
Ta,dd,,m Vd. 37. No. 15. pp MY 10 2674. 1981 
Fded in Great B&am. 

PYRIDINETHIONES-V 

SPECTROSCOPIC INVESTIGATION AND 
ELECTRONIC STRUCTURE OF 3-FORMYL-2(W)-PYRIDONES, 

-THIONES AND -SELONES 

C. DREIER,* J. BECHER and E. G. FRANDSEN 

Department of Chemistry, Odense University, Campusvej 55, DK-5230 Odense M, Denmark 

and 

L. HENRIKSEN 

Department of General and Organic Chemistry, The H.C. 0rsted Institute, University of Copenhagen, 
Universitetsparken 5, DK-2100 Copenhagen 0, Denmark 

A&wet-The 3-formyl-2(lB)-pyridone, -thione and -selone systems have been investigated by UV photoelectron, 
UV-visible. ‘H and 13C NMR spectroscopy. It is demonstrated that the electronic build-up of these systems as 
derived from the spectroscopic data may be correlated with their chemical behaviour through application of the 
perturbation model for chemical reactivity. 

In a series of papers we have described the chemistry of 
l-substituted 3-formyl-2( I&pyridones, -thiones and - 
selones.’ The present contribution contains an in- 
vestigation of the structures of these compounds by 
means of ultraviolet photoelectron, UV-visible, ‘H and 
13C NMR and IR spectroscopy. 

Helium I photoelectron spectra 
As an approach to a correlation between (i) the chem- 

ical and spectroscopic properties and (ii) the electronic 
build-up of the 3-formyl-(2&-2-pyridones (l), -Zpyri- 
dinthiones (2) and -2-pyridinselones (3) we have recorded 
the He(I) photoelectron (PE) spectra of l-3b and c. The 
PE spectra of l-L% (7-14 eV) are shown as Figs. l-3. The 
measured ionization energies (IE’s) below cu. l2eV are 
given in Scheme I together with literature* data on 
N-methyl-(2H)-2-pyridone (4b) and N-methyl-(ZH)-2- 
pyridinethione (Sb) as well as measured IE’s for N-methyl- 
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Fig. 1. Photoelectron spectrum of N-methyl-3-formyL?flH)_ 
pyridone (tb). 

(ZH)-2-pyridine selone (6b). The scheme presents our 
tentativeassignmentof the energylevels,divided into A’(o) 
and A”(r) species according to the C. symmetry of l-6. A’ 
species are further denoted by the atom of their expected 
highest density. 

The spectra of 2 and 3 are qualitatively very similar, 
each showing three separate bands in the low-IE region. 
The intensities of these after correction for the variation 
in spectrometer resolution (I = I,JEki.)’ have a ratio 
close to 2:1:2 indicating that the second band comprises 
one and the first and third band two ionization events 
each. This interpretation is supported by the structure of 
the first band of 2b and 3h which is resolved in a short 
vibrational progression (u’ = 1200 2 100 cm-‘) overlaying 
a single sharp peak. On removal of the formyl group, i.e. 
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Pii. 2. Photoelectron spectrum of N-methyl-3-formyl-2(lH)- 
pyridinthione (2b). 
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!Scheme I. Ionization energies of substituted 2(1H)-pyridones, -thiines and -sclones. (a) The levels marked (I 
denotes the onset of the region of overlapping bands. (b) Ref. 2. 
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Fig. 3. Photoelectron spectrum of N-methyl-3-formyK?JlH)- 
pyridinselone (9~). 

going from 2 to 5 or from 3 to 6 the second band, at co. 
9.6eV. disappears while the remaining bands are 
unaffected or show minor shifts to lower IE’s. The 
second band can therefore be assigned to the A’ lone pair 
of the formyl group in agreement with the reported’ 
value for benzaldehyde, 9.6eV. On substitution of 
selenium for sulfur both components of the first band 
shift 0.3-0.4eV to lower IE’s white those of the third 
band are unaffected. The shifts of both components of 
the first band lie between those found for the hydrogen 
chalcogenides and the dimethyl chalcogenides (0.59 eV’ 
and 0.31 eV,6 respectively) and indicate that both ion- 
izations take place from orbit& with high densities on 
the chalcogen atom. We therefore assign the low IE 

component of the first band which shows vibrational 
structure as rr4 and the other as the A’ chalcogen lone 
pair. The assignment is supported by the fact that the 
vibrational structure is similar to that (v’= luw)? 
100 cm-‘) seen in the lowest ?I - P* UV transition of ~JJ 
and 3b. The third band, at co. 10.5eV, is consequently 
assigned to ionizations from or, and 7r2 which are ac- 
cidentally nearly degenerate. 

