D-P004 985

Al

s
. i
lthIRIDINE REACTIVITY IN THE LINER AND PROPELLANT ENVIRONMENTS o I‘-.) I

Bruoe M. Broline ' jﬁ ELECTE
0CT 1 1 5"

;r ABSTRACT /r%f. A

Boeing Aerospace Company ¢3§‘}
Seattle, Washington Rt
a2

N

order to clzrify the mode of action of acyleziridine bond promoters, a monofunctional
acylaziridina was aynthesized and the reaotivity of this model compound with 1-propanol in the
presence and absence of ammonium perchlorsta was studied. The major prooess ildentified involved
ring-opening of the aziridine ring by the aleqhol to give isomeric amidea. Following this study,
the reactivity of the model bond promoter with hydr.xyl terminated polybutadiana polymers was
investigated employing carbon-13 nuclear magnetic re¢sonance spsctrometry as the primary analy-

tical l'.col¢

INTRODUCT ION

Compounds oontaining the acylaziridine group auch as HX-T52 and KX-B68 have beer extensively
employed as bonding agents In HTPB propellants and as bond promoters in liner formulationa.
Despite the widespread use of these reegents, surpriaingly few studias have been reported con-
cerning the mode of action and reactivity of thia class of compounds in the HTPB propellant and
liner environments. 1-6  Prior experiments ooncerning the reactivity of acylaziridines were
directad toward the behavior of these reagents in CTPB polymer systemr. 7+ 8 Ssince CTPB polymers
are more acidic and lesa nucleophilic than the modarn HTPB polymars, the extension of data
obtained on CTPB polymera Lo HTPB polymera may yield arroneous conclusions.

The study of acylaziridine bond promoter reaotivity and mcde of aotion could bes attempted by
investigating the cure chemistry of a perticular propellant, but this approach yields aerious
analyticel prcblems. The produots obtained in such a study would be part of a complex polymer
system making the identification and quantification of reaction products a most formidable and
time-conauming task. In auch situstions, one ia often reduced to merely obaerving atarting
materiala disappear with little imowledge of the reaction produota. A second approach is the
design of a model aystem that accurately mimics the propellant irgredients with monofunctional
compounds. The major advantage of suoh a system i3 that distinct, isolable, reaction products
will be forwed, greatly aimplifying the analytioal procaes. The development and atudy of such a
model aystem i3 tho approach we selected.

SINTHESIS OF THE MODEL BOND PROMOTER AND REFERENCE COMPOUNDS

The model bond promoter seleoted for this atudy was i-benzoyl-2-methylaziridine(91). This
compound possesses tha requirad conjugated acylaziridine group and is monofunctional. The
presence of the methyl substituent on the aziridine ring adda aome compliocation die to the possi-
bility of isower formation, but it 13 required for a gocd model aystem since the atability and
reactivity of small ring systems are aubatantially affected by ring subatitution. Tha methyl
substituent alsc servas as a label whose locaticn in the reaction produots will provide inforea-
tion concerning the mechanisa of the various reaction pathways. This mechanistic detail would
not be available if a model compound with fewer aubstituents were eapioyad {n this study.

The =model compound was prepared by the Schotten-Baumann reaction of benzoyl ohloride with
2-methylaziridina as shown below. This reaction gava tha model compound (1) in 93% yield after
distillation (B.P.x61-62°C at 0.06 Torr) and of 98% purity as astimated by NHR spectrometry.
Further purification couid be accomplished by column chromatography on silica gel employing
dichloromethane as the aluent.
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Having the desired model oovmpound in hand, our efforts turned to preparation of S-methyl-2-
phenyloxazoline (2) and H-methyl-2-phenyloxazoline (3). Aoylaziridines are lnown to form
oxazolines on heating, treatment with acids or halide salts, and it was desirable to have
authentic samples of these two isomers (2 and 3) to allow unambiguous structural assignments.

The synthesis of S-methyl-2-phenyloxazoline (2) is outlined below and began with the Schotten-
Baumann reaction of benzoyl ohloride with l-amino-2-propanol to give the amide N in 64% yleld
after recrystallization (m.p.=z92.5-95.59C)}. This material was converted to the desired oxazoline
by dehydration with p-toluenesulfonio acid in refluxing toluene to give 2 in MA% yield. The
yield for this reaction was low, but sufficient material was obtained for charaolerization and
no attempt was made to optimize the yleld.

