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Dipole moment analysis of 4H-pyran-4-one and 9H-xanthen-9-one, and their sulphur ana­
logues, and of 9H-selenoxanthen-9-one, enables a discussion on their aromaticities. In the present 
work, the dipole moments of tetrahydro-4H-pyran-4-one, tetrahydrothio-4H-pyran-4-one, tetra- 
hydroseleno-4H-pyran-4-one, 9(10H)-anthracen-9-one, 9H-xanthen-9-one, 9H-thioxanthen-9-one 
and 9H-selenoxanthen-9-one were measured in benzene solution at 30.0 °C.

Introduction

The 4H-pyran-4-one ring occurs in a number of 
biological compounds such as meconic acid present 
in opium, kojic acid; an antibiotic substance pro­
duced in an aerobic process by a variety of micro­
organisms from a wide range of carbon sources, 
yangonin existing in Kawa roots [1]. Recently lateo- 
pyron, a new antibiotic, has been isolated from fun­
gus Fusarium lateritium Nees and the X-ray struc­
ture of its dimethyl derivative determined [2], Eu- 
xanthon exists in the urine of cows fed with mango- 
tree leaves, and gentisin occurs in gentian [1].

Some chemical properties support that 4H-pyran- 
4-one is weakly aromatic [3]; for instance, nitration 
of the compound gives 3-nitro-4H-pyran-4-one, with 
a very low yield however. Some of its physico­
chemical data also are consistent with a slight aro­
matic character (see [4] and [5] for relevant referen­
ces). 9H-xanthen-9-one appears to be aromatic, fol­
lowing its diamagnetic susceptibility [6],

Since the aromaticity of 4H-pyran-4-one can 
be related to contribution of the valence structure 
(IV) which contains a benzene-like rc-sextet, the 
(0 . ..C = 0 )  interaction moment may give some in­
formation in this respect (vide infra).

In the present work, the electric dipole moments 
of tetrahydro-4H-pyran-4-one (1-a), tetrahydrothio- 
4H-pyran-4-one (1-b), tetrahydroseleno-4H-pyran-
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4-one (1-c), 4H-pyran-4-one (2-a), 9(10H)-anthra- 
cen-9-one (anthrone) (3), 9H-xanthen-9-one (xan- 
thone) (3-a), 9H-thioxanthen-9-one (3-b) and 9H- 
selenoxanthen-9-one (3-c) were determined in ben­
zene solution at 30.0 °C.

Experimental

Synthetic

1-a, b.p. 65 °C at 15 mmHg (lit. 60-61 °C at 
13 mmHg [7]), and 1-b, m.p. 66 °C (lit. 65-67 °C 
[8]), were bought from Janssen Chimica, Beerse 
(Belgium), and 1-c was synthesized as indicated in 
Ref. [9]: m.p. 58 °C (lit. 55.0-55.5 °C [10]).

2-a, m.p. 32.5 °C (lit. 32.5-32.6°C [11]), came 
from Ega-Chimie, Strasbourg (France).

3, m.p. 161 °C (lit. 163-164°C [12]), 3-a, m.p. 
173.5 °C (lit. 177 °C [13]), and 3-b, m.p. 207 °C (lit. 
212-214°C [14]), were bought from Janssen Chim­
ica, Beerse (Belgium) and 3-c, m.p. 191-192°C 
(lit. 191-192°C [15]), was prepared as indicated 
in [16].

Physical Measurements

The electric dipole moments were determined 
by using the well-known Debye refractivity method. 
The total polarisation of the solute, extrapolated to 
infinite dilution, was calculated from the experi­
mental ratios [17],
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where w is the weight fraction of the solute and e 
and v are the dielectric permittivity and specific 
volume of the solutions, respectively. The subscript 
one refers to the pure solvent as used, i. e. made up 
in the same way as the solutions. The a0 value was 
calculated from the linear function, a = a0 + a ' w, 
obtained by least-squares analysis of the s (w) poly­
nomial (quadratic) function.

The distortion polarization of the solute, EP  + AP,  
was assumed to equal the molecular refraction for the 
sodium D line, calculated from X ( ” 2 - , ! i)//Z h' 
and ß  defined as above.

The techniques used to determine the dielectric 
permittivity, specific volume and refraction index of 
the solutions (and solvent) are described elsewhere 
[18,19],

For each solute, wmax (here reported to only three 
decimal places although it is known to five or six 
decimal places), a0, ß  (in cm3g-1), P2oc and R D 
(both in cm3 mol-1), and p  in Debye units (1 D = 
3.3356 x IO-30 C m) are given in Table 1.

Table 1. Physical data from dipole moment determinations 
in benzene solution at 30.0 °C.

Compound wmax *0 ~ ß P 2 x fi/D

1-a 0.024 3.14 0.242 86.7 24.9 1.75
l - a a 0.012 5.50 -0.274 85.1 24.9 1.73b
1-b 0.019 2.15 0.305 76.5 31.0 1.50c
1-c 0.025 1.95 0.537 90.0 33.8 1.67
2-a 0.024 15.20 0.343 300.4 24.8 3.70d
3 0.015 6.64 0.267 295.9 62.6 3.41e
3-a 0.033 5.16 0.373 237.5 60.1 2.97f
3-b 0.014 4.00 0.403 208.3 67.3 2.65 8
3-c 0.021 3.35 0.537 212.1 70.5 2.65

a In carbon tetrachloride. 
b 1.720 D in the gaseous phase [20]. 
c Lit. 1.73 and 1.52 D [21],
d Bibl. 3.73 D in benzene [21,22], 3.49 D in the liquid 
phase [23], 3.79 D in the gaseous phase [5]. 
e Lit. 3.69, 3.46, 3.62, 3.66 and 3.52 D [21], and 3.65 D [24], 
f Bibl. 2.94, 3.10, 2.95, 3.14, 3.01 and 2.94 D [21], 3.01 D 
[22], and 2.96 D [25],
* Lit. (5.4), 2.75, 2.75 and 2.59 D [21], 2.75 D [22], and 
2.62 D [25],

Results and Discussion

Table 2 lists the dipole moments of the com­
pounds here studied, as well as those of other deri­
vatives calculated by additivity or measured in ben­
zene solution.

