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Reaction parameters for the polymertzation of *-.azidoorstane.
catalyzed by boeron trifluoride, were investigated [lo signiticant
improvements over the previcusiy attained vields (about 50%) resulted
from variations of temperature, catalyst levc], water content or ‘he

use: of l.4-butanediol as a cocatalyst. Increasing the monomer
i concentration frem 20% to 50%, however. gave B80-%0% vields of
- polymer.
Z2-Aminocadamantane, prepared from Z-adamantancne and sodium

cyanoboerohydride, was oxidized te give Z-nitreoadzmantane. The
reaction of 4-brome-2,2-dinitroadamantane with sodium azide gave
4-azxido-2-adamantanone. Nitration of 2,4-adamantanedione diovxime gave
the inteinal nitroso dimer of 2,4-dinitro-2,4-dinitrosoadamantane.
Reaction of 2,6-adamantanedione dioxime with NBS gave 2.6-di-
bromo~2,é6-dinitroadamantane. Debromination with codium berohydride,
followed by nitration with tetranilromethane, gave 2,2,6,6-tetranitro—
adzamantane. The reaction of bicyclol3.3 iInona-2,6-dione dioxime
with hypochlorous acid gave a chlorohydrocarbon, but reaction of the
diozime with chiorine gave 2.6-dichloro-2.4-dinitrosobicyclol3.3.13-
nonLne. This nitroso compound reacted with hypochlorous acid to give
L. 2,8 ~dichloro~2,6 ~-dinitrobicysio{3.3 1Inonane. 2.6-Diaminobicvelio-

'.—:_ {3.3.1Inonane, obtained from bicyclel3.3.1Inona-2.6-dione and sodium

L cyanoborohydride was coxidized to the 2,6-dinitro derivat‘xve.-r.-\

: Synthesis work related to 3-zzidooxetane and 3.3-diniticoxetane
:, is summarired as a journal manuscript.
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I. INTRODUCTION

‘Thi s report summarizes the researcn under Contract

NOOD14-78~C-0147 during the periocd § Januvary 17872

31 December 1%82. Additional work was carcied out

throuni:

in the

area of energetic oxetanes, with emphasis on a study of

reaaction parameters for the peivmerizaticn ct
3~aztidooxetane. Work was continued on the synthesis oft
pelycyclie compounds, with the obiective of developing
precedures for the introduction of nuitigle energeoetic
groupsa . A journal manuscript summarizing work on the
synthesis of d-azidooxetane and 3.3~dinitrooxetane

comprises Appendix A of this faport.

I1. OXETANE CHEMISTRY

A. DISCUSSION

In the pravious rcport’. a streamiined procedure for

the preparation multi-pound quantities of d-aridooxeiane

was described. Hydroxy-terminated polymers wefre obteined

from J-azidooxetane with catalysis by boron trifluocride

etherate. A problem with this polvymerization was that
yields wera genetally in the S0% range. Also, the
polymerization reaction ig highly exothermic. making
scale-up difficult. Typicaliy. gquantities of (0 grams in

20% soclutions of methylene chloritde would show 20 to 30fC

escthearms @ven with external!l cuclin

Re¢]

These preblems were

addressed by a3 sysiematic study of ~hanges in reaction

veriubles.
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Beastisn Tanmpeialure. The effect of temparatuia on the

course of the polymerization iz summarited in Table [. the
raaction was essentially complete in about 20 minutas at
0-20%C whereas at -30%C the recction took 24 to 36 hours.

At ~62% no siginificant polymeriztion occcurred althoughn

monoOmer was§ slowly consumed. In refluzing methylene
chloride, the reaction was veryvy rapid and gave & largeiy
insoluble high molecular weight polvmer . At a reaction
temperature of -30°C the exotherm was reazdily controlied,

but at the monomer concentration used for this series of
experiments, 20%, yields were generally in the 50-460%

TAnge.

JABLE 1

Effect of Temperature on Yield

Texp. % Oxetane % VYield Mol. Wt. Physical
Deg.C reacted polymer (VED) state
~62 40 0 - -
-30 80-%0C 50 2400 0il
-10 a0s 50-40 2400+ Gum
40+ 0+ 50-40 3400+ insol. gum

e e W R G U BN D T A R W WP R g R G e G e R SR MM M e G s R B B dm e e e - % MR M e e W we W Ee e e e A e

0.1 Mol 3d-axidooxetane, 20% solution in methylene chioride

6 mole % EF!—EtIO catalyst

Catalyst Level. The effects of warying ¢oncentrations
of boron trifluoride etherate cataziyst under the same
reaction temperature and monemer concentration are
suomatizsed in Table 1I1. As one would expect. increasing
the boron trifluoride catalyst concentration has the effect

ot speeding up the rate of reaction of the 3-azidoczetane.

It was found that when 6 mole % of the cataivst used. &0 to
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BG% of the monomer was consumed in 20 minvtes. whareas with

12 mole % catalyst, 100% of the moncmer was consuned 1n the
seme period. However the convarszion te polvmer was the
same in both cases. When more than 13 mwoile % of tne

catalyst wag used, the polymer formed was inscluble.

TABLE 11

Ctfect of Catalyst Concentration on Yield

Mole % % Ozetane % Yield Mol Anpearance
catalyst Teacted polymer wt .
S5-é 40-80 3¢ 24900+ oil
< ?-i0 85+ 30 2400+ gum
}‘ 11 180¢ 50-60 2400+ gun
T K % 100 70+ 3200+ ingel gun

- e A N o o e B e v dn s A E TR S Me e me A

. 9.1 Mol J-zzidooxetane., 20% soiution in methvicne chlorjide
] at 0-10%, boron trifluoride etherate catalyst

¢ The reaction parameter that was igcund to have tha
: greztest effect en polymer yvield was the ceoncentration ot
the monomsr in the reaction solvent (Tabie III). Thus,
intreasing the concentration of J-azidoeoxetane in methylene

chioride from 20 wt % to %50 wt % improved the poivmer yield

from 30 to 0% without loss of polymer guality. In order

te prevent the formation of high molecular waight insoclublc
i- polymer, the temperature must be kept pelow 23%5°C To
; maintain this tamparature limit with ¢cg. 0.1 mole batch
& reactions, it was necessary to start the reaction at -20%:

tha reaction was complete in less than & minute. Under
% these reaction conditions it was found that very little iow
s 4

moleculiaz weight polymer was produced. Thus the usual

fractionzation with methylene chloride and hexane resulted
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in almost no weight loss . suggesting a relativeiv narrow

molac ilar weight distribution. In larger scale werk., a_tiow

systex might be uged for temperaturae control. fha

functionality of the polymer was found to %o two

IABLE 131

Eftfect of Meonomer Concentration on Yield

% Monomer Solvent % Yielgs Mel
by weight polvmar wi

i 1 S0 24006+
29 H $0-60 2400+
50 i g0-20 2400+
12 2 24 {1600
23 4 7% Y2800

L e e R AR e M HE e MR R MR e ME e Ve Mn AN me N We S L Ve W wp M W m Ge W wm o me

Solvent: 1, methylene chloride: 2., diethyl ether
Catalyst: 4 mol % boron trifluocride etherate

L.4-Butanediol Cocatalyst. It has been reported? that
oxetanes are polymerized with a 2:1 complex of boron
trifluoride and 1,4-butanediol by stepwise addition of the
hydroxy groups to the oxetane rings;: polymer yields are
aimost quantitative, and molecular weights are determingd
by the amount of initiator. Ve have applied these
caonditions te the polymerigation c¢i 3J-aridooxetane; resulits
are summarigsed in Tzbie 1V, The results are generaly
simiiasx te those we obtained without 1,49-putanedio.. in
Tablie V, parsllel experiments at three temperatures ate

described in which i1dentical conditions woese used with ana

without i.,49=-butanedio!l . It s particularliy noteworthy that
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in almost ail cCagesw no incorpozterd i d-buransadio] Wi

detected tn the poiymers by NME: (r onlv one czse a trace
was found.

