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Previously published rotational frequencies of 2-, 4-, and 5-methyl oxazole and of 3- and 5-methyl 
isoxazole are reanalysed to obtain correct rotational constants (A constants in the first place) on the 
basis of hypothetically unsplit rotational centre frequencies. With these, r0-structural parameters of 
the respective methyl group could be determined, thus allowing us to consider the influence of methyl 
substitution on the N-quadrupole coupling tensor and the structural relevance of the internal 
rotor angle given by torsional analysis. 

14N nuclear quadrupole hfs and IAM methyl torsional analyses were redone with the correct 
rotational constants. 

Introduction 

The frequency componen t s of 1 4 N - q u a d r u p o l e hy-
perfine s t ructure (hfs) and methyl- tors ional fine struc-
ture (fs) in the ro ta t ional (microwave) spectra had al-
ready been measured in Bangor with convent ional 
Stark spectroscopy and in Kiel with microwave 
Fourier t ransform ( M W F T ) technique. The results 
and experimental details concerning the synthesis 
or procurement of substances, the assignment of fs-
and hfs-components , and experimental spectroscopic 
parameters were published in [1] (monomethyl oxa-
zoles) and [2] (monomethyl isoxazoles). 

So we have very precise frequency da t a for five 
monomethyl derivatives originat ing f rom systemati-
cally subst i tut ing on the basic s t ructures (parent 
molecules) oxazole and isoxazole. Possible conclu-
sions d rawn f rom analysis thus gain in generality and 
weight. Two interesting quest ions arising in the con-
text of hfs- and fs-analyses are whether the electronic 
environment of the 1 4 N-nucleus is noticeably modi-
fied on methyl subst i tut ion and whether the internal 
ro tor angle coming out of tors ional analysis can be 
relied on as s t ructural informat ion. These questions 
are dealt with in detail in the Discussion of this paper. 
Answers can be obta ined th rough the media t ion of 
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res t ruc tu res by an 1 4 N-quad rupo le tensor t ransfor-
mat ion into a reference system like the principal 
quadrupole tensor axes system or the principal iner-
tial axes system of the respective species to make pos-
sible a general compar ison. 

Part ial methyl res t ruc tures , connected with the r0-
structures of oxazole and isoxazole, have to be fitted 
to the rotat ional constants of the methyl derivatives 
f rom centrifugal distort ion (cd) analyses of hypothet i -
cally unsplit ro ta t ional centre frequencies. Fs- and hfs-
analyses have to be performed with these rota t ional 
constants . Dipole-forbidden transi t ions of the tor-
sional E-species must be centrifugally corrected sepa-
rately before the respective torsional splitting can be 
used for torsional analysis. As these points were not 
adhered to in [1] and [2], I had to redo the q u a n t u m 
mechanical analyses (cd, fs and hfs) and r 0-s t ructural 
fits, to resume the comprehensive discussion on this 
improved basis and to publish the results in this paper . 

Quantum Mechanical Analyses 

According to the three per turba t ions of free molec-
ular rotat ion which appear in the microwave spectra 
as cd-displacements and fs- and hfs-splittings, I evalu-
ated the measured frequency da ta with cd-, fs- and 
hfs-analyses. They could be performed one after the 
other independently f rom each other . Consider ing ex-
perimental accuracy, reciprocal interact ions of the 
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Table 1. Measured frequency components of the methyl torsional fine structure (fs) and the 14N-quadrupole hyperfine 
structure (hfs) in the rotational spectra (power spectra with a microwave pulse spectrometer) of monomethyl oxazoles and 
isoxazoles. 
In this work only the first three rotational lines are listed for each methyl compound. The complete list of measured transitions 
is deposited at the Universitätsbibliothek der Universität Kiel * under number TNA 21. The experimental data are compared 
with predictions according to hfs-, fs-, and centrifugal distortion (cd-) analyses. Frequencies, splittings, and deviations in MHz. 
The rotational level with the higher energy value is marked in the headline with single primes. The most intense component, 
which all hfs-splittings refer to, is listed first for each rotational transition. 

torsional (fs) symmetry species, E # dipole-forbidden E-species line; 
measured frequency component; 
measured torsional splitting referring to the A-species calculated by averaging the torsional splittings of all 
hfs-components for the respective rotational transition; single standard deviations in kHz in parentheses; 
hypothetically unsplit rotational centre frequency (hfs and fs eliminated); 
deviations of predictions from experimental frequencies or splittings; 
not used for 14N-quadrupole hfs-analysis; 
not used for methyl torsional analysis; 
not used for centrifugal distortion analysis because of a Student's f-test; 
frequency component not measured; 
frequency components overlaid (not separately resolved). 

Table 1.1. 2-Methyl Oxazole. 