1) Tetrahydro-4H-pyran-4-one 1-a [20], tetra- 
hydrothio-4H-pyran-4-one 1-b [33] and tetrahydro- 
seleno-4H-pyran-4-one 1-c [10] are known to exist 
in a chair conformation, with some puckering of the 
heterocyclic ring. This is supported by their dipole 
moments (1.75, 1.50 and 1.67 D) being markedly 
greater than the values (1.47, 1.26 and 1.39 D) cal­
culated from those of cyclohexanone (3.04 D [34]), 
tetrahydropyran (1.57 D [35]), tetrahydrothiopyran 
(1.78 D [36]), or tetrahydroselenopyran taken as 
1.78 + //(Me2Se) -  MMe2S) = 1.78 + 1.32 [37] -  1.45 
[38] = 1.65 D. Part of the discrepancies (0.28, 0.24 
and 0.28 D) may be due to induction effects through 
space between the heteroatom and carbonyl bond, 
however.

4H-pyran-4-one 2-a, 4H-pyran-4-thione 2'-a and 
4H-thiopyran-4-thione 2'-b are all planar molecules 
in the gaseous phase [5], as well as is 9H-xanthen- 
9-one 3-a in the crystalline state [39]. By analogy,

Table 2. Experimental, or calculated, dipole moments of 
tetrahydro-4H-pyran-4-ones and -thiones (1-x and l'-x), 
4H-pyran-4-ones and -thiones (2-x and 2'-x), 9(10H)- 
anthracen-9-one and -thione (3 and 3'), 9H-xanthen-9-ones 
and -thiones (3-x and 3'-x) (Debye units).

Ketonea M Thioketone3

1-a 1.75 l'-a 1.30c
1-b 1.50 l'-b 1.05c
1-c 1.67 l'-c 1.22c
2-a 3.70 b 2 '-a 4.08 [23], 

4.10 [22]b
2-b 3.96 [28], 2 '-b 4.41 [28],

4.00 [22]b 4.45 22]b 
3.27°3 3.41 3'

3-a 2.97 3'-a 3.22 [22, 32]
3-b 2.65 3'-b 3.13 [22, 32]
3-c 2.65 3'-c —

a Letters a, b and c refer to the compounds with oxa- 
oxygen, thia-sulphur and selena-selenium, respectively. 
b n (CNDO/2) = 3.89, 3.73, 1.93 and 1.09 for 2-a, 2'-a, 
2-b or 2'-b [26]; p  (MINDO/3) = 4.73 and 4.63 D for 2-a 
and 2'-b, respectively [26], and n (ab initio) = 3.85 [26] or 
3.58 D [27] for 2-a.
c As calculated from the dipole moments of 1-a, 1-b or 
1-c, and of 2,2-dimethylbutanethione (2.26 D [29]) and 2,2- 
dimethylbutanone (2.71 D for EP + AP = R D [30]). 
d From the dipole moments of 9(10H)-anthracen-9-one 
(3), thiobenzophenone (2.86 D [29]) and benzophenone 
(3.00 D [31]).
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4H-thiopyran-4-one 2-b, 9H-thioxanthen-9-one 3-b, 
9H-selenoxanthen-9-one 3-c, 9H-xanthen-9-thione 
3'-a and 9H-thioxanthen-9-thione 3'-b can be re­
garded as planar.

The er-moment of both 2-a and 3-a can be 
equated to //(1-a) - //n(C =0) = 1.75 -  (/i(H2C = 0)
-  n  (M e-O)) = 1.75 -  (2.34 [21] -  1.12) = 1.75 -  1.22 
= 0.53 D, and that of 2'-a and 3'-a can be taken as 
M l'-a ) - /^ (C = S )  = 1.30-(1.65 [21]- 1.13)= 1.30
— 0.52 = 0.78 D. Similar calculations lead to //a(2-b) 
= /^(3-b) = 1.50- 1.22=0.28 D, //CT(2'-b) = //a(3'-b) 
= 1.05-0.52 = 0.53 0 , and //CT(3-c) = 1.67 — 1.22 = 
0.45 D. It follows that the rc-moments of these com­
pounds, n n = n - p a, exhibit the values listed in 
Table 3, which can be compared with those calcu­
lated by quantum-mechanical techniques, if any.

2-a, 2'-a, 2-b and 2'-b were examined by Zahrad- 
nik [40,41] using the simple HMO technique, by 
Somogyi et al. [26] with the CNDO/2 method, and 
by Thomson and Edge [42] employing an ab initio 
technique. HMO calculations were made for 2-a by 
Brown [43] and Beak [44], for 2-a and 3-a by Efimov 
and Komarov [45], and for 2-a, 2-b, 3-a and 3-b by 
Tolmachev, Dyadyusha and Shulezhko [46]. A self- 
consistent HMO technique (co' co" ß)  was applied to
2-a by Herault and Gayoso [47], then to 2-a and
3-a by Gayoso, Bouanani and Boucekkine [48]. 
More recently, ab initio methods were used for 2-a 
by P. Csäszär et al. [26], and by Lumbroso, Pap- 
palardo and Grassi [27].

