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The 60 MHz PMR spectra of 2-(4-iodophenyl) oxetane, 2-(4-bromophenyl) oxetane, 2-(4-fluoro- 
phenyl) oxetane, and 2-(4-chlorophenyl) oxetane have been analysed for the oxetane ring protons 
and the phenyl protons. In the three first mentioned compounds the spectra show a coupling of
0.46 — 0.63 Hz between the benzyl proton and the phenyl protons in ortho position relative to the 
oxetane ring, the other proton-proton couplings between the oxetane and phenyl parts being zero 
in the error limits.

In the oxetane part, the halogen substituent in the para position of the phenyl ring mainly 
affects the chemical shifts of the protons with a slight effect on the proton-proton couplings.

The ortho and meta couplings of the phenyl protons increase and the para  coupling decreases 
with growing electronegativity of the substituent, in the order iodine, bromine, fluorine. The 
phenyl protons in 2- (4-chlorophenyl) oxetane produce a sharp singlet, which shows that they are 
chemically equivalent. This proves that chlorine and the oxetane group affect the shieldings of the 
phenyl protons similarly, which is supported by comparing the chemical shift differences in 
2-(4-halophenyl) oxetanes to the ones in para-dihalo-substituted benzenes.

Introduction

The PMR investigations of oxetanes (trimethylene 
oxides) are relatively few. P r im a s , F r e i ,  and G ü n - 
THARD 1 and L ip p e r t  and P r i g g e  2 have reported 
the chemical shift values of oxetane protons. F e r -  
r e t t i  3, and L o z a c h  and B r a i l l o n  4 have analyz­
ed the PMR spectrum of oxetane. The values of the 
vicinal  and geminal  proton-proton couplings of 
2 ,2 -d2-oxetane have been obtained in the work of 
L u s t i g  and collaborators5. Y a te s  and S z a b o  6 
noted the values of the chemical shifts and geminal 
couplings for 3-substituted-oxetan-3-ols. S a m i to v  
and co-workers 7 have considered the configurations 
and conformations of 2 -methyloxetane, 2,3-dime- 
thyloxetane and 2-methyl-3-isobutyloxetane using 
100 MHz PMR spectra.

1 H. P r im a s ,  K. F r e i ,  and Hs. H. G ü n t h a r d ,  Helv. Chim. 
Acta 41, 35 [1958].

2 E. L ip p e r t  and H. P r i g g e ,  Ber. Bunsenges. 67, 415 [1963].
3 J. A. F e r r e t t i ,  Ph. D. Thesis, Diss. Abstr. 26, 7060 [1966].
4 R. L o z a c h  and B. B r a i l l o n ,  Bull. Soc. Chim. France 

1967, 748; J. Chim. Phys. Physicochim. Biol. 67, 340 
[1970].

5 E. L u s t i g ,  E. P. R a g e l i s ,  and N. D u y ,  Spectrochim. Acta 
23 A, 133 [1967].

6 P. Y a t e s  and A. G. S z a b o ,  Tetrahedron Lett. 1965, 485.
7 Yu. Yu. S a m i t o v ,  A. V. B o g a t s k i i ,  and G. A. F i l ip ,  D o k l.  

Akad. Nauk S S S R  192,138 [1970].
8 A. D a n t i ,  W. J. L a f f e r t y ,  and R. C. L o r d ,  J. Chem. Phys.

33, 294 [I960],

The complete analysis of the PMR spectrum of 
planar 8-12 oxetane itself is possible only with very 
high resolution. Owing to the anisotropy of the 
magnetic susceptibility and probably also to the 
structural changes of the oxetane ring, produced 
by substitution, the 2 -substituted oxetanes produce 
more numerous resolved lines than oxetane itself in 
the PMR spectra recorded with the usual resolution 
of 0.3 — 0.4 Hz, thus making a complete spectral 
analysis possible.

In the previous parts of this investigation the 
60 MHz PMR spectra of 2-phenyloxetane13, 2-(4- 
methylphenyl) -oxetane, 2 - (2 ,4-dimethylphenyl) oxe­
tane, 2-(2,4,6-trim ethylphenyl) oxetane14, and 2 - 
m ethyloxetane15 have been analyzed determining 
all the chemical shifts and proton-proton couplings

9 S. I. Ch a n , J . Z i n n , and W. D. G w in n , J. Chem . P h ys. 33, 
295 [I960].

10 S. I. Ch a n , J. Z in n , J .F e r n a n d e z , and W. D. G w in n , J. 
C hem . P h ys. 33,1643 [I960].

11 S. I. C h a n , J. Z i n n , and W. D. G w in n , J. Chem . P h ys. 34, 
1319 [1961].

12 S. I. Ch a n , T. R . B o r g e r s , J. W. R ussel l , H. L. S t r a u s s , 
and W. D. Gw in n , J. Chem. Phys. 44,1103 [1966].

