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Studies on the PMR Spectra of Oxetanes
ITI. 2-Methyloxetane
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The 60 MHz PMR sub-spectral analysis of 2-methyloxetane (AjBCDEF spin system) has been
carried out approximating some weak couplings to zero. The proton chemical shifts and the proton-
proton couplings are reported. Also the proton chemical shifts of symmetrically substituted 2,2-di-
methyloxetane and 3,3-dimethyloxetane have been investigated. The anisotropy and inductive effects
of the methyl groups, together with the evidently nonplanar structure of the oxetane ring in
2-methyloxetane, affect the spectral parameters of the protons under inspection.

The proton-proton couplings of oxetane! have shift from each other. Consequently, more informa-
been evaluated from A,B, spectral analysis and tion for the spectral analysis can be obtained.

from A,B, analysis in 2,2-D,-oxetane 2. These stu- The labelling of the protons in 2-methyloxetane

dies show that the trans-couplings are weaker than is illustrated in Fig. 1. The observed spectrum and

the cis-couplings. the calculated sub-spectra are shown in Fig. 2. The
6 (D)

The analysis of the spin systems mentioned above
requires a spectrometer with very high resolution.

However, there exist difficulties in determining all .

the couplings with great accuracy. When substitut-

ing the other 2-CH, proton by some magnetically

anisotropic group, like phenyl?, methyl substituted Me

phenyl 4, or methyl group as is in this work, the 1,23 (A)

resonance frequencies of the oxetane ring protons Fig. 1. The labelling of the protons in 2-methyloxetane.
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| b) calculated CDEF part of
(c) i ) the BCDEF spin system, c)

310 270 85 75 calculated A4B part of the
B A3 A3;BCD spin system.
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STUDIES ON THE PMR SPECTRA

assignment of the spectral lines is based on the
shielding effects of the oxygen atom and the sub-
stituent in the molecule.

Experimental

2-Methyloxetane % 6, 2,2-dimethyloxetane ? and 3,3-
dimethyloxetane ® have been synthetized in the Depart-
ment of Chemistry, University of Oulu.

Solutions of 10 mole per cent in CCl; were pre-
pared. A small amount of TMS was added to serve
as an internal reference relative to which all the lines
were measured. The spectra were recorded on a Varian
A 60 (operating at 60 MHz) spectrometer three times
for each sweep direction. Calibration was carried out
by the conventional sideband technique using a Krohn-
Hite model 4100 oscillator constantly monitored by an
Advance TC 9 timer counter.

The proton chemical shifts and proton-proton cou-
plings were computed by the IBM 360/30 using the
programs ABCDEIT?® and SIX, which is a program
to compute the theoretical spectrum of a six spin sys-
tem. Both of the programs have been written in this
laboratory.

Sub-spectral Analysis of the A;BCDEF
Spin System in 2-methyloxetane

As the total number of nuclei determining the
spectrum increases, the number of transitions in-
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creases very rapidly. Consequently, the limited
memory capacity of the computer necessitates to
apply some additional methods, if possible. In the
case of 2-methyloxetane the analysis was carried
out by the sub-spectral analysis doing some approxi-
mations.

The eight protons of 2-methyloxetane form an
A3;BCDEF spin system (Fig. 1). It has been shown
that the */i.,s-couplings (Jpg and Jgp) are very
weak ones '3 4. In this work it has been supposed
that

(i) Joe=Jpr=0.
From the absorption lines of the methyl group it can
be seen that the only significant couplings from the

methyl protons are those to the B proton. Conse-
quently, it can be written to a good approximation

(ii)
Starting from the common Hamiltonian

H= 3L + z<zjfi,-f(i)-f G, @

Jac=Jap=Jag=Jar=0.

and taking into account the equalities (i) and (ii)

the Hamiltonian Hg of the A;BCDEF system is

3 =
216y I()+IsF (4)- 1(B)
§=2
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where F,(A4) = >1,(4;) and F (4) = > I (4;), and index i is always less than j, and the couplings
i=1 i=1

from all the A protons to the B proton are equal.

Equation (2) may be presented in the form
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where the first part [ ] produces the diagonal elements and the second part } { } the off-diagonal elements

of the quantum-mechanical Hamilton matrix.
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Further, on the basis of the expressions (i) and (ii), the Hamiltonians Hg and Hj can be written for
the A;BCD and BCDEF spin systems, respectively. The labelling of the protons is still the same as in Fig. 1.
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Comparing Eqgs. (3) and (4), and on the other hand Eqgs. (3) and (5) the following equations for Hg

are obtained:
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Because the sum terms in Eq. (6) do not affect
the A and B transitions it is clear that these transi-
tions are the same when calculated either from the
A3;BCDEF or the AgBCD spin systems. Naturally
the corresponding energy eigenvalues are not equal
in these systems, but differ from each other by a
constant introduced by the second term in Eq. (6).
Similarly, according to Eq. (7) the transitions aris-
ing from the C, D, E, and F protons are obtained
as well from the BCDEF as from the A;BCDEF spin
systems. In Fig. 2 the AgB part of the A;BCD spin
system and the CDEF part of the BCDEF spin sys-

tem are shown.

