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ENDOR STUDIES OF [6JHELICENE ANION RADICAL
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Abstract—ESR, ENDOR and TRIPLE (electron-auciear-nuclear triple) measuremeats oa the reduction products of
[6]belicene have beea performed. From the ENDOR spectrum of the [6]belicene momoanion cight sets of
equivalent protons- could be deduced, being in agroement with the molecular structure. No ion-pairing was

observed for the anion under the experimental coadition:

The chemical and physical properties of the helicene
system such as syntbhesis, resolution, racemization and
absolute configuration have been the subject of increas- -
ing attention' in recent years. The optical and magnetic
properties of the reduction products of the best-known
helicene, [6]helicene, were studied by Weissman and
Chang.? Unfortunately, the resolution of the ESR spectra
of the paramagnetic ions was rather poor and the
hyperfine coupling constants (HFSC's) could not be
determined. In such cases of very complex ESR spectra
the ENDOR technique proved to be the method of
choice. Actually Allendoerfer and Chang® performed an
ENDOR study of the monoanion of [6]helicene and ten
HFSC's were extracted from the ENDOR spectrum.
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of HFSC's and 3° = 6561 ESR lines for the paramagnetic

monoanion of [6]helicene. Thus, only poorly resolved
ESR spectra can be expected (Fig. 2, top). The sim-
plifications obtained by performing the ENDOR tech-
nique are clearly demonstrated by comparison of the
respective ESR and ENDOR spectra. Figures 3 and 4
(top) show ENDOR spectra of the monoanion and of the
product from its further reduction, in solution.

ENDOR of [6)helicene amion. According to the
ENDOR resonance condition venpor =|ru =af2] cach
set of equivalent protons yields one pair of lines equidis-
tant from the free proton frequency . From the
ENDOR spectrum (Fig. 3, top), in agreement with the
predictions from molecular symmetry, eight HFSC's can
be deduced, in contrast to ten different HFSC's den'ved
from a previous ENDOR study on this radical.’ The
dleneddecmsemsymetrymwcotmtedforby
assuming with the potassium counter ion.
However, it is possible, that the additional ENDOR lines
were simply due to a paramagmetic by-product or
decomposition product. Thus, the ENDOR line pattern
and HFSC's remain nearly unaffected when Li, Na or K
were used for generating the radical ions, even when the
reaction was repeated in MTHF (Table 1). In addition,
the reproduction of the experimental ESR spectrum by a
computer simulation based on the ten couplings was
ambiguous since the ESR spectrum can be simulated as
well when only the eight HFSC's extracted from our
ENDOR experimeats were used (Fig. 2, bottom).
Obviously the ESR spectrum® was too badly resolved for
an accurate assurance of assignments and multiplicities.
The additional very weak ENDOR lines (indicated in Fig.
3, top) have to be attributed to a paramagnetic by-
product. The relative ENDOR line intensities were
strongly dependeat om the ESR fleld setting, which
clearly indicates two different paramagnetic species in
the sample.

Prolonged reduction of the monoanion resuited in
changes of colour, complete loss of any paramagnetism
and successive generation of a new paramagnetic species
with significantly changed ESR and ENDOR spectra,
(&.4,(@).mgloducthubeenumeda[61hdmne
trianios structure,’ but we feel that all the hitherto exis-
ting arguments give no usequivocal identification of the
trisnion, and the formation of a paramegnetic decom-
position product camnot be excluded. Since, to our
knowledge, no stable paramagnetic hydrocarbon trianion
with symmetry lower than threefold was ever clearly
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Fg L Block dingram of the ENDOR/TRIPLE spoctrometer. The part enciossd by the broken line represeats the
commercial ABG 20X ESR spactrometer.

Pig. 2. Experimentsl (top) and computer simuinted ESR spectrs
of the {§lhelicens moncasion; solvent DA(E, semperstare 190 K.

established, we intend 1o perform some carofel experi-
ments on this subject, e cyclic polarography, wae-

General TRIPLE cxperiments. The recoatly described’
electron-auciosr-socicar TRIPLE rescsssce tochaique
has proved to be of significant value because the relative
signs of the HFSC's become accessible. Figures ) and 4
(bottom) depict the TRIPLE spectra of both paramag-




ENDOR studies of f6Jheliconc anion radical

Table 1. Protos HFSC's of the [6lholicens mononnios a/MHz +0.0]

vi/one | wa/oe | wasiemur | x/omE x/om®

190k |190K | 150x | 190K calculated®

«nd42l-t0 ] ~r.41 ] -0 ] 7.4 - 7.84
6,8

- 5,67 | =568 | -5,68 | - 5,69 5,70 - 6,46
5,9%

3,35 |-3,35 | 3,38 | -3,3 3,38 - 5,41
2,8%

- 2,28 - 4,10

-2,2%] -2,28*) «-2,23°] 2.3

- 2,17 - 3,05

- 1,66 |~1,67 | -1,62 | - 1,68 1,60 - 0,86

-0,59 |~0,58 | -0,59 | -0,58 | 0,55 - 0,08

+1,22 |+ 1,20 | + 1,20 | + 1,22 1,21 + 1,10

*Values from ref 3. Seves HFSC's are seaely identical with our values, while three additiooal ones sre repoctad

in ref 3 (see ordering of rows).
MCaicuiated values given in ref 3 (McLachian).

*Average value of two HFSC's, see caption of Fig. 3.

Fig. 4. ENDOR {top) and TRIPLE spectra ol the radical

obtained by progressive reduction of the [6helicene moncanios,

DME/K, 190 K. As in the monoanion two slightly different coup-

Hugs-—here with opposite siga (bottoes)--contribate to the larger

fines at 12.93 MHz and 15.31 MHz. The protos HFSCs (MHz2)

are messured to be o, = ~7.99, ay = ~4.68, 0y = 397, 8, = 247,
By = =130, ag = ~0.66, 8y = +2.31.

CONCLUSION

ENDOR and TRIPLE experiments can successfully be
performed on the alkali metal reduction products
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