The spectra of the oxygen compounds, 1 and 4, differ 
in a characteristic way from those of their sulfur and 
selenium analogues. Compounds 1 show five and 4 four 
resolved bands in the low-IE region. Assuming that 
introduction of the formyl group as observed for 2,3 and 
benxaldehyde’ gives rise to an additional A’ level in the 
vicinity of 9.5 eV and raises the IE’s of the A” levels by 
0.1-0.4 eV the ordering of the five levels of lb-c becomes 
A”, A’, A’, A”, A” as indicated in Scheme 1. The A’ level 
at higher IE is, somewhat arbitrarily, correlated with the 
9.54 eV level in 4 since these two levels give ionization 
bands with similar vibrational spacings (cu. 13OOcm-‘). 
However, in a delocalized description it makes little 
sense to discern between the two A’ levels which both 
have the character of oxygen lone-pairs. It should be 
noted that the present set of data which includes the 
effects of sulfur-selenium interchange and formyl group 
shifts is in complete agreement with the assignment of 
the spectra of 4b and Sb given in Ref. 2. 

It is often possible to get a reasonable estimate of the 
density distribution and nodal properties of the orbitals 
in a composite molecule by considering it as built up 
from simpler subunits.’ The R-electron system of 4-6 
may be considered as composed of a butadiene and an 
amide, respectively thii- or selonoamide moiety in 
analogy with the discussion of the j-membered 
heteroaromatics, furane, thiophene and pyrrole, in terms 
of butadiene-heteroatom interactions.* This choice of 
subunits leaves the interacting atoms unchanged by the 
exchange of oxygen with sulfur. Thus the differences 
observed in the interaction pattern can be described 
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mainly in terms of the different energy gaps between the 
subunit levels. 

Scheme 2 shows the interactions giving, to the right 
the 2-pyridone system of 4 and to the left the 2-pyri- 
dinethion system of 5. In view of the close similarity 
between the spectra of Sh and 6b the latter interaction 
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Scheme 2. Qualitative interaction diagram for 2Wbpyridone 
and -thione systems. 

diagram is assumed to be representative of the selenium 
compounds also. The energies of the component levels 
are taken from the PE spectra of butadiene9 and N- 
methylformamide” while those of the CH,N-C=!I unit 
are an estimate based upon the reported” values for 
N,Ndimethylthioformamide (8.5 and 11.2 eV) and 
thioacetamide (8.97 and 12.65 eV). Only the larger inter- 
actions between close-lying levels are shown in the 
Scheme. However, polarization of the density dis- 
tributions inside the subunits can be mimicked by the 
admixture according to the “orbital mixing rules” of 
Fukui” of small contributions from the more distant 
levels including the lowest unoccupied ones.13 The rela- 
tive densities resulting from such extended but still qual- 
itative treatment are shown in columns 2 and 4 of 
Scheme 2 and are in good agreement with CNDO/Z 
calculations on the model systems la and Zp.” Scheme 2 
suggests the following description of the n-levels of 4 
and 5 listing the orbitals of the subunits, amide (A) and 
butadiene (B) after decreasing contributions: 

Level Compound 
4 g 

?r4 7r2W - 7r2b4) dA) - 7r2W 

r3 n2U) + dB) - r,(B) nU0 + 7&V 

fl2 n(B) - n,(A) + 7r264) m(A) - n,(B) 

a1 n,(A) + r,(B) 70) + n(A) 

Toutometim in 3-formy/-2H)-2-pyridinethione @a) 
The PE spectrum of 3-formyl-(2H)-2-pyridinethione 