Table 1. Proton chemical shifts and proton-proton couplings of 2-methyloxetane in Hz.

: I+(])] +];\B[F+(A) y

I B+F _4)-1_(B)]).

Results and Discussion

In Table 1 the spectral parameters of 2-methyl-
oxetane have been collected. To gain information
on the phenomena which affect the chemical shifts
and couplings, the chemical shifts of 2,2-dimethyl-
oxetane and 3,3-dimethyloxetane have been measur-
ed and are shown in Table 2. The spectrum of 2,2-
dimethyloxetane consists of two triplets arising from
the 3- and 4-protons and a sharp methyl peak and
the one of 3,3-dimethyloxtane of two sharp peaks,
one arising from the 2,4-protons and the other from
the methyl protons.

Chemical shifts are relative to TMS.

v =290.79 rec =134.22
Jgc=  6.86 Jpp= 7.43
Jep=—10.77 JcE= 8.93
JpE= 5.61 Jor= 8.30
JEF=—5.79
vy = 81.00

Jap= 6.20

(JBE=
Jor=

rp=158.10 vE=262.08 rF=269.66
0.15) (Jpr=—0.23)
7.77




STUDIES ON THE PMR SPECTRA

139

Table 2. Proton chemical shifts (in Hz relative to TMS) of oxetane, 2,2-D,-oxetane, and methyl substituted oxetanes.

V2,4-CHz Y3-CHz YCHs

Oxetane 20 (neat) 277.8 157.8
2,2-D,-oxetane 2 (neat) 278.4 157.8
2-Methyloxetane (in CCly) B 290.79 C 134.22 81.00

E 262.08 D 158.10

F 269.66
2,2-Dimethyloxetane (in CCly) 259.5%0.2 140.6 £ 0.2 81.4%0.2
3,3-Dimethyloxetane (in CCl,) 253.7+0.2 — 76.5%0.2

When studying symmetrically substituted 2,2-di-
methyloxetane and 3,3-dimethyloxetane it can be
found that in these compounds the methyl groups
have caused shifts in the resonance frequencies of
the 3- and 4-protons and the 2,4-protons, respec-
tively, to the higher applied field compared to the
corresponding chemical shifts in trimethylene oxide
and 2,2-D,-oxetane. In 2-methyloxetane shifts to the
higher as well as to the lover applied field have been
observed. There are only a few papers published
which concern the PMR spectra of substituted oxe-
tanes. However, it can be noted that YATES and
SzaBO 1° have reported shifts to the same direction
for the protons Hy, Hg, and Hx in 3-substituted-
oxetan-3-ols (soluted in dimethylsulphoxide) as in
this work for the protons E, F, and B in 2-methyl-
oxetane. In both cases the protons are in the same
position to the methyl group.

Using the Eq. (9) of APSIMON et al. ! for the
screening effect of a freely rotating methyl group
and the molecular dimensions of CHAN et al.!?
shifts to the higher applied field were computed for
all the protons in question in all three molecules.
However, the change in the anisotropy of the C—H
bond, due to the CHj-substitution, was neglected
and the rings were supposed to be of the same shape
as in trimethylene oxide.

It is commonly accepted that the methyl groups
are electron donors!3. This has been found to be
true in the case where the methyl group is attached
to carbon atoms of sp or sp?> hybridization. How-

10 P.YATEs and A.G.SzABo, Tetrahedron Letters 485 [1965].

1 J. W. ArSimoN, W. G. CraiG, P. V. DEmarco, D. W.
MATHIESON, L. SAUNDERS, and W. B. WHALLEY, Tetra-
hedron 23, 2339 [1967].

12 S, 1. CHAN, J. ZINN, and W. D. GwinN, J. Chem. Phys. 34,
1319 [1961].

13 J, MARCH, Advanced Organic Chemistry: Reactions, Me-
chanisms, and Structure, McGraw-Hill Book Comp., New
York 1968, p. 20.

14 R. C. ForT, Jr. and P. SCHLEYER, J. Amer. Chem. Soc. 86,
4194 [1964].

ever, there are evidences that for sp® hybridized
carbon atom the situation is no more the same 14 15,
but the methyl group may not affect at all the degree
of hybridization or it may be even an electron with-
drawing group 4.