Clearly, the HMO calculated rc-moments for the 
ketones and thioketones listed in Table 3 are un­
realistic, even though the values for 2-a (5.5 D) and
3-a (4.0 D) obtained by Gayoso et al. [48] using an 
improved HMO technique are not so much over­
estimated. The ab initio method affords too a high 
value, of 5.5 D [27], Contrary to what is expected 
from theoretical calculations, the experimental n- 
moments of ketones 2-a (3.17 D) and 2-b (3.68 D) 
are close to those of the corresponding thioketones 
2'-a (3.30 D) and 2'-b (3.88 D).

A comparison of the rc-moments of the 4H-pyran-
4-ones (2-a and 2-b) and 4H-pyran-4-thiones (2'-a 
and 2'-b) with those of the corresponding 9H-xan- 
then-9-ones (3-a and 3-b) and 9H-xanthen-9-thiones 
(3'-a and 3'-b) would be meaningful only if the ap­
propriate tt-moments lengths are taken into account: 
for instance, L(2-a) = 2.70 A, L(3-a) = 1.91 A, from 
[45]; L(2-a) = 2.10 A, L(3-a) = 1,13 A, following 
[48]; L  (2-a) = 3.04 A, L ( 2'-a) = 2.83 A, L(2-b) = 
2.95 A, L(2'-b) = 3.34 A, from [41], This may ex­
plain the order observed for the rc-moments of 2-a 
and 3-a, 2-b and 3-b, 2'-a and 3'-a, 2'-b and 3'-b 
(see Table 3). However, the chief cause of the rr-mo- 
ment differences is probably the (X ...C  = Y) inter­
action moment (defined just below), which nearly 
has the same length in 2-a and 3-a, 2-b and 3-b, and 
so forth.

2) 4H-pyran-4-ones (2-a and 2-b) and 4H-pyran-
4-thiones (2'-a and 2'-b) are resonance hybrids of

Table 3. Calculated ^-moments and interaction moments (M ) of 4H-pyran-4-one, 9H-xanthen-9-one, and related com­
pounds (Debye units).

Ketone M e R { Thioketone //na Pn M f R {

2 -a 14.0, 12.0, 1.2, 
12.2, 11.0, 5.5 
and 5.5 b

3.17 0.73 0.18 2'-a 9.9g 3.30 1.25 0.28

2 -b 12.0 , 13.8c 3.68 1.29 0.29 2'-b 11.7* 3.88 1.88 0.39
3-a 7.4, 4.0 d 2.44 0.48 0.12 3'-a 2.44 0.87 0.19
3-b - 2.37 0.32 0.07 3'-b 2.60 0.94 0.19
3-c — 2.20 0.16 0.03 -  - - — -

a Calculated by theoretical methods, see text.
b From the ^-electron densities given in [43], [41], [47], [46], [45], [48], and [27], respectively. 
c Cf. [41] and [46], 
d See [45] and [48],
e From experimental dipole moments, see text.
f M  (in Debye units) and R (in D/A) are defined in text. The Y ...Y  distances (L in Angstrom units) used to calculate 
the ^-values were taken from the microwave structures of 2-a, 2'-a and 2'-b [5] (L  = 4.07. 4.52 and 4.84), the X-ray 
structure of 3-a [39] (L  = 4.09); the values for 2-b (4.39), 3-b (4.41), 3'-a (4.54), 3'-b (4.86), and 3-c (4.50), were readily 
deduced from those structures. 
g From [41],
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Y Y<~> Y(->

III IV

Fig. 1. Canonical structures for 4H-pyran- 
4-one 2-a (X = 0 , Y = 0 ), 4H-pyran-4- 
thione 2'-a (X = 0 , Y=S), 4H-thiopyran- 
4-one 2-b (X = S, Y = 0 ), and 4H-thio- 
pyran-4-thione 2'-b (X = S, Y= S).

the valence structures I, II (two possibilities), III 
(two possibilities), and IV (two Kekule and three 
Dewar formulae), shown in Figure 1. The interac­
tion moment M  originates from contribution of IV.

The dipole moment of compound 2-b (3.96 D 
[28]) can be regarded as the algebraic sum of the 
following vectors:

/^(2,5-Cyclohexadien-l-one) = 4.07 D as calculat­
ed by the CNDO/2 method here giving a moment 
(4.46 D) close to that measured in benzene solution 
for similar 4,4-dimethyl-2,5-cyclohexadien-l-one (ju 
= 4.35 D) [49]. (The experimental dipole moment of 
2,6-cycloheptadien-l-one is 4.04 D [49].)

Ap  = 0.24 D which measures the lack in addi­
tivity of aliphatic tetrahydrothio-4H-pyran-4-one 
(1-b).

//(Thia-2,5-cyclohexadiene) = 1.64 D as equated 
to the dipole moment of octahydrothioxanthen (see
[50]).

From these data it follows that the (S ...C = 0 ) 
interaction moment in 2-b is calculated to be M ( 2-b) 
= 3.96 -  (4.07 + 0.24 -  1.64) = 1.29 D.