13 J. J o k isa a r i, E. R a h k a m a a , and P . O. I. V ir t a n e n , S uo- 
men Kemistilehti B 43,14 [1970].

14 J. J o k isa a r i and H. R u o t s a l a in e n , Z. Naturforsch. 25 a, 
1655 [1970].

15 J. J o k is a a r i, Phil. lie. thesis, University of Oulu, Oulu 
1970.
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in the oxetane parts. The present work contains the 
analyses of the 60 MHz spectra of the oxetane and 
phenyl protons in 2 - (4-halophenyl) oxetanes.

Experimental Methods

Materials

The oxetanes were synthetized by the method of 
S e a r l e s  et al.16 starting from halobenzenes and 3- 
chloropropionyl chloride. The ketones were reduced 
with lithium aluminium hydride to alcohols, which were 
acetylated with acetyl chloride. The acetates were treat­
ed with hot alkali, giving substituted phenyloxetanes. 
All ketones and alcohols were purified by crystalliza­
tion or distillation. The acetates and oxetanes were 
purified by distillation. The boiling points (°C/mm Hg) 
and refractive indexes (nS) of the used compounds 17 
were as follows: 2-(4-iodophenyl)-oxetane (I) 115/0.15, 
1.6188; 2-(4-bromophenyl)oxetane (II) 111 — 112/0.40, 
1.5730; 2-(4-fluorophenyl) oxetane (III) 99.5 — 100/17, 
1.5088; 2-(4-chlorophenyl)oxetane (IV) 89/0.15, 1.5477.

The PMR spectra show traces of unidentified im­
purity, the resonances, however, having no disturbing 
effect on the spectral analysis. All the compounds were 
dissolved into 10 mole per cent carbon tetrachloride 
solutions, and a small amount of TMS was added for 
internal reference.

Recording of Spectra

The spectra of the four oxetane derivatives were re­
corded at room temperature on a Varian A-60 spectro­
meter four times in both sweep directions. The spectra 
were calibrated by producing the TMS sidebands with 
a Krohn-Hite 4100 push-button oscillator. The values 
of calibration frequencies were determined as averages 
of several successive readings of an Advance TC 9 fre­
quency counter.

The experimental line frequencies used for calculat­
ing the chemical shifts and couplings by iterative pro­
cess were taken as averages of six best measurements. 
The inaccuracy of the experimental line frequencies, 
caused on one hand by the inaccuracy of the frequency 
counter, and on the other by the uncertainty in the 
measurements, can be regarded as + 0 .10  Hz or better.

Computer Programs

The theoretical spectra were calculated using pro­
grams ABCDEIT18, S IX 15, and LAOCN 3 19. The 
shape of the triplet of the benzyl proton was calculated 
by the program MUOTO, which uses the Lorentzian 
line shape function and which has been written in this 
laboratory. Computations were performed on IBM 
360/30 and /50 systems.

16 S. S earles, J r ., K. A. P o l l a r t , and E. F. L u t z , J. Amer.
Chem. Soc. 79, 948 [1957],

17 P . O. I. V ir t a n e n . H. M a l o , and H. R u o t s a l a in e n , S uo-
men Kemistilehti B 43, 512 [1970].

Spectral Analysis

Owing to the chemical shift differences induced 
by the 2 -substituent, the spectrum of the oxetane 
protons, whose numbering is given in Fig. 1, can

Fig. 1. Numbering used for protons in the 
2- (4-halophenyl) oxetanes.

be treated as an ABCDE spin system. The treatment 
as a 5-spin system is possible, as the couplings of 
the protons with the substituent can be ignored. 
Then the four phenyl protons form an AA BBr sys­
tem. When a coupling between the phenyl and oxe­
tane protons exists, the above mentioned grouping 
in two separate non-interacting A A B B ' and ABCDE 
systems is not possible, and the 9-spin system can 
be analyzed by subspectral division 14.

The spectra of protons 2, 3 and 4, 5 in oxetane, 
shown in Figs. 2 and 3, were analyzed as the BCDE 
part of the ABCDE system, without using the lines 
produced by proton 1 , or the benzyl proton, in the 
iterative process, because only the triplet composed 
of three line groups was resolvable (see Fig. 4 ) .  The 
chemical shifts and couplings given by this analysis 
are collected in Table 1 . The root mean square er­
ror, which illustrates the agreement between the 
spectrum calculated with these parameters and the 
experimental spectrum, was computed by LAOCN 3 
and was 0 .049 — 0.060, with 62 — 64 lines in the 
fitting.