J' K'_ K'+ - J" K"+ F'-F" r v exp hfs <5fs <scd 

1 1 0 - 1 0 1 2-2 A 6 444.144 15.248 (32) -0 .158 6 430.743 -0 .062 
* E 6 459.410 

1 - 1 A 6 444.344 -0 .030 
E nm 

2 - 1 A 6 443.685 -0 .005 
E 6 458.974 

1 - 2 A 6 444.774 0.004 
E 6 459.980 

0 - 1 A 6 442.729 0.000 
E 6 457.959 

1 1 1 - 0 0 0 2 - 1 A 11 812.592 -55.659 (56) 0.028 11 798.880 0.059 
E 11 756.941 

1 - 1 A 11 811.491 0.003 
E 11 755.896 

0 - 1 A 11 814.240 -0 .001 
E 11 758.509 

2 0 2 - 1 1 1 3 - 2 A 7 256.447 55.173 (49) -0 .090 7 269.896 -0 .014 
E 7 311.617 

55.173 (49) 

2 - 1 A 7 257.872 0.005 
E 7 312.985 

1 - 0 A 7 254.618 -0 .002 
E 7 309.867 

2 - 2 A nm 
E 7 311.921 

1 - 1 A 7 257.363 -0 .002 
E 7 312.522 

Table 1.2. 4-Methyl Oxazole. 

J' K'_ K'+ - J" K"_ K"+ F'-F" F V exp ^hfs A vae <5fs 
vo <5cd 

1 1 1 - 0 0 0 2 - 1 A 11 837.160 -2 .540 (4) -0 .005 11 835.607 -0 .017 
E 11 834.625 

-2 .540 (4) 

1 - 1 A 11 836.266 -0 .002 
E 11 833.726 

0 - 1 A 11 838.516 -0 .011 
E 11 835.971 

2 1 2 - 1 0 1 3 - 2 A 17 026.657 -2 .251 (3) -0 .008 17 025.053 -0 .009 
E 17 024.405 

-2 .251 (3) 

2 - 1 A 17 025.710 0.001 
E 17 023.460 

1 - 1 A 17 026.868 -0 .007 
E 17 024.621 

1 - 0 A 17 027.378 0.000 
E 17 025.122 

2 2 0 - 1 1 1 A 31 362.06 8.04 - 0 . 6 6 31 357.871 -0 .079 
* . * * E 31 370.10 

T: 
v : exp 

<5fs, <5c 
* * . 

* * * . 

nm: 
l . 
/ • 

* Westring 400, D-2300 Kiel 1, FRG. 



Table 1.3. 5-Methyl Oxazole. 

J' K'_ K'+ - J" K"_ K"+ F'-F" r v exp <5hfs A ̂ AE <5fs v0 <5cd 

2 0 2 - 1 0 1 3 - 2 A 12 303.308 — 0.024 0.000 12 303.232 -0 .083 
*. * * E 12 303.284 

2 1 1 - 1 1 0 3 - 2 A 13 365.081 — 0.098 (7) -0 .002 13 364.974 -0 .081 
E 13 364.980 

— 0.098 (7) 

2 - 1 A 13 364.428 -0 .007 
E 13 364.323 

1 - 0 A 13 366.133 -0 .001 
E 13 366.045 

2 1 2 - 1 1 1 3 - 2 A 11 460.138 0.102(1) -0 .008 11 459.980 -0 .089 
E 11 460.239 

0.102(1) 

2 - 1 A 11 459.424 -0 .002 
E 11 459.526 

Table 1.4. 3-Methyl Isoxazole. 

J' K'_ K'+ - J" K"_ K"+ F'-F" r V exp ^hfs ^VAE <5fS 
vo <5cd 

1 1 1 - 0 0 0 2 - 1 A 11 735.149 -10.835 (9) -0 .024 11 730.494 -0 .005 
E 11 724.319 

-10.835 (9) 

1 - 1 A 11 733.622 0.002 
E 11 722.794 

0 - 1 A 11 737.434 0.002 
E 11 726.587 

2 1 2 - 1 0 1 3 - 2 A 16 895.288 - 8.006 (4) -0 .030 16 890.648 -0 .010 
E 16 887.284 

- 8.006 (4) 

2 - 1 A 16 893.770 0.001 
E 16 885.767 

1 - 0 A 16 897.672 -0 .002 
E 16 889.666 

2 - 2 A 16 895.410 -0 .010 
E 16 887.408 

1 - 1 A 16 893.597 -0 .001 
E 16 885.583 

2 2 0 - 2 1 1 3 - 3 A 17 025.266 61.481 (26) 0.004 17 011.466 0.027 
E 17 086.764 

61.481 (26) 

2 - 2 A 17 022.015 0.002 
E 17 083.471 

1 - 1 A 17 027.074 -0 .003 
E 17 088.588 

2 - 3 A 17 023.656 -0 .005 
E 17 085.112 

Table 1.5. 5-Methyl Isoxazole. 

J' K'_ K\ - J" K"_ K"+ F-F" F v exp ^hfs ^^AE <5fS 
v0 <5cd 

1 1 1 - 0 0 0 2 - 1 A 11 851.768 — 37.644 (7) -0 .073 11 841.322 -0 .018 
E 11 814.118 

— 37.644 (7) 

1 - 1 A 11 850.701 0.001 
E 11 813.064 

0 - 1 A 11 853.387 -0 .020 
E nm 

2 1 2 - 1 0 1 3 - 2 A 17 072.236 -22.941 (6) -0 .095 17 061.800 -0 .029 
E 17 049.298 

-22.941 (6) 

2 - 1 A 17 071.180 -0 .006 
E 17 048.246 

1 - 0 A 17 073.880 -0 .001 
E 17 050.940 

1 - 1 A 17 071.091 0.002 
E 17 048.141 

2 2 0 - 2 1 1 3 - 3 A 17 155.377 188.538 (62) -0 .338 17 124.525 -0 .083 
E 17 343.899 

188.538 (62) 

