid, methyl tri?ate, inter alia. High molecular Weight poly 
mers can be obtained With the use of anionic or organome 
tallic compounds. 

[0023] Suitable anionic initiators useful for the polymer 
iZation of lactones include, tertiary amines (triethylamine, 
pyridine and its derivatives, etc.), betaines, phosphines (tri 
alkyl or triaryl phophines, etc), sul?des, sodium or potas 
sium, sulfonium salts, ammonium salts, (tetraalkylammo 
nium hydroxides, etc.) carboxylates salts (potassium 
benZoate, tetraalkylammonium acetates, etc), alkoxides 
(potassium methoxide, lithium t-butoxide, magnesium 
ethoxide, etc.), hydroxides (potassium hydroxide and other 
alkali metal hydroxides), alkyl salts (butyllithium and other 
alkali metal salts, etc.) inter alia. 

[0024] Organometallic initiators formed to be useful 
include, aluminum derivatives (trialkylaluminum, haloge 
nated derivatives of alkylaluminum or aluminum, aluminum 
or alkylaluminum alkoxides, aluminum porphyrins, etc.), 
Zinc derivatives (dialkylZinc, Zinc or alkylZinc alkoxides, 
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halogenated derivatives of Zinc or alkylZinc, etc.) tin deriva 
tives (alkyltin or tin alkoxides, tin 2-ethylhexanoate, dialky 
ltin oxides, halogenated derivatives of alkyltin or tin, dist 
annoxanes, tin (II) oxide, etc), titanium derivatives (titanium 
alkoxides, etc), Zirconium derivatives (Zirconium alkoxides, 
etc.), nickel derivatives (nickel carboxylate, etc.), cadmium 
derivatives (dialkyl cadmium, etc.), yttrium derivatives 
(yttrium alkoxides, etc.). 
[0025] Organometallic initiators are often used With small 
amounts of co-initiators, including Water, polyhydroxylated 
compounds (ethylene glycol, butanediol, pentaerythritol, 
etc.), complexing agents (diethyl ether, acetylacetone, tet 
rahydrofuran, etc.), etc. The preferred proportion of catalysts 
vary generally from betWeen 0.1 and 1 mole of co-initiator 
per mole of active group of initiator. The preferred initiator 
to monomer ratio is betWeen 0.1 and 25% mol/mol. The 
presence of diluents is sometimes desirable. Suitable dilu 
ents for the polymeriZation of these [3-propiolactones are 
common organic solvents, such as toluene, tetrahydrofuran, 
dimethylformamide, dimethylsulfoxide, diethyl ether, etc. 
Lithium t-butoxide Was chosen to polymeriZe both lactones. 
Those skilled in the art Will knoW that different functional 
ities of the polylactones can also be obtained using di, tri- or 
tetra functional initiators. 

[0026] ot-bromomethyl-ot-methyl-[3-propiolactone 
(BMMPL) and ot-chloromethyl-ot-methyl-[3-propiolactone 
(CMMPL) have to be synthesiZed prior to their polymer 
iZation. CMMPL could be synthesiZed in a one step synthe 
sis While BMMPL requires three steps. 

[0027] According to FIG. 1, 2,2-dibromomethyl propyl 
acetate (DBMPAc) is obtained by acetylation and bromation 
of 2-hydroxymethyl-2-methyl-1,3-propanediol (HMP) in a 
one-pot step. DBMPAc is then oxidiZed to 2,2-dibromom 
ethyl propionic acid (DBMPA) folloWed by lactonisation to 
isolate BMMPL. The same synthetic procedure Was applied 
to prepare CMMPL, but started With the commercial 2,2 
dichloromethyl propionic acid (DCMPA). Since only one 
step is needed to prepare CMMPL compared to three for the 
BMMPL, it Would be more appropriate to use only CMMPL 
but once its polymeriZation is done With the macroinitiator, 
the aZidation has to be conducted at 120° C. At this tem 
perature, some degradation of GAP Was observed as Well as 
With the other energetic prepolymers. With PBMMPL, the 
temperature of aZidation Was 90° C. and degradation Was not 
observed. 