The generally’ accepted meshanism for tne
polymericstion of an czetane by 2 Lewsis acid~aicohol
complex is bPased on the Iiberation o¢f protcns trom the
complex. Protonation cf the ring TXYQEN girves an

oxgrgnonium ton which undergoes 3 cnai1n re-~ction with cthear

czetane molacules:

-
He + Y J— N, ——— HfoCHCHN e ] —0amm
s l H E 3 X ey

Insertion of the alcohel into the vxetane ring in the
initiation s'ep would not Pe enpacted. It is generaliy
thought that the incerporation of dlcchois inte oretine

polymers takes place in the termination 5%!9‘ Experimentc

ware theretore conducted in which thie polymeritation
teactions ware quanched with |,.3-bytanediol and withn
methanol. in these reactions there also WRS no
incorporation of the alcohel inte the polymers . This

result suggests that terminaticn of pelvmer grtoewth takes

place before quenching Dy some type cof elimination or cha:in

transfar mechanism.
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Tabie 1V

Boror Trifluoride and t,4-Outanediol ?BDQ) Catalysie

Run Tenmp Mol % Mol ™% Moles Yield Mol BLO
Deg C BEF BDO Oxetane Wt Incorp
(;3 (a)
A -30 6 3 0.4 30(b> 1200 No
B -30 é 3 0.4 30{b) 1400 No
c -30 é 3 0.4 45 (b 2100 No
D -390 é 3 0.4 51(b) -~ No
E -30 6 3 0.4 52(b> 1850 No
3 -30 é 3 0.4 $2(b> 2400 No
G ~30 6 3 0.4 48(e¢> 2400 No
H -1% 12 4 0.05 44(c) 2400 No
b ~1% i2 5 6.05 12(e? =~~~ No
J -13 9 q 0.0% J{e) 2350 Trace
4 2 é 3 0.05 490> 2350 Ho
L 2 ¢ 3 0.0% 60 (e) 300 No
M 2 3 0.09% 30¢Cec)> 3000+ No
2%% Bolution of 3-agidooxetsne in methviene chleride.
(a) DBased on moles 3-azidooxetane. (b Prectipitated from
1:4 methano!l-water. (¢) Precipitated fron 1:1

hexana-methylane zhtoride.

-

JTakble V

Farallel Runs

- - Run Teup Mel % Mol % Moles Yield Mol 00
Deg C BF BDO Oxetane Wt Incorp
(a% Ca)d
A -30 $ 3 0.4 37 24900 No
B -30 é 0 0.4 48 2400 No
¢ -19% é 3 8.5 44 - Mo
D -18 é ] 6.% 3é - o
E «2 é 3 0.3 40 2350 No
F -2 é 0 6.3 53 3000 Ne

2%% SBolution of 3-azidooxetane in methylene chloride used;

product precipitated from 1:1 hexane-methylene chioride.
(a) Based on moles 3-astidoonatane

Fractionasl Precipitation. In our earlier work!, we

used fractional precipitation f{rom 1:1 hegzane-methviene

chloride to remove low molecular weoight materiales 1rom the

A T B TR 2 P et e oA e e e
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S asideowetene polymer—  hnothsr —selvent systoem that has

been used is 1:1 metbanol-water? Thexe methods are
;; compared in Table Vi, using two peolymer mixtures preparod
with the butanediol~-boron trifluoride catalyst. It i scen
that the methancl~water method provides substantjally
greater vyields but the product s of Jower molecular weight

than the hexane-methylene chloride product Resulits similar

to those of the methanol-water precipitetion were obtzained

% by simple water washing. The pnysical appearance of the
1 polymer was snfluenced by small AmOuUNts of dijuents.
Untraated or methanol-water precipitated polymer was &

' mobile o0il, wheress material with & molecular weight ot

» 2,400-3,000 that was precipitated f{rom hexane-methylene
ﬂ ochloride and dried thoroughly wae 3 gum. Small amounts ot
y A temaining solvent, as little a5 %% methylene chloride or

monomer, provided flufdity.

§ JABLE VI
: Fracticnational Precipitation of Polymers
4
i- Methanol-water Hexsne-methylens
g Ghloride.
. Run % Yield Mol % Yield Mol
b Wi Wt
1 ¢ A 30 1300 18 2400
-] $2 1550 37 2400
0.4 mol 3~asidooxetane; catalvst 0.024 mol boron
tritluoride atherate, 0.012 mol | .4-butanediol.
F 4

~3
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o RiAeato el Water . M though precauviions waie always

observed to exclude water from the system, the possibility

: wes considerad tanat trace amocunts of water would have &
detrimental effect on .he course cf the reaction. 1t was

found, however (Table VIili) that reactions tun  with

LA scrupulously dried equipment and solvents gave the same
results xS those run in open flasks with uartreated

industrial grade methviene chloride. Even in the ptesence

{e ot stociohiometric amounts of water, the overall conversion
to polymer remained about the same with only a reduction in
mojecular weight. Even when the reaction was done in equal

volunmes of wethylene chloride and water, some polymer

formed.

X IABLE VI1
' Effect of Water
SHolvent % Yield Mol

treatment polymer wt

- L L L L L e

s Dried/ nol sieve 50-60 2900+
! - Noene., 0.2% water '] 240U+
; 1 mol/monomer added 16 2000+

0.1 Mole 3-uzidooxetane, 20% solution in methylene chilvride
6% mol % boron trifluoride etherate catalyst, 0-1u'C

Nitroaagen Formation. it Was noted that the
4
¥ ! polymerizatinn reaction was not improved by inoremental

additions of catalyst. In geéneral, a catalyst level of ¢4

f. mele % was sufflioient te econsume conly zbout B0% of the

wonoOmer. If more catalyst wag then added, the remainder of

ar s e e ——— - o RN

o bt = o e mee e o+ e R SRl RN
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. the wmonomer dissapeared, bu!l no {UTthcl pL:ymGI Was Lolmbd,

and in fact, nitrogen gas began to evolve Tne condrtions
causing the gas formation were investigated (fable VIYlIi, .
It was found that in reactions kept at %°C and bhelow. tne

gss evolution was never more than 3 mol % based on monomer .

HMowever, if sdditional catalyst was added, a mole of
nitrogen was liberated for ea¢n additionai moie of
catalyst. In reactions conducted at rcom temperature. no
gi: was observed during the course of the polvmerization.

but when the polymerization was complete, g2s evolution
bagan. In reactions containing enly boron trifivoride

stharate catalyst, 1] mole W nitrogen was chserved, whereas

when 1,d-butanediocl was present. 22 mole % nitrogan was
obsarved. famples of the polymer yielded no observabie gas
undar the polymerization conditions. When J--aridooxetans

was trested with aqueous sulfuric acid, 22 mole % nitrogen

weg observed.

Table VIII

Nitrogen Formatiaon

Catalyst Time {(Hrg: Mol% Nitrogen
A 1 3
A 24 i1
B 1 7
B 24 14
c 24 22
D 24 1

T R Tk Ny e a—

A = & Mol% boron ttifilucride etherate
B = 12 Mol% boron trifluoride stherate
C = é Mol% boron trifiucride etherate
+ 3 mol% 1.4-butanediol

S0% Agqueous sulfuric acid

(o]
]
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Lonclusionsg. The ;ffects of temperasture,
concantration, catalyst levels, water contamination anit
alcohol cocatalysts on the polymerization ot 3-azicooxetane
were studied with the cbiective cof lmprov:ing peiymer vields
and controlliing the reaction exotherm. The oniy
significant improvement tn yield was zttained by usinn
higher monomer concentrations than those that were usuea
previously. Under these cond:rtrens. hbateh operation
results in a more severe exothetm problem. However ., tne
reaction i so0 rapid that a continuous flow svstem would Le
feacgible, and the exctherm could be ~entrolled by

regulating the introduction of reagents.

H. EXPERIMENTAL
T -Ap i t (-30 to +40°CH. A S0
nl magnetically sestirred round bottom tiask, fitted with 2
condenser and drying tube. was locaded with 20 g of a1 «42% by

weight golution of J-~azidooxetcone it me+hylene chlaride

(0.08% mol). The solution was cooled to ~30° and 0 v mb
(0.00%2 mol) of freshly distilled poren tritluer:ide
etherate was added rapidly by syringe After abour 3u

seconds the reacticn temperature increzsed to ‘he reflux
temperature and 3 gelatinous polvmer formeld The Mmateriai
was 1ilowed te stand for & minuvtes a2t rovm tempetature and
then $ mlL of water was added and the mirxture was agitatea

to disperse the gel. Ethyl acetz2te 20 ml) was added and

1o
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“the ®minture was stivied —for -+ k. Vhe argomic—tayoerwrs

separated and dried over maghesium sulfate. S5¢glveunt was
removed with a rotary evaporator ¢70°% 2t 20 nm Hg) to give
a brown o0il: KMR (CDClz) & 3.5%8 (s). IR <CH:CII> 3000, 2900
(CHY. 2150 (Np, 1135 cm*! (C-Q-C), molecular weight (vapor
pressure csmometry, ethyl acetate: 2200, equivalent weight
{(silylation) 1200.

The polymer was dissclved in 20 mL ot methvlene
chloride and this solution was poured into 20 wl of henane
with viagorous stircing After 30 min the solvent was
decanted from the precipitated cil, ar:d the product was
dried at 70°C wunder vacuum to give 7.4 g of material
essentially identical with the unfractionated polyner.

