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The m icrowave spectrum  of 4-m ethylthiazole has been investigated in the frequency region from 
8 to  36 G H z, em ploying both Fourier transform  and Stark spectroscopy. The results of 14N q u ad ru ­
pole hyperfine structure, methyl internal ro tation  and fourth order centrifugal d istortion  analyses are 
given. The dipole m om ent com ponents could be determ ined from the Stark splittings of some 
ro tational lines.

Introduction

The m icrowave spectra o f the m onom ethyl deriva­
tives o f the arom atic heterocycles furan [1, 2, 3] and 
thiophen [4, 5] have been investigated som e years ago. 
C om parison o f the potential barrier hindering methyl 
internal rotation show s a reduction up to 50% with 
substituting oxygen by sulphur in the ring. Recently 
the studies on the heterocyclic com pounds 2-, 4- and
5-m ethyloxazole [6] and 3-, 4- and 5-m ethylisoxazole 
[7, 8] with tw o heteroatom s were com pleted. These 
studies shall be extended to the sulphur hom ologue  
com pounds to find out a characteristic trend of the 
potential barrier with substituting oxygen as a hetero­
atom  out o f the first row o f the periodic system by the 
next elem ent in the colum n.

Experimental

The sam ple was obtained from Aldrich-Chemie, 
Steinheim /A lbuch, G erm any and used w ithout further 
purification.

The narrow splitting o f the rotational lines due to 
14N quadrupole coupling m ade it necassary to use the 
high resolution capability of m icrowave Fourier 
transform (M W FT ) spectroscopy. M W FT spectrom e­
ters were used in Ku- [9] and K-band [10] (8 -2 6  GHz) 
at sam ple pressures below  2 mTorr and at tempera­
tures o f about — 60 °C.
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To check the assignm ent of lines we used both a 
M W F T  double resonance bridge spectrom eter [11] as 
well as a conventional double resonance spectrom eter 
with pump m odulation and phase sensitive detection  
[12].

The Stark effect m easurem ents for determ ination of 
the dipole m om ent com ponents were performed with 
a conventional 100 kH z m odulated Stark spectrom e­
ter in the frequency region from about 18 to 36 G H z.

Analysis

To facilitate the assignm ent o f the m icrowave spec­
trum estim ations o f the rotational constants were 
made. One set was obtained by taking the restructure 
of thiazole [13] as basis and substituting the hydrogen  
atom  in the 4-position  by a m ethyl-group with an 
assum ed structure (C —C distance 1.52 A, C —H dis­
tance 1.1 A, C - C - H  angle 110.0°, C - C - C H 3 
— angle =  C —C —H — angle in thiazole). The other 
set was derived from the optim ized geom etry calcu­
lated by the sem i-em pirical M N D O -m eth od  [14]. The 
assignm ent on the basis of these constants was con ­
firmed by m eans o f double resonance spectroscopy. 
An exam ple o f the verifications of the assignm ent 
using a special pulse sequence technique [15] is shown  
in Figure 1.

The effects of methyl internal rotation, 14N  quadru­
pole coupling and centrifugal distortion were treated 
as independent contributions to the rigid rotor H am il­
tonian. Since the hyperfine structure (hfs) due to 14N  
quadrupole coupling of the torsional A- and E-species
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Fig. 1. FT  spectra of the ro ta tional transition  J' {K'_ , K'+) 
— J" (K"_ K"+) =  12(3, 9 ) -  12(2, 10) with 14N -N Q H F S  and 
internal ro tation  A-E-splitting. a) no pum p radiation, 
conventional M W FT -spectrum  with polarizing signal 
rad ia tion  at 20 217.940 M Hz. b) with pum p rad iation  at 
10 324.400 M Hz, near resonant with A-species of transition 
J ' ( K ' _ , K ' +) - J " ( K ' : , K ' ; )  =  1 2 ( 3 ,9 ) -  12(3,10). c) with 
pum p radiation  at 10 332.650 M Hz, near resonan t with 
E-species of the above transition. The resonance frequencies 
for the na-type  pum p transition were approxim ated  from the 
m olecular constants and not m easured directly.