[0028] To prepare the energetic copolyether-ester thermo 
plastic elastomer, the dihydroxyl terminated prepolymer 
must be activated to serve as a macroinitiator. To remove the 

proton of the hydroxyl groups, many reagents can be used, 
such as organic and inorganic bases, and organometallic 
compounds. Example of suitable reagents include hydrox 
ides (potassium hydroxide and other alkali metal hydrox 
ides, etc.), hydrides (sodium hydride and other alkali metal 
hydrides, etc.), carbonates (potassium carbonate and other 
alkali metal carbonates, etc.), alkyl salts (butyllithium and 
other alkali metal lithium, etc.), carboxylates (potassium 
acetate and other alkali metal carboxylates, etc.), alkoxides 
(lithium t-butoxide and other alkali metal alkoxides, etc.), 
organometallics (aluminum derivatives, Zinc derivatives, 
etc.). 
[0029] In this application n-butyl lithium Was used to 
generate the alkoxide ion With GAP. The generated alkoxide 
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ions functioned to initiate the polymeriZation of CMMPL or 
BMMPL. This copolymer Was then reacted With sodium 
aZide to isolate the energetic copolyether-ester thermoplastic 
elastomer. Different mechanical properties can be obtained 
by varying the molecular Weights of the soft and hard 
segments. Soft to tough rubber or soft to hard Waxes are 
among the possibilities for the appearance of the copolymer. 
Commercially available glycidyl aZide polymer of molecu 
lar Weight 2000 g/mol Was used as the macroinitiator for the 
polymeriZation of BMMPL and CMMPL. AZidation of the 
resulting copolymers yielded energetic polyether-ester ther 
moplastic elastomer illustrated in FIG. 2. To increase the 
elastomeric behavior of the copolymer, a higher molecular 
Weight (50 000 g/mol) GAP Was synthesiZed and used as the 
macroinitiator. It Was observed that more elasticity can be 
incorporated, but at the expense of a higher viscosity in the 
molten state. As mentioned supra, balancing the molecular 
Weights of both segments can be challenging. It is believed 
that the best mechanical properties are obtained using a soft 
segment of 10 000 to 20 000 g/mol and hard segment of 10 
000 to 15 000 g/mol on each side of the soft segment. 

[0030] The synthesis of ot-dibromomethyl-[3-propiolac 
tone (DBMPL) and ot-dichloromethyl-[3-propiolactone 
(DCMPL) is similar to the one of BMMPL, except that the 
starting material Was pentaerythritol (see FIG. 3). Three 
steps are needed to complete each synthesis. The ?rst step 
involved, in both cases, the simultaneous halogenation and 
acetylation of pentaerythritol to give 3-bromo-2,2-dibro 
momethylpropyl acetate or 3-chloro-2,2-dichloromethylpro 
pyl acetate, respectively. Those acetates are then oxidiZed to 
3-bromo-2,2-dibromomethyl propionic acid or 3-chloro-2, 
2-dichloromethyl propionic acid. DBMPL or DCMPL are 
then obtained by the cyclisation of the acids. 

[0031] Having thus described the invention, reference Will 
noW be much to the examples. 

[0032] Preface: 

[0033] Asused herein 

[0034] 1HNMR=proton nuclear magnetic resonance, 
13CNMR=carbon nuclear magnetic resonance and s is rep 
resentation of a singlet, d=doublet, q=quintuplet, m=multip 
let 

[0035] Chemicals 

[0036] GAP Mn=2000 g/mol (GAP 2000) Was obtained 
from 3M company, Minnesota, USA. 

[0037] GAP Mn=50 000 g/mol Was synthesiZed according 
to a knoWn process developed by Vandenberg for the syn 
thesis of a high molecular Weight polyepichlorohydrin 
(PECH) folloWed by the aZidation of this PECH to yield a 
high molecular Weight GAP Which Was used as a macroini 
tiator. 

EXAMPLE 1 

[0038] ot-bromomethyl-ot-methyl-[3-propiolactone 
(BMMPL) 
[0039] 1) Preparation of 2,2-dibromomethyl propyl 
acetate (DBMPAc) 

[0040] In a round bottom ?ask, equipped With a condenser 
and a magnetic stirrer, a mixture of hydrogen bromide in 
acetic acid (30% W/W, 500 mL) and of 
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[0041] 2-hydroxymethyl-2-methyl-1,3-propanediol 
(HMP) (100 g, 0,833 mol) Was heated to re?ux for 24 hours. 
The solution Was then cooled and transferred into a separa 
tory funnel. After the addition of cold Water (1.2 L), the 
organic phase Was separated and distilled to yield 2,2 
dibromomethyl propyl acetate. The fraction boiling at 80° C. 
and 0.5 mm Hg Was collected to yield 225 g of DBMPAc 