Assuming /i(2.5-cyclohexadien-l-thione) = 4.07 + 
H (Ph2C=S) -  n  (Ph2C = 0 ) = 3.93 D (see Table 2), 
M(2'-b) results as 4.41 — (3.93 + 0.24 — 1.64) = 1.88 D.

To calculate the interaction moments in 2-a and 
2'-a, the dipole moment of oxa-2,5-cyclohexadiene 
is needed, for which a plausible value is obtained 
from the dipole moments of octahydrothioxanthen 
(1.64 D [50]) phenyl ether (1.15 D [51]) and phenyl 
thioether (1.55 D [52]), or from those of octahydro­
thioxanthen (1.64 D), xanthen (1.20 D [53]) and 
thioxanthen (1.32 D [53]), giving 1.24 and 1.52 D 
respectively; in the following p  (oxa-2,5-cyclohexa- 
dien) was taken as (1.24 + 1.52)/2 = 1.38 D.

A/(2-a) is then calculated to be 3.70 — (4.07 + 
0 .2 8 - 1.38) = 0.73 D, and M (2'-a) to be 4 .0 8 - 
(3.93 + 0.28 -  1.38)= 1.25 D.

Similar calculations can be performed for 9H- 
xanthen-9-one (3-a), 9H-xanthen-9-thione (3'-a), 9H- 
thioxanthen-9-one (3-b), 9H-thioxanthen-9-thione

(3'-b) and 9H-selenoxanthen-9-one (3-c) (p = 2.97,
3.22, 2.65, 3.13, and 2.65 D) from the dipole 
moments of 9(10H)-anthracen-9-one 3(3.41 D) or 
9H-anthracen-9-thione 3' (3.27, see Table 2), xan­
then (1.20 D) or thioxanthen (1.32 D), and seleno- 
xanthen (1.32 D from p  (thioxanthen), /i(Ph2Se) = 
1.43 D [54] and p  (Ph2S) = 1.55 D [52])*, leading to 
M(3-a) = 2.97 -  (3.41 + 0.28 -  1.20) = 0.48 D, 
M (3'-a) = 3.22 -  (3.27 + 0.28 -  1.20) = 0.87 D, 
M(3-b) = 2.65 -  (3.41 + 0.24 -  1.32) = 0.32 D, 
A/(3'-b) = 3.13 -  (3.27 + 0.24 -  1.32) = 0.94 D, 
M(3-c) = 2.65 -  (3.41 + 0.28 -  1.20) = 0.16 D.

Existence of an interaction moment in 2-a, 2'-a,
2-b, 2'-b, and 3-a, is supported by the theoretical 
calculations showing that a part (5} of the oxa-oxy- 
gen or thia-sulphur (n p z)2 lone-pair migrates as far 
as the carbonyl oxygen or thiocarbonyl sulphur. 
Thus (in electron units), <5(2-a) = 0.244 [43], 0.094 
[41], 0.157 [46], 0.095 [45], and 0.025 [27]**; <5(2'-a) 
= 0.078 [41]; <5(2-b) = 0.200 [41]; <5(2'-b) = 0.174 
[41], and <5 (3-a) = nil [47] or 0.135 [48], A consider­
able reduction in the carbonyl-bond multiplicity, 
due to contribution of (IV) for 2-a or (IV') for 3-a, 
is clearly indicated by their carbonyl oxygen-17 
n.m.r. spectra [55],

Since the interaction moments are due to contri­
bution of (IV) (or (IV')) which contain a benzene­
like 7r-sextet (Figures 1 and 2), the M /(X ...Y ) ratio 
(R ) is a significant measure of the aromaticity of 
the compounds quoted in Table 3.

That R ( 3-a) is inferior to R ( 2-a), and /?(3'-a) is 
lower than /?(2'-a), may be explained as follows. 
Contibutions of (IV) or (IV') to the actual electronic

* The dipole moments of xanthen, thioxanthen and di­
phenyl selenide were recalculated from Authors’ data [53,
54], assuming EP + AP = R D.
** Ab initio calculated 7r-densities for 2-a are (in electron 
units), q (1) = -  0.2206, q (2) = q (6) = -  0.0653, q (3) = q (5) 
= 0.0977, q(A) = — 0.1739, and tf(0) = 0.3297, from [27]; 
see Fig. 1 for atom numbering.
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y ( - )

r  l <  X j

(+) /

Y(-)
Fig. 2. Canonical structures for 9H-xan- 
then-9-one 3-a (X =0, Y =0), 9H-xan- 
then-9-thione 3'-a (X =0, Y=S), 9H- 
thioxanthen-9-one 3-b (X=S, Y =0), 
9H-thioxanthen-9-thione 3'-b (X=S, 
Y=S). The structures with (+) at C l2 and 
C l4, and those with (—) at Cn and C)3, 
are not represented.

