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Summary

1-Aza-6-oxabicyclo[3.2.1]octan-7-one 3 polymerized
in bulk to polyurethane at 112-131°C with opening of the
5-membered urethane ring. Organometallic, cationic,
anionic and organophosphoric initiators polymerized the
strained bicyclic urethane to the polyurethane. In so-
lution the monomer was shown to polymerize slowly under
the influence of phosphoric acid. The driving force
for the polymerization may be the relief of strain
energy in the monomer caused by a boat conformation of

the 6-membered ring.

Introduction

According to Bredt's rule (BREDT et al. 1924, LUKES
1939), bicyclic [2.2.2] lactams with a bridgehead ni-
trogen atom should be very unstable because of the lack
of N-C=0 resonance, and because of the occurrence of a
two-boat conformation (HALL 1958). For a [3.3.1] N-
bridgehead lactam (HALL and SHAW 1980) and a [3.3.1] N-
bridgehead urethane (HALL and EL-SHEKEIL 1980), the
molecules were transformed from their usual two-chair
conformations into less stable boat~chair conformations
in order to permit N-CO overlap to occur (WISEMAN 1970).
In the present case we have studied the polymerization
of the next smaller bicyclic urethane, l-aza-6-oxabicy-

clo[3.2.1]octan-7-one %.
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Instrumentation

NMR spectra were obtained using a Varian T-60 in-
strument. Infrared spectra were determined on a Perkin-
Elmer 337 grating infrared spectrophotometer. Mass
spectra were determined on a Hewlett-Packard 5930 A
quadrupole mass spectrometer. Elemental analyses were
performed by Chemalytics, Inc., Tempe, Arizona or by
the University Analytical Center, Department of Chem-
istry, University of Arizona, Tucson. The number-
average molecular weight of polymers were determined
on dichloroethane solutions at 37°C using Hewlett-Pack-
ard Vapor Pressure Osmometer, Model 302B. Melting
points were determined in °C in a Thomas-Hoover melting

point apparatus and are uncorrected.

Experimental

3-Hydroxypiperidine (3.6 g, 35.6 mmole) was dis-
solved in dry dichloromethane with an equimolar amount
of triethylamine (5 ml) and cooled to -60° in a Dry Ice-
isopropyl alcohol bath. Phosgene was condensed in a
graduated trap at -60° and transferred to the reaction
vessel with the aid of 20 ml cool dichloromethane.
After 15 min. at room temperature, the solvent was re-
moved on a rotary evaporator at 25° and the 3-hydroxy-
piperidinocarbamoyl chloride was extracted in 180 ml
dry toluene (yield 87.3% as triethylamine hydrochloride,
4.28 g). To the toluene solution, 20 ml (0.142 mol)
triethylamine was added and additional triethylamine
hydrochloride started precipitating out immediately.
The flask was refluxed for 1 hr at 90° (100° oil bath),
then white triethylamine hydrochloride was filtered,
toluene removed on a rotary evaporator at 50°, and the
brown residue was distilled in kugelrohr at 98° (0.0l
mm) giving 1.72 g of the [3.2.1l]lbicyclic urethane. The
residue in the distillation flask was dissolved in di-
chloromethane and added dropwise to 400 ml of ethyl



ether in a 500 ml beaker.

(1.40 g, 31% yield).

1.05 g of the monomer.
61.3%, mp 112-113°. To
mer, the crude monomer,

cipitated from ether at
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Polymer precipitated out

The ether was evaporated to give

Total overall yield of monomer
eliminate the formation of poly-
in another experiment, was pre-

-50°, ether decanted and the

monomer was sublimed at 0.001 mm. and 25°-45°C to give
73% overall yield.
nmr (CDC13) §: 4.80 (t(m?), 1H); 3.30 (m, 4H;
1.95 (m, 4H)
ir (KBr): C=0 stretch, 1770 cm-l; C-H stretch,
2940 cm™© and 2860 cm 1 (broad). Over-
tone of C=0 3540 cm T. (SILVERSTEIN,

BASSLER,
Mass Spectra
Anal.

(5 eV):
Calc'd for C_H.NO,:

MORRILL 1974)
127 m/e; calc'd: 127
C 56.69, H 7.09,N 11.02

69 "2

Found: 56.37 7.20 10.92

Polymerizations

The polymerizations were done in dry vials charged
with monomer and initiator. The reaction vessel was
subjected to heat in a thermostat-connected oil bath for
18-24 hrs.
methane and precipitated from ethyl ether, then dried
at 60°.

nmr (CDC13) 8

The polymers were dissolved in dichloro-

3.63 1.7

(m,

(m, 1H); 3.84 (m, 4H);

4H) .
1

ir (KBr): C=0 stretch 1680 cm -,
and 2945 cm—l.