(0.781 mol, 94%). 
[0042] lHNMR: 0 (CDCI3) ppm: 1.18 (s, 3H, CH3), 2.09 
(s, 3H, CH3CO), 3.42 (s, 4H, CHZBr), 4.07 (s, 2H, CH2) 
[0043] 2) Preparation of 2,2-dibromomethyl propionic 
acid (DBMPA) 

[0044] In a three-neck ?ask equipped With an addition 
funnel, a large condenser, a thermometer and a magnetic 
stirrer, Were introduced concentrated nitric acid (70%, 400 
mL, 1.40 g/mL) and fuming nitric acid (50 mL, 1.52 g/mL). 
This solution Was heated to 90° C. and DBMPAc (100 g, 
0.347 mol) Was added dropWise. The temperature Was 
maintained betWeen 80° C. and 90° C. for the duration of the 
addition. Red fumes evolved abundantly once approxi 
mately a third of the MDBMP Was added. The mixture Was 
heated at 80° C. and 90° C. for an additional tWo hours after 
the end of the addition and Was stirred overnight at room 
temperature. It Was then poured in 2 L of ice Water. The solid 
Was ?ltered, Washed With ice Water and used Without further 
puri?cation for the next step (73 g, 0.28 mol, 81%, Mp: 
60-62° C.). The aqueous phase Was extracted With chloro 
form to yield a supplementary 16 g of DBMPA (0.062 mol) 
Which need to be puri?ed by recrystallization in a mixture 
benZene/petroleum ether to give almost a quantitative yield 
for the reaction. 

[0045] lHNMR: 0 (CDCI3) ppm: 1.49 (s, 3H, CH3), 3.70 
(q, 4H, CHZBr), 10.5 (s, coon). 
[0046] 3) Preparation of ot-bromomethyl-ot-methyl-[3-pro 
piolactone (BMMPL) 
[0047] In a beaker equipped With a magnetic stirrer, 
DBMPA (60 g, 0.228 mol) Was added to Water (600 mL). To 
this suspension Was added dropWise a potassium carbonate 
solution (1.0 M) until the pH of the solution Was 8 (approxi 
mately 180 mL). When all the DBMPA Was dissolved, the 
solution Was quickly ?ltered into an Erlenmeyer ?ash and 
methylene chloride Was added (600 mL). This mixture Was 
strongly stirred for 18 hours and decanted into a separatory 
funnel. The organic phase Was separated and the aqueous 
phase Was Washed With methylene chloride (2><300 mL). 
The organic phases Were combined and dried over magne 
sium sulfate, ?ltered in a round bottom ?ask previously 
Washed With hydrochloric acid (1 M) and evaporated to 
yield BMMPL (36 g, 0.20 mol). This product Was rapidly 
?ltered again on a neutral alumina column under dynamic 
vacuum into a round bottom ?ask also Washed With HCl 1 
M, dried over calcium hydride for three hours and distilled 
under vacuum over molecular sieves. The fraction boiling 
betWeen 37° C. and 39° C. at 1 mm Hg Was collected to yield 
27 g (0.15 mol, 65%). This pure BMMPL Was stored over 
molecular sieves and under a nitrogen atmosphere at 5° C. 

[0048] 1HNMR: 6 (CDCI3) ppm: 1.59 (s, 3H, CH3), 3.45, 
3.67 (2 d, 2H, CHZBr), 4.11, 4.39(2 d, 2H, CH2) 

[0049] 13CNMR: 0 (CDCI3) ppm: 19.08 (CH3), 33.43 
(CHZBr), 58.99 (c) 71.33 (CH2), 171.49 (co). 
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EXAMPLE 2 

[0050] ot-chloromethyl-ot-methyl-[3-propiolactone 
(CMMPL) 
[0051] The synthesis of CMMPL is similar to the synthesis 
of BMMPL, except that the starting available material Was 
2,2-dichloromethyl propionic acid (DCMPA) (20 g, 0.12 
mol). It Was poured into 800 mL of Water, neutraliZed to pH 
8 With a 1.0 M potassium carbonate solution (approximately 
80-90 mL), ?ltered and vigorously agitated overnight With 
800 mL of chloroform. The fraction boiling betWeen 55° C. 
and 57° C. at 1 mm Hg Was collected to yield 7.6 g (0.054 
mol, 45%). This pure CMMPL Was stored over molecular 
sieve and under a nitrogen atmosphere at 5° C. 