structure of the molecules are determined by the 
energy needed to pass from (I) to (IV) or from (I') 
to (IV'), in that the lesser is the energy needed, the 
higher is the contribution of the interaction valence 
structure (cf. [56, 57]). Since ^ ( IV ')  -  E n(Y) = 
E n(IV) -  E n(I) -  £ r  (benzene) + £ R(4H-pyran-4- 
one), (IV') should less contribute than does (IV) be­
cause in (IV') one benzene-like 7r-sextet is replaced 
by a 4H-pyran-4-one 7r-sextet of lower resonance 
energy (see Fig. 2): £ R = l.6785 ß  [46] as compared 
to 2.0000 ß\ Julg and F ran c is’s aromaticity indices 
are 0.72 and l.00 for 4H-pyran-4-one and benzene, 
respectively [58]. Likewise, R ( 3-b) is lower than 
#(2-b) and R(3 ' -b )  smaller than R ( 2'-b) because 
the HMO-calculated resonance energy of 4H-thio- 
pyran-4-one (2-b) is l.6926 ß  [46] and the experimen­
tal value (32.7 kcal mol“ 1 [59]) of 2,6-diphenyl-4H- 
thiopyran-4-one is markedly lower than that of ben­
zene, 36 kcal mol-1 [4], both from combustion data. 
The small value of R ( 3-c) is less reliable than is 
R ( 3-b) since the dipole moment of selenoxanthen 
used has been estimated; it appears, however, of 
the same order of magnitude as the latter. Another 
possible explanation of all these observations is 
based on the fact that (IV) derives from (III) and 
(IV') from (III'), whose contributions are related 
to the absolute ^-charges at the C3-atom in oxa- or 
-thia-2,5-cyclohexadiene, xanthen or thioxanthen, 
respectively. As the (n p ,)2 lone pair of oxa-oxygen 
or thia-sulphur migrates to C3 (and C5) in the 
former compounds and to C3, Cu and Ci3 (and C 10, 
C6 and C8) in the latter (see Figs. 1 and 2 for atom 
numbering), it can be safely inferred that q3 (in 3-a 
and 3'-a) is inferior to q3 (in 2-a and 2'-a) and q3 (in

3-b and 3'-b) is smaller than q3 (in 2-b and 2'-b) (cf. 
[18]): <?3 (in 3-a) = 0.0388 e as against q3 (in 2-a) 
0.0724 e , from [35]. Note also that in (III'), and in 
(II'), one benzene sextet disappears.

The observation that /?(2-b) is greater than 
R ( 2-a) and #(2 '-b) higher than R ( 2'-a), both by 
0.11 D/A, was unexpected because, as indicated by 
the mesomeric moments (m ) of thioanisole (0.40 D) 
and anisole (0.81 D) [60], q3 (in modulum) should 
be smaller in thia-2,5-cyclohexadiene than in oxa- 
2,5-cyclohexadiene. A plausible explanation of these 
findings is that the mesomeric effect of thia-sul­
phur is more augmented than is the one of oxa-oxy­
gen through interaction with an electron-withdraw­
ing group; the (Y .../?-N 02) interaction moments 
are 0.62, 0.62 and 0.35 D (with .# = 0.16, 0.17 or 
0.10 D/A) in /7-nitroselenoanisole /Miitrothioanisole 
and /7-nitroanisole, respectively. However, for the 
9H-xanthen-9-ones, R ( 3-a) is slightly greater than 
R (3-b) by 0.05 D/A, and R  (3'-a) is equal to R (3'-b). 
This may be due to the fact that q3 (in xanthen) is 
certainly much lower than q3 (in oxa-2,5-cyclohexa- 
diene) and q3 (in thioxanthen) is inferior to q3 (in 
thia-2,5-cyclohexadiene), this causing that the ac­
tion of the carbonyl (or thiocarbonyl) group on the 
mesomeric effects of both thia-sulphur and oxa- 
oxygen is to be reduced. When competition occurs 
between the (X-phenyl) mesomeric effects, the 
mesomeric moments of Ph2X, and the interac­
tion moments of each X -C 6H4- N 0 2 moiety in 
(/?-N02C6H4)2X, little depend on the nature of the 
heteroatom X: w(Ph2Se) = 0.09D, w(Ph2S) = 0.06D, 
m  (Ph20 ) = 0.12D; m (thioxanthen) = 0.66 D, 
m  (xanthen) = 0.44 D; Af(S.../?-N02) = 0.98 D
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(R  = 0.26) in 4-nitrophenyl phenyl thioether and 
M ( 0 . . . p - N 0 2) = 0.75 D (R = 0.21) in /?-nitro- 
phenyl phenyl ether, M ( S . . . p - N Ö 2) = 0.25 D (R  =
0.07) in di-(p-nitrophenyl) thioether, and M ( 0 . . . p -  
N 0 2) = nil or 0.19 D (R  = 0.05) in di-(/?-nitro- 
phenyl) ether*. Interestingly, competition between 
the ( X . . . p - N 0 2) interaction effects strongly lowers 
the interaction moments in these derivatives.

That the mesomeric effect of thia-sulphur is more 
increased than the one of oxa-oxygen through a po­
sitive 7r-charge induced by an electron-withdrawing 
substituent at the adjacent carbon atom may be ac­
counted for by Coulson and de Heer’s equation 
which relates the 7r-charge migration of the hetero­
atom (q) in a X-substituted unsaturated system, such 
as X-Ph, and thereby the mesomeric moment of 
X—Ph (m = L x  q), to the HMO LCAO parameters 
k  = ß ( C ^ X ) f ß ( C ^ C )  and x = [a(X) -  a(C )]/ 
ß ( C ^ ^ C )  [71]; after these authors q varies as k 2/  
t 3. As a consequence, a change in the r-value leads 
to A m  = K L x  (dg/dr) x Ax  = K L  x (3 k 2/ x 4) x Ax,  
where K  designates a constant. It then follows that 
one may write

A m '  L ' x  (3 k ' 2/ x '4)
A m "  ~  L"  x (3 k " 2/ x " 4)