Polvmerigation of  3-Azidooxetane (-30°C). A solution
ot 1.0 g (0D.00% mol) of boron triflucride etherate in 350 ml

dry methylane chloride was cooled to -306%' and a sclution

et 9.9 g (0.1 mol) of J-azidooxetane in 50 mi of methylaene

c¢hloride was added dropwise. The solyticn was stirred at
~-36. GLC analysis after 6 hours showed that approximately
half of the monomer was consumed. The solution wag stirred
for an additional 48 h peried. GLC analysis showed that

monomer ¢consunption was ? 3% complete and essentially no
additional monomaer moncmer was consumed after this timsa.
Saturated sodium ¢chloride sclution (% mL) wis 2dcded and the
mixture was stirred for 30 min. 7The  organic layar wis
allowed to come to zmbient tempersture and was wagned with
100 mL of %% potassium carbonate sciution and 100 nl water.
The methylene chioride solution was dried crver magnesium

11
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reuitate and  wss eveporated under vacuum. fka rfesidun wes

redissolved in 30 ol of methyvlene chloride and the #olation
was filtered into 30 mL of rapidly stirring hexane.

After 30 nin the soivent was decanted and the remaining
0il was washed with 39 mL ¢f hezxane The product was driza
at 70%°C under vacuum to yield 4.8 ¢ (49%) of a very viscous
oil with molecular weight 23%0 (VPO, ethyl acetatel.

Poiymerjization of 3-Azidooxretone (-40%C, 1.4-Butane-

diol). Boron trifluoride etherate 73.83 g, 0.027 mol) wus
added to a solution of 1.29% g (0.0133 mol) ¢cf freshiy
distilled 1,9~butaned:ol in SO ml 0of methylane chlorige.
This solution was stirred at 25 ®C ifor ! hour and was
ccoled to -~25°% Then 3-azidoouctane (40.0 g, 0.404% mol)
in 1350 nl of methvlena chleoride was added dropwise and the
sofution was stirred at -30% for 48 h. The reacticn
mizture wag worked up as above to yield 21.0 g (52%) of
viscous oi! with mnolecular waight of 1650 (VPO etnyl
acetate). NMR (DCCIS) showed no proton abgorption batween
& 1.5 and & 2.0 (the centre! methviene of 1,d4-putanedicl
and itg ethers appears at & 1.6}

In multiple paralle}l 0.0% mol runs, after 48 hourg at
-30%, the polymerization wes quenched with 5 mL UID' with

5 ml of 1.,9-butanediol, with % ml of methanol and finally

warmed to 25 ®C for 15 wminutes before quenching with

seturated sodium chiocride sojution. in none of theza cases
couid 1,4-butanedial or méthane!l be detocted in tne final

polymer.
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Mitrogen Evolution Studiecs A dry one neck 1lask,
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fitted -with a gi;mburet(& and pressure equaliiing bulb, was
loadad with a solution of 5.0 ¢ (0 05 mol}) ot
3-agtidooxetane in 20 mi o¢f wmethylena chioride. and was
cooled to 29%C. Then boren triflucride etherate, (0.3 mL,
0.6026 mol) was added 2and the evolved gas wag measured
every 9 min for the ftirst hour and everv 19 min thoreafter .
The concentration of monomer was tollnwed 9y GLL, using
methylene chloride as the internal reference.

- =1 ~PED di . To 2 solution of L00 nf. of
10% aqueous hydrochlorie acid was addod 20 ¢ (0.2 moel) ot
3-azidooxetane and the mizxture was stirred for § h at z5°C.
The solutien became homogeneous. The product was extracted
with two 3¢ ni por‘iong of methylenec chloride and the
ocrganic layer was dried over magnesium chlcride Remcval
of the methylene chioride under vacuum gave 14.0 g, (98%)
of a4 liquid identified as 2-azido-1,3-propanedionl: IR

(neat? 3400 <(O-H), 2950, 2%00 (C-H), 2140 om™) (N >; NMR §

3
3.6% (s). Sylaticn gave an 18:5 ratio for trimethylsiilvl
to wnethylene protons. This material was unstabie above

110° wunder 0.1 ma Hg Retrzating 3.0 g of this material
with 10 mnlL of 10% aqueous hydrochloric acid fer & hr gave

no methylene chloride extraztable materiais.

Hydrolvtic Staebility o f Poly-3-azidooxnatagne .

FPoly-3-aszsidooxetane (D.%12 g, equivalent weight 1350 was
dissolved in 20 ml of methylene chloride and 20 mL ci water
added. The migtuge was stirred rapidiv for i n.
Sstuarated sodium chloride solution wcs added cnd Line

-

13
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phases were allowed toc separate overn:tht The

organic

Tayer was separated, dried over annvydrous magnesium sulfate
and evaporated to yieid polv-3-azidooxtetane (0. %02 g,
egquivaient weight 150G0).

In a paralliel} run, 20 mi of 10% zqueous hydrochlorie
acid Was substituted for water. The recovery vl §

poly-3-acidooxetane was 0% (equivalent weight 1200).

1. POLYCYCLIC NITRO COMPOUNDS

A. DBISCUSSION

A study of the svnthesis of polycyclic nitro compounds

was initiated in the preceding yearl with the obiective of

producing useful high density explosives. Monosubstituted

adsmantanes were used as model compounds for developing

methods to introduce gen-dinitro groups inte cage
molecules. One aethod used for the prepatration of

gem-dinitro &sdamantanes was the direct nitration of the

cerresponding oximes. in a2nother approcach, 2--adamantapone
ORime Wss treated with HMN-bromosuccinimide or with sodium
hypochlorite to give 2-bromo-2-~nitroadamentane and
2=¢hloro-2-nitroadamantane respectjvely. The bromo

derivative was dehalcgenated with soditm borohydricde. ang
the resulting i-nitroadamantane wag tonverted Lo

2;2-dinttrosdamantane by oxidative nitration or by feact

ien

with tetrani{romethane.

id



Menofunctional Adamsntaines. Wark wis rentinucd with

monofunctional moede!l compounds in ~rder to 1nerease the
available options for application to wmore energetic
systems . The direct onidation o¢f Z-oximinoadamantane to

2-nitrosdamantane was attempted with o wide variety of

oxidizing agents including managnesa dioxide, chromic
acid-pyridine, and peracids. The inorganic reagents aid
net produce Z-nitroadamantane. it was ftound, however. that

crelatively strong arematic perzecids gave low yields of the
desiced product. Thus, p-chicroperbenzoic seid in
refluring dichlorecethzne g¢gave yields below 10% and the use
of buffers was ineffective. The maior product in this
reaction was the ring expanded lactone resulting from the
Bayer Villiger oxidation g! i-adzmantancone. Attempts to
extend this reaction to difunctional oximes wore

unsuccess=iul .

NCH ArCDBH 502

The oxidation of aminozdamantanes 15 ancther poteuntial

rtoute to nitreadamantanes . inagmuch as there are several
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ketones to sgecondary amines with sodium cyanobortoenvdride

has been reporteds. We obtained Z-aminoadamantane in 50%
yield by the reaction of 2-adamantancne with scdium
cyanchorohydride. Coenversion of Z-aminoadamantane to the
Z-nitro deriviative took place in 6% vield with

p-nitropertenzoic acid in reflusing |.2-<di1cnlerovethane.

4@:0 p— @% 4@ ¥,

2.9-Derjvatives of Adamantane. Tha ready availablity

of 4~-bromo-2-adamantanene by the treatwment of a2damantanone

oxime with hydrobromic acid® jed us to tnvegtigate its use

as an intermediate to nitreadamantanes Previocusly',
4~-browmo-2,2~dinitroadamantane wasg obtainzdg from
4-bromo~-Z~adamantanone by nitration of the oxime. However ,

attempts to dispiace the bromine of 4-bromo-2,2-dinitreadam-
antane with sodium azide at the relatively hign
temperatures needead for reaction to take place rasulited in

loss ot the nitro groups. 4-Azido-2 adamantanone was

isolated.

(no2 )2 I'B.NS o

Ir N

3

P!eviousiyi we reported that the nitration of 2,é8-z2dam-

4

&#&4+@b+§m_f§s4§a~—%e_—4hﬁ—iﬂﬂfaﬁy__4¥Hf—ﬁ+%&f+—tﬁﬂ#11#*¢ﬁ-vi>———_———
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antanedione diozime tprepared acocerding to HMorpat ard
Rassat?) gave & compound that gave elementati =nzlvsic dat:,
consistent with 2 dinttrodinitroso derivative .

Subsequently, we obtained thias same product from 2,.4-adaman.-
tanedione dicxime, but not from 2.4-adamantancdione di1oximn
cbtained by a different routed . it is concluded tnat tne
eriginal starting material was the 2,4 derivative. which
vields on nitration, t.,9-dinttro~2.4-dirvi1trosgadernntane
This compound gives a geometricaliy t2vored tnternil
nitrosc dimer which is not possible for for the 2.6 isemer.
Attenmpts to cenvert the nitrose materiat to
2,2,4,4-tetranstroadancsntane under more forcing conditions
ware unsuccessiul. Ne nitro ccmpoundg or nitroso diamers
were formed in the teaction of N-bromgosuccinimide with

2,49-pdamantanediona dicxime.