[0052] lHNMR: 0 (CDCI3) ppm: 1.56 (s, 3H, CH3), 3.59, 
3.81 (2 d, 2H, CHZCI), 30 4.12, 4.45 (2 d, 2H, CH2). 

[0053] 13CNMR: 0 (CDCI3) ppm: 18.22 (CH3), 45.30 
(CHZCI), 59.48 (c) 70.11 (CH2), 171.74 (co). 

EXAMPLE 3 

[0054] Poly(ot-bromomethyl-ot-methyl-[3-propiolactone) 
(PBMMPL) 
[0055] Freshly distilled anhydrous BMMPL (2.21 g, 12.3 
mmol) Was injected into a ?ame-dried tWo-neck ?ask 
equipped With a magnetic stirrer, a nitrogen inlet and septa, 
previously ?ushed under vacuum and kept under a nitrogen 
stream. BMMPL Was injected With a syringe precisely 
Weighed before and after the injection. Anhydrous tetrahy 
drofuran (THF) (12.0 mL) Was injected in the ?ask folloWed 
by an injection (496 ML) of a solution of lithium t-butoxide 
in THE (1.0 mol/L). In less than ?ve minutes, the mixture 
Was solid. After 24 hours, this solid Was stirred in methanol 
(80 mL), ?ltered and dried under vacuum at 60° C. for 24 
hours. PBMMPL Was isolated as a ?ne White poWder (1.56 
g, 71%) and Was insoluble in most organic solvents. DSC 
analyses revealed a melting point of 230-245° C. folloWed 
by decomposition of the polymer and an enthalpy of fusion 
of betWeen 40 Jules/g and 50 Jules/g. Since the polyester is 
insoluble, molecular Weight could not be determined. 

EXAMPLE 4 

[0056] Poly(ot-chloromethyl-ot-methyl-[3-propiolactone) 
(PCMMPL) 
[0057] The procedure for the polymeriZation of CMMPL 
can be almost identical to the one for BMMPL, but other 
catalysts Worked as Well. As an example, a 1.0 M solution 
of triethylaluminium in hexane (2.24 mL, 2.24 mmol) and 
20 ML (1.11 mmol) of Water Were injected into a ?ame-dried 
tWo-neck ?ask equipped With a magnetic stirrer, a nitrogen 
inlet and septa, previously ?ushed under vacuum and kept 
under a nitrogen stream. The initiator Was then reacted 0.5 
h and dried under vacuum 0.5 h. Anhydrous toluene (9 mL) 
and freshly distilled CMMPL (2.9 g, 22 mmol) Were added 
to the tWo-neck ?ask. The solution formed a gel very 
quickly. After tWo hours, the polymer Was precipitated in a 
10% v/v solution of hydrochloric acid in methanol (100 mL) 
and Washed With pure methanol until neutral, ?ltered and 
dried under vacuum at 60° C. for 24 h. PCMMPL Was 
isolated as a ?ne White poWder (2.87 g, 99%) and Was 
insoluble in most organic solvents. DSC analyses revealed a 
melting point of betWeen 200° C. and 250° C. folloWed by 
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decomposition of the polymer and an enthalpy of fusion of 
same or provides 60-75 J/g. Since the polyester is insoluble, 
its molecular Weight can not be determined. 

EXAMPLE 5 

[0058] Poly(ot-aZidomethyl-ot-methyl-[3-propiolactone) 
(PAMMPL) 
[0059] In a three-neck ?ask equipped With a condenser, a 
thermometer and a magnetic stirrer, Were introduced PBM 
MPL (7.29 g, 40.7 mmol of CHZBr) dimethylformamide 
(DMF, 88 mL) and sodium aZide (2.92 g, 44.9 mmol). The 
suspension Was heated to 90° C. for 18 hours and then 
poured in a beaker containing Water (800 mL) to be stirred 
vigorously. The polymer Was isolated by ?ltration and dried 
under vacuum at 60° C. for 24 hours, yielding 6.66 g of 
PAMMPL (99%). According to NMR spectroscopy, the 
aZidation Was complete. DSC analyses revealed a melting 
point of 85° C. and an enthalpy of fusion of 35-40 J/g. Since 
the polyester is only partly soluble in common organic 
solvents, its molecular Weight could not be determined. 

