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MHz) § 1.50-2.10 (12H, m), 4.68-4.69 (1H, m), 4.84-4.85 
(1H, m), 4.95-4.98 (2H, m); 13C NMR 8 21.5, 29.0, 40.0, 
72.6, 97.2, 101.0, 155.0; MS m/z 152 (M+, 11), 134 (10), 
119 (42), 91 (72), 84 (100), 79 (55), 67 (41%); IR Vg 
1697 cm-1. 10c : *H NMR 6 1.46-2.26 (14H, m), 4.68-4.69 
(1H, m), 4.83-4.85 (1H, m), 4.96-4.98 (2H, m); 13C NMR 
8 21.0, 24.4, 28.0, 35.3, 72.5, 96.7, 1012, 154.1; MS m/z 
166 (M+, 11), 133 (11), 119 (12), 105 (21), 91 (34), 86 
(75), 84 (100), 79 (41), 67 (25%); IR v，，“* 1697 cmf lOd : 
*H NMR 8 1.50-2.20 (14H, m), 4.79-4.80 (1H, m), 4.92- 
4.94 (2H, m), 5.06-5.08 (1H, m); 13C NMR 6 26.47, 26.54, 
32.3, 33.7, 37.1, 72.4, 97.7, 103.5, 153.1; MS m/z 190 (M+, 
37), 175 (37), 150 (43), 133 (42), 117 (33), 105 (29), 91 
(64), 84 (100), 79 (96), 67 (33), 55 (60%); IR Vg 1688 
cmf lOe : 'H NMR 8 1.81 (3H, s), 4.83-4.86 (1H, m), 
4.98-5.01 (1H, m), 5.05-5.18 (2H, m), 7.24-7.51 (5H, m); 
,3C NMR 8 28.5, 73.7, 94.2, 103.3, 124.0, 127.2, 128.3, 144. 
8, 152.4; MS m/z 160 (M+, 21), 159 (27), 145 (99), 129 
(57), 115 (85), 105 (100), 77 (96%); IR j 1692 cm"1. 
lOf^H NMR 8 5.08-5.09 (1H, m), 5.14-5.15 (1H, m), 5.15- 
5.19 (2H, m), 7.13-7.47 (10H, m); 13C NMR 8 74.1, 96.9, 
106.2, 125.2, 127.6, 127.8, 143.7, 150.5; MS m/z 222 (M+, 
11), 206 (100), 191 (72), 165 (23), 128 (14), 105 (18), 84 
(17%)： IR j 1698 cm"1.
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Conformations of 4-membered ring systems have been ex
tensively investigated by a variety of experimental and theo
retical methods.1 Cyclobutane is stable in a puckered confor
mation with the puckering angle of co. 30° and the barrier 
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to planarity of 1.5 kcal/mol.1-3 Although planar conformation 
is favorable in terms of ring strain, the cyclobutane ring 
structure may alleviate unfavorable eclipsed interactions bet
ween vicinal hydrogens by tilting the CH2 groups in the op
posite direction.2 Thus, the degree of puckering in 4-mem
bered ring systems is generally accepted as a compromise 
between ring strain and torsional strain.

The introduction of heteroatom in the cyclic compounds 
usually changes the equilibrium conformation.4 In oxetane, 
replacement of CH2 group by 0 atom can substantially re
duce the number of unfavorable eclipsed interactions bet
ween vicinal hydrogen. This may cause oxetane to be flatter 
than cyclobutane. Far-IR5 and microwave (MW)6 studies have 
provided that the ring structure of oxetane is planar. How
ever, the planar conformation of oxetane is not the minimum 
of the puckering potential energy function (PPEF) but is at
tributed to a rapid equilibrium between two puckered confo
rmers through a small energy barrier. X-ray results at low 
temperature (90 K and 140 K) have furnished that the oxe
tane ring exists in a puckered conformation with the pucker
ing angle with ca. 10°.7 The NMR analyses8 using dipolar 
coupling constants have agreed to the X-ray data. Since both 
experiments, X-ray and NMR, have been carried out in the 
condensed phases, the equilibrium conformation may differ 
from the one in the gas-phase.

Ab initio methods have been applied to oxetane with the 
modest basis sets,910 i.e. 3-21G and 4-21G. All the calculations 
have concluded that the planar form is the equilibrium con
formation. Earlier semi-empirical MINDO/2* results have es
timated the geometry of oxetane poorly and a zero pucker
ing potential.11 Laane and coworkers have utilized the mole
cular mechanics (MM2) to examine the PPEF for oxetane.16 
MM2 has deduced that the ring structure of oxetane is plan
ar and, of course, with no puckering potential.

In order to better understand the conformational nature 
of oxetane, ab initio and semi-empirical molecular orbital 
calculations were performed using the GUASSIAN 9212 series 
of programs on a CRAY Y-MP computer. The equilibrium 
geometries were fully optimized at four different levels of 
theories-PM3,13 HF/3-21G,14 HF/6-31G*?5 and MP2/6-31G*.u 
Semi-empirical method was applied to assess the performa
nce of PM3 hamiltonian for our future studies on highly 
substituted oxetane derivatives.17