2
~N O
Ay
NO
NOB
Z,4 Derivatijves of Adamantane. There are three
reports ef 2.é-adamantandione in the literature . Ona

involives an iwpracetical multi-step synthes:s' the socond ¢

.

very low vield enam:ne reaction' and the third proved 10

have 2n incorrect product assingment’. It wus repourted
‘?7 that 2,6 ~adamantane dione was cbtained in 30% vield by the
.’ drrect chrom:e acid exidation ot Z-adamantanone
Reinvestgaticon showed that this reaction gives

17
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S~aceatoyxy-Z-adamzntane and 2.4 a2damantonedieong with .o

detectable 2, 6-isomer by GCLT z2nalysis

The nest reazenable route te Z.s-adamantanedione
involved a ocritical dienanine resction with nethylene
iodide which proved to be unreliable and gave poor vieids
at best . However . sufficient 2.é-adamantanedione diczima
was prepared by this route fnr a preliminary investiagaticn
of its converstion to nitro derivatives. Hezction withn

N-bromosuccinimide gave 2,é-dibromo-2,8-dinitroadamantance.

Subsequently, raedustion with socdium borohydride gave
Z,6-dinitroadamantane. an {ntermediate that was neoel
isolated. The crude material was treated with sodium

carbonata2 and tetranitromethane to give a low yicld ot
2.2.8,6-tetranitrosdamantane. The material was identified

by eiemental znalysis. NMR and IR. Its density was 1.70.
Br

/-@2 -*4@

* Cireect ozidation of 2,4-adymantanedione dioxime witn

; peracids failed to viald nitro coumpounds Diract

_

3 nitration of the oxime gave some convergi1on to gem-dinitzo

1 material, but considerable amcunts = tetone werse

; regenerated. However, tre2ting the mixture with
|

hydrorylamine to recycle the carbonvl-containing materials
destroved the nitro compounds present

18
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saccegsibla than the unzubgtituied dionwe. Hdowevge: .,

treatment of the material with hydrovrv:amine gave an #u%

vield of 3-carbozxy-%?-cziminchicyeclol3 3 tlnonene-46.

COCH
0 NH_OH

'e) HON 2> e
Br ﬁ\\“fﬁy/

-~

The readily availzabie!! 1.3,5.7-Cterca

Cirbomethoxv ) -

adamantan-2,é-dione was converted to ity ai10xime Nitration

or bromination of this mwmsterial gave no2 nitro-containing

compounds, but rather, ring ciosure to the iszxazoiline took

place. This material was observed previousiy when tne

oxime was heated with refluxing ethanol‘?

s HEO
Q
5! Vd
ﬁma& O%

-]
/

(a2 v

i 3.3, 3-2,6-dione Derjvaiives. Geczuse of
the difticulty in preparing large guantities ot
2.é6-adamantanedione, a neodel system with structural

similarities was souaght tor theg devopment of Teaction

preocedures . Bicyclois 3.11nena-%.é~dicheg, kncwn b1

Meerwein's ketone” wWas safected since 3t has {h2 gzme

geometry and ring structure with the exception that one of

the rings is open.
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A general method nas recenily been repocted for ine

conversion ot ketozimes ¢ Chlcronitt$> coﬁpounéq“; &
benzene solution of the ozine is simpiy treated with
neutralized hypechlerous acid in the presenca o
tetrabutylammonium bisulfate. The diogime of Merwe:n's
ketone Teacted under these mild conditions io give a high
yield of a chlorochydrocarbon: no nitrogen or ouynen
remained. Further work is needed to assion the structure.
The appearance cf a transient blue coloration sugogested
that a nitroso intermediate was involved. Subsequently,
the ozxime was treated with elemental chlorine in methvicne
chloride. Under these conditions, the nitrose compound was
formed as evidenced by a perzietent blue soler of the
sclutieon. Removal ot the methyvylene chioride znd addit:on
of the material to the benzene-hyonochlorous acid razasent
then gave a 5% vyield ot the ekpected chloronitro
derivat.ve of Maerwein's ketoneo, i.4.-dichloro-2.4«-di -
nitrebiceyelot2.2 1inonane.

Dirwec? reduyction of the diotime to the diamine witn

lithium sluminum hvdride failed, but the diz2mina was
prepared diraectly from Meerwein's ketone with saodiun
cyanoborohydride. Oxidation of this diamine with

p~nitreoperbenzoic acitd gave the 2.6~dinitto decivative, and
conversion of this compound to the tetranitre darivative is

being studied.

ie
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B EXPERIMENTAL

Peragid Quaidation e¢f Z2-Adamantanone  _oggpime. To &

tefluxing scolution of 10.0 g of B5% p-chlcroperbenzoic acida

in 50 mL of i,2-dichlorcethane was added, peortionwise, |.6%5

g (0.010 moal; of Z-adamantanone coxime. A slight grecen
color was observed. After a 3 h vrveflug pertod, the
solution was cooled, filtered, wished with 20 mlL of L%

sodium ocarbonate and evaporated to yield 1.9 g of 8 waRrvy

solid. IR and HNMR analysis showed (.1% g (8.3%) ot
i-nitrecadamantane and 1.3 2 (81%) of 3-oxahomo--
adamantan-2-one. Attemps to improve this tavie by runniug

the reaction in the presence o0f discdium hvdrogen phosphate
in a&cetonityile reduced the vield of 2-nitroadamantane teo

-«
<

trace.

- inosdamantane . A mikture of 020 ml of enhvdrous
[

methanol, 2% g of ammonium scetate und &% ¢ g <0 ¢33 mal) ot
2-adamantanone Was stirred for i h av room temperastuco.

21
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*hemn 2.0 . g {0 049 wofi) of sodium cvancoborohvdride was 00

added and the solution was stirred for 24 h The soiuttion
was acidified with concentrated hydrochioriec acidé te pH (2
and was extractied twice with %0 mil of ether. Evaporation

of the ether yielded 2.1 g ¢ 42%) o0f Z-hyroxyadamantane.

The watar solution was then made alkaline witn sol1d

potassium hydroxide te pH 10, Water was adrded to prevent
crystallization of potasgium chlorids. The =zelution weasg
sutracted with methylene chloride (22350 ml). The organin

tayer was dried over maganssium sulfate and the solvent was
removed to yield 2.%2 g (50%) of i-aminoadamantaine., m.p.
180-185%°%, identified by gomparison with an tutnhentic
sanple.

Feracid Oxidation of 2- ingpdamantane . To 4 solutton

of 5.0 ¢ (0.Q025 mol, 96% assay) of p-nitropecrbenzote acid

in 100 mL of refluzing {.2~dichloroethane wag added,
dropwise, a solution ot 1.0 g (0.0Q0487 meil
t-amincadamantane in 25 mlL 1.,2-dichloroethone. The
polution waw reflusxed for 30 wmin, cooled znd filtered. The

solution was extracted with 8 pH 9.0 phosphate buffoer (2230
mli, dried over maganesium sulfate and evaporated to vield
1.1 g of a gemi-solid which upon recrystallization trom
ethanol-water gave 0.80 g. (66%) of I-nitroadamantene,
identified by iR and NMR comparvrison with authentic

material,

Reagtion _of d-Bromu~2,2~dinjtroadamsntane with S ijum

Agide. Sedium  azide (0.5 g, activated by rearysto.-

ligation from water—-acetone, was added toe a solutien oi 0 1

<
&




¢ 10.000832¢6 =mol) 4-bromo~i,i-danitsoadansntanc in 16 mL of

dimethyl formamide. The solution was kep* at :00 te 120°C
for 12 hrs, cooled. and added to 100 mL %f water. The
» orqganic material was extracted with methylene c¢hilceride (2 x
50 mbl> and the resulting solution was dried over maghesium
sultate. Evaporation of gsolvents &nd sublimaztion pof thae
residual o1l yielded 0.015% o} (25% ot 4 -1z1dg -
adamantan-2Z-one, identiiied by 1R Coemparision with

1‘ authentic material.

ga.b~Adamantanedione Diowime. To & rartluxing solution
of 1.05%5 ¢ (0.006 mol) of 2,é6~adamantandiocne in S0 mL ot
& ethano!l was asdded a solution of 1.0 g (0.005% mol) ot
‘ hydroxgylamine hydroochoride and 2.0 ¢ of sodium carbonata ip
20 ml of water. The solution was 2llowed to siand for 48 h
;f' and was then concentrated to one third ot 1ts original
volume. The precipitate was filtored to yield 1.00 g ¢9%%)

of 2,é6-adamantandione dicxime, mp 279-280%.