[0060] 1HNMR: 6 (DMSO) ppm: 1.1 (s, 3H, CH3), 3.5 (s, 
2H, CH2N3), 4.1 (s, 2H, CH2). 

[0061] 13CNMR: 6 (DMSO) ppm: 17.7 (CH3), 46.8 (c), 
54.1 (CH2N3) 66.3 (CH2), 171.8 (co). 

[0062] The same procedure Was applied With PCMMPL 
except that the temperature Was 120° C. for 24 hours. 
PAMMPL Was isolated as described With an overall yield of 
71%. The spectroscopic analysis Was identical. PAMMPL is 
a White cotton like solid that had a melting point of 80° C. 
and an enthalpy of fusion of same or provides 25-30 J/ g. The 
molecular Weight could not be determined because of the 
loW solubility of this polymer in common organic solvents. 

EXAMPLE 6 

[0063] Synthesis of (GAP-2000)-co-PBMMPL Thermo 
plastic Elastomer 

[0064] GAP-2000 (0.316 g, 3.19 mmol of CH2N3) Was 
thoroughly dried overnight under vacuum at 50° C. in a 
three-neck ?ask equipped With a stirrer, a nitrogen inlet and 
septa. GAP Was then put under a nitrogen stream for the 
remainder of the reaction. Anhydrous tetrahydrofaran (3.2 
mL) Was added to the ?ask and, after complete dissolution 
of GAP, a 1.6 M solution of n-butyl lithium in heXane (0.164 
mL, 0.263 mmol) Was injected, folloWed by 1.012 g (5.65 
mmol) of BMMPL. The material (1.10 g, 83%) Was recu 
perated 24 h later by precipitation in methanol, ?ltration and 
drying overnight under vacuum at 60° C. DSC analyses 
indicated a glass transition temperature of —29° C., charac 
teristic of the soft segments of GAP. The melting point of the 
hard segments, eXpected above 200° C. from the results 
obtained for PBMMPL, could not be detected because of the 
decomposition of GAP beginning at 200° C. The molecular 
Weight of this material could not be determined because of 
its insolubility in common organic solvents. The copolymer 
Was composed of 52% mol/mol GAP, as evaluated by the 
quantity of nitrogen in the polymer determined by elemen 
tary analysis (%C=34.5%, %H=4.5% %N=10.7%). 
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EXAMPLE 7 

[0065] Synthesis of (GAP 2000)-co-PAMMPL Energetic 
Thermoplastic Elastomer 

[0066] In a three-neck ?ask equipped With a condenser, a 
thermometer and a magnetic stirrer, Were introduced (GAP 
2000)-co-PBMMPL (0.204 g), dimethylformamide (DMF, 
4.0 mL) and sodium aZide (0.074 g, 1.14 mmol). The 
suspension Was heated to 90° C. for 18 hours and then 
poured in a beaker containing Water to be stirred vigorously. 
After a feW hours of agitation, the polymer stuck to the Walls 
of the beaker; it Was isolated by decantation of Water and 
dried under vacuum at 60° C. for 24 hours, yielding 0.171 
g of PAMMPL-GAP-PAMMPL. DSC analyses revealed a 
glass transition temperature of —26° C., a melting point 
betWeen 80° C. and 85° C. and an enthalpy of fusion of 12 
Jules/g. The molecular Weight Was estimated at 7300 g/mol 
from GPC measurements. 