do not differ significantly the 14N -hfs analysis was 
done only for the A-species. W ith the determ ined co n ­
stants x+ and X-  derived from a first order perturba­
tion treatment hypothetical line frequencies, not af­
fected by nuclear quadrupole coupling, were 
calculated. These frequencies were used to analyze the 
torsional fine structure of the rotational lines em p loy­
ing the internal axis m ethod (IAM ) [16, 17]. The re­
sults of the IAM  analysis, i.e. the Fourier coefficient 
Wj (s), the angle between the principal inertia axis a 
and the internal rotation axis i £  a, i and the m om ent 
o f inertia of the methyl group l x, were used to ca l­
culate hypothetical unsplit line frequencies w hich only  
contain deviations from the rigid rotor behaviour due 
to centrifugal distortion. The rotational constants 
A, Ö, and C and five fourth-order centrifugal d istor­
tion constants Aj ,  AJK, AK, Sj ,  and 0K follow ed from  
an analysis according to W atson’s A reduction of 
these frequencies [18].

Because of the lim ited sensitivity o f the used Stark- 
spectrom eter the follow ing com paratively strong tran­
sitions with relatively high J-quantum  numbers were 
measured to determ ine the electric dipole m om ent 
com ponents |ia and |ib namely J {K_  , K +) =  6 (0, 6) 
- 5 ( 1 , 5 ) ,  6 (3, 4 ) - 6  (2, 5), 7 (1, 7) -  6 (0, 6) and 
8 (4, 4) — 8 (3, 5). Field strengths up to 1800 V /cm  
were applied.

Results and Discussion

4 — m ethy lth ia zo le
Q
X

Fig. 2. Alignment of the principal inertia axes a and b, the 
dipole m om ent vector and the N nuclear quadrupole  cou­
pling tensor in 4 -m eth y lth iazo le .------ principal inertia axes;
......... nuclear quadrupole  coupling tensor axes; --------most
probable alignm ent of the dipole m om ent vector.

Frequencies of som e measured lines with low  
J-quantum  numbers, including 14N -hfs and A-E in ­
ternal rotation splittings, are given in Table 1. A com ­
plete list is available under N o . TNA 11 (W. Jäger,
H. Mäder) from the U niversitätsbibliothek, U niversi­
ty o f Kiel, Westring 400, D -2300 Kiel.

The results of the hfs-analysis given in Table 2 
are in good agreement with the predicted co n ­
stants xaa =  — 0 05 M Hz, Xbb — — 2-53 M H z and  
X cc =  2.58 M Hz. These constants were obtained by 
projecting the principal axes o f the quadrupole cou ­
pling tensor as know n in the thiazole ring [13] on the 
principal inertia axes of an assum ed structure of 
4-m ethylthiazole (see Figure 2). This agreem ent leads 
to the conclusion that the electronical surrounding of 
the nitrogen atom  in thiazole is not much changed  
upon methyl substitution in 4-position.

In Table 3 the internal rotation parameters derived  
by an IAM -analysis are given. The value o f the poten-
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Table 1. M easured transitions of 4-methylthiazole. P. torsional sym m etry species; vobs; observed frequency, K u-band data  
evaluated from  line shape sim ulations [23], K -band da ta  obtained from transient emission signal analyses [24]; v£, v£: 
hypothetical centre line frequencies of A-respectively E-species calculated from m easured hfs-com ponent frequencies with 
calculated hfs-splittings; v° (calc), (calc): hypothetical centre line frequencies obtained by centrifugal d isto rtion  calculations 
respectively methyl internal ro tation  calculations. Frequencies in MHz.