= Anal. Calcd tor CmH“NzOz: cC. 6t €3; H, ?.26; N,

149.41% . Found: C., 81.84; H, 7.40; N. 14 1%

4. 8-Dibromo-~2 é-dinjtrepdamantans. To 2 solution of
5 ﬁ 0.50 g <€0.0023% mol> of 2,6-adamantzndione diovime in 50 mi
fl of 1:1 diexane-water was added 3.0 g <0.u!8 mol} of
N-bromosuceinimide, and 1.9% J (0 .017 mol: of sodium

bicarbonate, and the mixture was stirred at ambient

tsnpera.ure for 48 h The color initally turned light
green then slowly faded. The dicxane was evaporated undetr
vacuum and 50 mbL of water added The sclid product was

Tecrystallised from ethanol-water te grve Q@ 23 g (244%) of

23
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2.6-d!brnma-2,6¢dini€}oadamantane. mp 16C-165%,- Ik

(CHxCII} 3000 (C~H), 1540 1460 em™! (N-C): NME (DCCIS) &

1.8 ~ 2.8 conplen.

Anal. Calcd for CnHuNf%Erg: . 31470 H, 20145 N,
?7.29; Br, 44 . 24. Found: €, 34.33: H, 3.14: N, 7.4%; Br,
41 .44,

2,2 .6, 6-Tetranitroadamentane and &, e-L:nijtro-2 - odsmeall-

tanone . To E gsoiution of 0.3

$G.0060¢8 meoll hES

LER]
-
[

2,6~dibromo-2.¢é-dinitroadamanatane in 20 mL of ethanol wag

added 0.1 ¢ ¢f sodium borohyiride and 1% mL of weter. fThe
solution was stirred at 25° for 30 min. The echanel wus
evaporated under vacuum and the aguecuvs scolution was

extracted with ether (Z ® %0 mL). The ecther =solution was
dried over magnecium sulfate and evaporated to vield crude
2,6-dinittroadamantane 2 waxy solid, mp 140-31%09 (NMR & 4.4
2 protons, & 1.8-2.7 12 protons). The nitro compound was
dissolved in A solution of this material iu 16 ml of
methanol was stirred with a solution of 0.ZI ¢ ofi sodium
carbonate in 10 mL of water for 1% min =at 20°%

Tetranitiomethane (1.0 mL) wag added and the nizture was
stirred for 1 h. The methanol wis eavaporated, 20 mi of
water was added, and the product was exiracted with ether
2 x 50 mb>. The ether laver was washed with 20 wl ot Y%
sodivm carbonate solution =and 30 ml ot 10% poitassium
hydroxide solution, dried with magnesism sultate and
avaporataed to vield .16 g 3f cruds solid., mn 195U 2e6 .
TLE of this material on silica ¢gel with chlorofoern vielded

0.048 ¢, {20%> ol é,6-dinitro-2-adamantancne: [R (QH2C12)

24




Report No. GONR-2-%5

FOUTCERY T T7IU(COY TSR AR T e et (N;oa, AR
(DCCla) § 3.7 (2 Hy, 2.7 (2 H) and 2.4 ppum & I

Anal}. Calcd tor CmHuNf%' c. 50 91, H., V.03 ke,
11.60. Found: C, 50.26; H, 5.07; N. 10.74.

A segond TLC band with slightly less retention time
provided 0.010 g (2.4%) of 2,2.46,é6-tetranitroadumantanc .
The material sublimed without melting sbhove 280°C: IR
(CﬂlCll) 3000 (C~H), 13580 and 1260 cm™} (N-0): NMK (EJCCIS')
¢ 3.4 (4 H) and 2.0 ppm (8 H), density, 1.7%

Anal. Calod for c . H NGO : c. 37.96, H, 3 .82. N,

AR N
17.72. Feund: €, 39.9%3; H. 4 13; N, 146.80.

Beaction cf 4=Bremao-2 . 6-esdamantangdicone with
Evdroxvilamine. A solution of 1.0 g (0. 0841 mol) of
¢~-bromo-2,8-adamantanedicne, i o g ‘N 014 mol) ot
hydroxylamine hydrochloride and L. 8 ml of pyridine in 3%
rL of absclute ethancl was refluxed for 2 h. The solvent
was then evaporated, $0 mL of water was added and the
mixture was stirred for 30 min. The water was dacanted and
the oil was recrystaliited from octhanol to give 0.64% g
(80%,; of 3-carboxy-%-oximinebicycic(3.3. 1insnan-6-ene, mp
285% <(dec). Thie product was identisal with materazl

obtained by oximation of d-bromo-2 éd-zdximantanedionz in

ethanol-~water or oximation cf i~gcarhoxy-9-6robi -
cyclold 3 . 1Inonsan-é~ene directly Noe dioxime couid be
detected.

2 .é-Dibromo-~2 . é-adinitrobicecliold 3 tlnanang.

N-Bromesuccinimide (10 0 g, 0.0%6 1mol} wasg added. witn

stirring at 5'C, to a solution of § SO0 ¢ <0.0G08 mol) of
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mL of water and 130 mnlL cf dioxane. Then % .0 a ot so:id
sodium bicarbonate wis added over 2 20 min period The

solution became green and then bluec and the cocior faced in
30 min. The minture was stirred 30 min ¢: 5°C and 2 his &t
ambient temperature. The reaction minture was concentrated
to one third of its oriaginal velume with 5 rotsry pvaporator
under reduced prassure and was extracted with two 100 mi
porticens of methylene chloride. The coczganie lzaver was
separated and dried over magnesium sulfate. Flash colunmn
chromatography of the resulting oil (silica gel, metnylene

chloridae} vyielded & mnitro containing fraction {IK) and

several fraotions containing only carbeonyl compounds .
Recrystallization of tha nitre contzining oil from
¢thanol-water yielded .20 q (6. 5% of pure

2,6~dlibromo-2 ,6-dinitre bicvcleld .3 linonane. up ta%~-148%:

IR (XBr) 2950 (C-H), 1540, 1430 enm-!. (N-0); NMR (DCCla) &

2.0-3.0 (complex).

Anal. Caled for CH NOBr . C. 29.06; H, 3.25: N,

7.%3; Br, 42 .94 . Found: C, 29.20: H, 3.33:; 1. v 34: Ur,

43.12.

Resgtion of Bicvelolld 3 . Jingna-2 é-dione diowime wiih

chli cad A pH meter was used tc¢ neutralize 200
ml of commerc:al pool bleach (5% sodium hypochloriiedy to prt
5.0 at 0-2% with 19% sulfuric acid. Benzene (100 nmL) and
- 5.0 ¢ {0.027 moi) of bicyecleld 3 1tlnona-2.4-dione dionime
?‘ were added. Az the dioxime dissolved., the gsolution beciome
deap blue and then the color siowly fadad. After 1 h, 104

e




‘WL gfis unmasstralitsed bBleach and - 0.9 [ ot

o

tetra-n-butylammonium bisulfate were added and the minture
was stirred for an additional 2 hours. Thne organic layer
was separated, washed with 5% sodium thiosulfate sclution
and dried with mignesium sulfate. The bentene was
evaporated and the residual oil war dissoved in haexane andg
filtered thru $S g of silica gel. Evaporation of the hexane
gAave an oil which solidified to give 4.2 g of a waxy solid,
mp 18-22%: IR (CH,CL,) 3060 (C-H), 1440, 1460 em™ ¢C-Cly;

17

NMR (DCCli) 8§ 2.0-2.8.

Anal. Found: €, 43.0%; H, §5.84:; C1. 31.15.

Chlorine gas was bubbled into a solution ef 2.0 g (0.04!
mol) of bicylcol3.3.1)nona~2,6-dtone dioxime in 50 mi, o1t
methylene chloride. The dioxime zlowly disscolved and the
solytion became dark blue and then green. This solution was
stirred for 4 h and the methylene chloride wias removed.
Then, 30 =l ofr benzene 0.2 ¢ of tetra-n-butylammoniun

bisyltfate and 30 mlL of %% sodium hypochlorite wete added

and the solution was stirred for 48 h. The corganiec layer
{now coloriess) was saparated, washed with 5% =zodium
thiosulfate and dried over magnesium sulfate. The benzeno

was evaporated and the residual oil was digsolved in 50 mi
of methyiene chloride and was filtered through % g of
silica g@el. The methylene chloride was pveporated ang tne
residual semi~solid was recrystailized frem eaethanol to
yiald i.84 g (39%) of 2.,4%-dichlore-Z2.6-d1 -

nitro~ticylcol(3.3 finonane, mp 111-113%: IR (CHCL 3.000

1)

7
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(CH), 1,580 and 1,460 cn-! (N-O); NMR (DCC1,» & 2.0-3.0.