= (m' /m")  ■ (x"/x')  = (0.5) • (x"/x'),  (1)

where k '  and x' refer to thioanisole and k "  and x” to 
anisole, whose experimental mesomeric moments 
are w' = 0.40D and ra" = 0.81D [60]. Now, for 
(x"/x')  = (2.0/1.0) = 2 [40,45], Am'  = A m ",  whilst 
for x” = 2 and x' small [72], A m '  should be much 
greater than Am",  for an equal change in the x- 
value. However, when x is small the charge migra­
tion (q) should vary as k 2/ ( k 2 + constant) [71]. Note

* The relevant calculations were made with the following 
data: m (Ph2X) = /<(Et2X) -  //(Ph2X) = 1.27 [51] -  1.15
[51] = 0.12 D for X=CC 1.61 [52] -  1.55 [61] = 0.06 D for 
X=S, and 1.52 [37] -  1.43 [54] = 0.09 D for X=Se, if 
conrotatory models are assumed for Ph2X [54, 62]; m(xan- 
then) = //(Et20) + //(toluene) — //(xanthen) = 1.27 [51] +
0.37 [63] — 1.20 [53] = 0.44 D, m (thioxanthen) = 1.61 [52] 
-I- 0.37 -  1.32 [53] = 0.66 D; n (/>-N02C6H4XMe) = 4.86, 
4.36 and 4.38 D [37] for X = 0, S or Se; //(P hN 02) =
3.98 D [64], /u(PhOMe)= 1.28 D acting at 0 = 1 0 7 ° ' to 
the Car- 0  bond axis [65], //(PhSMe) = 1.34 D with
0 =710 [60], //(PhSeMe) = 1.31 D with 0 = 72° [36]; 
H (4-NO->C6H4XC6H5) = 4.30 D [66] for X = 0  and 4.26 D
[67] for X=S; p ((/>-N02C6H4)2X) = 2.63 D [66] or 2.83 D
[68] for X =0, and 3.33 D [66] for X =  S; CarOCar= 123°
[69],CarSCar= 109.5° [70] .

also that, for (x"/x')  = 2, (m ' / m ")  = 0.5 implies (k'Z 
k" )  = 0.25, a value which much differs from those 
[(0.8/0.6) or (1.0/0.8)] used in [41] and [46], respec­
tively.

Since the contributions of (IV) and (IV') are de­
termined by those of (II) or (II') [56, 57], and the 
thiocarbonyl group has a greater conjugation ability 
than the carbonyl bond in similar unsaturated 
ketones and thioketones [29, 73, 74], as expected 
R  (2'-a) is higher than R  (2-a), R  (2'-b) is greater than 
/?(2-b), Ä(3'-a) is superior to Ä(3-a) and /?(3'-b) 
higher than R  (3-b).

Conclusions

The /^-values determined for 4H-pyran-4-one 
(2-a), 4H-pyran-4-thione (2'-a), 4H-thiopyran-4-one 
(2-b) and 4H-thiopyran-4-thione (2'-b) suggest the 
aromaticity order: (2-a) < (2'-a) ~  (2-b) < (2'-b) 
(Table 3), which compares well with that drawn 
from their 'H n.m.r. spectra [75, 76], The electronic 
spectra support an increased delocalization when 
passing from 2-a to 2'-a, 2-b and 2'-b [77], The aro­
maticity index (A]), which is a measure of the de­
gree of averaging of the peripheral bonds in an aro­
matic skeleton, is 0.72 for 4H-pyran-4-one and 1.00 
for benzene [58], Balaban and Simon’s index, based 
on the relative electrophilicity and nucleophilicity 
of a ring compared with that of benzene (taken as 
0), is + 57 for 4H-pyran-4-one [78]. The carbonyl 
oxygen-17 of 4H-pyran-4-one is shielded by 101.8 
p.p.m. compared to that of 2-cyclohexen-l-one, 
showing a high contribution of the (0 . . .C = 0 )  in­
teraction valence structure (IV) in the former com­
pound [55], All these physico-chemical data, in our 
opinion, prove aromaticity for 4H-pyran-4-one, and 
its related compounds. By contrast, considerations 
of the molecular magnetic susceptibility of both 
2H-pyran-2-one and 4H-pyran-4-one led to the con­
clusion that both are nonaromatic [79].

The /^-values for 9H-xanthen-9-one (3-a), 9H- 
xanthen-9-thione (3'-a), 9H-thioxanthen-9-one (3-b) 
and 9H-thioxanthen-9-thione (3'-b) suggest the aro­
maticity order: (3-b) < (3-a) < (3'-a) ~  (3'-b) for 
their central ring. The carbonyl-oxygen basicities of 
(3-a), (3-b) and (3-c) follow the order (3-a) > (3-b) 
> (3-c) [16]. Gayoso and Ouamerali’s new aroma­
ticity index (based on the diamagnetic susceptibility 
exaltation), which is 49 for 3-a and 92 for anthracen



1256 H. Lumbroso et al. ■ The Aromaticity of 4H-Pyran-4-one, 9H-Xanthen-9-one

[6], likely refers to the whole molecule, and not only 
(for 3-a) to the central 4H-pyran-4-one ring. A no­
ticeable contribution of the (0 . ..C  = 0 )  interaction 
canonical structure (IV') for 3-a is proved by the 
carbonyl oxygen-17 shift being 36.2 p.p.m lower 
than that of 9(10H)-anthracen-9-one [55]. Some

[1] M. Polonovski and A. Lespagnol, Chimie Organique 
Biologique, Masson and Co., Paris 1941.