V; 1 ' F - F" r v„bs Va v° (calc) v° Vp(calc)

2 (2, 0) - 2 ( 1 , 1 ) 14415.707 14415.705
3 — 3 A 14415.824
2 — 2 A 14415.301
1 - 1 A 14416.112

2 ( 2 ,1 ) - 2 ( 1 , 2 ) 16241.261 16241.259
3 — 3 A 16241.055
2 — 2 A 16241.967
1 - 1 A 16240.557

2 ( 1 ,2 ) -  1 (0, 1) 13 016.303 13 016.300 13012.639 13 012.644
3 — 2 A 13016.466
3 — 2 E 13012.812
2 — 1 A 13015.739
2 — 1 E 13012.084
1 — 0 A 13016.793
1 - 0 E 13013.110

2 ( 2 ,1 ) - 1 ( 1 , 0 ) 23 843.789 23 843.788 23 784.749 23 784.750
3 — 2 A 23 843.887
3 — 2 E 23 784.842
2 — 1 A 23 843.238
2 - 1 E 23 784.203

2 (2, 0) -  1 (1, 1) 24 529.377 24 529.367 24 570.643 24 570.654
3 — 2 A 24 529.217
3 — 2 E 24 570.506
2 — 1 A 24 530.089
2 - 1 E 24571.332

3 ( 2 ,1 ) - 3 ( 1 , 2 ) 13 739.960 13 739.960
4 — 4 A 13 740.068
3 — 3 A 13 739.625
2 - 2 A 13 740.232

3 (2, 2) - 3 ( 1 , 3 ) 17217.521 17217.520
4 — 4 A 17 217.299
3 — 3 A 17218.198
2 - 2 A 17216.977

3 ( 1 ,3 ) -  2 (0, 2) 16 526.863 16 526.863 16 523.566 16 523.564
4 — 3 A 16 527.039
4 — 3 E 16 523.752
3 — 2 A 16 526.338
3 — 2 E 16 523.038
2 — 1 A 16 527.259
2 - 1 E 16 523.954

4 (2 ,  2) - 4 ( 1 , 3 ) 13116.013 13116.015 13113.300 13113.304
5 — 5 A 13116.090
5 — 5 E 13113.375
4 — 4 A 13115.798
4 — 4 E 13 113.089
3 — 3 A 13116.166
3 - 3 E 13113.452

4 (2, 3) - 4 ( 1 , 4 ) 18 534.249 18 534.246 18519.750 18 519.754
5 — 5 A 18 534.008
5 — 5 E 18 519.508
4 — 4 A 18 534.912
4 — 4 E 18 520.421
3 — 3 A 18 533.774
3 — 3 E 18 519.269
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Table 1 (continued)

J ' ( K' _ , K' +) -  J" ( K 1,  K"+) F  -  F" r v„bs Va (ca lc) V ^ (c a lc )

4(1 ,4 ) -  3 (0, 3) 19 822.100 19 822.102 19 819.020 19819.013
5 - 4 A 19 822.276
5 - 4 E 19819.190
4 - 3 A 19 821.642
4 - 3 E 19818.563
3 - 2 A 19 822.404
3 - 2 E 19819.328

4 (0, 4) - 3 ( 1 ,3 ) 13 697.781 13 697.782 13 700.634 13 700.640
5 - 4 A 13 697.698
5 - 4 E 13 700.553
4 - 3 A 13 698.077
4 - 3 E 13 700.934
3 - 2 A 13 697.509
3 - 2 E 13 700.355

Table 2. 14N Q uadrupole  Coupling C onstan ts of 
4-M ethylthiazole. y + , / _ :  quadrupole  coupling constants 
(X+ =  Xbb +  Xcc and X - = X b b ~  Xcc) resulting from a least 
squares analysis involving all lines up to ro ta tio nal qu antum  
num ber J =  11; a: standard  deviation of the fit; A vexp: mean 
experimental hfs-splitting; standard  errors in brackets.

