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The chromophore building-block 9-methylanthracene is selectively
deprotonated at the methyl group and activated for reactions with
electrophiles.

Introducing anthracene fluorophores into main group based sensors
has been largely limited to the use of 9-lithioanthracene." The
majority of luminescent compounds used in chemical sensing or
organic light emission contain extended aromatic luminophore
moieties connected to quencher moieties or molecular back-
bones via a spacer unit. Almost all synthetic approaches to
sensing molecules described in the literature follow the estab-
lished route to introduce alkyl spacers to the fluorophore via
conventional organic synthesis, and then employing good
leaving groups to introduce the receptor/quencher moiety. This
process is almost entirely limited to Sy-chemistry* and brominated
species.” The umpolung option of the involved reactants using
organometallics has not been established yet. In 2011 we reported
the deprotonation of toluene under mild conditions using
trimethylsilylmethyllithium.* This gives the chance to deprotonate
the sensor scaffold 9-methyl anthracene ((i) in Scheme 1) and
convert the otherwise inert fluorophore moiety into a nucleophile.
Reactions with quencher moieties QX would then transform the
former methyl group of the starting material to a versatile
methylene spacer in the reaction product ((ii) in Scheme 1).
We embarked on that strategy by suspending 9-methyl
anthracene in diethyl ether and added 1 eq. of TMEDA. The
mixture was cooled to —15 °C and reacted with one eq. of
[(TMEDA)LiCH,SiMe;], for 30 minutes. Upon addition of the
organolithium component the color of the solution immediately
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Scheme 1 Deprotonation of 9-methylanthracene with [(TMEDA)LICH,SiMes],
(i) and subsequent reaction with electrophile quencher moiety (ii).

changed from light yellow to dark green and was after comple-
tion close to black. Within minutes a dark crystalline precipitate
was formed, leaving the mother liquor almost colorless. Due to
the inevitably high speed of crystallization, the quality of the
obtained crystals was poor and hampered the acquisition of
good X-ray data.§

Nevertheless, the obtained results indicated a separated ion
pair [Li(TMEDA),] [H,C(C14Ho)] (1) in the solid state (Fig. 1).

The asymmetric unit contains one lithium ion and two half
methyleneanthracene carbanions. The disorder could be resolved
and the structure was modelled successfully. All hydrogen atoms
could be found in the residual density map. The hydrogen atoms
at position 10 and 15 were even refined freely (for more details
see the ESI).

To avoid the instantaneous crystallization induced by the
poor solubility of 1a in diethyl ether and to facilitate the
hydrogen atom location, the reaction was cooled to and filtered
at —78 °C. The lithiated compound was re-dissolved in pre-
cooled THF. Only after several months at low temperature single
crystals were obtained from the THF solution, which were again
subjected to an X-ray diffraction experiment. The slower reaction

This journal is © The Royal Society of Chemistry 2016
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Fig. 1 Crystal structure of one formula unit of 1a. The anisotropic dis-
placement parameters are depicted at the 50% probability level. Disorder
and hydrogen atoms besides those attached to C10 and C15 are omitted.

and crystallization process proved to be beneficial for the crystal
quality and a resolution of 0.74 A was reached (1b).

As indicated by the cell parameters both structures 1a
and 1b differ significantly. Although the lithium methylene-
anthracenide also forms a separated ion pairs, the asymmetric
unit contains an additional molecule of the MeC,,H, starting
material, because [[TMEDA)LiCH,SiMes], is always added in
slightly deficient proportion to avoid dilithiation. Unfortunately
the anthracene molecules as well as the TMEDA donor mole-
cules are again disordered. An unambiguous assignment of the
CH,/CH; positions unfortunately was not possible (see ESIf).
Therefore we concentrate on the structure 1a. Although the
crystal structures cannot ultimately answer all questions con-
cerning the position of the negative charge, they do show that
the deprotonation using [(TMEDA)LiCH,SiMe;], in fact works®
and that the obtained structure differs considerably from the
structure of benzyl lithium,*”“® which forms contact ion pairs to
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give either monomers, cyclic tetramer, or a branched
octamer” depending on the donor base added.

