The benzylidenefluorene dianion
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The interaction of benzylidenefluorene with alkali metals in THF solutions results in the formation of the benzylidenefluorene
dianion or the 1,2-bis(9-fluorenyl)-1,2-diphenylethane dianion depending on the nature of the alkali metal.

Aryl-substituted olefins and polycyclic aromatic hydrocarbonssodium mirror or a lithium suspension) led to another result. A
undergo reduction to form dianidnd or even tri- and tetra- slightly coloured precipitate and an intensely coloured solution
anions?-> The studies in this field were primarily concerned were formed in both cases. The subsequent hydrolysis of the
with symmetrically substituted olefirfsil little information is  reaction mixture resulted in the formation of 1,2-bis(9-fluorenyl)-
availaible about unsymmetrically substituted vinylaréAésarlier,  1,2-diphenylethan& in 86 (sodium) or 64% (lithium) isolated
we have reported on the synthesis of organolanthanide corgield.®

plexes using hydrocarbon dianions as ligadck$. To extend the

range of dianions, we have examined the two-electron reductior —| N
of benzylidenefluorene, a trisubstituted vinylarene, which can be .
| M*

synthesised from fluorene and benzaldehfdéHowever, the M

possibility of selective reduction of benzylidenefluorene to its THF >
dianion under the treatment with alkali metals is questionable

because of the well-known ability of unsymmetrically substi-

tuted vinylarenes to form dimers under the action of alkali
metals! Moreover, Schlenk and Bergmdfrfound that the
interaction of benzylidenefluorene with sodium in diethyl ether
followed by hydrolysis of the reaction mixture leads to 1,2-bis-
(9-fluorenyl)-1,2-diphenylethane. Therefore, the treatment of
benzylidenefluorene by sodium in diethyl ether leads to dimeri-
zation of the benzylidenefluorene radical ion instead of formation
of the dianion.

We report here on the reaction of benzylidenefluofewéih
alkali metals in THF solutions resulting in formation of the ben-
zylidenefluorene dianion or the 1,2-bis(9-fluorenyl)-1,2-diphenyl-
ethane dianion depending on the nature of the alkali metal. The
behaviour of the benzylidenefluorene dianion in a THF solution
was examined by NMR spectroscopy. The IH NMR spectrum of exhibits nine resonance signals

The reaction ofl. with potassium in a THF solution leads to due to aromatic protons (Figure MJhe 2DIH—H correlation
the formation of the benzilydenefluorene dianion. A colourlessaind NOE between 18-H16 and HO-H! allowed us to assign the
solution of benzilydenefluorene placed in the Schlenk vesselH NMR signals. ThéJ,,,, constants were calculated using the
containing a potassium mirror immediately turned orange-brown
(Amax= 428 nm). The keeping of the solution over the potassium 3: mp 130-131 °C (lit}? 130-131 °C)1H NMR (250 MHz, CDC})
surface at ambient temperature for 48 h with occasional stirring: 3.13 (d, 2H), 4.25 (t, 1H), 7.15-7.40 (mm, 11H), 7.75 (m, 2H).

resulted in the quantitative formation of dipotassium benzylidene- 4: mp 131-133 °CH NMR (250 MHz, CDC}) o: 3.13 (br. s, 1H,
fluorene2. 1512 Hz), 7.15-7.40 (mm, 11H), 7.78 (M, 2HE {1H} NMR (75 MHz,

CDCly) 6: 39.7 (1), 48.7 (1), 119.9, 124.9, 126.4, 126.7, 127.2, 128.3,
OO K
THF

2- 129.6, 139.8, 140.9, 146.8. MS (El, 70 eV, 250 A& (%): 259 (11)
[M + 1], 258 (59) [M], 257 (44) [M — 1], 167 (47), 166 (100), 165 (70),
O'O « 0.0 164 (17), 92 (42), 91 (8), 44 (18), 43 (68), 40 (30), 39 (11).
| = X

§ A solution of 0.226 g (0.89 mmol) df in 20 ml of THF was stirred

M =Li, Na

o
2

N N X N over a sodium mirror for 36 h. A reddish orange precipitate was formed.
‘ | | The precipitate was hydrolysed with 4 ml of degassed water. The reaction
Z F F with lithium powder was carried out in a similar way. The standard
1 2 3X=H procedure gave 0.196 g (86%)%fmp 336—337 °C (lit!8 mp 321 °C).