2 - 2 A 17 153.139 -0 .004 
E 17 341.634 

1 - 1 A 17 156.612 0.010 
E 17 345.256 

3 - 2 \ A 17 154.271 0.006 
2 - 3 / E 17 342.762 
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three per tu rba t ions can be neglected. A negligibly 
small interact ion between e.g. methyl torsion and 
1 4 N-quadrupo le coupling can be inferred f rom the 
small s t andard deviations ( 8 - 1 7 kHz) of the hfs-anal-
yses presented in Table 3 and from the just as small 
s tandard deviat ions of the torsional splittings AVAE in 
Table 1. Hfs-multiplets need not to be frequency cor-
rected, because, compared to a mean full line width of 
50 kHz, the mean hfs-splitting of 600 kHz is so wide 
that neighbour ing line profiles very seldom overlap 
and the quadrupo le coupling constants are hardly in-
fluenced. 

Table 1 conta ins the experimental frequency com-
ponents v e x p , the torsional splittings AVAE, the hypo-
the t i ca l^ unsplit centre frequencies v0 and deviations 
<5hfs, <5fs and <5cd of the experimental da ta with respect 
to prospective calculations with the final results of 
hfs-, fs-, and cd-analyses. In Table 1 only the first three 
rota t ional lines are listed for each methyl compound . 
Frequencies measured in Bangor with conventional 
microwave spectroscopy (to be identified in Table 1 by 
their two digits' precision after the decimal point) 
have only been employed for cd-analysis. Spectros-
copy in Bangor with unstabilized microwave radia-
tion sources lead to full line widths at half height 
( F W H H ) on the order of 1 M H z [3] compared with 
50 k H z with MWFT-spec t roscopy in Kiel. 1 4 N-hfs 
multiplets could thus not be resolved, and torsional 
splittings turned out to be systematically too nar row 
because of a part ial overlap of neighbouring line pro-
files, as may be verified considering the signs of tor-
sional splitting AVAE and deviations <Sfs in Table 1 
nearly always being the same. Fo r the three methyl 
oxazoles gathered up, the sum of all 90 Bangor devia-
tions <5fs is X<5fS = 73.28 MHz, if we take all 5 f s-entries 
coinciding in their sign with the corresponding tor-
sional splitting AVAE as positive and the other ones as 
negative values. 

Fs- and cd-analyses were alternately iterated to ar-
rive at final ro ta t ional constants for a subsequent hfs-
analysis. The results of the third cycle of i teration 
between fs- and cd-analysis are comprised in Table 2. 
Methyl internal rota t ion fs-analyses were calculated 
according to the internal axis method (IAM) with the 
computer p rogram K C 3 I A M [4], a modified and ex-
tended version of Woods' p rogram ([5-7]). K C 3 I A M 
needs absolute torsional A- and E-species line fre-
quencies as input. Hypothetically unsplit A-species 
centre frequencies were obtained by applying pros-
pected hfs-displacements to measured A-species hfs-

components . The torsional splitting A\'AE of a rota-
t ional line is the ar i thmet ic mean of the fs-splittings of 
all hfs -components for this transition, thus giving the 
previously ment ioned s t andard deviation in parenthe-
ses. Absolute E-species centre frequencies can easily be 
derived f rom A centre frequencies and corresponding 
AVAE splittings. Four th order cd-analyses were per-
formed according to Watson's A-reduction ([8,9]) 
with the p rogram Z F A P 4 (release 4.5 by Dr. V. Typke) 
for all available rota t ional centre frequencies v0 hypo-
thetically unsplit by methyl torsion or 1 4 N-quad ru -
pole coupling. A-constants are necessary for a cen-
trifugal correct ion of dipole-forbidden E-species lines 
with K C 3 I A M , and with 0.7 the oxazole and 
isoxazole methyl derivatives are no near prolate top 
molecules which would have suggested Watson 's S-re-
duct ion. In compar i son with results f rom a cd-analysis 
of A-species lines as shown in [1] and [2], the rota-
tional cons tants B and C did not change much for 
hypothet ical centre frequencies, in contras t to the ro-
ta t ional constant A which differs as much as 14 M H z 
(in the case of 2-methyl oxazole). Oxazole and isoxa-
zole heterocyclic rings are composed of elements from 
the first row of the periodic classification which have 
a similar a tomic mass. Because of this ra ther homoge-
neous dis tr ibut ion of masses the principal inertia axis 
a is a lmost collinear with the methyl bond axis in the 
case of the methyl derivatives, i.e., the angle (a, i) 
listed in Table 2 comes out rather small by the 
fs-analysis. That is also the reason why for all five 
monomethyl -subs t i tu ted molecules we get very simi-
lar ro ta t ional constants and centrifugal parameters as 
far as the latter ones could be determined with ade-
qua te accuracy. The momen t s of inertia I x of the 
methyl g roup coincide qui te well in a range f rom 3.19 
to 3.20 amuÄ 2 . In the f ramework of a simple rigid 
model of the methyl group, this value corresponds to 
a quite plausible C-H-dis tance of f rom 1.089 to 
1.091 Ä (108.9-109.1 pm). The model consists of three 
H-a toms with masses m H , each bonded to a C-a tom at 
a C - H - b o n d distance r with the te t rahedral angle T 
between two C - H - b o n d s , respectively. 