The phenyl proton spectra of (I) and (II) given 
in Figs. 5 and 6 , and of compound (III) presented 
in Fig. 7, were analyzed as the AA/BB/ and AA’BB’X  
parts of AA BB C and AA BB CX spin systems, re­
spectively. The lines of proton 1, corresponding to 
part C, were not included in the iterative process. 
The values of the parameters obtained from the ana­
lyses of the phenyl protons are presented in Table 2.

18 J. J o k isaari and A. S iik a l u o m a , Suomen Kemistilehti
B 43,11 [1970].

19 S. C a ste lla n o  and A. A. B o t h n e r -By , J. Chem. Phys. 41,
3863 [1964].
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Fig. 2. Observed and calculated spectra of protons 2 and 3 in 
a) iodo, b) bromo, c) chloro, and d) fluoro derivatives.

Fig. 3. Observed and calculated spectra of protons 4 and 5 i

In the iterative analyses of the phenyl protons of
(I) and (II) were included 31 and 32 assigned 
lines, and the rms errors corresponding to the best 
fittings were 0 .072 and 0 .068 . In the phenyl proton 
spectrum of (III) 56 assigned lines produced rms 
error 0.078. The good agreement between the ex­
perimental and theoretical spectra (cf. Figs. 2 , 3,
5 — 7 ) , the latter calculated with the parameters 
given in Tables 1 and 2, supports the assumption 
that the couplings with the phenyl protons other 
than /16 and /17 have only a slight effect on the 
structures of the spectra.

Thus it is possible to calculate the triplet pro­
duced by proton 1 in compounds (I) — (III) as the 
A part of an ABCDD/ spin system. The protons 1,
2 and 3 form the ABC part, and protons 6 and 7 the 
DDr part. The values of the chemical shifts and the 
couplings used in these calculations were taken from 
Tables 1 and 2. In Fig. 4 are shown the theoretical 
spectra computed with these parameters.

The respective triplet of 2- (4-chlorophenyl) oxe- 
xane (IV) was obtained using parameters in Table 1 
as the A part of an ABCD spin system, in which 
proton 5 corresponds to D. This treatment is due 
to the fact that there are no couplings between the 
phenyl and oxetane protons in compound (IV ).
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3 5 0 325 fW

Fig. 4. Triplet of benzyl proton in a) iodo, b) bromo, c) chloro, 
and d) fluoro derivatives. At the top experimental spectrum 
and at the bottom calculated line spectrum. Between them tri­
plet computed with 0.4 Hz= half-width of a single spectral 

line.

Fig. 5. Observed and calculated spectra of phenyl protons in 
2- (4-iodophenyl) oxetane. Resonances marked by arrows are 

due to impurity.

That is shown by the narrow singlet of the phenyl 
protons in position 435.66 Hz relative to TMS 
(half-width 0.4 Hz equal to the half-width of the 
TMS lin e). Another aim was to include the effect 
of the coupling /15 =  —0.16 Hz on the calculated 
spectrum. The value of 0.4 Hz was used as a half­
width of a single spectral line in calculating the 
theoretical shape of the triplet.

Table 1. Chemical shifts a and spin-spin couplings of protons in oxetane ring with their error lim its1».

Substituent X  in phenyl ring 
F  Cl Br J  H<= CH3d

n 338.12 ± 0.05 336.64 rb 0.05 336.34 rb 0.05 336.45 ± 0.05 347.61 rb 0.10 335.60 rb 0.10
V2 150.66 dr 0.02 148.67 ± 0.02 149.11 zb 0.01 149.88 rb 0.02 157.97 rb 0.05 149.97 rb 0.05
V3 174.94 rb 0.01 174.84 ± 0.01 175.91 ± 0.01 177.05 rb 0.01 178.73 rb 0.05 172.00 rb 0.05
V\ 269.85 ± 0.02 269.45 zb 0.02 269.97 zb 0.02 270.79 ± 0.01 277.40 rb 0.05 268.38 ± 0.05
V5 280.30 ± 0.02 279.85 db 0.02 280.39 ± 0.02 281.21 ± 0.02 287.36 ± 0.05 277.95 rb 0.05
J \2 7.17 zb 0.03 7.11 ± 0.03 7.10 rb 0.03 7.06 ± 0.03 7.31 dr 0.05 7.17 ± 0.05