[2] G. W. Bushnell, Yun-Long Li, and G. A. Poulton, 
Canad. J. Chem. 62,2101 (1984).

[3] F. Arndt, E. Scholz, and P. Nachtwey, Chem. Ber. 57, 
1903 (1924).

[4] M. J. Cook, A. R. Katritzky, and P. Linda, Advances 
in Heterocyclic Chemistry, edited by A. R. Katritzky 
and A. J. Boulton, Academic Press, New York, 17, 256
(1974).

[5] J. N. McDonald, S. A. Mackay, J. K. Tyler, A. P. Cox, 
and I. C. Ewart, J. Chem. Soc. Faraday Trans. 2, 77, 
79 (1981).

[6] J. Gavoso and O. Ouamerali. Rev. Roum. Chim. 26. 
1035 (1981).

[7] R. Comubert, R. Delmas, S. Monteil, and J. Viriot, 
Bull. Soc. Chim. Fr. 1950, 36.

[8] P. Läuger, M. Prost, and R. Charlier, Helv. Chim. 
Acta 42,2379 (1959).

[9] M. Evers, L. Christiaens, and M. Renson, Tetrahedron 
Lett. 26,5441 (1985).

[10] M. Dan Thompson, E. M. Holt, and K. D. Berlin, J. 
Org. Chem. 50,2580 (1985).

[11] R. Mayer, Chem. Ber. 90,2362 (1957).
[12] W. Minajew and B. Fedorow, Chem. Ber. 62, 2489 

(1929).
[13] W. Knapp, J. Prakt. Chem. [2], 146,113 (1936).
[14] H. H. Szmant, M. J. Segedi, and J. Dudek, J. Org. 

Chem. 18,745 (1953).
[15] R. Lesser and H. Weiss, Chem. Ber. 47 ,2510 (1914).
[16] M. Renson and L. Christiaens, Bull. Soc. Chim. Bei­

ges 79,511 (1970).
[17] I. F. Halverstadt and W. D. Kumler, J. Amer. Chem. 

Soc. 64,2988 (1942).
[18] H. Lumbroso, Ch. Liegeois, N. Dereu, L. Christiaens, 

and A. Luxen, J. Mol. Struct. 67,251 (1980).
[19] H. Lumbroso, Ch. Liegeois, G. C. Pappalardo, and C. 

G. Andrieu, J. Mol. Struct. 112, 85 (1984).
[20] J. L. Alonso, J. Mol. Spectrosc. 84,520 (1980).
[21] A. L. McClellan, Tables of Experimental Dipole 

Moments, Vol. I, W. H. Freeman and Co., San Fran­
cisco 1963; Vol. II, Rahara Enterprises, El Cerrito, 
Calif. (USA), 1974.

[22] J. Grohmann, Thesis University of Freiburg/Br., West 
Germany, 1955.

[23] Yu. P. Egorov, Yu. Ya. Borovikov, L. V. Papp, and 
A. I. Tolmachev, Teor. Eksp. Khim. 9,232 (1973).

[24] T. Nagai, Y. Koga, H. Takahashi, and K. Higasi, Bull. 
Chem. Soc. Japan 4 7 ,1022 (1974).

[25] Z. Aizenshtat, E. Klein, H. Weiler-Feilchenfeld, and
E. D. Bergmann, Israel J. Chem. 10,753 (1972).

[26] A. Somogyi, Z. Dinya, A. Csäszär, and P. Csäszär, 
Theochem. 133, 95 (1965); see also P. Csäszär, A. 
Csäszär, Z. Dinya, S. Holly, M. Gal, and J. E. Boggs, 
cited therein.

[27] H. Lumbroso. G. C. Pappalardo, and A  Grassi, 
Personal communication.

aromaticity of the central ring of 9H-selenoxanthen- 
9-one (3-c) is not to be precluded.

We hope that the results here presented may be 
useful for further studies on the aromaticity of 4H- 
pyran-4-one and 9H-xanthen-9-one, and related 
compounds.

28] M. Rolla, M. Sanesi, and G. Traverso, Ann. Chim. 
Rome, 42,673 (1952).

29] C. G. Andrieu, P. Metzner, D. Debruyne, D. M. Ber- 
tin, and H. Lumbroso, J. Mol. Struct. 39,263 (1977).

30] A. G. Pinkus and H. C. Custard, Jr., J. Phys. Chem. 
74, 1042 (1970).

31] J. Barassin, G. Queguiner, and H. Lumbroso, Bull, 
Soc. Chim. Fr. 1967,4707.

32] A. Lüttringhaus, R. Mecke, R. Mecke, and J. Groh­
mann, Elektronentheorie der Homöopolaren Bin­
dung, Hauptjahrestag Chem. Ges. DDR, 1955,152.

33] R. Seip, H. M. Seip, and Z. Smith, J. Mol. Struct. 32, 
279 (1976).

34] H. Lumbroso and C. G. Andrieu, Bull. Soc. Chim. Fr. 
1966,3201.

35] M. Gelin, Y. Bahurel, and G. Descotes, Bull. Soc. 
Chim. Fr. 1970,3723.

36] H. T. Kalff and E. Havinga, Rec. Trav. Chim. Pays- 
Bas 81,282 (1962).

37] L. Chierici, H. Lumbroso, and R. Passerini, Bull. Soc. 
Chim. Fr. 1955,686.