/ 27; n 
'"= U i\ - s i n - ^ r / . ) . (1) / 3mH(l—COST) 3 

As can be clearly seen f rom Table 2, the s tandard devi-
at ions erfs of the torsional analyses strongly depend on 
the barr ier heights V3 h indering internal rota t ion of 
the methyl group. The better experimental frequency 
accuracy of the MWFT- t echn ique of abou t 10 kHz 
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has further limited the range of applicability of Woods' 
program. Cont ra ry to [10], for reduced hindering 
potentials lower than abou t s = 30 (V3 = 1100 cal /mol 
or 4600 J/mol) one should a b a n d o n Woods ' p rog ram 
with its simplifications and approx imat ions and calcu-
late more accurately. 

1 4 N-quadrupo le hfs-analyses were carried out with 
the rotat ional constants f rom Table 2 for A-species 
hfs-multiplets only, because E-species lines a lmost 
perfectly coincide with A-lines when super imposed 
and therefore do not cont r ibute any fur ther informa-
tion (no interaction between methyl tors ion and 
1 4 N-quadrupo le coupling). According to a first order 
per turbat ion treatment, linearly combined coupling 
constants x + = X b b + Xcc and X-=Xbb~Xcc were fitted 
to experimental hfs-splittings with respect to the most 
intense hfs-component of the respective ro ta t iona l 
transition. We used the compute r p rograms H T 1 N Q , 
Q U A D , and DH14KS. The results of these analyses 
are contained in Table 3 together with some compara -
tive data for the parent molecules oxazole [11] and 
isoxazole ([12,13]) as far as they were accessible f rom 
literature. The precision and convergence of the fitting 
calculations prove a first order per turba t ion treat-
ment to be fully sufficient in our cases. An off-diagonal 
coupling element x a b can thus experimentally not be 
determined, it can only be obtained by quad rupo le 
tensor t ransformat ion (see the Discussion). 

Discussion 

For oxazole [11] and isoxazole [13] complete 1 4 N -
quadrupole coupling tensors or, equivalently, the 
principal tensor elements xxx, Xyy and thus the 
angle < (z, a) between the principal quadrupo le tensor 
axis z and the principal inertial axis a, were deter-
mined. As the off-diagonal coupling elements xab 
the monomethyl derivatives could not be fixed spec-
troscopically, I could not diagonalize the 1 4 N - q u a d r u -
pole tensors in the respective molecular principal iner-
tia axes system to make possible a direct compar i son 
of principal tensor elements, but had to resort to ten-
sor t ransformat ion methods . 

The adequate t ransformat ion angle depends on the 
principal quadrupole tensor 's ro ta t ional posi t ion rela-
tive to the molecular f ramework and on molecular 
structures. So in the beginning, I presupposed the rel-
ative tensor positions of the parent molecules also for 
the methylated species. I then tried to improve the 

r n - s t r u c t u r e s 

oxazo le 

a 

Fig. 1. restructures of the parent molecules oxazole and 
isoxazole. 
Bond angles (in degrees °) and lengths (in A) have been 
obtained by fitting 13 structural parameters, i.e. six angle and 
seven length parameters, to nine sets of rotational constants 
of the most abundant normal isotopic species and eight iso-
topically single-substituted derivatives (oxazole: [11], isoxa-
zole: [14]). Fixed bond angles in square brackets. We used a 
conversion factor of 505.3790 GHz • amuÄ2 to convert a mo-
ment of inertia into a rotational constant and vice versa. 

r e s t ruc tu res of the methyl derivatives by an ^ - s t r u c -
tural optimization of the methyl part ial structures. I 
assumed a plausible methyl configurat ion consisting 
of three H-a toms tetrahedrally bonded to a C - a t o m 
with bond distances of 1.088 Ä (108.8 pm) and con-
nected it to oxazole and isoxazole res t ruc tures . With 
the computer p rogram M W S T R the distances be-
tween both were then fitted to the rota t ional cons tants 
in Table 2. 



Tabic 2. Results from alternately iterated IAM methyl internal rotation (fs) and centrifugal distortion (cd) analyses of the microwave spectra of oxazole and 
isoxazole monomethyl derivatives. 
Single standard deviations in units of the last digit in parentheses, fixed values in brackets. 
A, ß, C: rotational constants in MHz from a cd-analysis of the centre frequencies v0 in Table 1 according to Watson's A-reduction; 
AJ, AJK, AK, 6J, SK: fourth order centrifugal parameters in kHz according to Watson's A-reduction in the representation 7r; 
Mcd: number of rotational lines used for cd-analysis; 
a c d : standard deviation of the cd-analysis in kHz; 
w, (s): first Fourier coefficient (dimensionless) when expanding the eigenvalues of Mathieu's differential equation; 
£ (a, /), < (b, /): angles between principal inertia axis a or b and internal rotation axis i in degrees (°); 

As i lies in the a, fc-plane, (a, i) and £ (b, i) are correlated: (b, i) = 90°— £ (a, i) and (c, i) = 90°. 
Ix: moment of inertia of the methyl group in amuÄ2 ; 
/ifs: number of rotational lines used for fs-analysis; 
/iAE: number of torsional splittings used for fs-analysis; 
rrfs: standard deviation of the fs-analysis in kHz; 
/l~vAH: mean experimental torsional splitting in MHz. 