Anal. Calc'd for C6H9N02:

Found:

C-H stretch 2860

C 56.7,
56.7

H 7.1, N 11.0
7.1 11.0

Results

By treating 3-hydroxypiperidine with phosgene and
triethylamine in dichloromethane followed by four equi-
valents of triethylamine in toluene, the compound 1-

aza-6-oxabicyclo[3.2.1]-octan-7-one was synthesized in
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two easy steps. The carbamoyl chloride intermediate 2

e @—““’ E&O

H 0=C-C1

was not easy to purify and hence was prepared in situ
and used without purification. Monomer 3 can be suf-
ficiently purified by vacuum distillation at room tem-
perature for polymerization studies. It is unstable at
room temperature and tends to polymerize slowly in the
presence of air. Thus % was stored at ~50°C.
Polymerization of 3 was attempted in solution first
(TABLE I).

It seemed fairly stable. It resisted

TABLE I. Polymerization of 1-Aza-6-oxabicyclo[3.2.1]
octane-7-one in Solution
Monomer Solvent Time,
(mg) Initiator (ml) hr. Temp.°C Result
60 KOtBu DMSO—d6 24 105° NR
(3 mg) (0.5)
60 HOTs H.,O DMSO-dg 24 105° NR
(4 fig)  (0.5)
60 85% H3PO, DMSO-dg 24 105° polymer
(6 mg) (0.5)
103 KOtBu (CHp) 5,Cl, 18 65° NR
(2 mg) (0.2
103 KOtBu (CH2) oCly 23 124° polymer/
(2 mg) (0.2) monomer
(~v1:1)
91 85% H3P0 (CH2)2C12 18 65° NR
(3°mgf  (072f
91 85% H3PO,4 (CH3)pCly 23 124-° polymer
(3 mg) (0.2)
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anionic (KOtBu) and cationic (HOTs-Hzo) initiators in
DMSO—dG, but it polymerized slowly under the influence
of KOtBu in dichloroethane and about 1:1 monomer to

polymer ratio was obtained after 23 hrs at 124°. Phos-

phoric acid polymerized it in DMSO-d,. and dichloro-

6
ethane.

When the monomer was polymerized in bulk, it showed
high reactivity (TABLE II). The structure of the poly-
mer is % and it was obtained using anionic, cationic,
organometallic, organophosphinic and organophosphonic
initiators. Polymer 4 was soluble in dichloromethane
and dichloroethane but insoluble in ether and toluene.
White-to milky brittle films can be made. The white
powdered Q are electrostatic when dry and melt at 165-
174°. The polymers showed the number average molecular
weight from 1400 to 2600.

TABLE II. Polymerization of l-Aza-6-oxabicyclo[3.2.1]

octane-7-one in Bulk

Monomer Time, |Temp |Yield
(mg) Initiator (mg) hr °C (%) m.p.

200 Dibutyltinoxide 22 112° | 165 mg|l145-150
(4.4 mg) (83%)

210 KOtBu (2 mg) 23 114° 1200 mg}]150~-163
(95%)

184 KOtBu (2 mg) + 23 114° | 180 mg}l48-165°
¢NCO (trace) (98%)

216 HOTs-H,0 (3 mg) 22 112° {196 mg|{l58-165°
(91%)

166 Phenylphosphonic 18 131° | 130 mg{l165-174°
acid (2 mg) (78%)

142 Phenylphosphinic 18 131° 95 mg}150-157
acid (2 mg) (67%)
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Polymer 3 might have formed by loss of CO2 from the
urethane monomer on heating (SONNERSKOG 1956 and JONES
1956), but it was not detected.

HORN RS
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Discussion

The title compounds l-aza-6-oxabicyclo[3.2.1]
octan-7-one 3 polymerizes readily. This is readily
ascribable to the inhibition of N-CO overlap in the
chair monomer which forces the molecule into the boat
form (WISEMAN 1970). Overlap is fully recovered in
stainless chair-containing polymer 4. The inhibition
is greater in monomer % (fused 5- and 6- rings) than in
the higher homolog l-aza-3-oxabicyclo[3.3.l]lnonan-2-one
(two fused 6-rings) studied previously (HALL and EL-
SHEKEIL 1980), and so higher reactivity is noted.

However, bicyclo[3.2.l1lloctane monomers consisting
of a 5-membered ring fused to a chair cyclohexane in
the 1,3 diaxial position also polymerize (HALL 1958,
HALL 1960, SUMITOMO and HASHIMOTO 1971, SUMITOMO,
HASHIMOTO, and ANDO 1973; (review) SUMITOMO and OKADA
1978). Ring-opening polymerization of the S5-membered
ring permits the substituents to achieve the stabler
1,3-di-equatorial positions.

The correct explanation for the polymerizations
observed depends on whether monomer 3 adopts the boat
form suggested by Wiseman's rule or the chair form
taken by other bicyclo[3.2.l]lmonomers not possessing
the bridgehead N-CO structure. A crystal structure
determination is currently in progress to answer this

qguestion.
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