C orrela tion  m atrix

X + 0.3097(60) M H z 1.000
X- -  4.7672(71) M H z -0 .0 4 1  1.000
a 0.006 M H z
A Vexp 0.375 M H z

-0 .3 0 9 7 (6 0 ) M H z
Xbb -  2.2288(66) M H z
Xcc 2.5385(66) M H z

Table 3. Internal R otation Param eters of 4-M ethylthiazole. 
Wj (s): first Fourier coefficient; Ix: moment of inertia of 
the methyl group; £  (i, a): angle between the internal 
rotation axis / and the principal inertia axis a\ 
s: reduced barrier height; K3 potential coefficient; F: reduced 
ro tational constant; er: standard  deviation of the fit; A va e : 
mean experimental splitting; standard  errors in brackets. 
All m easured splittings were taken for the internal ro ta tion  
analysis.

C orrelation m atrix

w, (s) -0 .1 1 5 8 5 (3 )-10~2 1.000
K 3.1743(10) am uA 2 

6.85 (9)b
-  0.625 1.000

*  (i,a) -  0.967 0.725
s 28.5741 (14)
y3 1022.3(4) cal/mol
F 166.79(6) Ghz
o 0.012 M Hz
A VAE 14.054 M Hz

Table 4. R otational and Centrifugal D isto rtion  C onstants of 4-M ethylthiazole A , B, C: ro tational constants; Aj ,  AJK, AK, 
öj,  0K: fourth order centrifugal d istortion  constants according to W atson’s A reduction; er: standard  deviation of the fit; 
standard  errors in brackets.

C orrelation m atrix

A 7 312.4263 (6) M Hz 1.000
B 2528.4147(2) M Hz 0.663 1.000
C 1 900.6345 (2) M Hz 0.599 0.743 1.000
Aj 0.1544(16) kHz 0.686 0.581 0.753 1.000
Ajk 0.406(13) kHz 0.011 0.042 -0 .291 -0 .4 9 2 1.000
Ak 2.394(64) kHz 0.657 0.353 0.518 0.877 -0 .6 3 3 1.000
S j 0.03611(63) kHz 0.138 0.168 -0 .3 3 8 -0 .3 7 3 0.866 -0 .3 6 8 1.000
s K 0.362(20) kHz -0 .1 9 0 -0 .1 5 6 0.191 0.293 -0 .9 1 8 0.357 -0 .9 4 3  1.000
G 0.004 M Hz
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Table 5. D ipole M om ent C om ponents of 4-M ethylthiazole. 
Ha, nh \ dipole m om ent com ponents in direction of the p rin ­
cipal inertia axes a and b\ /i,„,al: to tal dipole m om ent; a\ 
standard  deviation of the fit; A vexp: mean experimental 
splitting; standard  errors in brackets.

C orrelation matrix

0.240(1) D 1.000
Hb 1.327(2) D 0.040 1.000

1.349(2) D
(7 0.080 M Hz
A Vexp 5.115 M H z

tial barrier V 3 is decreased by 16.5% compared with  
4-m ethyloxazole [6]. This agrees with the trend 
observed in the com parison of 3-methylfuran  
(V 3 =  1088 cal/m ol) [3] with 3-m ethylthiophen (V 3 =  
740 cal/m ol) [5],

It seem s that the height of the potential barrier is 
correlated with the degree of the ring aromaticity in 
the sense that increasing arom aticity results in de­
creasing barrier height. The non-local part of the ‘out- 
of-plane’ -suszeptibility of ring com pounds accessible 
by rotational Zeem an-spectroscopy can be seen as a 
m easure o f the ring arom aticity [19]. A survey of the 
corresponding datas of several 5-membered hetero­
cyclic com pounds is given in [20]. Unfortunately only 
a few m ethyl-substituted arom atic com pounds have 
been analyzed so far [21, 22],

The measured transitions are sufficient to determine 
the three rotational constants A, B and C and the 
five fourth-order centrifugal distortion constants with 
satisfactory accuracy. The parameters obtained from 
a least squares fit with use o f all measured lines are 
sum marized in Table 4.

The analysis of the Stark-effect measurements lead 
to the results given in Table 5. The determ ined dipole 
m om ent com ponents agree with those derived from 
the sem iem pirical C N D O -m eth od  as |ia =  0.3 D, 
(jfc =  1.3 D. In Fig. 2 the m ost probable alignm ent of 
the dipole m om ent vector is shown.