@a) shown as Fig. 4 is more complicated than those of 
l-Lib. A total of six bands can be discerned below 12 eV, 
and, in particular, the wide variation in relative intensity 
among these bands suggests that more than one species 
is present. 2a may exist in tautomeric equilibrium with 
2-mercaptopyridine-3-carbaldehyde (7a). While the ami- 
dic form predominates in polar solvents it has recently 
been firmly established” that the equilibrium in the gas 
phase is displaced in favor of the pyridine tautomers of 
2- and Chydroxy- and mercapto-pyridine. Katritzky et 
01.~ interpreted the PE spectra of 2-pyridone and 2- 
pyridinethione in terms of an equilibrium mixture con- 
taining 25 and lo%, respectively, of the amidic forms. 
Variable temperature PE spectroscopy has recently been 
applied to the determination of enthalpy differences for 
these tautomerizations.‘6 
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Fig. 4. Photoelectron spectrum of 3-formyl-Z(lH)pyridinthione 
* 3-formylpyridirk2&iohiol(71). 
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Fig. 5. Photoelectron spectrum of 2-methykhiopyridin-3-ear- 
Mdehyde 
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Scheme 3. Ion~tion energies of substituted pyridines. (a) The Ievels marked u denotes the onset of the region of 
overlapping hands. (II) Ref. 2. 

In order to determine whether the spectrum of 2a can 
be interpreted in terms of the equilibrium 2ae7a we 
have recorded the PE spectrum of Z-methyl~iop~idine- 
3-carbaldehyde (7b) shown as Fig. 5 as a fixed reference 
for 70. The interpretation of this spectrum with the aid of 
the reference spectra of pyridine,” pyridine-3-carbalde- 
hyde and 2-methylthiopyridine’ is illustrated in Scheme 
3. The main principles inherent in this correlation scheme 
are: 

(1) The formyl group as previously discussed will 
stabilize the three pyridine levels (~a, q3 and nN); there- 
fore tt.cHO is the only likely candidate for the 9.9 eV level 
in pyridine-3-carboxaldehyde. 

(2) The inductive s~bili~~n by the formyl group of 
the three pyridine levels is counteracted in the A” species 
by out-of-phase coupling Gth the lower-lying ~~0 com- 
ponent but enhanced in the A’ species by in-phase coup- 
ling to kH0. 

(3) The PE spectra of thioanisol’* and +methyl- 
thiop~idine~ show negligible shifts of the Az n-orbital 
(+0.04 and -O.MeV, respectively) relative to the cor- 
responding orbitals of the parent compounds, benzene 
and pyridine. This implies that the inductive effect of the 
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methylthio group is negligible. Accordingly, this group 
perturbs the pyridine ring levels mainly by orbital inter- 
actions. Me~ylthio-substitution is therefore expected to 
stabilize the A” ring levels through in-phase coupling to 
the S,, component but to destabilize the A’ level through 
out-of-phase coupling to acs. 

(4) The formyl-induced shifts of the three ring levels 
in pyridine and 2-methyl~iopy~dine should be of com- 
parable magnitudes as should the rne~yl~i~~du~ 
shifts of the levels in pyridine and pyridine3carbalde- 
hyde. 

In the case of 2-methylthiopyridine our assignment is 
in agreement with the one given in Ref. 2. The band 
assi~men~ of the ~utome~c mixture of 2a and 7a are 
shown in Fig. 4. The correlation schemes, f and 3, show 
that the observed band maxima fit well into the general 
correlation, Thus the first band in Fig. 4 appears to 
originate in the 7r4 and ns levels of 2a while the second 
arises from 7r4 of 7s. Assuming equal cross-sections of 
the three orbitals in question the intensity ratio of the 
two bands gives 16% of 2s in the equilibrium mixture. 

Inclusion of the spectrum of the 2-pyridinethione-2- 
pyridinethiol system in correlation Schemes I and 3 
allows the assignment which was left undecided in Ref. 2 
of the n2 and qs-levels of the former component as 
coinciding with the ps-level of the latter, at 10.35 eV. The 
assignment finds support in the relative, energy corrected 
intensities of the five observed bands which are: 7.& 
8.0eV (l), 8.68eV (6), 9.65 eV (6), 10.35 eV (7) and 
10.95eV (6). Our findings thus support the assumption 
given without proof in Ref. 16 that the second band 
originates solely from the pyridine tautomer. 

UV- VlS spectra 
The UV-VIS spectra of 13 were recorded in cyclo- 

hexane, absolute ethanol and concentrated hydrochloric 
acid. The spectra of lb, 2b and 3b are shown as Fig. 68, 
respectively. Absorption maxima and extinction 
coefficients are listed in Table 1. 
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The spectra of l-3 recorded in concentrated hydro- 
chloric acid are very similar to each other and closely 
resemble the previously reported spectra of pyridinium 
salts.‘9 Thus, compounds l-3 are all protonated on the 
chalcogen atom to give substituted pyridinium ions. 