7.80 rb 0.02 7.88 db 0.03 7.93 ± 0.02 8.01 db 0.03 7.79 rb 0.05 7.98 rb 0.05
J l 4 -0 .0 3 rb 0.02 -0 .0 4 rb 0.03 - 0  02 ± 0.02 - 0.02 ± 0.03 - 0.02 rb 0.05 -0 .0 3 rb 0.05
^15 0.06 dr 0.03 -0 .1 6 zb 0.03 -0 .0 7 ± 0.03 - 0.11 rb 0.03 -0 .0 3 ± 0.05 -0 .0 3 rb 0.05
J^3 -1 0 .8 3 ± 0.02 — 10.84 ± 0.02 — 10.82 ± 0.01 -1 0 .7 9 ± 0.02 -10 .9 1 rb 0.05 -10 .76 rb 0.05
J 24 9.13 0.02 9.11 zb 0.02 9.11 ± 0.02 9.10 ± 0.02 9.15 dr 0.05 9.12 rb 0.05
'hö 7.85 ± 0.02 7.82 zb 0.02 7.85 0.02 7.78 ± 0.02 7.74 dr 0.05 7.75 rb 0.05
•hi 5.63 ± 0.02 5.67 ± 0.02 5.70 ± 0.02 5.72 ± 0.02 5.62 ± 0.05 5.62 rb 0.05
J 35 8.05 ±0.02 8.06 zb 0.02 8.03 rb 0.02 8.04 rb 0.02 8.19 ±0.05 8.11 ± 0.05
J45 -5 .7 0 ±0.02 -5 .7 5 zb 0.02 -5 .7 5 ± 0.02 -5 .7 9 rb 0.02 -5 .7 5 rb 0.05 -5 .7 0 rb 0.05

a In Hz relative to internal TMS.
b The error limits given for parameters of halogen-substituted 2-phenyloxetanes are probable errors produced by LAOCN 3.

Estimated error limits have been used for v x as well as the parameters in the two last columns. 
c From R ef.13. d From R ef.14.
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Fig. 6 . Observed and calculated spectra of phenyl protons in 
2- (4-bromophenyl) oxetane. Resonances marked by arrows are 

due to impurity.

Fig. 7. Observed and calculated spectra of phenyl protons in 
2-(4-fluorophenyl) oxetane. Peaks marked by arrows are due 

to noise.

Discussion

Oxetane Protons

The halogen substituent affects primarily the 
couplings /12 and / 13. The former increases and the 
latter decreases with growing electronegativity of

Table 2. Proton chemical shifts a, proton-proton and proton- 
fluorine couplings in phenyl ring with their error limits b.

Substituent X  in phenyl ring 
F  Br J

V6.7 438.24 ± 0 .0 2 431.95 ± 0 .0 2 424.74 ±  0.02
v 8, 9 418.64 ± 0 .0 2 445.20 ± 0 .0 2 458.30 ± 0 .0 2
7P  ___ TP

" 6 8  -— "  79 0.30 ± 0 .0 2 0.41 ± 0 .0 3 0.42 ± 0 .0 2
^ 8 9 2.62 ± 0.02 2.03 ± 0 .0 3 1.96 ± 0 .0 4
« /« 7 2.47 ± 0 .0 2 2.32 ± 0 .0 4 2.08 ± 0 .0 4

8.48 ± 0 .0 3 8.36 ± 0 .03 8.07 ± 0 .0 3
J i 6  =  </l7 0.63 ± 0 .0 2 0.46 ± 0 .0 4 0.57 ± 0 .0 3
J  HP 8.64 ± 0 .0 3 — —
J H p 5.28 ± 0 .0 3 — —

a In Hz relative to internal TMS. 
b Probable errors given by LAOCN 3.

the substituent (see Table 1 ) . However, in 2 -phenyl- 
oxetane13 J12 is greater and /13 smaller than the 
respective couplings in 2- (4-iodophenyl) oxetane, al­
though the electronegativity of hydrogen is smaller 
than that of iodine. On the contrary, with decreas­
ing electronegativity o f the substituent, the sum of 
the trans and cis couplings /12 and / 13, increases:

Sum F Cl Br I H

/ 12+/13 14.97 14.99 15.03 15.07 15.10 Hz

The diagonal couplings /14 and 715 are nearly 
zero and their error limits are apparently greater 
than the probable errors produced by LAOCN 3 
given in Table 1, since the components of the triplet 
are not included in the iteration.