Ansl. Caleod for C|Hu61fﬁ0(: C, 38.18; H, 4.27: N,
vy.89; cl, 2% .04. Found: C, 36.28; H. 4.21; N, & .79:. C1,
26 .31,

~Riami ~bi 3.3, ane . P mixture of 3100 mi

of anhydrous methanol, 30 g of ammonium acetate and 0.0 ¢
(0.066 wol) of bicylecol 3.3 t1lInona-2.,é6-dione was stirred a2t
20°C for 2 h. Then 6.0 g (0.1 mol) of sodium
cyancborohydride was added slowly over ! h., A water bath
was used to keep the temperature of the sxcthemic rezction
at 20°%C. The mizture was stirred 24 h, the methansl wes
evaporated under vacvum and the pH was adiusted to below 2
with concentrated hydrochloric acid. The solution was
extracted with ether (2 X 50 mL). The agueous layer was
then made Dbasic {(pH 13 with solid potossium hydioxide;
water was added as necessary to prevent sajlt precipation.
The solution was ¢ccoled and was extracted with methylene
chloride (2 X 50 mL). The organic lavyer was dried over
maignasium sulfaite and the solvent was renoved to yiels 6.2
- {6 1%) of 2,6-diamino-bicyclol3d 3. tinonane as a oil-
IR NN%CII) 3400-3300 (N-H), 2900 (C-H). 1450, 1320, 1270,

1110, 960 cm-); NMR (DCCI,) & 2.0-3 5: P-nitrobensoate. mp.

3
190-192°%. Elemental analysls resuits are pending.
Oxidsticon ¢f 2.6-Diamincbhicvicolld 3 itinonanc. A
solution of 5.0 g (0.032 mol} of 2.6-diamine-

bicylecol3.3.1lnonane in 100 mL of i{,2-dichlurcethane was
heatad te reflux. Then 28 g (80% purity, 0. mol) of

p-nitreperbenzoic agid was added slowlv over a 30 min
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”5;ti;d:“:hfh§ aiztuis was teffﬁxed "for 3 h, cGoied and
filtered, The soiution was washed with pH 5.0 buifer (2 X
30 mlL)., dried over magnesium sulfate and stripped of
solvent to vield 1.50 g (21%) ot crude
2.6-dinitrobicycio(3.3 . t)nonane 2s an oil: IR (CHsz> 3000
(C~H), 1550 and 1460 om™! (N-0); NMR (DCCI,) & 4.2 (2 H)

and 1 .8-3.0 iz HY. Upon at‘empted distillation this

material decomposed. On passing the material through

silica gel, 81l nitro functions were lost.
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Apendix A

Ty

Synthesis of Electron-Deficient Uxetanes.
d-Azidooxetane., 3-Nitroozetane and

3,3-Dinitrooxetane! .

Kurt Baum*, Phillip T Berkowi:g,

Vytautzs Grakauskas and Thomas C. Archibald

Fluorochem. Inc., Azusa, California 91702

ABSTRACT

A facile synthesis of 3-hydrouyoxoatane is described,
based on the addition of acetlic acid to epichforchydrin.
protection of the resuliing primary alcohel as an acetal,
basic acetate hydrolysis and ring closure. and removal ot
ihe ptotecting group. 3-Asideoxetane was prepavred trom
3-tosyioxyoxetane and sodium axide. Reduction of the azide
with triphenylphosphine or hydrogen gave J-aminooxutansz.
and oxidation ©of the amine with m-chisreperbenzoic acid
gave 3J-nitrocxetane. Oxidative nitration ¢r reaction with
tetranitromethane gave 3.,3-dinitrocxzetanec. 3-Azidoozetane

and 3,3-dinftrooretine were polymerized with Lewis acids
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Apendiz A
1

Recentiv we reported the synthesi1s ot
) 3-iluocro-3«nitrooretane by the bas--catrivzed ring clasure
of the monotriflate derived from 2-flucro-2-R1tro~4i,5~pro-
plnedia!’. The “flucorine effect”. or the destapilization
of : nitronate salt by an adtacent fluorine, enabies this
ring clcocsure to take clace despite the generai tendancy ot
Z-nitro algcoheols to split off formzldehvde (r2varse Henry
t;lction). The ure of a less potent leaving group, sucn as
tosylate, gave adducts of i1-¢flucro-!-nitroethylene rathexv

than the ouetane’. and even triflates from nontfluorinated

) ‘ nitroalcohols such as 2.2-dinitro-1,.3~-propanaedial and
Z~(hydroxymethyl)-2-nitro~1,3~-propancdiol gave no
oxetanes?d.

An alternative to this ring closure is tne

; introduction of nitro groups by operating on oxectanes which

? contain other reactive functional groups The conversion

1; in high vield of 3-hydroxyoxetane to the tosyilate has been

S ;: reported, and the tcsylate group has been displaced by

i?ﬂ halidest The J-hydroxyoretane ~ags cbtained by tue

;. hydrolysis of 3-propenoxyoxketane, which. in turn . wis
prepared by thea base~-catalvzed rearrangment of
3-zllyloxyozetane The latter compound,. howavar. was

 . ebtained only in low vield by the cyclization of 2--alivyi-
ony«3-chlotopropanol5, a low-conversion cniotination

product of allyl alcohci b
f‘ We have developed a procedire <cuitabie tfor tnne

preparation ot iaxge quantitias ¢t 3 nvdrexvoxetane ttom

32




Apendixr A

epichlorohydrin wusing the toute ourjitned In Scneme i ne
hydroxyl group of the aceti1¢ zcid a2dcuct <t epichicroayadr:in
wWas blocked with a base~resicstant protecting arcup. bstor
hydrolysis and ring closure with aquenus bacse was followed

by deblocking with acid

HC-CHCH Cl + HORc ————2 A
H \ol i

(al

OCHZCH(OH’CHZCE

=CHOEt

AcOCHFH(OK)CHFI + CHz ? AcDCHerCHszrnLHHefﬁit)

Cl1)OCHMe(CEt> + NaQOH

AcOCHfH(CHz

HOCHEHHCH

lC!)OCHHe(OE" e T~16CHH-(OFti
o —

OCHMe (OEt) + H! H OH
[ r]

The resction of epichlercohydrin with acetic acid.
catalyzed by fervxic <chloride, has been reported to gi1ve
3-chloro-Z~-hydrony-1~propyl acetate in high yxeid7 Thy=
procedure wWas modified by eliminating t1e use ot so{vints
and wminimizging the amcunt of catiivey The i2w 1ton lewel

did not prevent monitoring the resot:rn By TWMR . and the

product was used without workuyp for *he fallewing step
The hydrosxyl group was then rTISIECYE © with a vinv .1¢
ether?. Dihydropyran and ethy! wirTpl o crher v3ve similor

results, and p-toluenscrifonie aci1d *oss vsed as a catilast

No solvent Wi uesed and to *this noint. ws hive - one ot
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process. Next , aqueous sodium hydroride hvdroivzed the
ester and alse closeod the oxetane ring. The resulting
cruds 3-(i-ethoxyethoxyloxetane was then treated with

methanol and 8 catalytic amount of p-toluenesultonic acid
to give 3-hydroxyoxetane . Flash distillation fave
3-hydroxyosxm*ane of absut 80% purity, and the putrte alcohoi
could be isolated by fractionation. The 1mpure materiai,
however, was suitable fer conversion to the tosyiate withn

aqueous scdium hydroxide and tosyl chloridet. The overall

yield of 3-tosyloxyoxetane based on epichlorohydrin was 2%%

Attemptse to prapure 3-nitrooxetane trom
3-tosyloxyoxetane, 3-bromoosetane or 3-iodoenetene hy
displacement reactions with silver nitrite or sodium
nitrite were unsuccessful . Decomposition took place when

rasction temperatures were high enough for the consumpticn
ot starting materials. It has baen repo:ted‘ that
displacenents of J-tosylowyonetane with iietal hadides
require temperatures of about 170% and that the reaction ot
3-iodooxetane with diethylamine takes place at 200°%.