In the spectra recorded in cyclohexane the extinction 
coefficient of the longest-wavelength maximum varies 
from IO’ for 1 to 2.I@ for 3 indicating that the band is 
caused by a T-P* transition. This absorption band 
displays a series of submaxima (three in the case of 1 
and four for 2 and 3) corresponding to a vibrational 
progression with a spacing of co 12OOcm-‘. The occur- 
rence of comparable vibrational progressions in the 
lowestenergy n - ?r* transition and in the lowest energy 
ionization band supports the interpretation that the latter 
band originates from ionization of the highest occupied 
n-level. 

In addition to the above mentioned band compounds 
1-3 should display a long-wavelength n - S* transition 
band but no such.band has been discerned in the spectra. 
Presumably it is hidden under the more intense s - ?r* 
band. This assumption is in accord with the photoelec- 
tron spectra which show that the highest occupied A’ 

level (chalcogen lone pair) partly overlaps the ?r* level (2 
and 3) or falls below this level (1). 

It has been arguedm that the decreases in excitation 
energies observed through series of simple amide, 
thioamide and selonoamide structures are caused by a 
simultaneous raise of the highest occupied-and lower- 
ing of the lowest unoccupied Ir-level. This conclusion 
may find some support in photoelectron data: The 
decrease in excitation energy is 0.5 eV going from thio- 
to selenourea? at the same time the I. ionization band 
(corresponding to coinciding IP and &-.-levels) is 
raised by only 0.25 eV (from 8.41” to 8.19’ eV). 

In the series l-3 the red-shift of the r- ?I* band 
measured on the first vibrational peak in the cyclohexane 
spectra is cu 1OOnm going from oxygen to sulfur and 
further co 4Onm going from sulfur to selenium. These 
values correspond to decreases in excitation energy of 
0.7 and 0.2eV, respectively. In comparison the photo- 
electron spectra of l-3 show that the n,-level is raised 
by 0.6 and 0.5 eV, respectively. These data indicate that 
the lowest unoccupied r*-level may not necessarily be 
stabilized through the series O-Me when the amide 
structure is incorporated in a conjugated system. 

Table I. UV-VIS A, (log c) of N-substitukd-3-formyl-2(1Ij~pyridones, -thiones and -selones 

Compound 

lb SOO(3.88) 236sh(3.61) 211(4.03) 

lc 302(3.90) 

Id 302(3.50) 

le 305(3.88) 

2a 313(3.66) 

2b 315(3.71) 

2c 315(3.68) 

2d 315(3.72) 

2e 321(3.72) 

3b 320(3.74) 

3c 328(3.74) 

3d 290sh(3.85) 

3e 335(3.65) 

7b Sttsh(3.73) 

236sh(3.56) 

238sh(3.30) 

228sh(3.95) 

283(3.85) 

286(3.93) 

273(3.88) 

290(2.89) 

289(3.89) 

257sh(3.60) 

260sh(3.61) 

250sh(3.88) 

297(4.05) 

212(4.05) 

211(3.84) 

211(4.07) 

211(3.97) 

212(4.11) 

211(4.14) 

213(4.23) 

211(4.04) 

212(4.08) 

213(4.35) 

213(4.22) 

213(3.98) 

abs. ethanol 

lb 358(3.82) 242sh(3.60) 234sh(3.64) 221sh(3.71) 208(3.93) 

1c 36Ot3.86) 243sh(3.60) 236sh(3.63) 225sh(3.69) 207(4.05) 

ld 360(3.90) 237sh(3.76) 206(4.331 

10 360(3.82) 238sh(4.01) 206(4.16) 

2a 375(3.32) 320(4.02) 293sh(3,75) 216(4.02) 207sh(3.99) 

2b 375(3.39) 314(4.09) 

2c 404(3.38) 319(4.06) 

26 388(3.49) 318(4.06) 

2e 385(3.49) 321(3.99) 

3b 390sh(3.45) 345(4.02) 

SC 400sh(3.42) 350(4.01) 

3d 407sh(3.47) 352(4.02) 

Se 413sh(3.50) 357(3.96) 

7b 338(3.44) 275(3.91) 

290sh(3.79) 

292sh(3.64) 

294sh(3.77) 

298sh(3.78) 

309sh(3.64) 

313sh(3,61) 

316sh(3.65) 

322sh(3.72) 