Derived parameters below the broken line: 
x: Ray's asymmetry parameter (dimensionless) x = (2 B — A — C)/(A — C); 
s: reduced hindering potential (dimensionless); 
V3: barrier hindering internal rotation of the methyl group in cal/mol and J/mol; 
F: reduced rotational constant of the internal rotation in GHz; 
V3 [cal/mol] = F [GHz] • s/4.66018; 

Ah\ direction cosines of the internal rotation axis i (cosines of (a, i) and (b, /); dimensionless). 

Methyl oxazoles Methyl isoxazoles 

2- 4- 5- 3- 5-

A 9114.816 (14) 9240.8615 (82) 9303.9928 (97) 9150.4146 (64) 9231.071 (16) 
B 3716.9858 (61) 3529.6351 (29) 3579.3522 (16) 3515.6048 (25) 3559.3984 (52) 
C 2684.1301 (53) 2594.7342 (26) 2626.8481 (16) 2580.0775 (22) 2610.2362 (58) 
JJ 0.204 (36) 0.2549 (81) [0.0] 0.215 (24) 0.122 (34) 
AJK 2.04 (19) 2.044 (94) 2.191 (62) 1.36 (22) 1.42 (28) 
AK 0.36 (26) 1.194 (96) [0.0] 0.65 (24) [0.0] 
ZJ 0.114 (17) 0.0828 (52) 0.1107 (23) 0.0558 (95) 0.113 (15) 
<5* -0 .61 (34) - 0 . 1 7 (16) [0.0] 0.82 (15) [0.0] 
»cd 65 87 52 24 27 
^cd 158 104 62 22 80 
w,(s) -0 .4962 (14) • 10"2 -0.50260 (23) • 1 0 - 3 -0.29171 (84) • 10~3 -0 .16034 (19) • 10"2 -0 .37186 (91) • 10"2 

< (a, i) 5.8 (14) 4.08 (31) 5.33 (16) 4.94 (64) 7.61 (87) 
l% 3.201 (12) 3.1905 (21) 3.1840 (68) 3.1983 (47) 3.1999 (90) 
"fs 24 38 17 22 22 
"AE 24 40 17 22 22 
<Tfs 499 30 5 81 363 
^V'AE 139.743 57.562 2.038 82.463 84.847 

X -0.6787728 (25) -0.7186630 (12) -0.71469718 (76) -0.71522700 (99) -0.7132802 (23) 
s 20.022 (15) 34.0216 (30) 37.778 (20) 26.5595 (71) 21.622 (14) 
F, [cal/mol] 719.4 (34) 1227.29 (97) 1365.8 (38) 955.2 (18) 777.4 (29) 
V\ [J/mol] 3011 (14) 5137.2 (40) 5717 (16) 3998.4 (74) 3254 (12) 
F 167.51 (66) 168.18 (12) 168.55 (37) 167.68 (27) 167.63 (51) 
* (b, i) 84.2 (14) 85.92 (31) 84.67 (16) 85.06 (64) 82.39 (87) 
).a 0.9949 (28) 0.99747 (40) 0.99568 (26) 0.9963 (10) 0.9912 (21) 

0.101 (24) 0.0711 (54) 0.0929 (28) 0.086 (11) 0.132 (15) 
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Table 2.1. Correlation matrices of parameters determined with cd-analysis. 

a) methyl oxazoles 
2-methyl oxazole 4-methyl oxazole 

A 1.00 1.00 
B 0.74 1.00 0.87 1.00 
C 0.68 0.67 1.00 0.82 0.78 1.00 
Aj 0.38 0.37 0.62 1.00 0.62 0.61 0.53 1.00 
a j k 0.41 0.42 0.13 -0 .31 1.00 0.63 0.51 0.54 0.19 1.00 
* K 0.41 0.02 0.26 0.72 - 0 . 3 7 1.00 0.35 0.24 0.14 0.80 -0 .09 1.00 
Sj 0.28 0.47 -0 .09 - 0 . 3 3 0.87 -0 .36 1.00 0.57 0.54 0.37 0.28 0.90 0.13 1.00 

-0 .26 -0 .31 -0 .06 0.33 -0 .95 0.37 -0 .86 1.00 -0 .49 -0 .38 -0 .44 -0 .08 -0 .94 0.05 -0 .92 

5-methyl oxazole 

A 1.00 
B 0.29 1.00 
C 0.14 0.40 1.00 
AJK 0.83 0.18 0.08 1.00 
Sj 0.15 0.54 -0 .46 0.19 1.00 

b) methyl isoxazoles 
3-methyl isoxazole 5-methyl isoxazole 

A 1.00 1.00 
B 0.89 1.00 0.77 1.00 
C 0.64 0.66 1.00 0.70 0.64 1.00 
Aj 0.72 0.82 0.59 1.00 0.68 0.74 0.63 1.00 
AJK 0.65 0.54 0.07 0.54 1.00 0.70 0.59 0.31 0.86 1.00 
Ak 0.06 0.32 0.53 0.42 -0 .44 1.00 
Sj 0.40 0.52 -0 .05 0.39 0.72 -0 .04 1.00 0.10 0.33 -0 .44 0.29 0.54 1.00 
<5. 0.05 0.02 0.01 0.27 - 0 . 2 3 0.12 -0 .58 1.00 

Table 2.2. Correlation matrices of parameters determined with torsional analysis. 

a) methyl oxazoles b) methyl isoxazoles 

2-methyl oxazole 4-methyl oxazole 5-methyl oxazole 3-methyl isoxazole 5-methyl isoxazole 

