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Abstract 

For the preparation of the title compound, 9,10-dilithiumanthraeene is treated with p-anisyichlorosilane to give 9,10-bis(p- 
anisylsilyl)anthracene (I) with high yields. The protodearylation of 1 with two equivalents of triflic acid affords 9,10-bis(trifiuoro- 
methanesulfonatosilyl)anthracene, which can be convened into 9,10-disilylanthracene (2) using LiAIH4. The crystal structures of I and 2 
have been determined by single-crystal X-ray diffraction. Solutions of I and 2 in common organic solvents show a violet fluorescence. 
The fluorescence spectra are compared with data on anthracene and 9,10-disubstituted derivatives. 
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There is currently a rapidly growing interest in 
polysilylated hydrocarbons, which are precursors for 
polymeric organosilicon materials. Novel efficient cou- 
pling reactions for polysilylated arenes, e,g, dehydroo 
genative, oxidative and desilanative coupling [I], give 
access to a wide structural variety of polymers. Polyo 
mers with tailored photophysical and photochemical 
properties are available from the coupling of individual 
monomers or mixtures of them [2], In the present work 
we have therefore turned to simple silylated an. 
thracenes, which have not been considered previously in 
this context. Owing to the special electronic structure of 
anthracene, and in particular of its 9,10.disubstituted 
derivatives, this family of compounds should offer new 
opportunities to modify the optical properties of ho- 
mopolymers or heteropolymers [3], In the past, q,10-di- 
hydro-disilylanthracenes were mainly used as key com- 
pounds for the generation of disilenes [4], 9,10-Bis(tri- 
methyisilyl)anthracene has first been reported i.  1975 
[5], and 9,10.bis.(triethoxysilyl)anthracene has been 
prepared only recently [6], There is virtually no infor- 
mation, however, about silyl anthracenes bearing solely 
hydrogen at the silicon atoms. We report the synthesis 
and properties of 9,10-bis( p-anisyisilyi)anthracene (1), 
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an arylated precursor, and of 9,10.disilylanthracen¢ (2). 
Their crystal structures have been determined and their 
UV-visible absorption and fluorescence spectra 
recorded. Molecule 2 is of fundamental interest as the 
first substituent-free silyl anthracene. 

The strategy for the preparation of the title corn° 
pound was adopted from the synthesis of polysilylalkao 
net [7] and polysilylarenes [8], with 1,8odisilylnaphthao 
lene [9] and !,2odisilylbenzene [10] as prominent exam° 
pies. In the threeostep preparation of these compounds, 
the success of in.situ Grignard reactions is detemdning 
the overall yield, In the present case, no inositu fomlao 
tion of a difunctional Grignard reagent is necessary. 
because 9,10.dilithiumanthracene and magnesiumano 
thracene are readily available [3,11]. Treatment of 
9,10-dilithiumanthracene with p.anisylchlorosilane in 
tetrahydrofuran at low temperatures (=60°0  affords 
9,10.bis(p.anisylsilyl)anthracene (1) as yellow crystals 
with high yields (75%) (melting point (m.p.), 218~ 
219°O [12] (Scheme I). The p-anisyl protecting group 
was chosen because of its excellent leaving group prop- 
erties, which were expected to be superior to those of 
the anthracenyl group. In the protodearylation at the 
silicon atoms with trifluoromethanesulfonic (triflic) acid, 
only a completely selective cleavage of the p-anisyl 
substituents with formation of the corresponding silyitrio 
flare can lead to acceptable yields of the title come 
pounds. Previous kinetic studies of protodearylatioJ~ or 
protodesilylation reactions did not include anthracene 
compounds, and our experiments should thus allow us 
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for the first time to place the anthracenyl unit in the 
published reactivity ranking [13]. 

Therefore the reaction mixture of the protodearyla- 
tion, followed by a hydrogenation step, was carefully 
investigated in order to obtain information on the rela- 
tive cleavage efficiency (p-anisyl vs. anthracenyl). 
Treatment of 9,10.bls(p~anisylsilyl)anthracene (1) with 
two equivalents of triflie acid at -~ 60°C in toluene led 
to an air-and water.sensitive viscous ~il with limited 
diermal stability. No attempts were made ~o isolate any 

the COml)onents, arid the reaction mixt~t~e w~s re- 

( _ .  

i~ig, 1, Motecu~ , ~ m w  of 9,lO, t ~ ( e - ~ i ~ y t ~ t l y l ~ , ~  (1) 
with Itomtc ~mbcglt~ (~T~P, ~ probability ¢ll|psold~ for ~ o  
~ #  MO~; ~ I N ~  radii for h ~  idoms), ,~ t I~d  
dlmx~es and idles age u follows: $I(I)~C(9)+ 1,89~2) ~ $1(:Z)~ 
C(iO), I,!184(~) ~:, S G H ( a ~ ) ,  1,41 ~ C(9)=C(i4), 1.412(3) ~, 
cgg)-C(il), I.,410(3) ~ C(il)~C(13), 1,~t9(3) ~ C(It)=C(I), 
h439(3) A, C(I}~C(2[ 1,34~3) ~ C(~)-C(3), 1,406(4) ~, C(3)- 
c(,O, t,3s(X3) A: c(,O=c(tz), 1,4,~3) ~; c(11)-c(~)=s~(i), 
lig,G(2P~ C(14)-C(9)=C(il), II8,7(ZP~ C(2)=C(I)=C(II), 
122,~(2)~; C($),-C(5)=C(?), 120,?(2P; H(01)-SKI)-H(02). 
IO~LG(i2) ~, C(9)~$KI)~FI(OI), 113,5(8)', 