25313.731 

218(4.14) - 

220(4.04) ZOS(4.00) 

226sh(4.26) 208(4.42) 

240sh(3.92) 218sh(4.10) 203(4.19) 

222(4.02) 210(4.05) 

220(4.00) 205(4.07) 

ZZlsh(4.21) tll(4.25) 

243(3.94) 219sh(4.14) 211(4.18) 

224(4.16) 2o8sh(3.95) 



Table I .(Contd) 

Cyclohexane 

lb - 579(3.77) 361(3.89 346sh(3.77) 244rh(3.51) 237sh(5.60) 277(3.63) ZOQ(4.02) 

lc - 383(3.80) 364(3.92) 346sh(3.79) 245sh(3.56) 241c3.61) 228(3.62) tlO(4.07) 

Id - 383(3.86) 365(3.98) 349sh(3,85) _ 238(3.98) 214(4.06) 

le - 38Ssh(3.84) 369(3.96) 358sh(3.91) _ 239(3.71) 218sh(4.03) 207(4.27) 

2a - 420(3.38) 32064.22) 230sh(3.86) tlf(4.08) ZOO(4.27) 

2b - 479(3,10) 449(3.38) 425(3.39) 316c4.18) 223(4.11) ZOff3.99) 

2c - 477sh(3.15) 449(3.41) 428(3.43) 318(4.21) 223(4.13) ZOl(4.15) 

2d - 479(3.25) 450(3.SO) 438(3.52) 321(4.22) 238sh(4.03) 215(4.35) 

2e - 499(3.10) 468t3.41) 441(3.45) 322c4.13) 242sh(3.91) 208(4*.24) 

3 b 520sh(2,99) 484(3.24) 457(3.26) 429(3.23) 350(4.14) 237shf3.90) 225(4.06] 206(4.00) 

3 c 521sh(3.08) 482(3.24) 462(3.27) 441(3.24) 353(4.10) 238sh(3.82) 22S(3.99) 207(4.02) 

3 d 520sh(3.13) 483(3.35] 4.58(3.37) 438(3.35) 355(4.18) 243sh(3.97) 228sh(4.30) 207(4.35) 

3 e 548sh(3.10) SlS(3.24) 483(3.29) 458(3.26) 362(4.12) 290sh(3.33) 245sh(S,93) zOE(4.26) 

7b 343(3.48) 283sht3.73) 274(3,99) 223(4.19) 
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The solvent-induced shit of the long-wavelength band 
reveals a striking difference between on one hand 1 and 
on the other 2 and 3. The spectra of 1 display a blue-shift 
of cu 20nm going from cyclohexane to ethanol while the 
corresponding shift in the spectra of 2 and 3 is co 75 nm. 
This difference in behaviour may be taken in support of 
the difference in electronic structure which was deduced 
from the phot~lectron data and shown in Scheme 2: It 
may reasonably be assumed that ethanol mainly solvates 
l-3 through hydrogen-bonding to the negatively charged 
chalcogen atom and thereby reduces the negative charge 
on this atom. In consequence the T.-level of 2 and 3, 
which is mainly localized on this atom, is stabilized 
relative to the lowest #-level which is mainly localized 
in the ring. On the other hand, both of these levels are 
mainly located in the ring of 1; hydrogen bonding to the 
chalcogen atom will consequently have a much smaller 
influence on their energy separation. 

’ H NMR spectra 
Chemical shifts and coupling constants for compounds 

1-3, a-d are given in Table 2. The coupling constants J,, s 
and J5.6 are identical inside the experimental error and 
3-5 times J4.6+ This gives rise to a simple pattern of a 
doublet of doublets, a triplet and a doublet of doublets 
for H(4), H(5) and H(6), respectively. 

Comparison of the chemical shift of the three ring- 
protons to the values found22*23 for 3-unsubstituted 
pyridones and -thiones shows that the order, a(5)< 
a(4) < (6) is unchanged by the introduction of the elec- 
tron-withdrawing formyl group. This group deshields all 
three protons but in an alternating manner, i.e. the shift 
in 1 as well as 2 is 0.4-M ppm for the 6 and 6-positions 
but only 0.1-0.2 ppm for the S-position. 