38] H. Lumbroso and G. Dumas, Bull. Soc. Chim. Fr. 
1955,651.

39] S. C. Biswast and R. K. Sen, Indian J. Pure Appl. 
Phys. 20,414(1982).

40] R. Zahradnik, C. Pärkänyi, and J. Koutecky, Coll. 
Czechoslov. Chem. Commun. 27, 1242 (1962).

41] R. Zahradnik, quoted by R. Mayer, W. Broy, and R. 
Zahradnik, in: Advances in Heterocyclic Chemistry, 
edited by A. R. Katritzky and A  J. Boulton, Aca­
demic Press, New York, 8,219 (1967).

42] C. Thomson and C. Edge, Theochem. 121, 173 (1985).
43] R. D. Brown, J. Chem. Soc. 1951,2670.
44] P. Beak, Tetrahedron 20, 831 (1964).
45] A. A. Efimov and V. M. Komarov, Opt. Spektrosk. 

30,19 (1971).
46] A. I. Tolmachev, G. G. Dyadyusha, and L. M. Shu- 

lezhko, Teor. Eksp. Khim. 6,185 (1970).
47] V. Herault and J. Gayoso, C. R. Acad. Sei. Paris, 

Ser. C, 269,298 (1969).
48] J. Gayoso, H. Bouanani, and A. Boucekkine, Bull. 

Soc. Chim. Fr. Part II, 1974, 538.
49] D. J. Bertelli and Th. G. Andrews, Jr., J. Amer. Chem. 

Soc. 91,5280 (1969).
50] E. N. Kharlamova, E. N. Gur’yanova, and V. G. 

Kharchenko, J. Struct. Chem. USSR 12,580 (1971).
51] A. N. Sharpe and S. Walker, J. Chem. Soc. 1964, 

2340.
52] C. W. N. Cumper, J. F. Read, and A. I. Vogel, J. 

Chem. Soc. 1965,5323.
53] M. J. Aroney, G. M. Hoskins, and R. J. W. Le Fevre, 

J. Chem. Soc. B, 1969,980.
54] R. J. W. Le Fevre and J. D. Saxby, J. Chem. Soc. 

1966,1064.
55] S. Chandrasekaran, W. D. Wilson, and D. W. Boykin, 

Org. Magn. Reson. 22,757 (1984).



H. Lumbroso et al. ■ The Aromaticity of 4H-Pyran-4-one, 9H-Xanthen-9-one 1257

[56] G. Baddeley, J. Chem. Soc. 1950,663.
[57] H. Lumbroso, Ch. Liegeois, G. Goethals, and R. 

Uzan, Z. Phys. Chem. N. F. 138,167 (1983).
[58] A. Julg and P. Franfois, Theor. Chim. Acta 8, 249 

(1967).
[59] F. Arndt, G. T. O. Martin, and J. R. Partington, J. 

Chem. Soc. 1935,602.
[60] H. Lumbroso, Ch. Liegeois, L. Testaferri, and M. 

Tiecco, J. Mol. Struct. 144,121 (1986).
[61] C. W. N. Cumper, J. F. Read, and A. I. Vogel, J. 

Chem. Soc. 1965,5860.
[62] G. Llabres, M. Baiwir, L. Christiaens, and J.-L. Piette, 

Canad. J. Chem. 57,2967 (1979).
[63] H. D. Rudolf, H. Dreizler, A. Jaeschke, and T. Wend­

ling, Z. Naturforsch. 22 a, 940 (1967).
[64] H. Lumbroso, Ch. Liegeois, D. G. Morris, and J. D. 

Stephen, Tetrahedron 34,557 (1978).
[65] H. Lumbroso and C. G. Andrieu, Bull. Soc. Chim. Fr.

I, 1973,1575.
[66] C. C. Hampson, R. H. Farmer, and L. E. Sutton, Proc. 

Roy. Soc. London, Part A, 143,147 (1933).
[67] M. Sanesi and G. Leandri, Ann. Chim. Rome, 45, 

1106 (1955).

[68] C. P. Smyth and W. S. Walls, J. Amer. Chem. Soc. 
54,3230 (1932).

[69] J. Toussaint, Bull. Soc. Roy. Sei. Li£ge, 15,86 (1946).
[70] J. Toussaint, Bull. Soc. Chim. Beiges 54,319 (1945).
[71] C. A. Coulson and J. de Heer, J. Chem. Soc. 1952, 

483.
[72] A. Streitwieser, Jr., Molecular Orbital Theory for Or­

ganic Chemists, John Wiley, New York 1967, pp. 123 
and 127.

[73] H. Lumbroso, Ch. Liegeois, F. A. Devillanova, and
G. Verani, J. Mol. Struct. 77,239 (1981).

[74] H. Lumbroso, Ch. Liegeois, and C. G. Andrieu, Z. 
Naturforsch. 40 a, 1338 (1985).

[75] J. JonäS, W. Derbyshire, and H. S. Gutowsky, J. Phys. 
Chem. 6 9 ,1 (1965).

[76] N. M. D. Brown and P. Bladon, Spectrochim. Acta 
A 21, 1277 (1965).

[77] P. Franzosini, G. Traverso, and M  Sanesi, Ann. 
Chim. Rome 4 5 ,128 (1955).

[78] A. T. Balaban and Z. Simon, Tetrahedron 18, 315 
(1962).

[79] C. L. Norris, R. C. Benson, P. Beak, and W. H. Fly- 
gare, J. Amer. Chem. Soc. 95,2766 (1973).