Azide salts, however, were found to reat¢t with
d-tosylonyoxetane wuynder reletively mild conditions to give
d-agidooxatane. A 0% vyield was cbtainec with potass:ium
saxide at 87°C in hexamethylphosphoramide and 2 28% yieid
was obtained in refliuxing acstonitrile 1n the pruesoence of
18-prown-¢. Polyethylene glycols were also reporled to hLave
crown-ether type complexing abilztv’, and thaese materials

wete investigated as solvents for the displacemont . Sodium
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easide and ghe tosylate gave an 86% vield of 3-zzidooxetaine
a¢ i20-130° at 7-10 mm Hg; under these conditions, the
product was distilled from the regction mivture as 1t was
formed. The soivent did not codisti!ll with the product
when tetrasthyl-ne glvycol or higher hemologs ware used.
The aride was handled satelyn by distill(ng the materiail
directly into methylene chloride and using the solution teor

lﬁbscquont reactions.
L] 0

3~Aminooxetane was obtained in lew vyioid from tne

reaction of J-tosyloxyoxetana with Iiquid ammonia. A more
sstisfactory wethod, however, was tha reduction of
J-azidooretane. Azides have been convarted to amines by a

teaciion with triphenylphosphine folowed by ammonoiy:ia“.
end by this procedure. 3-azidooxetane pave a 96% vield of
d-aminovoxetane. This reduction was alsoe carriwed ocut by

hydrogenation at atmospheric pressute in methanol over (0%

palladium on carbon, but the rezction was not rceeliably
reproducible. The synthesis of 3-aminccxetane by the hinoh
ptessure hydrogenation of J~oxetancne oxime has been

reported in the patent litesaturel!!

A
b

N Ph,P NH NH
gj] 1 LY il TR é:] 1
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3-Anincoxetane was used as a starting material to
prapare 3-nitrooxztane and 3.3-dinitrooxetane. The
oxjdation of cyclohexzylamine witih m-chlcroperbenzoic acid
to give nitrocycichexcne has recently Gbeen tepottedu.
This reaction wWas tound to give 2 5% vield of
d-nitrooxetane from 3I-aminocoxetane. The most generally
u;cd method for converting a mononitre aliphatic compound
to a gem-dinitro compound is the oxidative mnitration
resctiontt, using base, sodium nitrite and silver nitrate.
3.3-Dinttrooxetane was obtained in this way from
3-nitrooxetane bDut only in 22% vield. Nitronate salts have
recently been nitrated with tetranitromethane! Addition

ot this reagent to a solutivn of the salt of 3-nitroouetane

in aqueocus methanol gave 3 60% vyield of 3,3-dinitrooxetanae.
NH,  _MCPA NO
H —————1> | ' H
o] 0

NO OH", AgNO,, NaNlNU© (NG
P17 e dw - > L1

The poelymerization of J-fluoro=-3-nitrooyetane waos
previously shown te be catalyzed by the strong Lewig acid
catalyst, phosphorus pentatlucride. but not by boron
trifluoride. 3.3~-Dinitrooxetane wis tound to be even more
resigtant to catiomic polymerisation, reqguiring protonged

exposure to an atmeosphere of phoephorus pentafluoride. A
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polymer was obtained with a melting point of 200-202% .
The polymer was insolubie in methyiene chloride or ethvl
acetate, but was soluble In zcetone. The molecuiar weight

by vapor pressure osmometry was 2870

(NO_ > PF . HO[CH,C(NO,) CHOGI H
H 1 1'17 17 '
A R R
3-Azidooxetane, which is not so highly deactivated by

electon-~-withdrawing groups., was polymerized readily bv
boron trifluorjide etherate, at temperacures &5 iow 2as
~30%C. Details are described in the Experimental Section.

N BF HOLCH CH(NJYCH O1 H
o' I 3 ,____l_; H 3 1 1

Deternination of the hydroxyl equivalant weight of
polymers has generally oprovided ditficulties!®. We have
used a sinple procedure consisting ot trimethylsilylation,
removal of volatiles, and determination of s5ilyl hyvdrogens

by quantitative NMR

Ixperimentge]l Sectrion
NMR and IR spectra were recorded w th a Varian T-40
spectromatear and a Perkin-Eimer 200 spectrometer .

respectively. A Varyan %20 gas chroematograph was used for
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osmometer was used for molecular weight determinations.

3-Togviloxvouetane. Epichlorohvdran (925 g. 10.0 mol)
was added with stirring, over 2 i0 min period, to a

solution of 1.5 ¢ of ferric chlor:de in 4612 g (10.02 mol)
of glsciasl acetic acid. The minture was heated at 65-70°%
for 24 h to give crude 3-chloro-2-~hydroxy-i-propyl acetatsa;
NMR «coct,> 2.10 (s, 3 H. COCH,), 3.60 (m, & H,
CHCH(OHICH,> i IR (film) 3500 <DH)., 1735 cm™' (CGCH,) .

After 10 ¢ of p-toluenasulfonic acid monchydrate was
sdded to this crude material,. 815 g (11 3 mol) of ethy!
vinyl ether was added dropwise, with stirring, over a
period of 2 h. The flask was cooled to maintain a reaction
temperature of 35-37°% . After the addition was completed,
the misture was heated at 35-40° for 16 h to give crude
3-chloro-2~(f-ethoxyethoxy)-1-propyl acetate.

This intermediate was added over a 1.5 h period with
stirring to & soclution of 1.1 kg (27 .95 wmol) of sodium
hydroxide in 1.1 L of water at 105°C, and the rezcotion
mixture was refluxed tor an additional 4 h period The
mixture was cooled and was washed with 1. .% L of water. Tne
agqueocus layer was washed with 1.% L of methylene chloride.
and the combined organic phases were strirped of solvent to

give 1.2 kg of crude 3-(l-ethoxyethonyloxetane.

Mathanol (400 ¢) was added and the mixture wis cooled

to 18-18°%. p-Toluenesulfontic acid menohvdrata (10 g} was
added with stirring. The reaction temperature incraased
38
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over a % min period to 34% and then decreased to 2.°C in
30 mnin. The mixture was stirred for 2n additional 4% min
period and then § ¢ of solid sodium bicarbonate was added.
Distilliation gave 280 ¢ of 3-hydroxyosectane. bp 45 -50°%
(0.3 mm), of 80% purity (NMR).

This 3-hydroxyoretane (3.07 mol) was stirred with 661
g (3.496 mol) of technical p-toluenesulfonyvy!l chloride 1n %30
ml, of water, and a solution of 194 g (4 84 mol) of sodium
hydroxide in 200 mL of water was added over a period of 2%
min. Ica bath cooling was used to kFeep the reaction
temperature below 70%'%C. When the encthermic rezction
subsided, the bath was removed and the mivtnre was 3ilowed
to cool to 40°C over a 1 hr pericd The ptoduct wes

isolated by filtration, washed with four 180 mL nf warm

(50°C) water, and atr dried to give 649% ¢ (93%) 9ot

d3-tosyloxyoxetane, mp 86-88% (reported! 88 5-89°C).

[ T

i 3A-Azidooxetans . A stirred solution of 92 g (0.40 mol)
;f of 3-tosyloxyoxetane and 40 ¢ (0.48 mol) of sodium azide in
?1 205 mlL of polvethylene oxide (Carbowar 300) was heated to
;i 120-130° over 30 min at 7-10 mm Ha The product distilled
7: as it was formed, over 2 1.5 h period, and was collected in
%E a stirred receiver containing 200 mlL of methviene chloride
:; at -78% . The resulting methviene <cnloride solution
. contained 34 g (Bé6%) of 3-azidoowetane., and an 2a2nalytical
sampla was isolated by GC (%% GF -l on Chromasorb W, 100%):

-‘ M NMR (CDC1) 44 70 (m. 4 H, CHp . & 76 Gw. 1 H. CHNg) . IR

(CH,C1.) 3000, 2930 1CH), 2150 (N3 . -80 eml Corerane)

39




Apendig A

Ansli. Calcd tor C’HJHO. C. 36 36, H. 5% 0%; M. 42z .41.
Foumd: C, 36.2%; H, 4.82, N, 43.04 .

The produot was handled safely as » methylene chloride
solution (see discussion)

S=Aminocoxetane. Triphenylphesphine (132.% ¢, 0.5¢
mol) was added to h solution of 20 Q {o.50 mol’) of
d-aridooxetane 1n BO0O0 mLk of methvlene cnloride 2t 0.-57°%
Tﬁ. solution was allowed to stand for 0.5 h at 0-5°C and
for 3.5 h at room temperature. The go2lvent was removed
under vacuum, aad an ice-ccoled scolution of 80C mwl of
methanol saturasted with ammonia was added to the residue.
The resulting orange solution was stirred for 40 h at
0-5C. Distillation gave 32 g of 3-aminooretane. bp 50-82°C
(60-70 mm Hg) - rseported'? B80-82°C €100 wmm Hg) - ana
eutraction of the distiliation residue with ether followed
by distilliation gave an additicnal 3.2 g (96% total): Iy
NMR (CDCI') §2.03 (s, 2 H, HNH)), 4.0-4.8 (m, 5 H¥, IR

1

(film) 3350 (NHI)' 3000, 2%00 (CH:, 1604 (NH’). 970 cum'l
(oxetane); n;‘ 1.43500. Elemental analvesis was carried gut
on the p-nitrobenzamide, mp 189-191°%.