Further studies on the other m ethyl derivatives of 
thiazole and isothiazole are presently undertaken to 
find out the system atics of the m olecular constants, in 
particular the hindering potential, on methyl substi­
tution in the different positions in the rings. The re­
sults will be given in forthcom ing papers.

Acknowledgements

We thank Prof. Dr. H. Dreizler and the members of 
our group for help and discussions. The authors are 
indebted to Mr. L. Palm, Institut für Organische 
Chem ie der U niversität Kiel, for the semiempirical 
M N D O  com puter calculations. The com puter time 
was granted by the Rechenzentrum  der U niversität 
Kiel. We thank the D eutsche Forschungsgem einschaft 
and the F onds der C hem ie for financial supports.

[1] W. G. N orris and L. C. Krisher, J. Chem. Phys. 51, 403
(1969).

[2] U. Andresen and H. Dreizler, Z. Naturforsch. 25a, 570
(1970).

[3] T. O gata  and K. Kozima, Bull. Chem. Soc. Japan 44, 
2344 (1971).

[4] N. M. Pozdeev, L. N. G underova, and A. A. Shapkin, 
O pt. Spektrosk. 28, 254 (1970).

[5] T. O gata  and K. Kozima, J. Mol. Spectrosc. 42, 38
(1972).

[6] E. Fliege, H. Dreizler, M. Meyer, K. Iqbal, and J. Sheri­
dan, Z. N aturforsch. 41a, 623 (1986).

[7] E. Fliege, H. Dreizler, J. Sheridan, and C. T. Walls, J. 
Mol. Spectrosc. 113, 362 (1985).

[8] W. Jäger, H. Dreizler, H. M äder, J. Sheridan, and C. T. 
Walls, Z. N aturforsch. 42 a, 501 (1987).

[9] G. Bestmann, H. Dreizler, H. M äder, and U. Andresen, 
Z. N aturforsch. 35a, 392 (1980).

[10] W. Stahl, G. Bestmann, H. Dreizler, U. Andresen, and 
R. Schwarz, Rev. Sei. Instrum . 56, 1759 (1985).

[11] P. W olf and H. M äder, to be published.
[12] J. G. Baker, M odern Aspects of M icrowave Spectrosco­

py (G. W. C hantry , Ed.), C hapter 2, Academic Press, 
L ondon 1979.

[13] L. N ygaard, E. Asmussen, J. H. Hog, R. C. M aheshwari,
C. H. Nielsen, I. B. Petersen, J. R astrup-A ndersen, and
G. O. Sorensen, J. Mol. Struct. 8, 225 (1971).

[14] J. Sadlej, Sem i-Em pirical M ethods of Q uantum  Chem ­
istry, PW N -Polish Scientific Publishers, W arszawa 
1985.

[15] W. Stahl, J. G ripp, N. Heineking, and H. Dreizler, Z. 
N aturforsch. 42 a, 392 (1987).

[16] R. C. W oods, J. Mol. Spectrosc. 21, 4 (1966).
[17] R. C. W oods, J. M ol. Spectrosc. 22, 49 (1967).
[18] J. K. G. W atson, V ibrational Spectra and Structure 

(J. R. Durig, Ed.), Vol. 6, pp. 4 2 - 4 5 ,  Elsevier, New York 
1977.

[19] T. G. Schmalz, C. L. N orris, and W. H. Flygare, J. Amer. 
Chem. Soc. 95, 7961 (1973).

[20] M. Stolze, Thesis, Kiel 1984, p. 64.
[21] W. Czieslik, U. Andresen, and H. Dreizler, Z. N atur- 

forsch. 28 a, 1906 (1973).
[22] W. Czieslik, J. Wiese, and D. H. Sutter, Z. Naturforsch. 

31a, 1210 (1976).
[23] I. M erke, Diplom Thesis, Kiel 1986.
[24] J. Haekel and H. M äder, to be published.


