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Among the physical manifestations of aromaticity, the diamagnetic ring current
remains the most striking one."2 Despite various criticisms aimed at its quanti-
tative uue,3 the ring current criisrion continues to be a powerful disgnostic for
aromaticity, especially in the larger annulenes and heteroanaloguea.4 De Jongh and
Wynberg proposed an ingenious method for ascertaining the presence and magnitude
of ring current in a group R : they incorporated two such groups into the spiranic
molecule I and measured the shielding induced in the 1H-NIR peak of the methyl
protons.5 The present paper reports a similar approach which, however, is much
simpler since one starts from a prlmary amine R-NH2 and in a single reaction step
one obtains the molecule 1I1 whose H—NHR oa- and f-methyl chemical shifts sub-
tracted from one another afford a measure for the ring current. Therefore unlike
the previous method 5 which made intermolecular comparisons relative to a stan—-
dard, the present method is more precise because the comparison is intramolecular
relying on the difference batween two chemical shifts from the same NMR gpegtrug,
Moreover, the structure of III is simpler and contains neither cyclohexane rings
which are conformationally mobile, nor two different distances between one methyl
and the two R groups, like I.
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2,4,6-Trimethylpyrylium perchlorate (11} *’ conve
N-substituted 2,4,6- trlmethylpyridini perchlorates (
vield (>75 ?‘)=6 e
or reflux temperature, or without solvent in the molten amige. The excess amine is
removed with ether and the products III are recrystallized from water, ethanol or
acetic acid. It had been observed earlier that unlike the initial pyrylium salt or
N-alkylpyrylium salts, whose a-methyl protons resonate at lower fields than the
¥ -methyl protons, in N-phenyl-2,4,6-trimethylpyridinium salts (III, R = Ph) the
o-methyl groups are so strongly shielded that they resonate at higher field than
the J-methyl group.'=9 This effect was interpreted as indicating that the two
rings in I1I, R = Ph, are not coplanar, and was confirmed by X-ray diffraction

i ing a dihedral angle of ch in the c¢rystal 10 aend by the pnresence of atrop-
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isomerism in asymmetrically substituted N-arylpyridinium salts.11 Interestingly,
unlike biphenyl which is planar when crystalline and twisted in the liquid or
vapour phase, the isoelectronic unsubstituted N-phenylpyridinium chloride hydrate
is twisted also in the crystal with a dihedral angle of 45°.12

From a systematic investigation of various N-substituted 2,4,6-trimethylpyri-
dinium perchlorates III,13 it appeared that the difference D between the chemical
shifts of the a-methyls and the j-methyl

D = J(o~methyls) - 7 ( f-methyl) = J( f-methyl) - d
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another index, RRC (see below) a quantitative measure, of the ring current in the
N-substituent R. Since D is a difference in chemical shifts, any global effects
due to charge density induced by ‘the group R cancel out. Obviously, since the two
terms of relation (1) are read from the same NMR spectrum, any slight variations
of the NMR instrument also cancel out, leading to enhanced precision.

The Table presents a few selected data from the NMR spectra of pyridinium
salts III in trifluoroacetic acid. Ferchlorates III described earlier have litera~
ture references in the Table, the remaining ones are new. Indices D and RRC are

The action is carried out with exc

88 amine in ethanol at room
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a- and J-methyl
protons are usually straightforward since there are six protons for the a-methyl
singlet and three protons for the J-methyl singlet. If other methyl peaks due to
protons in the R group appear nearby, the assignment may be checked by using a
totally or selectively a~ or Jf-methyl deuteriated 2,4,6-trimethylpyrylium salt.
It is apparent from the Table that N-alkyl (No. 1) or unconjugated cyclic
N-substituents which cannot sustain an induced ring current (No. 2) have negative
D values, lower than -0,20 ppm. On the other hand, typical aryl substituenis (Nos.
6-16) have positive D values, higher than +0.20 ppm. It may be observed that from

thege aryl groups ordered nncerd1nv to increasing Hammett & vamlues, phenyl (No.13)
has the highest 7 and D values. Interesting results are obtained with five-membe-
red aromatic rings (Nos. 3-5). They have intermediate D values ranging from
slightly negative (No. 3) to slightly positive (No. 5), passing through zero (No.