Replacement of oxygen and sulfur, i.e. going from 1 to 
2, results in a systematic shielding of H(4) and deshield- 
ing of H(5) and H(6) and these trends continue going 
from 2 to 3. The variations can hardly be ascribed to 
variation in the diamagnetic anisotropy of the C=Y (Y = 
0, S, Se) bond alone since H(4) and H(6) are situated 
roughly symmetrically with respect to the axis of this 
bond. On the other hand, the chemical shift changes do 
follow those of the corresponding carbon atoms (see 
later). The major contribution to the observed chemical 
shift changes could therefore be variations in charge 
density transmitted through the carbon skeleton. 

Stewart and Siddall** in a study of N-alkyld-pyri- 
dones found that substitution of sulfur for oxygen 
caused a chemical shift change which was t0.32, 0.47 
and 0.79ppm for the a-protons of of N-CHX, 
N=CH2CHs and N-CH(CHJ)2, respectively. The in- 
crease with the bulk of the substituent of these values 
was ascribed to steric repulsion between the chalcogen 
atom and the /?-carbon atom(s) which forces the a- 
hydrogen atom(s) into close proximity to the carbonyl 
double bond. The same effect is operative in the series 
l-3. Thus, S(N-CH3, S(N-ClI(CH& and S(N- 
C~(CH~)~h are changed by +0.46, +I.lfand +1.24ppm, 
respectively, going from oxygen to sulfur. The cor- 
responding changes from sulfur to selenium are tO.04, 
to.19 and to.27 ppm. Investigations of N,N-dialkyl- 
amides, -thioamides and -selenoamides indicate that the 
diama~etic deshielding increases in the order C=O@ 
C=S < C=Se.% The observed chemical shift changes can 
thus be explained alone in terms of this deshielding 
acting on the same fixed conformation of the N-isopro- 
pyl and -a-phenethyl groups in 1-3. The present data are, 

however, insufficient to discern this situation from one 
where the ordering of the N-substituent increases 
through the series O+S+Se. In either case the results 
indicate that orientation of a B-carbon atom toward the 
C=S or C=Se group gives rise to a strongly repulsive 
steric interaction. This conclusion supports our previous 
suggestion** that steric repulsion is the factor impeding 
the cyciization step in the formation of N-t-butyl3- 
formyl-2(lH)-pyridinethione and -selone. 

‘%Z NMR spectra 
Analysis of the 13C NMR spectra of l-3 showed that 

the N-substituent has little influence (22ppm) on the 
chemical shifts of the ring and formyl carbon atoms. The 
mean values observed for compounds b -e in each of 
the three series are given in Table 3 togethet with Iit% 
data on N-methyl-2-pyridone (4b) and -thione (Sb). The 
signal from C(2) is found at 162ppm for 1 and 4 and at 
180-182 ppm for 2,3 and 5. The deshielding of C(2) by cu 
20ppm on substitution of oxygen with sulfur is in 
agreement with previous studies reporting shifts of IS- 
34 ppm for simple and heterocyclic amide structures.abm 
The insensitivity of the C(2) chemical shift to replace- 
ment of sulfur with selenium is likewise precedented in 
simple amides where deshieldings of 2-S ppm have been 
reported.** 

For the ring atoms, C(3)-C(6), it is noted that C(6) 
becomes slightly less and C(4) slightly more shielded 
through the series 0 +S+Se while a more pronounced 
deshielding of C(5) is observed. The in~oduction of the 
3-formyl group has virtually no inffuence in these three 
positions. The chemical shit of C(3) shows a particular 
feature. The low-field value of 119 ppm in 4b increases to 
139 ppm in 1, i.e. on introduction of the 3-formyl group, 
and to 134ppm in !lb, i.e. on exchange of oxygen with 
sulfur. Al~ou~ we cannot at present give any rational- 
ization of this fact it is evident from the values observed 
for 2 (138ppm) that the two deshielding effects are not 
additive. Since the ligands of C(4w(6) are identical for 
all of the compounds in Table 3 the chemical shift 
changes experienced by these three atoms may reason- 
ably be taken to reflect changes in effective nuclear 
charge. 

IR-spectra 
The IR-spectra of compounds lc, 2e and 3e are shown 

as Fig. 9-l 1, respectively. The assignment of a band due 
to the N-C=Y moiety is straightforward for 1 where a 
“normal” amide band is found at 1655 cm-‘. However, 
the group frequencies of thio- and selenoamide struc- 
tures fall into the “fingerprint” region below 13OOcm-’ 
where coupling to several other bond vibrations is un- 
avoidable in low-symmetry molecules.S3’ Con- 
sequently, no single characteristic absorption bands can 
be assigned to the thio- or selenoamide moieties of 2 and 
3. Instead, as is evident from Fig. 9-11, several bands 
below 1300 cm-‘ show small (~30 cm-‘) shifts from 2 to 
3. In conclusion, the IR spectra of 2 and 3 furnish little 
formation of immediate analytical or structural interest. 