W[ (s) 1.00 1.00 1.00 1.00 1.00 
£ (a, i) -0 .99 1.00 - 0.99 1.00 - 0.69 1.00 - 0.997 1.00 - 0.99 1.00 
Ia -0 .95 0.95 1.00 -0 .91 0.91 1.00 0.92 -0 .37 1.00 -0 .95 0.94 1.00 - 0 . 7 3 0.79 1.00 

Parent molecule r e s t ruc tu res were obtained by fit-
ting (program M W S T R ) 13 s t ructural parameters , i.e. 
seven distances and six angles, to nine sets of ro ta-
tional constants of the oxazole [11] and isoxazole [14] 
normal isotopic species and eight monosubs t i tu ted 
isotopomers, respectively, whose microwave spectra 
had originally been assigned for the purpose of rs-
structure determinat ion. It is therefore easily under-
stood that the available da ta did not suffice for a 
complete isoxazole r e s t ruc tu re fit, so that I had to fix 
the H-a tom bond angle in 5-posit ion at its res t ruc ture 
value because otherwise it would have resulted with 
great uncertainty (110(12)°). In Fig. 1 I show these 

final oxazole and isoxazole ^ - s t ruc tures in their prin-
cipal molecular inertia a, b-axes systems; the angles 
133.3° and 110.7° in the isoxazole 5-posit ion are taken 
over f rom the res t ructure [14] and were not r0-fitted. 

While optimizing the methyl partial structures, I only 
fitted the bond distance between the heterocyclic ring 
and the methyl group. The bond angle ( C H 3 , ring) 
was always held fixed. Two blocks can be discerned in 
Table 4 corresponding to two al ternate t rea tments : 
O n e time I took over < ( C H 3 , ring) as £ (H, ring) at 
the respective heterocyclic ring position, the other 
t ime I took the angle < (a, i) f rom torsional analysis 
seriously as structural information and adapted 
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Table 3. Results from 14N-quadrupole hyperfine structure (hfs) analyses of the rotational spectra of monomethyl oxazoles 
and isoxazoles. 
The hfs-analyses were performed according to first order perturbation theory using the rotational constants from Table 2. 
Nuclear quadrupole coupling constants in MHz, single standard deviations in units of the last digit in parentheses. 

linear combinations of nuclear quadrupole coupling constants 
X + ~ Xbb Xcc ' X- = Xbb~~ Xcc> 
correlation coefficient between y+ and 
number of rotational lines used for hfs-analysis; 
number of splittings used for hfs-analysis; 
mean experimental hfs-splitting in kHz; 
standard deviation of the hfs-fit in kHz. 

Derived parameters below the broken line: 
- y 

Aaa A. + 
*(z, a): 

I Xab I' X zz1 Xx 

angle between principal N-quadrupole coupling tensor axis z and principal inertia axis a in degrees (°); 
(z, a) was calculated on the assumption that under methyl substitution the principal quadrupole tensor axes 

system remains unchanged in its relation to the respective heterocyclic ring and that the methyl-ring bond 
angle is the same as that of the H-atom in the unsubstituted species; 
unsigned value of the off-diagonal coupling element and the two transformation dependent principal coupling 
tensor elements calculated from the experimentally determined coupling constants and ye

blP with the 
projection angle < (z, a). 

a) Methyl oxazoles b) Methyl isoxazoles 

Methyl oxazoles 

2- 4-

Oxazole 
[11] 

Methyl isoxazoles 

3- 5-

Isoxazole 
([12], [13]) 

Z + - 1 . 5 4 7 ( 2 1 ) - 0 . 6 8 9 ( 1 0 ) - 2 . 2 1 5 ( 1 3 ) 3 . 9 2 ( 2 ) - 5 . 4 3 2 4 ( 7 3 ) - 3 . 7 1 4 0 ( 8 9 ) - 0 . 5 2 6 ( 5 0 ) 

X- - 5 . 7 7 3 ( 2 6 ) - 5 . 2 8 7 ( 1 2 ) - 2 . 6 1 7 ( 1 0 ) - 0 . 8 4 ( 2 ) - 4 . 7 3 4 ( 1 1 ) - 3 . 3 9 3 ( 1 2 ) - 0 . 6 8 9 ( 5 0 ) 

( Z + . Z - ) - 0 . 3 8 - 0 . 2 6 0 . 0 7 - 0 . 2 6 - 0 . 1 9 

" h f s 1 6 1 5 1 9 1 0 2 2 1 9 2 

n , „ i 3 1 3 1 3 7 2 2 4 7 4 0 4 

dvhfs 6 9 5 5 9 7 3 2 8 1 2 9 0 7 9 7 6 0 4 2 4 3 

<7hfs 1 7 9 8 6 6 8 9 

taaP 1 . 5 4 7 ( 2 1 ) 0 . 6 8 9 ( 1 0 ) - 2 . 2 1 5 ( 1 3 ) - 3 . 9 2 ( 2 ) 5 . 4 3 2 4 ( 7 3 ) 3 . 7 1 4 0 ( 8 9 ) 0 . 5 2 6 ( 5 0 ) 
. .exp A-bb - 3 . 6 6 0 ( 2 4 ) - 2 . 9 8 8 ( 1 1 ) - 0 . 2 0 1 ( 1 2 ) 1 . 5 4 ( 2 ) - 5 . 0 8 3 2 ( 9 2 ) - 3 . 5 5 4 ( 1 0 ) - 0 . 6 0 9 ( 5 0 ) 