4%X=D 1H NMR (500 MHz, CDCl,) : 4.03 (br. s, 2Hy,,, 3.8 Hz), 4.66 (br. s,
2H, vy, 3.8Hz), 6.88-6.975 (m, 10H), 7.21 (t, 2H), 7.28-7.38 (m, 6H),
The quenching of the dianion solution byGHor D,O  7.40 (d, 2H), 7.47 (d, 2H), 7.70 (d, 2H), 7.87 (d, 2KE {*H} NMR
resulted in the formation of 9-benzylfluoreB& or 9,10-di-  (75.5 MHz, CDCl,) ¢: 50.0, 52.7, 119.7, 120.1, 124.7, 126.3, 126.6,
deuterio-9-benzylfluorené* Therefore, the use of potassium/THF 126.8, 127.0, 127.2, 127.5, 127.6, 138.2, 141.2, 142.5, 144.6, 147.2. MS

i : - : (El, 70 eV, 250 °C)wz (%): 510 (1.4) [M], 345 (4), 331 (8), 330 (23),
instead of sodium/diethyl ether allowed us to obtain the _bgr_uzyll253 (6), 180 (26), 179 (7), 178 (5), 167 (6), 166 (54), 165 (100), 164
denefluorene dianion and to avoid dimerization of the |n|t|aIIy(ll) 163 (6), 115 (4), 91 (10), 57 (6)

formed radical ion. Nevertheless, the reduction of benzylidener 5.1, NVR (500 MHz, FHS]'THF) 5. 4.40 (H9), 4.82 (H4, 3,40

fluorene by sodium or lithium metal in a THF solution (using a7 3 Hz), 5.29 (1, 3]s 7.9 HZ), 6.11 (B8, 315416 8.1 Hz), 6.15 (1),

6.30 (H3, 33,154 7.1 HZ), 6.41 (B, H6, 3J54 7.4 HZ), 6.94 (R, H7,

T All experiments were carried out in evacuated and sealed vessels [iR8,,: 7.2 Hz), 7.04 (M, H8, 3J12 8.1 Hz), 8.00 (K, H5). 13C {1H} NMR

the Schlenk tubes. In the typical experiment, 1.053 g (4.14 mmdl) of (100 MHz, BHg]THF) d: 31.8 (@), 66.5 (Q9 Juioyo 142.8 Hz), 97.2
was dissolved in 70 ml of absolute THF and allowed to react with §C4, Jaigqs 158.4 Hz), 100.1 (@ater), 108.5 (G), 108.8 (G2 Juizqe
potassium mirror prepared from 0.500 g (12.8 mmol, 3-fold excess) 0149.7 Hz), 117.3 (§, 117.9 (@9), 120.5 (G, C*, Joyye 149.1 HZ), 124.4
potassium. To prepare NMR samples, 7 mg scale experiments were pé@Gavater)  129.6 (G6), 132.0 (@3), 132.9 (Quatery, 146.1 (Quater) (the
formed in 0.5 ml of {Hg] THF. assignments were made using DEPT and CW-decoupling experiments).
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C-9 signal; this can be interpreted as the consequence of a signi-
ficant impact of the quinoid resonance structure.

To investigate the dynamics of this system, we performed
high-temperature NMR experiments. Suprisingly, no changes in
the IH NMR spectrum o2 were found up to 333 K. This fact
indicates that the rigid structure 8fin a PHg]THF solution
remains unchanged even at elevated temperatures; therefore, no
rotation of the phenyl ring can be observed. This observation is
inconsistent with the behaviour of the more sterically hindered
tetraphenylethylene dianion in solution, where equivalent phenyl
protons were detected even at room temperadsanilar phe-
nomena were observed earlier in dilithium 1-phenyl-1,2,2-tris-
(trimethylsilyl)ethylene, where the rotation of phenyl group was
also frozen at room temperatdfeUnfortunately, high-tempe-
rature NMR spectra were not measured for this compound.

e We thank Dr. Yu. A. Strelenko for helpful discussions of the
8.0 7.0 6.0 5.0 NMR data.
dlppm This work was supported by the Russian Foundation for Basic
Figure 1 Calculated (top) and experimental (botto#H)NMR (500 MHz) Research (grant nos. 96-03-34237 and 96-03-33313).
spectra oR.
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