EXAMPLE 8 

[0067] Synthesis of GAP-co-PBMMPL Thermoplastic 
Elastomer 

[0068] High molecular Weight GAP (162.8 g, 1.64 mol of 
CH2N3) Was thoroughly dried under vacuum at 50° C. for 
4-5 days in a 4-L reaction kettle equipped With a mechanical 
stirrer, a nitrogen inlet and septa. GAP Was then put under 
a nitrogen stream for the remainder of the reaction. Anhy 
drous tetrahydrofuran (3 L) Was added to the reaction kettle 
and, after complete dissolution of GAP, a 1.6 M solution of 
n-butyl lithium in heXane (20.5 mL, 32.9 mmol) Was 
injected, folloWed by 154.5 g (0.863 mol) of BMMPL. The 
material (270 g, 85%) Was recuperated 24 h later by pre 
cipitation in methanol, ?ltration and drying under vacuum at 
60° C. for 2-3 days. DSC analyses indicated a glass transi 
tion temperature of —32° C., characteristic of the soft seg 
ments of GAP. The melting point of the hard segments, 
eXpected above 200° C. from the results obtained for PBM 
MPL, could not be detected because of the decomposition of 
GAP beginning at 200° C. The molecular Weight of this 
material could not be determined because of its loW solu 
bility in common organic solvents. 

EXAMPLE 9 

[0069] Synthesis of GAP-co-PAMMPL Energetic Ther 
moplastic Elastomer 

[0070] In a three-neck ?ask equipped With a condenser, a 
thermometer and a magnetic stirrer, Were introduced PBM 
MPL-GAP-PBMMPL (250 g), dimethylformamide (DMF, 
5.0 L) and sodium aZide (91.0 g, 1.40 mol). The suspension 
Was heated to 90° C. for 18 hours and then poured in a 
beaker containing Water to be stirred vigorously. The poly 
mer Was isolated by ?ltration and dried under vacuum at 60° 
C. for 24 hours, yielding 160 g of PAMMPL-GAP-PAM 
MPL. DSC analyses revealed a glass transition temperature 
of —31° C., a melting point of 86° C. and an enthalpy of 
fusion of 2-3 Jules/g. Since the polyester is only partly 
soluble in common organic solvents, its molecular Weight 
could not be determined. 
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EXAMPLE 10 

[0071] ot-dibromomethyl-[3-propiolactone (DBMPL) 
[0072] 1) Preparation of 3-bromo-2,2-dibromomethylpro 
pyl acetate (BDBMPAc) 

[0073] This synthesis is similar to the one of DBMPAc, 
except that 60 g of pentaerythritol (0.45 mol) Were reacted 
With 500 mL of hydrogen bromide in acetic acid (30% W/W). 
The yield of BDBMPAc after the extraction Was 92% (152 
g, 0.414 mol). This product can be used in the next step 
Without additional puri?cation. 

[0074] lHNMR: 0 (CDC13) ppm: 2.11 (s, 3H, CH3), 3.54 
(s, 6H, CHZBr), 4.19 (s, 2H, CH2) 
[0075] 2) Preparation of 3-bromo-2,2-dibromomethyl pro 
pionic acid (BDBMPA) 

[0076] This synthesis is similar to the one of DBMPA, 
except that for 100 g of BDBMPAc (0.272 mol), 310 mL of 
concentrated nitric acid (70%, 1.40 g/mL) and 36 mL of 
fuming nitric acid (1.52 g/mL) Were needed. The total yield 
of BDBMPA (Mp: 83-86° C.) Was 86% (72 g, 0.21 mol). 

[0077] 1HNMR: 6 (CDCl3) ppm: 3.77 (s, CHZBr). 

[0078] 3) Preparation of ot-dibromomethyl-[3-propiolac 
tone (DBMPL) 

[0079] This synthesis protocol Was similar to that for 
BMMPL. Yields are of betWeen 60% and 70% Were residual 
distillation (55-59° C., 1 mm Hg). 

[0080] 1HNMR: 6 (CDCl3) ppm: 3.79 (s, 4H, CHZBr), 
4.45 (s, 2H, CH2). 

EXAMPLE 11 

[0081] ot-dichloromethyl-[3-propiolactone (DCMPL) 
[0082] 1) Preparation of 3-chloro-2,2-dichloromethylpro 
pyl acetate (CDCMPAc) 

[0083] This synthesis protocol Was similar that for BDB 
MPAc, except that 20 g of pentaerythritol (0.15 mol) Were 
reacted at 160° C. in a closed vessel With 225 mL of 
hydrochloric acid and 75 mL of glacial acetic acid. After 24 
h, the solution Was cooled and transferred into a separatory 
funnel. After the addition of cold Water (300 mL), the 
organic phase (14.1 g) Was separated. NMR analysis 
revealed that this phase Was constituted of a mixture of 
CDCMPAc (84%) and 2,2-dichloromethylpropyl acetate 
(DCMPAc). The rest of the solution Was extracted With 
methylene chloride, dried and evaporated to yield again a 
mixture (14.6 g) of CDCMPAc (46%) and DCMPAc. CDC 
MPAc could not be completely puri?ed by distillation; it Was 
noted that the boiling temperature rose continuously 
betWeen 82° C. and 110° C. (1 mm Hg). The ?rst fraction 
(20.1 g), isolated betWeen 82° C. and 102° C., contained 
approximately 85% CDCMPAc, While the second one (4.2 
g, 103-110° C.) Was comprised of 73% CDCMPAc. 