Anal. Caled for CuH“N*%- C. 54 03: M. 4 50; N,

12 .40. Found: C, %4.02:; H, 4.51; N, 12 32

3-Nitrooxsgtane . A sojution of 7 ¢« g (0.10 mel, of
d-aminooxetane in 100 wnlL of 1.,2-dichlotoethane was added
OVer 1 hr to a refluning solution of 71 g (0.3% mel) of &5%
m-chloroperbenzoic acid in 600 mL of |,2-dichloroethine.

The freaction minture was heated at refluy for an additional
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3 h period and was aliowed to stzand :t ambieni lemperatute

for 16 h. The precipitated m-chleorcbrnzoic ALl8 was
tiltered and was washed with 1 c-dicrlorne_hane The
“;{1 combined solutions were stripped of srlvent under vacuum

and the residue was distilled in 2 XKugelrohr apparatus to

give 6.35 g ‘642%) of 3-nitrooxetine at ¥Y?°C ¢0.%5- §{.0 mnm
Hg) . An analytical sample was iscolzted by GO (9% GF-4 on
? Cﬁronosorb v, 120%) NMR <CDC13J 4 4 87 (wm, 4 H, CHzi.
2 5.23 (m, 1 H, CHNOp, IR (CH,CI> 3000. 2940 (CH). 1330,
% 1370 (NO,). 980 cm™! (oxetane); n”" 1 44618; d 1.33.
,'l Anal . Caled for C!H‘Noa: C. 34 96:. H. 4 89. Found:
& C, 34.77; H, 4.87.
- A.3-Dinitrogxetane (Oridative Nitration) A solution
‘3{ of 3.38 g (0.033 mol) of 3-nitrooxetane. : 45 a (U 03& mol)
a of sodium hydroxide and 2.56 q <0 03¢ mol) of sorium
; nitrite 4in 72 mL of water at 0-5°C was zdded to 2 stitred
: solution ot 12.2 g ¢0.072 mol) of silver nitrate in 2% mi
- of water at 0-5°C. An immediate hlack suspension formed.
EE After the reaction mixture was stirred at 0-5% for 2 h. 2.
i; mL of saturated sodium <chloride selution was added and
3 stirring was continued for 30 min The mixture was
filtered through caelite and the filter caks was wished with
i‘ 10 mL of water and 100 mL of ether The zqueous solutign
’ A was washed with two 100 mL portioms of ether and the
‘ combined ether solutions were dried and the solvent wa .
i; Tenovad. Column chromatography ot the residue (silicas gel.
ff methylene chloride-hexzne) gave 1 07 a (21 9% ot
1 4
|
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N~

3,3-dinitroonetane, mwp 70-71%C (subl 100%C)  NMK <cucxs>"3

$.27 (s); IR (CH,CI,) 3000, 2940 (CH), 15BO. 1325 (MO 2.

!
1000 cm! (oxetane); a, 1 65,
Ansl. Caled for CﬁaNf%: €. 24 349: H., £2.72. Found-
C, 4.3%4; H, 2.80.
3,3-Pinttrooxetane (from Tetranitromethane) . A

solutjion of 1.03 g (C.010 mol) of J-nitrooretans and 2.0 a
(6.010 wol) ot tetranitromethane in 5 mlL of methanol was
saddead dropwise, with stirring over a 20 min period. to 2
solution of 0.42 g (0.010 mol of sodium hvdroxide in it ml
of water and 2 =l cf methanol at o'c . Siirrinag was
ocntinuead for 30 min and 10 mi of water was then zddad.
The pH was adiusted to 7-10 with sodium hydroride, and the
mixture was extracted with ether (3 x 25 mL). The ether
sojution was washed with water and dried. Removal of the
solvent gave 0.87 g (40%) of 3.3-dinitrooxetane identicai
with that above.

Polvmerization of 3,3-Dinitroogatane. A dry 100 mL

flask, fitted with a syringe valve, was loaded with a
solution of 0.113 g (0.76 mmol) of 3,3-dinitrocvxretang in
0.9 nlL of drty methylene chloride, and was flushed with Z{%?
of a white solid: MW (VFO,. gthyvl acotate) 484: IR 3520
(QH), 1578, 132 of phosphoruse pentafluoride was added.
After 30 h, solvent and catalyst were removed under vacuum.
Extraction of the residue with {15 mL of methylene gave
.6t [+ (14%: of recovered 3 3-dinttrooxelane. ine

material insoluble in methylene chioride was extracted with
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solid: MW (VPD, ethyl acetate) 484:. IR 35350 (OH)», 1975, 1320
ca! (NOI). The material insoluble 1n ethyl acetate was

axtracted with 15 mL of acetone to give 0.071 g (63%) of

white solid, mp 200-202%: NMR u%ccocn y & 4.47 (br s): IR

3
(acetone) 3600 <OH>, 1565, 1320 cm’! (NO,): molecula:
weight (vapor pressute osmometry, acetone) 2670, density
1.59.
Polymerization of J-Agzjidoguatalnc. A 50 mL
magnetically stirred round bottom flask, fitted with 2

condenser and a drying tube, was ic:zded with 20 g of a 42%
by weight solution of 3-aridoxetainne in methylene chloride
(0.085 mol), and was cooled to -30°C  rreshly distiilled
boron trifluoride etherate <0.60 mL. 0.0052 mol) was added
rapidly by syringe. After about 30 ~rfec the rezcction

temperature incregsed to the reflux temperature and

[

gelatenous polymer formed. The materzal was alioweg to
$ stand fer 5 min at room temperature and thenm 5 mlL of water
wags added and the mixture was agitated tc disperse the gel.

Ethyl acetate (30 ml) was added and the misture was stirred

{! for § h. The organic layer was separated and was dried
'g: over magnesium sulfate. Solvent was removed with a rotary
'ii evaporator (70°C at 20 mm Hgr te give s brown oil: NMH
;f (CDCII) § 3.58 «(s); IR (CH“:H? 3,000. 2900 (CH). 2150
1&  (N,), 113% cnm-! (€C~0-C}, molecuiar watght (vapo: pressure
:i osmometry, ethyl acetate) 2200 eguivialent weilght

(silylation) 1200.
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The polymer dissolved in 20 ml of methylene chioride
was poured into 20 mlL of herxane with vigorous stirring.
After 30 nin the solvent was decanted from the precipitated
otl, and the latter was dried at 70°C under vacvum to dgi1ve
7.4 g of material essentially identical with the
unfractionated polymer.

The polymerization was also c:rried out at subambient
tinpotatutes with more dilute sclutions. A solution of 1.0
g (0.007T mol) of boron trifluoride etherate in 50 mlL of
methylena chlioride was cooled to -30° z2nd a solution of
9.7 ¢ (€0.10 mol) of 3-azoxyoxetane in 100 mL of methvliene
chloride was added dropwise. The solution was stirred a2t
~-30°% for 48 h. GLC analysis showed that less ‘han 0.5% of
the oxetane remained. Saiturated sodi:um chlioride solution (5
mbl)? was added and the mixture was stirred for 30 min. The

organic layer was allowed to come to ambient temp: -atre and

was washed with 100 mL of 5% potassium carbonate soiution
and with 100 mlL of water. The methyvlene chloride solution
was dried over magnesjum sulfate and was evaporated undar
vacuum. The residue was dissolved in 30 mL of methylene
chlorside snnd the solution was rfiltered into 30 mwmL of
tapidiy stirred hLexane. After 30 min the solvent wes

decanted and the remaining oil wes washed with 30 mi of

hezane. The product was dried at 70°% ynder vacuum te

vield 4.8 g (49%) of very viscous o0il with molecular weight

2350 (VPO, ethyl acetate),

A similar reaction wusing 0.1 mol of 3-zz1dooxetane
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and 0.0052 mol of boron trifluvoride etherate in SO mi. of
mathylene chloride, maintezined at 0-5'C cave a 54.5% yvyietd
of product with a molacular weight of 2400

Raujvalent Wejght Determination. A 50 mL round bottom
flask wquiped with 3 magnetic stirrer, 3 condenser and a
drying tube wes loaded with approximately 0 2 q ot

3-asidooxetane polymer. 5 mL of 1,2-dichloroethane., 2 mlL of

1,1,1,3,3,3-hesamethyldisilaxane and 0.4 ml of
chlorotrimethylsilane. Volatile materials were removed at
70  under vacuum. The residue wacs dissolved in i wmbL of

deuterochloroform and the proton NMR specirum was recorded.
The hydroxyl equivalent welght was calculated on the bastis
of ihl steas of the & 3.3 signal (5 protons per monomer

unitl and the & 0 signal (9 protons per siloxy group. The

‘same method was wused for polymers with more complex NMR

speotra Dby wusing weighed mixtures of the silylated polywmer
and a refezence such as p-dichlorobsnzene. The equivalent
weight was calculated on the basis of the areas of the

teference and siloxy signals.
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