~X.cc Xyy 2 . 1 1 3 ( 2 4 ) 2 . 2 9 9 ( 1 1 ) 2 . 4 1 6 ( 1 2 ) 2 . 3 8 - 0 . 3 4 9 2 ( 9 2 ) - 0 . 1 6 1 ( 1 0 ) 0 . 0 8 3 ( 5 0 ) 
<(z,a) - 7 8 . 3 6 4 . 8 - 3 5 . 3 8 . 3 - 8 6 . 0 6 6 . 5 4 8 . 0 ( 2 0 ) 

\ Xab 1 1 . 1 2 7 2 . 2 2 2 2 . 8 6 0 0 . 8 1 0 . 7 3 9 3 . 8 9 7 5 . 4 0 

Xzz - 3 . 8 9 4 - 4 . 0 3 4 - 4 . 2 4 0 - 4 . 0 4 - 5 . 1 3 5 - 5 . 2 4 8 - 5 . 4 2 ( 7 ) 

Xxx 1 . 7 8 1 1 . 7 3 5 1 . 8 2 4 1 . 6 6 5 . 4 8 4 5 . 4 0 8 5 . 3 4 ( 7 ) 

( C H 3 , ring) correspondingly, as pointed out below. 
With the projection angles £ (z, a) resulting from the 
optimized structures of the methyl derivatives, I trans-
formed the principal oxazole [11] and isoxazole [13] 
1 4 N-quadrupo le tensor elements yzz and yxx into the 
principal inertia axes system of the respective methyl 
compound according to 

Xaa = Xzz cos2 { * (z, a)} + yxx sin2 { * (z, a)} (2 a) 
and 

ybb = xzz sin2 { * (z, a)} + yxx cos2 { * (z, a)}. (2 b) 

The experimental diagonal coupling elements and 
XllP are also given in Table 4 with their triple s tandard 
deviations for a numerical comparison with the pro-
jected values. The angle <£ (CH 3 , ring) in block 
" < (a, i)" of Table 4 was arrived at by parametrically 

varying a £ ( C H 3 , r i n g ) taken over as £ (H, ring) 
f rom the respective parent molecule as starting-point, 
until the angle between methyl-bond axis and inertial 
axis a coincided with the absolute value of < (a, i). 
Torsional analysis only gives the direction cosine of 
the internal ro tor axis and not the angle £ (a, i) with 
sign. While varying < ( C H 3 , ring), I selected the 
shortest of the two possible ways. 

The agreement of experimental and projected diag-
onal coupl ing elements yaa and ybb can best be checked 
visually in Figures 2 - 5 . Projected yaa and ybb are plot-
ted as "sine curves" dependent on the projection angle 
< (z, a) according to (2 a) and (2 b), and experimental 
ye

alP- and / ^ " -va lues are d rawn in as vertical bars with 
their triple s tandard deviations at the £ (z, a)-position 
entered in the appropr ia te quar te r of Table 4. 



X99 [MHz] 

X g g [MHz] 

Figs. 2 and 3: "oxazole-family". 
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Xgg tMHz] 

Xgg [MHz] 
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Table 4. Bond lengths between heterocyclic ring and methyl group from r0-structure fits to the experimental rotational 
constants (Table 2) of monomethyl oxazoles and isoxazoles; diagonal coupling elements xaa

 a n d Xbb from a transformation 
of the oxazole and isoxazole principal 1 4N-quadrupole coupling tensors into the principal inertia axes systems of the 
monomethyl derivatives 
Angles in degrees (°), bond lengths in Ä, nuclear quadrupole coupling constants in MHz. 
a) block " -fc (H, ring)": The bond angle -fc (CH3 , ring) between heterocyclic ring (oxazole or isoxazole) and methyl group 

is assumed to be the same as that between heterocyclic ring and H-atom in the parent molecules, 
-fc (CH 3 , r ing)= -fc (H, ring) is given according to Fig. 1 with single standard deviations in units 
of the last digit in parentheses. 

b) block " -fc (a, i)" below 
the interrupted line: The internal rotor angle -fc (a, i) from Table 2 is taken as structural information thus fixing the 

methyl-heterocyclic ring bond angle -fc (CH 3 , ring). 
Bond angles -fc (CH3 ,ring) kept fixed during res t ructure CH3-ring-bond length fits in square brackets. 

-fc (z, a): projection angle for the 1 4N-quadrupole coupling tensor transformation (z: principal quadrupole 
tensor axis, a: principal inertia axis); 
-fc (z, a) follows from either of the above assumptions under the presupposition that the quadru-
pole principal axes' relative rotational position remains uninfluenced by methyl substitution. 

Experimental and xj;£p-values from Table 3 are given just for comparison with the projected ones triple standard 
deviations corresponding to Figs. 2 - 5 in units of the last digit in parentheses. 

