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13C NMR spectra of 1
,3-dithiolylium tetrafluoroborate and

related compounds are recorded. The 13C spectra offer firm proof

for the presence of aromatic character in the 1,3-dithiolylium

ring, which was deduced from the 1H NMR spectral data.

Tetrathiafulvalene (TTF) has been a focus of intense research for recent years

since the finding1) of its formation of highly conducting charge-transfer complex

with tetracyanoquinodimethane. The metallic like property of its salts is discussed

on the basis of the ionization potential.2) The stabilities of the complexes may be

related to the stability of radical cations derived from TTF to, at least, some

extent.

A considerable number of literatures have appeared which report 1H NMR data of

resonance-stabilized 1,3-dithiolylium cations,3) key intermediates in TTF synthesis.

The cations are considered to possess the partial structure of the TTF radical

cation. However, to our knowledge, 13C NMR spectra of the 1,3-dithiolylium cations

have not been reported. Since the 13C NMR spectrum should give direct insight into

the electron densities of carbons, it is generally a more powerful tool than the 1H

NMR spectrum for studying the Charge delocalization within systems.4) We wish to

report the results of 13C NMR study of 1,3-dithiolanyl(1), 1,3-dithiolylium (2),

2-methylthio-1,3-dithiolylium (3), 1,3-benzodithiolylium (4), and 1,3-naphtho[2,3-d]-

dithiolylium (5) salts and to describe the effectiveness of these spectral data in

discussing the charge delocalization in these compounds.

(1) (2） (3) (4) (5)
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Known compounds (2,5)3,5) and 46)) were prepared according to literatures,

whereas new compounds (1 and 5) were prepared by treatment of 2-methylthio-1,3-

dithiolane (8) and 2-isopentyloxy-1,3-naphtho[2,3-d]dithiole with tetrafluoroboric

acid, respectively. 13C FT NMR spectra were recorded at 27℃ on a JEOL JNM-FX 60

spectrometer operating at 15.04MHz, whereas 1H NMR spectra at 34℃ on a Hitachi

R-20B spectrometer operating at 60MHz. Spectra were taken as trifluoroacetic acid-

O-d solutions in the cases of the salts, whereas as chloroform-d solutions for the

non-ionic species. Assignment of the signals were performed according to the known

rules of chemical shifts and intensities. The results are given in Table 1.

Estimated errors for carbon-13 chemical shifts are 0.06ppm for the cations and

0.05ppm for the corresponding precursors, whereas those for the coupling constants

are 0.1Hz.

1H NMR spectra of 2 -substituted 4-phenyl-1
,3-dithiolylium cations in trifluoro-

acetic acid were reported3b) and the shift of 5-H signals toward high field was

noticed when they carried an electron-donating substituent in 2-position. In accord-

ance with this observation, the signal of vinyl protons of 3 moves to higher field

by 0.73ppm from that of 4,5-protons of 2. However, it must be noticed that the

chemical shifts of C2-H's are almost indifferent among the dithiolylium salts studied

here, although the extent of charge-delocalization is expected to differ from com-

pound to compound. The signal of C2-H in 1 appears at a higher field than those of

dithiolylium salts in spite of the fact that the positive charge is most localized

in this compound. The anomaly must be attributed to the ring current effect of the

aromatic ring.

In contrast, 13C NMR spectra may be regarded to reflect charge density directly

because carbon atoms of these compounds comprise the aromatic skeleton. The feature

of 13C NMR spectral data of the salts is that, while C2 of 1 gives a signal at 221.2

ppm down field from the internal TMS, C2's of others give signals at higher fields
by 34ppm or more. Among the high chemical shifts of C2's, the highest of 3 may be
attributed to the delocalization of the charge over the methylthio group. The
results suggest that the positive charge is more delocalized in the dithiolylium
cation than in the dithiolanyl cation.

The signals of C4's of the dithiolylium salts are at the lower field by ca. 100

ppm relative to that of C4 of the dithiolanyl salt 1. The chemical shift of C4 in
the dithiolylium salt 2 from TMS is larger than that of C4 in the corresponding
dithiole (6) by 30.8ppm. Since the difference in chemical shfits of C4's of 1 and
8 is only 7.8ppm, the large difference between C4's of 6 and 2 must be taken as
an indication of charge-delocalization over this carbon atom. The same trend is
also observed in 13C NMR spectral data of C4 in 3, although the difference between
those in 3 and 6 becomes smaller due to delocalization of the positive charge over
the methylthio group.

It deserves mention that benzo- and naphtho-annelated derivatives (4 and 5) of
the dithiolylium cation show signals due to C2, the cationic center, at lower fields
than the mother compound by 3.3 and 7.6ppm respectively. The results are reason-
able in a sense that the positive charge is delocalized in these compounds at the
expense of resonance energy of the aromatic system: the delocalization occurs to
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a lesser extent if the double bond in the 4,5-position is a part of the aromatic
system. This idea is also consistent with a well known concept, that is, double
bond character of the 2,3-bond in naphthalene is the less: it should cause still
less delocalization of the charge. The observed chemical shifts of carbons in 4 are
roughly correlated to the electron densities calculated by Koutecky et al.7) with a
simpler MO model neglecting contribution of d-orbitals. A relatively small shift

(10.1ppm) in chemical shifts of C4's by going from 2-methoxybenzo-1,3-dithiole(7)
to 4, compared with that (30.8ppm) from 6 to 2, may be taken as a phenomenon in a
same line: the effect of the methoxy and methylthio groups on the chemical shift of
C4 of the non-ionic compounds may be taken equal as a first approximation.

The results presented here suggest that the aromatic character is present in
the 1,3-dithiolylium ring. The stability of the ring seems to be lessened by
benzo-annelation. Search for chemical evidence for the order of the stability is
under way.

References

1) A.F. Garito and A.J. Heeger, Acc. Chem. Res., 7, 232 (1974) and references

cited therein: F. Ishii and K. Akiba, Kagaku no Ryoiki, 30, 22 (1976);

M. Narita and C.U. Pittman, Synthesis, 1976, 489.

2) H.K. Spencer, M.V. Lakshimikantham, M.P. Cava, and A.F. Garito, J. Chem.

Soc. Chem. Commun., 1975, 867: E.M. Engler, F.B. Kaufman, D.C. Green,

C.E. Klots, and R.N. Compton, J. Am. Chem. Soc., 97, 2921 (1975).

3) For reviews, see: a) H. Prinzbach and E. Futterer, Adv. Heterocycl. Chem., 7,

39 (1966〕; b〕 E. Campaigne and R.D. Hamilton, Quart. Reports on Sulfur chem.,

5, 275 (1970).

4) D.G. Farnum, Adv. Phys. Org. Chem., 11, 123 (1975).

5) F. Wudl, M.L. Kaplan, E.J. Hufnagel, and E.W. Southwick, Jr., J. Org. Chem.,

39, 368 (1974).

6) J. Nakayama, K. Fujiwara, and M. Hoshino, Bull. Chem. Soc. Jpn., 49, 3567 (1976).

7) J. Koutecky, J. Paldus, and R. Zahradnik, Coll. Czechoslov. Chem. Commun., 25,

617 (1960).

Note Added in Proof: After submission of this report, a report on NMR spectra of

3, 4 and related compounds in sulfur dioxide is noticed (G.A. Olah and J.L. Grant

J. Org. Chem., 42, 2237 (1977)〕. The results are generally in agreement with ours.
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