0 N

NH=CH,~CH—OH H* 0

The initial atteampt to prepars Hd-methyl-2-phenyloxazoline (3) followed the route deaoribed above
for the ilaomeric oxazoiine 2. (Unfortunately, attempted dehydration of the amide 5 led only to
polymer formation. The successaful method for the preparation of 3 involved the potaaaium iodide
catalyzed rearrangement of the model compound 1 in acetone at rooa teamperature. Treatment of
2-alkyl audstituted N-acylaziridinea ia lmown to yleld N-alkyl aubatituted oxazolinea; thus, the
aoylaziridine ! on treatoent with potaaaium iodide gave N-methyl-2-phenyloxazolina (3) in 95%
yield.T The material obtained was 953 pure, contaminated with 5% of the S-methyl isomer (2).
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CHARACTERIZATION OF GENERAL REACTIVITY

The initial cheraoterization of reectivity involved determinetion of the reectivity of the model
bonding agent with alcohole. The elcohol employed, 1-propanol, conteins e primary hydroxyl group
{ae are the majority of the hydroxyl groups in the HTPB polymer) end hes e boiling point high
snough to allow reeotion temperetures as high as 97°C. In eddition, this elcohol is weter
soluble providing ¢ simple method for ite removel from reection mixtures.

The firat set of reection conditions investigated were designed to fever reections between the
eloohel and acylaziridine. Thus, the model compound wes treeted with an excese of 1-propanol in
the presence of ammonium perchlorate et 650C, Under these conditions, the model compound wes
coneumad in less than four hours. The NMR, IR, end mass speote of the crude reection mixture

showed this materiel to be mainly products 6 end T resulting from ring-opening of the ecylexiri- ',.;_
dine by 1l-propancl as showm below. In addition, small amounta of the oxaxolines 2 and 3 were :-,,‘.
present. The upfield region of the 200 MHx NMR epectrum of a typical reection mixture is shown i
in Figure l¢. The small doublete centered et 1.37 end '.31 ppm ere due to the oxaxolines 2 and 3 o,

reapectively. The triplet et 0.93 ppm and the sextet centered et 1.59 ppm es well as the
doublets centered at 1.18 and 1.29 ppam ere essigned to the amides 6 end 7.
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The relative positicns of the two methyl doublete at 1,18 and 1,25 suggest that the major compo- §*
nent of the mixture is the ieomer T. This aeeignment was verified by the oarbon-13 znd mass '
speotra of the reaction mixture. The proton coupled and decoupled carbon-13 epectra are showm in [
FPigure 2. The two rescnances at 69.2 and 72.7 ppm are dus to the cerbons adjacent to the ether -
oxygen end their multiplieity in the proton coupied ca~bon-13 spectrum 1is consistent oniy with '{,
the leomer T being the major component. The ooncentration of the four components was determined =
by integration of the proton epectrum and are ehown in Table 1, entry 1. o
The eecond set of reaction conditions inveetigated involved an acylaxiridine to 1-propanol ratio ;,
trat more closely resembled the ratio found in a typicel propeilant forwmuiation. Thus, a ratlo s
of l-propancl to acylaxiridine of 2.7:1 was used with ths ratio of acylaxiridine to ammonium ¥
perchlorate equal to 1.%, Thie mizture was stirred et 65°C for four hours. The upfield portion L
of the NMR epectrum of the material obtained is shown in Figure 1b. Integration of this spectrum N
gave the resulte shown in Table 2, entry 2. Once again, the aaide T was the major product (83%) N
with minor amounts of the isomer 6 (6%). In addition to 6 and 7, 9% of the oxaxoline 2 and 2% of T,
the oxaroiine 3 were also present. :
T