If systems without ortho-substituents are considered (see next page).
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Table of 1H—NMR peaks of o~ and f-methyl protons in III and of indices D and RRC2

No. N-Substituents in III Ref. g'(a-cu3) 7( f—CHB) D T RRC
1. Methyl 8,15 7.18 T.42 -0.24 O 2
2. 3,4-Dihydrothiazol-2-yl 13 7.05 7.30 -0.25 O 0
3. 5-Methylisoxazol-3~yl 13 7.26 7.38 -0.08 0 34
4. 2,3-Dimethyl-1-phenylpyrazol-5-on-4~yl 13 7.27 T.27 0.00 22 28
5. Thlazol-2—y1 - T.39 7.22 +0.17 0 84
6. -An.lsyl - 7.50 7.29 "’0021 0 92
7. 5 3-Xylyl b - T7.56 7.23 40,33 22 94
8. 2,6-Xylyl - 7.57 7.22 +0.35 26 94
9. 3,4-Xylyl - T.51 T.29 +0.22 0 94
10. R—Tolyl 8 7.59 7.36 +0.23 0 96
11. o-Tolyl - 7.57 7.25 +0,32 22 92
12. m-Tolyl - 7.50 7.27 +0.23 0 96

13. Phenyl 8,15 7.61 7.36 +0.25 0 100

14. o-Carbomethoxyphenyl - 7.55 T7.23 +0.,32 22 92
15. p~Carbethoxyphenyl - 7.51 7.27 +0.24 O 98
16. p~Nitrophenyl 16 T.46 T.24 +0.,22 0 94
17. 3-Pyridyl 17 T.47 T.24 +0.23 0 96

18. 2—Pyrid’l - 7044 7.20 "‘0024 0 98
19. B-Naphthyl - 7.46 T.22 +0.24 0 98

20. a-Naphthyl - 7.57 T.14 +0.43 22 114

&Chemical shifts ( ) and D (in ppm) of NMR spectra in F3C-GOOH at room temp.

EFor a 20-fold variation of concentration chemical shifts vary negligibly.

4), This ordering of D values (isoxazole <thiazole< phenyl derivatives) parallels
accepted 253 ideas on the "aromaticity" of these compounds. Since, however, the
twist angle and the ring area are a little smaller than with six-membered rings,
it is safer to make quantitative comparisons only for rings of the same aize.

Thus, for examining the existence of ring current in a group R, the amine
R—NH2 is converted into the pyridinium salt III whose 1H-NIR spectrum yields the
chemical shift difference D ; for non-aromatic R groups, D ¥ -0.25. An approxi-
mate measure of the magnitude of the relative ring current is given by index RRC:

RRC = 200(D + 0.25) -~ T with T = 71.7x/(1 + 2.26x) (2)
where x is the number of o-standing groups in R (excluding carbonyl oxygen).

Indeed, a definite effect is exerted by ortho-substituents (compare Nos.
7-9, 10-12, or 14-~15), probably by increasing the average twist angle between the
planes of the two rings. Therefore a correction term T in (2) was necessary to
counter this ortho-effect.

There are several limitations of the present method : the amine R—NH2 must
be sufficiently (i) stable, (ii) nucleophilic, (iii) sterically non-crowded (it
wasg shown that t-butylamine does not form with I a pyridinium salt III but a
ring-opened product), and (iv) devoid of other closely placed groups which could
exert shielding or deshielding effects (unless these groups are part of the aro-
matic system like the carbonyl group in No. 4). Though B-naphthyl behaves like a
normal benzenoid ring (No. 19), a-naphthyl (No. 20) has RRC = 114 despite the
correction term T ; therefore equation (2) does not apply to a-naphthyl.