[0084] lHNMR: 0 (CDC13) ppm: 2.10 (s, 3H, CH3), 3.64 
(d, 6H, cH2c1), 4.16 (s, 2H, CH2) 
[0085] 2) Preparation of 3-chloro-2,2-dichloromethyl pro 
pionic acid (CDCMPA) 

[0086] The synthesis protocol Was similar to that for 
DBMPA, except that for 24 g of CDCMPAc, 121 mL of 
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concentrated nitric acid (70%, 1.40 g/mL) and 13.6 mL of 
fuming nitric acid (1.52 g/mL) Were needed. The total yield 
of CDCMPA Was 74% (15.9 g, 0.77 mol). 

[0087] 1HNMR: 6 (CDCl3) ppm: 3.87 (s, CHZCl). 

[0088] 3) Preparation of ot-dichloromethyl-[3-propiolac 
tone (DCMPL) 

[0089] The synthesis protocol similar to that for of 
BMMPL. 

[0090] lHNMR: 0 (CDC13) ppm: 3.90 (d, 4H, CHZCI), 
4.44 (s, 2H, CH2). 

EXAMPLE 12 

[0091] Poly(ot-dibromomethyl-[3-propiolactone) 
MPL) 
[0092] The synthesis protocol Was similar to that for 
PBMMPL and PCMMPL. PDBMPL Was found to be a ?ne 
White poWder Which Was insoluble in most common organic 
solvents. 

(PDB 

EXAMPLE 13 

[0093] Poly(ot-dichloromethyl-[3-propiolactone) 
MPL) 
[0094] The synthesis protocol Was similar to that for 
PBMMPL and PCMMPL. PDCMPL Was found to be a ?ne 
White poWder Which Was insoluble in most common organic 
solvents. 

(PDC 

EXAMPLE 14 

[0095] Poly(ot-diaZidomethyl-[3-propiolactone) 
(PDAMPL) 
[0096] The synthesis is similar to that for PAMMPL, 
except that for 1.05 g of PDBMPL (4.07 mmol), 12.6 mL of 
dimethylformamide and 0.581 g of sodium aZide (8.9 mmol) 
Were needed. The molecular Weight could not be determined 
because of the loW solubility of PDAMPL in common 
organic solvents. 

[0097] lHNMR: 0 (DMSO) ppm: 3.7 (s, 4H, CH2N3), 4.2 
(s, 2H, CH2) 

We claim: 
1. An energetic thermoplastic polyester of the formula: 

CH3 0 
| || 

PAMMPL 

Where n is 4 to 1500. 

2. The energetic thermoplastic polyester as set forth in 
claim 1, Wherein the molecular Weight ranges from about 
500 to about 200 000 g/mol. 

3. The energetic thermoplastic polyester as set forth in 
claim 1, Wherein said polyester has a melting point of 
betWeen 80° C. and 85° C. 
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4. A process for preparing an energetic thermoplastic 
polyester of the formula: 

CH3 0 
|| 

CH2N3 

PAMMPL 

comprising: 
polymerizing CMMPL (0t-chloromethyl-ot-methyl-[3-pro 

piolactone) or BMMPL (ot-bromomethyl-ot-methyl-[3 
propiolactone); followed by aZidation of polymerized 
CMMPL or BMMPL. 

5. The process as set forth in claim 4, Wherein said 
aZidation is conducted in dimethylformnamide. 

6. The process as set forth in claim 5, Wherein said 
aZidation of PBMMPL is conducted at a temperature of 90° 
C. 

7. The process as set forth in claim 5, Wherein said 
aZidation of PCMMPL is conducted at a temperature of 120° 
C. 

8. The process as set for the in claim 4, Wherein a 
polymeriZation iniator is employed for initiating polymer 
iZation. 

9. The process as set for the in claim 8, Wherein said 
process occurs a ratio of 0.1%:25% mol/mol of said iniator 
to said CMMPL or BMMPL. 