An investigation of the reactivity of the model bond promoter 1 with l-propanol in the absence of i
amsonium perchlorate was alsc conducted. Thie experiment was directed toward a better under- ¥
etanding of the behavior of acylariridines in the liner environment. Treatment of 1 with ercess ~
1-propano: at 556C for one week resuited in the reaction of 628 of the starting acylaxiridine 1. -':
In addition to the starting matariai, 453 of the amide 7, 12§ of the amide §, 23 of tre oxaroiine .
2, and 3% of the ozaxolina 3 were present (see Table !, entry 3). '
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Figure 1 200 MHz Proton NMR Spectre of l-Propanol Additioa Products
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i Tabla I. Product Ratios for 1-Propanol Reactivity Studies
X%
.y ENTRY i-Propanol AP
Aziridine Aziridine 1 2 3 6 T
A
.. 1 25.0 0.63 0 Y 1 T 88
¥y 2 2.7 0.69 0 9 2 6 83
2 3 24.0 0 38 2 3 12 15
-: A second reaction pathway that may bs avallable to acylazirldines in the liner and propellant
:. environments 1is raection with isocyanate curing agenta. Simple N-acyl eubatituted aziridines are
"t known te react with ilaocyanates at temperatures between 100-1700C to yield substituted imida-
zolidones as ahown below. 7 The mechanism of this reaction ia likely to involve ring- cpening to
the acylaziridine to yleld a zwitterion intermediate that reacte with the isocoyanste to give the
'.- obeerved products. Since the environment at the propellant to liner interface ie quite polar, it
- was thought that auch reactiona may ba poaaible. Treatment of the model compound 1 with phenyl
i isocyanate in the presence and absence of ammonium perchlorate did not give addition produocta.
St
e,
= R /ﬁ\ i
- 0 )’k s
b /. Ul . N NW R
K R-N=C=0 + R-C-N \ /
;-‘ The reactivity of the oxazolinea 2 and 3 was assessed to datermine their atability under tha
e reaction econditions. Perchlorate salts of oxazolines are known to polymerite on haatirg and
= * anhydrous hydrochloride salts of oxazolinas have bsen ahown to rearrange tc -chloroamides.
~ o, 1 Additional poesible resotiona include acid catalyted ring opening by 1-propanol anc
I hydrolysis of the oxazoline by water abaorbed on the ammonium perchlorete. 12,13
'_ The reactivity testa wers carried out by treating one aquivalant of tha oxazolima (2 or 3) with
. forty equivalante of 1-propanol and ammonium perchlorate (2.7 equivalante). The reaulting
- mizture wvae stirred at 65°C for ona week at which time the reesction =mixture was worked up and
O analyzed by NMR, In both caaes, nc reaction waa observed, only unreacted oxazolina wme
. recoverad.
L
DISCUSSION OF 1-PROPANOL REACTIVITY STUDIES

. As can be seen by inspection of Tabie I, the major proceas under all conditions reeulta from
-, aicohol addition to the aziridine ring of 1 to give the amidaa 6 and 7. Compariaon of entrias 1
and 2 ahows that the product distribution ia only alightiy affacted by the alcohol concantration
- and that decreased alcohol to aziridine retics give a higher amount of oxazoline 2 at tha axpensa
i of amida 7. Also, the amounta of the products 2 and 6 are very aimilar for entriaa 1 and 2. The
. data given in entry 3 shows that aicohol addition to tha aziridine ie tha sajor proceaa svan in
- tha absence of ammonium perchiorata. Thus, asmonium perchlorata accalarates the reaction rata,
but has only a amall effect on tha product distribution.

Thesa data demonstrata that a sajor pathway avaiiabla to aoylaziridinas in HTPB eyatams is
reaction with Hydroxyl groups to yleld amides. It is also laportant to nota that the products
shoun in Tabie I account for the majority of the acylaziridine consumed. Maas balance considera-
tions limit the amount of acylaxiridine hoscpolymerization to de lass than 158. Thus, a posaibla
mode of action of acylaziridina bonding agente and bond promctera involvea crosa linking of tha
polymer network through reaction with free HTPB hydrozyl groups.
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REACTION OF R-45M HTPB POLYMERS

The eeocond phase of thia study involved the determination of the reactivity of the model bond
promoter 1 with the ER-ASM HIPB polymer employed in propellant formulations. The study of ETPB
polymer reectivity is complicsted by the fect thet the polymer has an average molecular weight of
approximately 2800 and a funotionality slightly over 2 hydroxyl groups per molecule. Since the
R-ASM polymer reactivity ia reatrioted to hydroxyl reaotiona, and thees hydroxyl groupa are
preasnt only in very low concentrations, the analytical procesa ie very difficult.

Our epproach to the solution of the anelytical problems involved the uae carbon-13 NMR
apectrometry. While C-13 NMR is not noted for senaitivity, {t offers the advaniage that the
oarbon atoms adjacent to the hydroxyl groupa can be directly obeerved. The ceneitivity problems
were overcome by using a relaxation reagent permitting more rapid spectral acquisitions end the
use of 20mm sample tubea. It should be noted that our goal for thie phase of the study waa to
define reactivity trenda and not to obtain quantitative dsta.