To further locate the position of the charge, 1 was subjected
to NMR experiments. 'H, **C, H-H COSY, *C HSQC, **C HMBC
and “Li experiments were conducted and the structure could
fully be recovered. At first sight, it is striking that the entire
"H NMR spectrum of 1 appears to be shifted up-field (Fig. 2, left
top & bottom) compared to 9-methylanthracene. The signals
cover a substantially wider range in the spectrum of 1. The
general up-field shift indicates stronger shielding of the
protons. While the chemical shifts of 9-methylanthracene are
in the expected range of aromatic protons, the shifts found for
1 are much lower than expected. The integrals of the '"H NMR
spectrum confirm the observation derived from the crystal struc-
ture that the deprotonation exclusively occurred at the methyl
group. The “Li NMR spectrum shows a single peak at —2.3 ppm
suggesting that there is only one single lithium species present
in 1. This is in accordance with the results of the diffraction
experiments. Li-C coupling could not be resolved, supporting the
assumption that the separated ion pair from the solid state is
maintained in solution. The "*C NMR chemical shifts of C15
also indicate the deprotonation of the methyl group; the shift
from 13.0 ppm (9-methylanthracene) to 75.0 ppm (1) is sub-
stantial (Fig. 2, right). In comparison, the chemical shift of the
CH, carbon atom in benzyl lithium is only 31.7 ppm (tetramer)
and 36.1 ppm (monomer).

The signal assignment between starting material and
lithiated species depicted in Fig. 2 confirms that all signals
are shifted up-field by deprotonation of the methyl group,
except for the signal of the methylene protons themselves.
Especially the shift of the H10-singlett from 8.33 ppm to
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Fig. 2 Left: '"H NMR signal assignment of methylanthracene (top) and 1 (bottom). Right: *C NMR chemical shifts of C15 in methylanthracene (top)

and 1 (bottom).
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Scheme 2 Possible delocalization of the negative charge.

5.06 ppm is remarkable. The down-field shift of the methylene
proton signal from 3.10 ppm to 4.12 ppm is quite surprising,
because opposite observations were made for toluene/benzyl
lithium, where a slight up-field shift of the methylene proton
signal compared to the methyl proton signal of toluene was
found.> So far it deviates distinctly from the shift of 5.0 to
7.0 ppm expected for terminal vinylic protons. The up-field
shift of the aromatic proton signals compared to toluene is,
however, observed for benzyl lithium, although much weaker
than in 1. In addition to the chemical shifts the 'Ji; ¢ coupling
constants of C15 can be employed to determine the amount of
delocalization at the benzyl anion. According to investigations of
Boche et al®® for a pyramidalized sp® benzyl carbanion this
coupling constant is expected to be 125 Hz, while the value
expected for a planar sp’>-CH, group is 167 Hz. The ‘i ¢ coupling
of 1 in solution of 154 Hz indicates a far higher sp” character than
in tetrameric benzyllithium [{Me,N(CH,),OMe}(LiCH,CsHs5)]4
(127 Hz) and monomeric [(PMDETA)(LiCH,C¢H;)] (134 Hz).
Taking into account the findings derived from the crystal
structures (for details see ESIf) and the NMR experiments, a
localization of the charge coupling into the aromatic system
can be assumed’ (b and ¢ in Scheme 2), with only a minor
contribution of the charge at C15 (a in Scheme 2). The down-
field shift of the methylene protons is clearly too weak to
postulate full © bonding between C9 and C15. Nevertheless, a
fraction of the charge is transferred to the aromatic system,
inducing an up-field shift of the corresponding proton signals.”
Single point DFT calculations (B3LYP/def2-TZVP) indicate that
the planar sp® methylene group substituted solvent separated
ion pair is by 17 k] mol " lower in energy than the sp® pyramidal.
The deprotonation of the inert 9-methylanthracene under mild
conditions and the opportunity to further tune the reactivity by
addition of various donor bases in the subsequent reactions with
electrophiles clearly opens up new avenues in the syntheses of
chromophores and sensor compounds, holding the inevitably
important methylene bridge. Due to the accumulated charge
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almost exclusively at the deprotonated C,, side products are not
anticipated.

Notes and references

§ Crystallographic details: shock cooled crystals were selected from a
Schlenk under argon atmosphere using the X-TEMP2.® The data were
integrated with SAINT,” and a multi-scan absorption correction
(SADABS)'® was applied. A 3/ correction'! was applied. The structures
were solved by direct methods (SHELXT)'? and refined on F* using the
full-matrix least-squares methods of SHELXL' within the SHELXLE
GUL Crystal data for 1a: P2,/c, a = 16.526(2), b =9.874(2), c = 18.038(3) A,
f = 115.24(2)°, wR, (all data) = 0.2106, R, (I > 20(I)) = 0.0839, CCDC
1452372. Crystal data for 1b: P2,/n, a = 9.486(2), b = 34.841(3), ¢ = 19.391(2) A,
B = 93.77(2)°, wR, (all data) = 0.1595, R, (I > 20(I)) = 0.0545,
CCDC 1452373.
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