Table 1 summarizes the geometric parameters optimized

Table 1. Calculated and Observed Geometries8 of Oxetane

PM3 HF/3-21G HF/6-31G* MP2/6-31G* MW X-ray。

CO 1.453 1.476 1.419 1.451 1.449(2) 1.460(1)
cc 1.544 1.558 1.537 1.533 1.549(3) 1.534(2)
GH 1.099 1.079 1.082 1.087 1.091(2) 0.97 ⑵
CPH 1.099 1.078 1.084 1.092 1.100(3) 097⑵
zCOC 92.60 92.10 92.78 90.08 91.59(70) 90.18(8)
zCCO 90.82 90.95 91.66 91.45 91.44(30) 9L99 ⑺
zCCC 85.76 86.00 83.90 84.13 84.55(10) 84.79⑼
zHCaH 107.31 110・26 109.26 109.66 110.18(10)
zHCpH 10920 110.74 109.04 109.31 110.44(30)
Ring puckering angle4 0.00 0.00 0.00 17.85 0.00 10.7(1)

a Lengths in A, and angles in degrees. *From the rotational constants, ref. 6b. cAt 90 K, ref. 7. rfsee Figure 1 for the definition.
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Rgure 2. Comparison of the ab initio calculated geometries. 
Thick line represents the MP2/6-31G* optimized geometry, and 
thin line represents the HF/6-31G* optimized geometry.

at various levels of theories along with the values from MW 
and X-ray data. Several discrepancies in bond lengths and 
angles can be found between two sets of experimental values. 
The C-0 bond length from X-ray studies is slightly longer 
than the one from MW spectra by 0.011 A, while the C-C 
bond length from X-ray studies is shorter than the value 
from MW spectra by 0.015 A. The C-H bond lengths are 
significantly underestimated by X-ray crystallographic data, 
which usually furnish indefinite hydrogen positions. An ob
vious disagreement can be seen at the ring puckering angle. 
X-ray data estimate the oxetane ring to be puckered by 10.7°, 
while MW data predicts the ring to be planar.

In general, the bond lengths and angles calculated by var
ious levels of theories including PM3 are in fairly good ag
reement with the values observed experimentally. The C-0 
bond length varies significantly with the levels of calcula
tions. The HF/3-21G calculathms overestimate 나C-0 bond 
length measured experimentally by 0.02-0.03 A, and the HF/ 
6-31G* calculations substantially underestimate by 0.03-0.04 
A. The C-0 bond length becomes close to experimental val
ues when electron correlation effects are taken into account. 
The ring puckering angle is a controversial geometric para
meter in oxetane. All Hartree-Fock results, including semi- 
empirical PM3 hamiltonian, predict that oxetane is most sta
ble in the planar conformation. On the other hand, MP2/6- 
31G* results show that the equilibrium conformation of oxe
tane is puckered by 17.9° (see Figure 2).

At MP2/6*31G* theory, 난le planar conformation is a transi
tion structure with o이y one imaginary frequency (—91.2: 
cm-1), and the barrier to planarity is 0.14 kcal/mol. This

Figure 3. Calculated PPEF curves for oxetane: (a) PM3; (b) 
HF/3-21G; (c) HF/6-31G*; (d) MP2/6-31G*.

barrier has also been estimated as 0.10 kcal/mol by MW,6 
and 0.04 kcal/mol by far-IR,5* respectively. The MP2/6-31G* 
calculated barrier appears to be quite consistent with the 
values observed by experimental methods. Zero point vibra
tion^ energy (ZPVE) corrections further reduce the barrier 
of planarity to be exactly none.18 ZPVE corrections may also 
alter the equilibrium conformation significantly from the MP 
2/6-31G* optimized one. We can locate the minimum by cal
culating both geometries and frequencies in each point of 
puckering potential energy surface. We have not attempted 
to employ this tedious method in order to find the equilib
rium conformation, since (1) PPEF of oxetane is quite flat, 
and (2) the tiny energy difference between the puckered 
and planar conformations is far beyond the accuracy of the 
current state-of-art ab initio methods.19

Figure 3 shows the PPEF calculated by various levels of 
theories. The MP2/6-31G* calculations provide a flat PPEF 
with the minimum at 17.9° and the barrier of planarity of 
0.14 kcal/mol. In contrast, other ab initio HF and semi-empi
rical PM3 results furnish the PPEF with the minimum at 
0°. In this study, we feel that the 용hape of the PPEF is 
more important than the location of the minimum. The trend 
in Figure 3 convinces us that the PPEF becomes flatter, 
as the larger basis sets are employed and the electron corre
lation effect is incorporated.

Accordingly, puzzlement of experimental analyses of the 
oxetane geometry may come from the extremely flattened 
PPEF which cause the oxetane ring to be deformed easily 
without the significant increase in potential energy. The MP2 
/6-31G* calculations predict that the potential energy is only 
0.44 kcal/mol higher than the minimum even at the confor
mation of the puckering angle of 30°. Oxetane ring also un
dergoes ring inversion easily through the low barrier of pla
narity. Easy deformation including ring inversion makes var
ious experimentalists and theoretians to predict different co
nformers as the minimum of the potential energy surface. 
Our theoretical results using MP2/6-31G* level of theory ap
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pear to describe the PPEF of oxetane accurately. Previous 
Hartree-Fock results with the modest basis 옹ets inadequately 
characterized the shape of PPEF to be relatively steep with 
the minimum at 0°. This 옪tudy demonstrates that the inclu
sion of electron correlation effect is important to describe 
the exact nature of potential energy surface of oxetane deri
vatives, especially the PPEF.
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MP2/6-31G* calculated frequencies (at the puckered con-

Measured
53.5

frequencies10
703.0 784.5 842 908.7

937.3 1008.3 1032.7 (839.9)° —
1137.3 1183 1230 1289.0 1343.1
1452.0 1480 1505.0 2887.1 2893.9
2979.0 2938.2 — 3006.0 —
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(988.1) (1054.0) (1082.3) (1181.4) (1183.5)
1163.5 1183.5 1227.6 1263.1 1329.1
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19. Hehre, W. J.; Radom, L.; Schleyer, P. V. R.; Pople, J. 
A. Ab Initio Molecular Orbital Theory; John Wiley & Sons: 
New York, 1986, p 272.