The inductive effect of the methyl group is main-
ly affecting the proton B in 2-methyloxetane, where-
as this effect is small on the 3-carbon and practi-
cally zero on the 4-carbon, as will be discussed later
in this paper. However, in 2,2-dimethyloxetane the
change in the chemical shift (relative to unsubsti-
tuted oxetane) of the 4-protons is greater than the
one of the 3-protons. Accordingly, in 3,3-dimethyl-
oxetane the resonance of the 2,4-protons has shifted
about 6.9 Hz more to the higher applied field than
the resonance of the 3-protons in 2,2-dimethyloxe-
tane though the situation is geometrically quite sym-
metric. Taking into account the facts mentioned
above it may be concluded that the changes pos-
sibly arise from the structural distortions (enhanced
rhomboid) in the ring structure due to the CH,
substitutions.

The ring-puckering vibration in trimethylene
oxide has been investigated in several far-infrared
and microwave works 1216719 CHAN et al. '8 found
that in this case the ring-puckering mode vould have
a rather large amplitude; of the order of 0.06 A
for the ground vibrational state. This corresponds
to the dihedral angle of 14° between the C —C —C
and C— 0O —C planes. However, the oxetane ring
is planar so that at any instant the displacements

15 H. D. HorTz and L. M. StocCK, J. Amer. Chem. Soc. 87,
2404 [1965].

186 A DANTI, W. J. LAFFERTY, and R. C.Lorp, J. Chem. Phys.
33, 294 [1960].

17 S, 1. CHAN, J. ZINN, and W. D. GwinN, J. Chem. Phys. 33,
295 [1960].

18 S 1. CHAN, J. ZINN, J. FERNANDEZ, and W. D. GwINN, J.
Chem. Phys. 33, 1643 [1960].

19 S 1. CHAN, T. R. BOorRGERs, J. W. RusseLr, H. L. STRAUSS,
and W. D. GwiNN, J. Chem. Phys. 44,1103 [1966].
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of the oxygen atom and all the three carbon atoms
from this plane are symmetrical 1. A double mini-
mum ring-puckering potential function with low
energy barrier (about 15 cm™!) has also been de-
duced for oxetane 17719,

This planar structure of the oxetane ring means
that the oxygen atom is symmetrically located to
the geminal protons and, consequently, no differen-
ces in the shieldings of the geminal protons may ap-
pear. However, in 2-methyloxetane the CHj-substi-
tution may lead to a nonplanar structure of the ring.
Therefore the geminal protons may be differently
shielded by oxygen, and the differences between the
chemical shifts can further be explained. An addi-
tional reason to the changes might be the enhanced
rhomboid structure of the ring when one or two
protons have been substituted by methyl groups.

The proton-proton couplings have been determin-
ed for 2-methyloxetane only (Table 1). As it can
be found, the cis-couplings are stronger than the
trans-couplings and the geminal couplings have an
opposite sign to the vicinal couplings.

The geminal couplings 2/yy have been found to
depend on the s-character of the carbon atom and to
increase algebraically with the increase of the s-
character of the carbon atom 2. Using the /oy val-
ues of LIPPERT and BRIGGE 2! for trimethylene oxide
and the equation 22

Jen =500 ak (8)

the approximate s-character aj; for the 2,4-carbons
is 0.296 and for the 3-carbon 0.275. The magni-
tudes of these values are in harmony with the values

20 A. A. BOTHNER-BY, in: Advances in Magnetic Resonance,
edited by J. S. WAuGH, Academic Press, New York 1965,
p. 195.

21 E. LiererT and H. PrRIGGE, Ber. Bunsenges. Phys. Chem.
415 [1963].

22 H. S. Gurowsky and C. Juan, Disc. Faraday Soc. 34, 52
[1962].
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of Jy4=—6.02£0.23 Hz and J33= —11.15%£0.25
Hz found for the geminal couplings in 2,2-D,-oxe-
tane 2. In 2-methyloxetane the corresponding cou-
plings are —5.79 Hz and —10.77 Hz (£ 0.1 Hz in
each case). These are nearly equal to the values of
2,2-Dy-oxetane. It could be concluded that the me-
thyl group affects only slightly the s-character of the
3-carbon and not at all the s-character of the 4-car-
bon. In all the substituted oxetanes Jgp (in this
work, Jy5 in the others) is practically independent
on the electronegativity of the substituent, but Jcp
(Jo3 in the other works) varies in the range from
—11.15 to —10.42 Hz27%. This may indicate small
changes in the dihedral angles, but as it was dis-
cussed in the previous chapters, also the puckered
conformation of the ring is one possibility.

A noteworthy observation in this work, and in
the others3 4, is the constancy of the mean values
of the trans-couplings, 6.69 Hz, and cis-couplings,
8.61 Hz. Also the cis to trans ratios have been
calculated; Jpp : Jpc=1.08, Jecg :Jop=1,15, and
Jpr : Jpg=1.48. According to the cos®* @ relation-
ship of KARPLUS ?? these may be interpreted by the
changes of the dihedral angles *.
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