DISCUSSION 

In the perturbation approach to chemical reactivity3* 
nucleophili~ reactivity is described in terms of three 
parameters (i) the energy of the highest occupied mole- 
cular orbital (HOMO), (ii) the coefficient of this orbital at 
the reactive site and (iii) the negative charge density at 
this site. The corresponding parameters for electrophilic 



Table 2. ‘H NMR chemical shifts of N-substituted-3-formyi-~IH)-pyridones, -thiones and -sdones 

Compounds H(4)dd H(5)t H(6)dd CHO J4.5 '5.6 J4.6 
other protona 

1 a 8.07m 6.57 8.07m 10.3 7 7 2 

lb 8.02 6.40 0.23 10.12 6.4 6.4 2.2 

lc 7.97 6.50 6.20 10.17 6.2 6.2 2.0 

Id 7.91 6.44 6.07 10.11 6.5 6.5 2.0 

la 8.08 6.57 8.19 10.15 7.0 7.0 2.3 

2a 7.05 6.09 7.96 10.64 6.1 6.1 1.5 

2b 7.81 6.93 0.54 10.72 0.7 0.7 1.8 

2c 7.80 7.02 8.58 10.65 7.5 7.5 1.5 

2d 7.70 6.91 8.30 10.65 6.2 6.2 1.5 

2e 7.90 6.98 0.35 10.56 6.6 6.8 1.5 

3b 7.65 7.10 0.55 10.50 7.0 7.0 2.0 

3c 7.62 7.12 8.60 10.50 7.0 7.0 2.0 

3d 7.73 7.10 8.40 10.55 6.1 6.1 2.0 

3e 7.05 7.20 8.50 10.61 7.0 7.0 1.5 

11.32(broad,s,NWb 

3.50(s,CH3) 

5.17(qi,6,CH)1.40(d,6,CH3) 

7.33(s,C6H5)6.22(q,7,CH)l.75(dr7.CH3) 

7.05(S,C6H5) 

7.90(broad,s,NH) 

3.96(s,CH3) 

6.28(h,6.8,CH1,1.45(d,6.8,CH3) 

7.40(s,C6H5)7.46(q,CH)l.61(d.6.8,CH3~ 

7.55(s,C6H5) 

4.00(S,CA3) 

6.47(qi,6,CH)1.45(d,6,CH3) 

7.73(m,CH)7.45(s,C6H5)l.81(dr7,CH3) 

7.53(s,C6H5) 

aDMSO-~6 ; values in ppm relative to THS; alsinglet, d(doublet), tttriplet), q(quartet), qi(qan*t), 

h (heptet), m(multiplet). 

bin t-butyl alcohol. 25 
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Table 3. ‘%! NMR chemical shifts @pm from TMS) of N-substituted-Efonny1-2ffHf-pyridones, thiints and 
-sclones 

Compound C(2) C(3) Cfll C(5) C(6) CHO 

1” 162 139 140 105 141 190 

2a 182 138 136 112 144 192 

3e 182 140 135 114 145 193 

4bb 162 119 140 105 140 

5bb 160 134 136 113 141 

"In DMSO-tJ6; average values (no deviation exceeding f2 ppm) for 

compounds b-e. 

bin CDc13; ~ef. 26. 

&to0 t 3500 3000 1 2500 I 2000 I 1800 I 1600 I lLO0 I 1200 I loo0 I a00 I 600 I LOO 200 4 

WAVEN~BER km“) 

Fis. 9. IR spectrum (KBr) of lc. 

80 

3500 3000 2500 2000 1800 1600 WXI 1200 lOO0 800 UIO 200 

WAVENUMBER km? 

Fa 10. IR spectrum (KBr) of 2c. 

80 

60 

0 
LOO0 3500 * 3wo 2500 2000 1800 1600 v.00 12 

WAVENUMBER km? 