The initial stage of thia atudy involved the oharacterization by C-13 NMR of the reaction
producta obtained in the 1-propancl reactivity atudiea (See Tablx II). 16 the amide T ehould
aarve aa a reasonably good model for the reaction product of the model bonding agent and the
R-45M polymer (8) as shown below. The chemical 3hifts of the G, 8,Y, end € carbons of 7
should be very aiailar to the R-45M reaction product 8.

s
a un-gn,—gn-o-gni— POLYMER

Homopolymers of the bond promoter such aa 9 can alac be identifiad by C-13 NMR., The C-13
apeotrum of 9 haa besn raported and a portion of tha deta are shown in Table II. W e c-13
apectrum of tha R-AS5¥ polymer has been previously reportad and our data on thia polymer are 1in
good agreesment with the litersture dats. !5 Tha isomeric R-45M tarminal carbons azhibit C-13
peake at 58.2, 63.5, and 64.8 ppm (saa figure 3a).

CHg CHy
+N=-CH- CH, -u-cu-cu

Salle’)

The firet axperiment involved treatsent of R-A5M (1M.1g) with asmonium perchlorata (3.0g) and the
modal bond promotar (2.0g). Thie mizture was etirred et 659C. The resotivity of the model bond
prosoter wms such slower than observed with l-propanol; efter 196 hours, the modal dond promoter
waa not totally consumsed. The tarsinal carbon region of the C-13 NMR apectrum of the matariel
obtained from this experiment is shown in figure 3b.

The three peaka dus to unreacted R-A5M ere present along with a major peak at 61.1 which la
asasigned to be the oxatoline 2. Thare 13 also e perk et 1563.84 which {3 alao asalgned to the
oxatoline 2. The two peaks at 68.9 and 72.8 are aasigned to be tha and carbona of tha
eddition product 8. Tha carboayl carbon of B at 165.9 providea additional aupport for assignment
of the amida 8. An additiona) peak et 178.6 i3 due to unreected model bonding agent. A very
rough astimation of tha ratio of tha compounde 1, 2, and 8§ a 20%, 303, and 50% raapectively.
Significantly, no perks conalatent with the homopolymer 9 were present in thia apectrua.
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A second reactivity study involved heating s mixture of R-45M (7.7g) with the model bond promoter
1 (1.0g) at 65°C for 700 hours. No reaction was observed by C-13 NMR.

MECHANISTIC CONSIDERATIONS

A reaction manifold for the model bond promoter is shown in Pigure . In the presence of
1-propanol (R:C3Hy) and ammonium perchlorate, the amide 7 was major product. This demonstrates
that the mechanisa for this reaction involves a carbonium ion intermediate. Initial protonation
of 1 followed by ring opening would give the most stable carbonium ion 10. This ion (10) then
partitions between reaction with propanol to give T or intrs-moleculer ring closura to gzive the
oxazoline 2. In the ebsence of ammonium perohlorate, the formation of ion 10 is slowed, and the
amide 6 becomes a more important produot as shown in Table I,

The use of R-45M as the alcohol in place of 1-propanocl yields reectlon rates that are eignifi-
cently decreased. This is probably caused by the deoreased polerity of the R-USM polymer as
compared to l-propencl and by the decreased solubility of ammonium perchlorate in R-45M. The
reduced rate gives added support for the carbonium ion pathway. In the presenoce of R-45M, ring
closure of the carbonium fon 10 is faster than hydroxyl attack to give the oxazaline 2 a3 the
major product. The second major product is the aamide 8 resulting foom ring opening of the
acylaziridine by the hydroxyl groups of the R-45M polymer.

CONCLUSIONS

This study has demonstratad that an important reaction pathway for acylaziridine bond promotars
and bonding agents in the HIPD propellant environments lnvolves reaotion with tha hydroxyl groups
of the polymer. The rearrangesent of acylaziridinee to oxazolinae was also idantified as a major
process, Significantly, homopolymerization of the model bonding agent was not identified as a
major process. These data suggest that these reagents funotion by inoreaeing the local crosslink
density of the propellant {n the area adjavent to the ammonium perchlorate particles through
reaction with hydroxyl groups of the polymer.

In addition, this work has provided information concarning the sechanism of amida and oxazoline
formation. The structures of the major produots euggest that the predoainant prooass involvas
formation of a carbonium lon that 1s eithar capturad by alcohol to glva amidea or olosee to yiald
oxazolinas. This carbonium ion pathway 13 raaecnabla ainoa tha propallant ingrediants provida a
very polar environment that will favor lonioc pathwaye.

In conclusion, this stud; has demonstrated the value of an axperimental approach that begins with
simpla, aasily defined systems and graduates to tha mora coaplax casas. The application of this
approach has signifi-antly lmproved our undaretanding of acylaziridine reaotivity in tha linar
and propellant environments.
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