The geminal  couplings /23 and 745 are practically 
independent of the halogen substituent, and their 
magnitudes correspond to the values found for oxe­
tane 3> 4 and 2,2-d2-oxetane 5. The previous parts of 
this series have shown that the geminal  coupling 723 
in methyl-substituted 2 -phenyloxetanes 14 and in 2 - 
m ethyloxetane15 varies between —10.42 Hz and
— 10.77 Hz. Instead, the geminal  coupling /45 re­
mains, in the error limits, equal to the correspond­
ing coupling in  the halogen substituted 2 -phenyl- 
oxetanes studied in the present work. Thus the in­
ductive effect of the 2 -substituent is reduced relative 
to the distance, having no further effect on the cou­
pling between the protons 4 and 5, nor on their 
H - C - H  an g le20.

20 A. A. B o t h n e r -B y , in: Advances in Magnetic Resonance, 
Vol. 1, Ed. J. S. W a u g h , Academic Press, New York 1965, 
p. 195.
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The vicinal cis couplings (/24 and / 35) and the 
trans couplings (/25 and / 34) are practically equal 
in all the compounds presented in Table 1.

As to the chemical shifts, the most prominent 
changes appear in vt . That can be interpreted to be 
partly due to the differences of the electron density 
of the benzyl carbon between the substitutions, and 
partly to the stronger effect of the differences in the 
anisotropy of the magnetic susceptibility of the phe­
nyl ring, caused by the substitution, on the benzyl 
proton than on the other oxetane protons.

We can state that in all the 2 - (4-halophenyl) oxe­
tanes the oxetane protons resonate at a greater value 
of the applied magnetic field than the correspond­
ing protons in 2 -phenyloxetane and, excluding pro­
ton 2 , at a lower field than the corresponding pro­
tons in 2 - (4-methylphenyl) oxetane. It is probable 
that the shieldings of the protons in the oxetane 
ring in the different halogen substitutions are prin­
cipally due to the changes in the ring current, caused 
by halogens. The magnetic anisotropy of the halo­
gen substituent seems to be a minor factor 21.

Phenyl Protons

The phenyl proton couplings in Table 2 are in 
good agreement with the ranges obtained by pre­
vious investigations 20, 22-24;

J° =  6 — 8 Hz, Jm =  1 — 3 Hz and f t  <  1 Hz.

The results (cf. Table 2 ) show that the ortho and 
meta couplings between the protons in the phenyl 
ring increase and the para coupling decreases with 
the growing electronegativity of the substituent in 
the order: iodine, bromine, fluorine. The meta cou­
pling /$)>/(57 in the fluoro derivative (III) and 
/gg< /§7 in iodo and bromo derivatives (I) — (II).

C a s t e l l a n o  et al. 25' 26 have stated that in mono­
substituted benzenes and in N-substituted pyridines 
the ortho coupling of the substituent-sided protons 
and the meta coupling between them increases and 
the para coupling decreases with the growing elec­

21 More information concerning the effect of anisotropy may 
be obtained after analyzing the spectra of 2- (3,4-dichloro- 
phenyl) oxetane and 2- (2,4-dichlorophenyl) oxetane (under 
investigation in this lab.).

22 P. D i e h l ,  Helv. Chim. Acta 44, 829 [1961].
23 G. W. S m i t h ,  J. Moi. Spectrosc. 12,146 [1964].

tronegativity of the substituent. But as for the cou­
pling in the same compounds corresponding to the 
coupling J 67 in phenyloxetanes, they have found 
that it presents a less definite and more scattered 
behavior.

If the electronegativity of the oxetane group is 
assumed to correspond to that of chlorine, as the 
PMR spectrum of 2 - (4-chlorophenyl) oxetane seems 
to imply, the one of the two meta couplings Jq7 and 
/so between the protons which are on the side of the 
more electronegative para substituent is greater.

Table 3. Chemical shift differences a A ^ x = v ^ , i — of 
phenyl protons in 2-(4-halophenyl) oxetanes, and chemical 
shift differences a zl^Y between protons on the side of sub­
stituents X and Y measured by D i e h l  22 in para-dihalosubsti- 

tuted benzenes (a In ppm, b — _ /|FC1).

ZlFOx + 0 .3 3  ZlBrOx - 0 .2 2  A IOx - 0 .5 6  
J C lF b - 0 .3 2  zjBrCl - 0 .2 2  zJICI - 0 .5 3

The chemical shift equivalence of the phenyl pro­
tons in the chloro derivative proves that the effects 
of chlorine and the oxetane group on the shieldings 
of the phenyl protons are equal. This observation is 
supported by the chemical shift differences zlXOx be­
tween the halogen- and oxetane-sided phenyl pro­
tons in compounds (I) — (III). These are collected 
in Table 3. These differences are practically equal 
to the ones measured by D lE H L 22 in para-dihalo- 
substituted benzenes, in which chlorine is in the 
same position as oxetane in the compounds that 
were investigated in the present work.
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