Fii 11. fR spectrum (KBr) of 3c. 
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reactivity are (i) the energy of the lowest unoccupied 
molecular orbital (LIMO) (ii) the coefficient of this 
orbital at the reactive site and (iii) the positive charge 
density at this site. Bond formation between a nucleo- 
phile and an electrophile is favoured by a small energy 
gap between the HOMO of the former and the LUMO of 
the latter and high coefficients of these orbitals at the 
reaction sites or by high charge densities at these sites. 
In the first case, the “soft” or “frontier orbital con- 
trolled” reaction, the activation barriers is lowered 
mainly by the stabilizing HOMO-LUMO interaction and 
in the second, the “hard” or “charge controlled” reac- 
tion, mainly by coulombic s~bili~tion between opposite 
charges. An estimate of the variation of the basis 
parameters can be obtained from PE-, UV-VI!+, and 
NMR-spectra. Therefore the model is well suited for 
predicting variations in relative reactivities, hard-soft 
behaviour and ambident properties through a series of 
related molecules. 

The present analysis of the PE-spectra of l-6 sup- 
ported by the element- and solvent-induced shifts in the 
UV-VIS spectra indicates that substitution of sulfur or 
selenium for oxygen affects the energy as well as the 
distribution of the HOMO. The des~bil~tion caused by 
this substitution exceeds the stabilization of the HOMO 
on introduction of the formyl group so that the HOMO- 
energy of 2 and 3 is higher than that of both 1 and 4. 
Furthermore, the HOMO of the oxygen compounds is 
mainly located at the diene moiety of the ring while that 
of the sulfur and selenium compounds is concentrated on 
the chalcogen atom. At the same time the ‘% NMR 
spectra suggest that the substitution reduces the 
polarization of the ring and, thereby, the negative charge 
at the S-position of 1, respectively the 3- and S-positions 
of 4. 

These variations lead to the following predictions 
regarding the nucleophilic reactivity of l-6: The reac- 
tivity should increase in the order I< 4 < 2 < 5 < 3 < 6. 
The reactive site should change from the diene moiety of 
the ring in 1 and 4 to the chalcogen atom of 2,3,5 and 6. 
Thus, a sulfur or selenium atom althou~ it increases the 
net nucleophilicity of the molecule also protects the ring 
carbon atoms against attack by soft as well as hard 
electrophiles by depleting the reactive ring positions of 
HOMO density as well as of negative charge. 

Literature data on compounds 4 and 5 as well as our 
own experience with 1-3 are in good agreement with 
these predictions. Thus, 4 are more reactive than pyri- 
dine toward electrophilic reagents, e.g. bromine and 
nitrating acid, with the 3- and 5-positions as the reactive 
sites.” In contrast no substitution product has been 
observed on treatment of either !?**or 23’ with bromine 
and while 5 are 3,Sdideuterated with D$O&O and 
hydroxymethylated with CH,O-HCI it is stated that 
these reactions require more drastic conditions than the 
corresponding reactions of 4.*‘.*’ On the other hand 5 
are readily S-alkylated by alkyibromides and -iodides 
while these mild eiectrophiles leave 4 untouched.” 

The diene reactivity of 4 leading to Diels-Alder ad- 
dition at the 3,6-position is well documented, see e.g. 
Refs. 37 and 38. A similar adduct has been reported for 
5b but the N-unsubstituted compounds for which a 
choice of reaction paths exist show differences from 
oxygen to sulfur. 3- and 6-methylated 4a with N- 
phenylmaleic imide give the Diels-Alder adduct as the 
main product3’ while SP gives exclusively the product of 
a Michael addition with sulfur as the nucleophilic site.” 

Finally, we were unable to observe Dieis-Alder adducts 
on treatment of 2 with dienoph~es such as dimethyi 
acetylenedicar~xylate and N-phenylmaieic imide. 

The preparation of the compounds used in this study is des- 
cribed in our previous papers.’ The following instrumentation 
was used. IR: Per~~Elmer model 457 (KBr), UV-visible: 
Beckman ACTA III fcyclohexane, abs. ethanol and corm. HCI), 
‘H NMR: Jeol C60 HL (DMSO,+& “C NMR: Jeol FX-60 
@MSOd6). UPS: Perkin-Elmer PS 18 equipped with He(I) 
source and heated target chamber; vaporization temperatures are 
given in Schemes 1 and 3. The spectra were calibrated by means 
of the Ar and Xe ‘Pm peaks; the repr~ueibiiity varied between 
220 and 250 mV and the experimental resolution between 30 and 
6OmV. In both cases the poorest values were found for the least 
volatile compounds. 
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