10. A process for preparing an energetic thermoplastic 
polyester of the formula: 

CH3 0 
|| 

CH2N3 

PAMMPL 

comprising: 
polymeriZing CMMPL (0t-chloromethyl-ot-methyl-[3-pro 

piolactone) or BMMPL (ot-bromomethyl-ot-methyl-[3 
propiolactone); folloWed by aZidation of polymeriZed 
CMMPL or BMMPL, 

When said propiolactone is halogenated 
11. The process as set forth in claim 10, Wherein said 

propiolactone is halogenated With chlorine or bromine. 
12. An energetic copolyether-ester thermoplastic elas 

tomer of the formula: 

PAMMPL-DHTEP-PAMMPL 

Where PAMMPL is poly(ot-aZidomethyl-ot-methyl-[3-pro 
piolactone) and DHTEP is dihydroXyl terminated ener 
getic polymer. 

13. The energetic copolyether-ester thermoplastic elas 
tomer as set forth in claim 12, Wherein said elastomer has a 
melting point of betWeen 80° C. and 85° C. 

14. The energetic copolyether-ester thermoplastic elas 
tomer as set forth in claim 12, Wherein the dihydroXyl 
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terminated energetic polymer is selected from the group 
comprising of glycidyl aZide polymer (GAP), poly 3-aZi 
domethyl-3-methyloXetane (AMMO), poly 3-nitratomethyl 
3-methyloXetane (NIMMO) and polyglycidyl nitrate 
(GLYN). 

15. The energetic copolyether-ester thermoplastic elas 
tomer as set forth in claim 15, Wherein the molecular Weight 
of said soft segment is betWeen 500 and 100 000 g/mol and 
the molecular Weight of said hard segment PAMMPL is 
betWeen 500 and 200 000 g/mol. 

16. The energetic copolyether-ester thermoplastic elas 
tomer as set forth in claim 15, Wherein the functionality of 
said soft segment is betWeen 5 and 250. 

17. The energetic copolyether-ester thermoplastic elas 
tomer as set forth in claim 16, Wherein said functionality is 
tWo. 

18. Aprocess for preparing an energetic copolyether-ester 
thermoplastic elastomer of the formula: 

PAMMPL-DHTEP-PAMMPL 

Where PAMMPL is poly(ot-aZidomethyl-ot-methyl-[3-pro 
piolactone) and DHTEP is dihydroXyl terminated ener 
getic polymer, comprising: 

providing a dihydroXyl terminated telechelic energetic 
polymer having a functionality of tWo; 

polymeriZing BMMPL or CMMPL With said energetic to 
form a copolymer; and 

aZiding said copolymer. 
19. The process as set forth in claim 18, Wherein said 

copolymer has a melting point of betWeen 80° C. and 85° C. 
20. The process as set forth in claim 18, Wherein said 

dihydroyl terminated polyether is a soft segment having a 
molecular Weight betWeen 500 and 200,000 g/mol 

21. The process as set forth in claim 18, Wherein said 
PAMMPL is a hard segment having a molecular Weight 
betWeen 500 and 200,00 g/mol. 

22. The process as set forth in claim 21, Wherein said 
dihydroXyl terminated polymer is selected from the group 
comprising: 3-aZidomethyl-3-methyoXetane (AMMO), poly 
3-nitratomethyl-3 methyloXetane (NIMMO), poly glycidyl 
nitrate (GLYN) and glycidyl aZide polymer (GAP) 

23. An energetic for use as a prepolymer for binder or 
thermoplastic elastomer synthesis having the formula: 

PDAMPL 

24. The energetic polyester as set forth in claim 23, 
Wherein n is betWeen 3 to 1100. 

25. The energetic polyester as set forth in claim 24, 
Wherein said polyester has a molecular Weight of 500 g/mol 
When n is 3. 

26. The energetic polyester as set forth in claim 24, 
Wherein said polyester has a molecular Weight of 200,000 
g/mol When n is 1100. 

27. A process for preparing an energetic polyester as in 
claim 14, comprising the step of polymeriZing DCMPL or 
DBMPL folloWed by the aZidation of the resulting PDCMPL 
or PDBMPL. 


