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3-Formylquinoline-2(1H)-thione and -selone have been prepared; based on 'H, '3C and 15N NMR, UV and IR spectral studies 
the tautomeric form with a proton located at the heterocyclic nitrogen has been proved to be the most stable for the above 
aldehydes and their imines in both the solid state and in solution. 

In recent years the reactions and the tautomerism of 3-formyl- 
pyridine-2(1H)-thiones, which are important in the synthesis of 
polycyclic pyridine~,'-~ have been widely studied. By contrast, 
information on the synthesis and structure of their benzoanne- 
lated derivatives is not available. In our search for new biden- 
tate chelating ligands capable of forming fluxional metal- 
chelate complexes possessing MN,S, and MN,Se, coordination 
sites, similar to those of some metalloproteins, we developed a 
simple procedure for preparation of 3-formylquinoline-2(1H)- 
thione or -selone and the irnines derived therefrom (Scheme 1). 

Treatment of 3-formyl-2-chloroquinoline l4 with 1.5 equiv. 
of sodium hydrosulphide (hydroselenide) in ethanol solution 
gave 3-formylquinoline-2(1H)-thione 2a (yellow needles, 
m.p. > 300 "C, decomp.) and 3-formylquinoline-2(1H)-selone 
2b (reddish needles, m.p. 248-249 "C) in moderate yields. 
Unlike 3-formylpyridine-2(1H)-thiones, which afford imidodi- 
thiocine (5,11-dihydro-6,12-imino-6H-dipyrido[bJI[1,5]dithio- 
cine) derivatives on reaction with amines,$ compounds 2a and 
2b readily produce the imines 3-5 (X = S or Se) on being heated 
with equimolar amounts of alkyl- and aryl-amines in ethanol 
solution; m.p.s: 3a, 151-152; 3b, 197-198, 4a, 205-206; 5a, 
2 13-2 14; Sb, 268-269 "C. 

Since compounds 2-5 contain three basic centres, equi- 
librium between three prototropic tautomers is, in principle, 
possible (Scheme 2). 

In the case of 3-formylpyridine-2(1H)-thiones, the conclu- 
sion has been drawn, based on thorough spectral studies3 and 
semiempirical quantum mechanical  calculation^,^ that the type 
10 tautomeric form predominates in the gas phase whereas in 
solution the equilibrium is shifted towards type 9 tautomers. 
The latter form is also suggested to be energetically favoured 
for 3-formylquinoline-2(1H)-one 2 (X = 0).4 

We have found that the type 9 tautomeric form is strongly 
energetically preferred in solution (solvents with polarity from 
CDCI, to Me,SO) for all compounds 2-5 studied. S- 
Methylation of 2a with methyl iodide7 gave the sulphide 7 
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(colourless needles, m.p. 103-104 "C), which models the tauto- 
meric form 10. The UV spectrum of 7 (A,,, 370 nm, E 1700) is 
quite different from those of 2a (A,,, 442 nm, E 3200) and 2b 
(A,,, 468 nm, E 3900) in Me,SO. This comparison indicates the 
insignificance of type 10 tautomers. The 'H NMR spectra of 2a 
and 2b in (CD,),SO solution show slightly broadened singlet 
peaks due to the NH protons at 6 13.8 and 14.4, positions 
characteristic of relatively strong intramolecular NH . . . S 
hydrogen bonds.' The carbaldehyde methine protons are seen 
as sharp singlet peaks at 6 10.7 (2a) and 10.8 (2b). Such a 
spectral pattern is clear evidence for the preference of the type 9 
(Y = S,Se) tautomeric form of compounds 2a and 2b. No 
one-bond I5N-H coupling was observed in the 'H NMR 
spectrum of the I5N=CH labelled imine 3a which is consistent 
with the assignment of its stable tautomeric form to a structure 
of type 9. An additional splitting of the azomethine proton 
signal is caused by its two-bond coupling to I5N ('JNH 3.6 Hz). 

The absence of the CH-NH spin-spin coupling in the 'H 
NMR spectra of the imines 3-5a, b can also be tentatively 
rationalized as the consequence of fast proton exchange pro- 
cesses involving intermolecular hydrogen NH . . . S (Se) bonds 
possible in the Z (relating to the exocyclic C-H bond) 
diastereoisomeric form of type 11 tautomers; see ref. 9 for an 
analogous example. However, conclusive evidence against such 
a possibility is afforded by the magnitude of the I5N chemical 
shift ( - 50.0 ppm relative to CD,NO, as reference in CDCI, 
solution) of the azomethine nitrogen of 3a, which is character- 
istic of a double bonded sp2 nitrogen centre.'' 

A comparison of I3C NMR and UV spectra of 3-5a with 
those of compounds 6 (yellow plates, m.p. 286287 "C) and 8 
(colourless plates, m.p. 66-67 "C) which structurally model the 
tautomeric forms 11 and 10 respectively lends additional 
support to the conclusion on the predominance of the tauto- 
mers 9 in the equilibria depicted in Scheme 2. In the I3C NMR 
spectrum of 3a in CDCI, solution, the C(S) signal (6 180.3) is 
shifted more than 20 ppm downfield with regard to that of 8 
(8 159.0) which clearly indicates that the CS bond has double 
bond character in the former compound. There is no close 

Table I Relative heats of atomization (AAHJkcal mol-I) of the 
tautomers involved in the 9+ 1 0 s  11 (Y = NH) equilibria" 

9 10 11 

X = O  X = S  X = O  X = S  X = O  X = S  

Gas phase 8 0 0 14 16 11 
Me2SOb 2 0 0 15 8 10 

" PPP SCF MO method with ground state parametrization as in ref. 11. 
1 cal = 4.184 J. To account for the solvent effect the continual 
modelI4 was used. 
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resemblance in the shape of the UV spectral curves and the long 
wavelength band positions for 3a (A,,, 416 nm, E 7100), 6 (A,,, 
405 nm, E 4100) and 8 (A,,, 354 nm, E 3800) in ethanol solution. 
Therefore the stable tautomer of 3a may not be assigned to the 
structural types of 10 or 11. 

This conclusion is in good agreement with the results of 
PPP SCF MO calculations on the relative stability of the 
tautomeric forms 9, 10 and 11. Dewar's ground state m-para- 
metrization" was employed which was earlier found to repro- 
duce well the experimental data on the benzenoid-quinonoid 
tautomeric equilibria of hydroxy and mercapto aromatic and 
heterocyclic i rn ine~. '~ . '~  As seen from the data in Table 1, the 
tautomeric form 9 (X = S) is predicted to be the most stable 
both in the gas phase and in solution, though in polar sol- 
vents the energy gap between the tautomers 9 and 10 is 
expected to narrow. Substitution of sulphur in compounds of 
type 3-5 (X = S) for oxygen results, according to the calcula- 
tions, in a significant stabilization of the hydroxy-imine taut- 
omeric form 10. 

The compounds 3-5a, b readily form bis-chelate metal 
complexes in reactions with metal acetates in ethanol solu- 
tion. The fluxional behaviour of the Zn" complex 12 caused 
by the low energy barrier to inversion of the tetrahedral 
configuration at the metal centre has been shown by the 
diastereotopic averaging of the methyl groups in the pro- 
chiral isopropyl substituent, AG368 = 13.6 kcal mol-' (solvent 
CDCI,). 
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