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Abstract

The reactivity increase of unsunstituted energetic compound in cyclic ethers was found in

order of three-memnered cyclic form < five-membered cyclic form< four-membered cyclic
form. The nucleophilicity and basicity of cyclic ethers can be explained by the negative
charge on oxygen atom of cyclic ethers. The reactivity of propagation in the polymerization
of cyclic ethers can be represented by positive charge on carbon atom and the LUMO
energy of active species of cyclic ethers. The cationic polymerization of substituted cyclic
ethers which have pendant energetic groups such as methoxy(-CHxOCHz), azido(-CHaN3),
and nitrato(-CHONQO;) are investigated theoretically using the MNDO methods
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Oxirane </ 114 Oxane 5
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Table 2. Basity of linear and cyclic ethers

OO> @’O’ >o<]

pKa 207 2.1° — 359° 37
2.08b
Ref 10 10.12 — 10 11

* From MeOD shift in 1R."Calorimetrically from the heat of mixing with CHCls

Table 3. "C-NMR shifts for cyclic compounds containing one, twWo Or more oxygen atoms in

the ring®
Chemical Shifts(S)
Compound
Cs Cs Cs GCs Cs Cy
v 406 406
[3 726 28 726
Q 67.9 258 %538 67.9
Q 695 77 249 277 695
( ) 70.1 310 270 270 310 70.1
@’ 9%.0 645 645
@ 676 676 676 676
Q 98 675 275 675
' M7 67.2 30.1 30.1 67.2
od
Q %.7 69.0 304 232 30.4
937
J

a) Eliel, EL, and pietrusiewiez, KM., Top Carbon-13 NMR Spectroscopy., 3, 172 (1979)
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Table 4. Formal charges of cyclic ethers by MINDO/3, MNDO, and AM1 methods
cyclic MINDO/3 MNDO AM1
compound 0 Ca 0 Cz O Cs
Q
f } -0.375 0.228 (~0.287 0.055 |-0.268 -0.09
{ -0.448 0.390 |-0.317 0134 |-0.284 -0.03
6]
; ; -0.439 0.386 [-0.328 0.156 |-0.283 -0.02

Table 5. Formal charges of oxonium ion for cyclic ethers by MINDO/3, MNDQ, and AML1.

methods
cyclic \ MINDO/3 MNDO AM1
compound O Co O Co O Co
H 7T 0
{} -0.253 0204 [-0.128 0.141 |-0.115 -0.111
H T 0—
! -0.317 0350 |-0.145 0.165 |-0.144 -0.015
g0
-0.293 0345 -0.156 0.164 |-0.108 -0.023
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Table 6. Energy levels(eV) of HOMO and LUMO for cyclic ethers by MINDO/3, NMDO, and
AMI1 methodsTable

cyclic MINDO/3 MNDO AM1

compound HOMO LUMO | HOMO LUMO HOMO LUMO
o

z 5 -10.798 2.068 |-11.506 2824 -11.345 2.807

Io -10.547 1.673 |-10.953 3.093 |-10.480 2922
0o

( 7 -10.157 2500 [-10.774 3.098 |-10.187 3.113

Table 7. Energy levels(eV) of HOMO and LUMO for protonated oxonium ion cyclic ethers by
MINDO/3,, MNDO, and AM1 methods

cyclic MINDO/3 MNDO AMI1

compound HOMO LUMO | HOMO LUMO | HOMO LUMO
H’ ....... 0

{ E -19.277 -5814 |-19.436 6012 |-19.161 5952
w0

| -16.4%4 5663 |-18018 4724 |-17343 5477
H T 0

( 7 16478 -5530 |-17.206 ~4577 1-16.350 5176

& @3 @rldel 2 ol Wyl As v
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fH o
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matrix

Table 8. Formal charges of species for substituted oxetanes by MNDO

H* R R
0 o \
Substituent ‘l& i& /0-—-CH,/ Newy
R, R, H
O Cz Cy C O C Cs Cy 0] Co Cs Cy
0]
| l -0317 0134 -0084 -0.134 |0145 0165 -0064 -0.165 |0.262 0253 -0.231 -0477
[0 J—
I.__.__CH.CX:H. -0315 0130 -0.160 -0.171 |-0143 0165 -0137 -0205 |-0286 0255 -0274 -0552
CH,OCH,
0
I | CH,ONO, 0305 0157 -0178 0162 |-0219 0212 -0140 0222 |(-0.268 0247 -0281 0301
CH,
0 ——
-0.306 0134 018 0153 -0.190 0.146 0171 0115 -0221 0225 0083 0314
I__CPLNs
CH,
| | 1

a4 ABA 15(19%)



SHoAE E0[HM NUHURIZCZ OI8Ti= 220 &6t G2 79

Table 9. Formal charges of species for substituted oxetanes by MNDO

0 ~o
| HO-CH: - C(Ry,R2)-CHz
Substituent R R
R, s
HOMO LUMO HOMO LUMO HOMO LUMO
0_____.
|——— -10.9529 3.0925 -18.0179 -4.7236 -16.3553 -8.1277
O
I CH,OCH, -10.9265 2.5248 -14.4783 -4.2604 -14.8055 -7.4147
- CH,OCH,
0____
~-11.4113 -0.6826 -15.0385 -5.0439 -15.5242 ~-8.1578
|————CH.0N):
CH,
0___
| -10.0445 -0.0630 -13.2838 -4.4638 -13.1029 -8.2371
|-CH,N,
"CH,
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9] Jddx F9 e A9 Wt §la, ¥4
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2 Axedd A sYFd A7t veide
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