In conclusion, as indicated in the Table, non-aromatic R groups have index



440 No. 5

RRC in the range from -5 to +9. Six-membered benzene derivatives have RRC = 90 -

100, with benzene conventionally chosen as standard with RRC = 100 a3 in ref. >

The present data are in good agreement with those of ref.5 for five-membered aro-
matic heterocyclics : those in the above Table have RRC = 28 ~ 90. ¥ith the RRC
values quantitative comparisons of relative ring currents may be made.

of

Further work will investigaite a larger number of aromatic R groups by means
1H—NMR and 13L—NMR spectroscopy, and will attempt quantitative correlations
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derived resonance energies. samples of amines (~2 g) would be welcome.

Acknowledzement. Thanks are expressed to Drs. M. klian and I. 3ilberg for

discussions.

te

2.

14.

15,
16.

17.

REFERENCES
J. A. Elvidge and L. M. Jackman, J. Chem. Soc. 859 (1961) ; J. A. Elvidge,
ibid. 160 %1965).

kxcellent summaries are available for Carbocyclica : L. M. Jackman and S.
Sternhell, "“Applications of NMR 3pectroscopy in Organic Chemistry%, rergamon
Oxford, 1969, p, 97 ; and for heterocycllcs : K. J. Cook, A. R. Katrltzky
and P. Linda, Adv, Heterocyclic Chem. 17, 255 (1974)

R. J. Abraham, R. C. Sheppard, W. A. Thomas and 3. Turner, Chem. Commun., 43

(1965) ; J. 1. Musher, J. Chem. Phys. 43, 4081 (1365).

Review : F, Sondheimer et al., in “Aromaticity"™, Chem. Soc.3pec. Fubl. No. 21,

London, 1967, p. 75 ; cf. also 3. Ndkatsugl, a. Aklyama and M. Nakagawa,
Tetrahedron Leiters, |483(1978) ; Y. Kai, N. Yasuoka and N.Kasai, ibid. 17

H. A. P. de Jongh and H. Wynberg, Tetrahedron, 21, 515 (19€5).

A. T. Balaban, W. Schroth and G. Fischer, Adv. Heterocyclic Chem. 10, 241
(1369) ; K. Dimroth and K. H. #olf, Newer Methods Preparative Orp. Chem.
ln 357 (1964).

A, T. Balaban and C. D. Nenitzescu, Org. Synth. Coll. Vol. 5, 1106 (1973).

C. Toma and A, T. Balaban, Tetrahedron, Suppl. 7, 9 (1966). ) .

A, Bota, A. I. Balaban and F. Chiraleu, Rev., Houmaine Chim. 21, 101 (1976).

A. Camerman, L. H. Jensen and A. T. Balaban, Acta Cryst. 25 B, 2623 (1969).

C. Uncuta and 4, I. balaban, Rev. dounaine Chim. 21, 251 T—9 9)

4.\ LC 41
1065 (1

.{'\' J.- DG.LGUGKL auu l‘l- UlLUUlel.Lu' LIUV. RUWMGLIHS Ull.llllo _i,
rature cited therein.

A. Dinculescu, H, N. Koutrakis and A, I. Balaban, nRev. Rownuine Chim. 24,
(1979) to appear ; A. Dinculescu and A. T. Balaban, ibid. to appear.

E. Gurd A. Vaolleacu, G. D. Mateescu and a. T. Balaodn, J. Labelled Comp.

3, 196 (1967) ; E. Géard, I. Jtanoiu, F. Chiraleu and A. I. Balaban, Rev.
Roumaine Chim. 18, 257 (1973) ; 4. T. palaban, 1. I. 5ténoiu and F. Chira-
leu, Chem. Commut. 984 (1976) ; Rev. Houmaine Chim. 23, 187 \1976).

A. Baeyer and J. Piccard, Liebigs Ann. Chem. %’E' 2087(1911) ; 407, 332(1915).

E. A. Zvezdina, M. F. Zhdanova, V. A. Bren an N. Dorofeenko Khim. Gete-
rotaiicl Soed., 1461 (1974)

rovsSaidi. S0CR. \NI1TiN.

G. N. Dorofeenko, A. N. Narkevich, Yu. A. Zhdanov and T. G. Soroka, Khim.
Geterotsikl. Soed. 315 (1970).

(Received in UK %0 November 1978)



