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CHEMISTRY OF NITROSOIMINES. IX.l) ESCA STUDY OF 3-SUBSTITUTED
2-NITROSOIMINO-2,3-DIHYDROBENZOTHIAZOLES : MESOIONIC STRUCTURE
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Core electron binding energies of 3-substituted 2-nitrosoimino-
2,3-dihydrobenzothiazoles gl) and related compounds were measured by
ESCA to show large contribution of mesoionic structures for 1 and
this was also supported by observed chemical shifts (NMR) of 3-
methyl groups of benzothiazolines.

Nitrosoimines (R1R2C=N-N=O) are thermally unstable and decompose into the
corresponding carbonyl compounds and nitrogen even at low temperatures, unless
they are stabilized by resonance and/or protected by bulky groups.z) The
stability of nitrosoimines contained in heterocycles has been attributed to the
contribution of mesoionic structure (1') as studied by UV.S)

We report here more direct evidence for the contribution of mesoionic

4)

structures as studied by ESCA and also supported by NMR.
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Core electron binding energies of 3-substituted 2-nitrosoimino-2,3-dihydro-
benzothiazoles (la and 1b) and related compounds are shown in Table 1.
Observed binding energies (eV) of 2b show two N 1s peaks due to two kinds of
nitrogen atoms: nitrogen with lower binding energy (398.6) and that with higher

binding energy (400.6). The former nitrogen (corresponding to the imino nitrogen)

should be negatively charged and the latter (corresponding to the thiazoline
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nitrogen) should be positively charged, because the neutral nitrogen (3a and 3b)
has the binding energy between the two and the thiazolium nitrogen (4) has
higher binding energy than the two.

It is therefore concluded for the title compound QL) that the imino nitrogen
[398.9 (lg), 398.8 (;E)] should be negatively charged and the thiazoline and the
nitroso nitrogens [400.8 (la), 400.8 (13)] should be positively charged. This
fact that the imino nitrogen in these conjugated systems Qk'and 2) is really
negatively charged is rather unexpected because the corresponding nitrogen of
amides or nitrosamines should be positively charged.

The oxygen atom of 1 is considerably negatively charged (ca 0.2-0.3 charge
unit) as supported by reported charge densities of oxygens of benzoquinone and
its derivatives obtained from observed binding energies.s)

These facts are depicted as mesoionic structures Q{j-ll").

Table 1 Core electron binding energies

(eV) of benzothiazolines

Compounds N 1s 0 1s C 1s

5\

/p=N-N=0 398.9 400.8 531.4 284.4

N

|
Me la (1:2)*

5\

/C=N-N=O 398.8 400.8 531.2 284.6

\ :

Ph 1b (1 2)

S\

=N-C=0 398.6 400.6 531.3 285.3

N |

| Me

Ph  2b (1:1)

395
S /Ph L5 400 95
C 399. 284. indi

W/ o 1 84.4 Binding energy (eV)
Ph 3a Fig. 1 N 1s spectrum of 1la
S\ /t'BU.

/ﬂ\ 399.4 284.7

N H

éh 3b * Values in parentheses in

Table 1 show relative

SN intensities.
\+,C-Ph 401.7 285.2
N~

| -
Me I 4



Chemistry Letters, 1975 349

The binding energies can roughly be correlated with the units of charge
obtained from the Pauling electronegativity relations.6) Thus a difference of
2.0 eV for the binding energies of two kinds of nitrogen atoms in 1 may well be
thought to correspond to a charge difference of 0.40 charge unit.

A comparable value (2.4 eV = 0.46 unit charge) for the difference of unit
charge of two nitrogens in 3-methyl-2-phenyl-1,3,4-thiadiazole-5-thiones, a
betaine, has been reported.7)

The above conclusion is supported by observed chemical shifts ( NMR
§ from TMS in CDC13) of 3-methyl group of benzothiazolines and further insight
for charge distribution of benzothiazolines can be obtained.

8) and‘gg) (8§ 2.59-2.99) are for neutral nitrogens and quite

The values for 3
constant values for E} 2) 7 and §}O) (8§ 3.30-3.50) show large contribution of
canonical structure shown as l:'. The lowest values (§ 3.90 and 3.85) for la and 2a
are reflection of further resonance contribution by nitroso and by the carbonylll)
groups as shown by’lf and 1''".

The compounds,‘é,lz, E/and 9, were obtained by reaction of l’with the

corresponding Grignard reagents.lz)
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