Methyl oxazoles Methyl isoxazoles 

2 - 4 - 5 - 3 - 5 -

fc (H, ring) 

fc (CH 3 , ring) = -fc (H, ring) 
CH3-ring 
fc (z, a) 
X,aa 
Xbb 

[ 1 1 6 . 7 ( 3 1 ) ] 

1 . 5 0 1 8 
- 7 8 . 3 

1 . 4 2 5 
- 3 . 8 0 5 

[ 1 2 8 . 9 4 ( 8 5 ) ] 
1 . 5 0 6 6 

6 4 . 8 
0 . 6 2 4 

- 3 . 0 0 4 

[ 1 1 6 . 9 ( 1 0 ) ] 

1 . 5 0 0 7 
- 3 5 . 3 

- 2 . 1 3 5 
- 0 . 2 4 5 

[ 1 1 8 . 8 ( 7 5 ) ] 

1 . 5 1 3 5 
- 8 6 . 0 

5 . 2 8 8 
- 5 . 3 6 8 

[ 1 1 6 . 0 ] 
1 . 5 0 5 2 

6 6 . 5 
3 . 6 3 3 

- 3 . 7 1 3 

fc (a, i) 
fc (CH 3 , ring) 
CH3-ring 
fc (z, a) 
Xaa 
Xbb 

[ 1 1 1 . 0 ] 

1 . 5 1 4 6 
- 8 1 . 9 

1 . 5 4 8 
- 3 . 9 2 8 

[ 1 3 7 . 9 4 ] 
1 . 5 1 7 2 

5 9 . 7 
0 . 2 0 6 

- 2 . 5 8 6 

[ 1 1 2 . 6 5 ] 

1 . 5 1 0 1 
- 3 2 . 1 

- 2 . 4 2 8 
0 . 0 4 8 

[ 1 1 0 . 4 3 ] 

1 . 5 2 7 2 
- 8 8 . 9 

5 . 3 3 6 
- 5 . 4 1 6 

[ 1 0 9 . 7 4 ] 
1 . 5 2 4 4 

7 0 . 5 
4 . 1 4 5 

- 4 . 2 2 5 

faaP 

yexp Kbb 
1 . 5 4 7 ( 6 3 ) 

- 3 . 6 6 0 ( 7 2 ) 
0 . 6 8 9 ( 3 0 ) 

- 2 . 9 8 8 ( 3 3 ) 
- 2 . 2 1 5 ( 3 9 ) 
- 0 . 2 0 1 ( 3 6 ) 

5 . 4 3 2 ( 2 2 ) 
- 5 . 0 8 3 ( 2 8 ) 

3 . 7 1 4 ( 2 7 ) 
- 3 . 5 5 4 ( 3 0 ) 

< 
Figs. 2 5. Visual comparison of experimentally determined and from oxazole and isoxazole principal quadrupole tensor 
elements transformed coupling constants yaa and xbb. 
"Sine-curve" traces: diagonal inertia axes coupling constants xaa and xbb dependent on the transformation angle -fc (z, a) 
according to 

Xaa = Xzz cos2 { * (z, a)} + Xxx sin2 { * (z, a)} and xbb = xzz sin2 {-fc (z, a)} + ixx cos2 {fc (z, a)}. 
/ , , , Xxx- principal 1 4N-quadrupole tensor elements of oxazole and isoxazole. 
Vertical bars: experimental values for the respective molecular species with triple standard deviations (horizontal error bars). 
For a numerical comparison, transformation angles -fc (z, a) and transformed coupling constants xaa

 a n d Xbb a t th e points 
where "sine curve" traces and vertical bars intersect are listed in Table 4. 

Figs. 2 and 4: transformation angle -fc (z, a) in accordance with block "-fc (H, ring)" in Table 4. 

Figs. 3 and 5: transformation angle fc (z, a) in accordance with block "fc (a, i)" in Table 4. 
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A compar ison of Fig. 2 with Fig. 3 and of Fig. 4 
with Fig. 5 clearly shows that by assuming ( C H 3 , 
ring) to be the same as £ (H, ring) in the parent 
molecules, an opt imal fit of the experimental vertical 
bars between the "sine curves" is attained. The hori-
zontal displacements of the vertical bars in Figs. 3 and 
5 are too large to be explained with a possible tilt 
angle of the methyl g roup of abou t 1 - 2 ° . O n the basis 
of these considerat ions we may now answer the two 
quest ions raised in the introduct ion. In our cases, the 
angle <£ [a, i) of Woods ' p rogram seems to be merely 
a paramete r for interpolat ing measured torsional 
splittings wi thout much structural relevance. Methyl 
subst i tut ion only slightly changes electrical field gra-
dients at the 1 4 N probe nucleus. Certain influences, 
however, are to be supposed compar ing xcc = xyy-v&\-
ues in Table 3 which should be t ransformat ion inde-
pendent . 

Finally, using the best t ransformat ion angles 
<£ (z, a) f rom the block (H, ring)" of Table 4 ,1 sup-
plemented Table 3 with off-diagonal |y a b | - and 1 4 N-
quadrupo le tensor principal i z z - and ^ - v a l u e s a s 

derived parameters according to 

\Xa 
Laa kbb • tan { 2 [ < (z, a)]} (3) 

Xzz = 

Xxx 

Xa + X.bb 
l - t a n 2 [ £ ( z , a)] 1 - c o t 2 [ £ (z, a)]' 

exp exp 
Xa + Xbb 

1 - co t 2 [£(z, a)] 1 — tan [<£ (z, a)] 

(4 a) 

(4 b) 

The sign of yab depends on how one chooses the direc-
tions of a, b-axes in a r ight-handed principal inertia 
coordinate system. 
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