Fig. 2. Molecular structure of 9,10.disilylanthracene (2) with atomic 
numbering (oRxt~r, :50% probability ellipsoids for non-hydrogen 
atoms; arbitrary radii for hydrogen atoms). Selected bond distances 

~ d angles are as follows: Si.~C(I), !.878(2) ~; 8i-H(average), 1.35 
; C(I)-C(?), 1.408(2) A, C(I)-C(6'), 1.412(2) A; C(?)-C(2), 

1.431(2) ~; C(?)-C(6), 1.440(3) ~; C(2)-C(3), 1.352(3) ~; C(3)- 
C(4). !.409(3) ,~; C(4)-C($). 1,35~3) ,~: C($)-C(6), 1.429(2) ~,; 
C(?)-C(t)-Si, 118.2(I)°; C(6')-C(1)-C(?), 119.3(2)°: C(3)-C(2)- 
~?), 122.4(2)°; C(S)-C(4)-C(3), 120.2(2)°: H(13)-$i-H(i2), 
109(2)O, H(I I)-Si-C(I), i l l ( i )  °, 

dated at once with lithium aluminium hydride in diethyl 
ethe~ (Scheme I), The gas ehromatography-m~ spec- 
troseopy (MS) analysis of the final products after an 
aqueous workoup showed about 40% of anthracene and 
60% of 9,lO~di~ilylanthracene (2). No sisnificant 
amounts of 9osilylanghracene or 9°(poanisylsilyl) 
anthracene were detected, The poanisyl Stoup has thus 
been shown to be superior as a Icavin8 8xoup over 11~ 
anthracenyl group, but the differences are not great. 
9,10~Disilylanthracene (2) can be i~lated by extraction 
of the reacdon mixture with hexane and sublimation at 
,40~'C and 0.01 Ton' (yield, 50%). Crystals suitable for 
X-ray crystallography were grown from bexan© (yellow 
needles; re,p,, 146-~147~C). The analytical, MS and 

T 4SO 
4OO 
)SO 

"~ ISO 

SO 
0 
3O0 39) 400 4SO 5O0 

Fig. 3. F lu~encc  and. excitation Sp~CtTum of 9,10-hi~/~anisylsi- 
l y l h n ~  (11 (cyclohexanc; excitation slit and emission slit. $ 
rim: scan speed, ~10 nm rain" t 1. 
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Table I 
Emission maxima of anthracene reference compounds 
Compound (solvent) 

Antlua"cene (cyclohexane) [ 19] 
9-Methylanthracene (cyclohexane) [ 19] 
9, I O-Dichlomanthracene (cyclohexane) [ 19] 
9,10-Diphenylanthracene (cyclohexane) [ 191 
9,I0-(SKOE03)2 anthracene (tetrahydmfuran) [6] 
9, ! O-Disilylanthracene (cyclohexane) 
9,10-(Sill ~-pAnis)~ anthracene (cyclohexane) 

Fi'uores~'ence maxima 
(am) 
380, 400, 425, 450 
390, 415, 440. 470 
405. 430, 460, 490 
410, 430, 460 
420, 440, 460 
405, 430. 455 
410, 430, 460 

NMR spectroscopy data are in full agreement with the 
proposed formula [I 4]. 

The molecular structures of 1 and 2 have been 
determined by single-crystal X-ray diffraction studies. 
9,10-Bis(p-anisylsilyl)anthracene (I) crystallizes in the 
triclinic space group P I with two molecules in the unit 
cell [15]. The individual molecules have no crystallo- 
graphically imposed symmetry. The crystal packing 
shows no anomalies regarding intermolecular contacts, 
and the bond angles and bond distances are within the 
normal range (Fig. I). The atoms C(9) and C(10) as 
well as the silicon atoms lie in the plane of the an- 
thracene frame unlike the situation for example in 9,10- 
bis(trimethylsilyl)anthracene [5]. 

9,10-Disilylanthracene (2) crystallizes in the mono- 
clinic space group P2t/n with two molecules in the 
unit cell [15]. By symmetry the compound has a center 
of inversion which is situated in the middle of the 
central ring of the anthracene. The anthracene l~ame~ 
work is planar and the bond angles and bond distances 
are in th~ expected range (Fig. 2). 9,10~Dimethylo 
~|nthrt|cene shows a sirnilar StruCtUre in the solid state 
[ISl. 

Coml~lunds I and 2 show a violet fluorescence in 
most common organic solvents. A 10 ~ M solution of 
9,10-bis( p°mdsylsilyl)anthracene (1) in cyclohexane has 
an absorption maximum in the excitation spectrum at 
400 nm. The fluorescence spectrum has two emission 
maxima at 410 and 430 nm and a shoulder at 460 nm 
(Fig. 3). The absorption maximu,n in the excitation 
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Fig, 4. Fluorescence and emission spectrum of 9,10.disilylanthraeene 
(2) (cyclohexane; excitation slit and emission slit, 5 nm; scan speed, 
500 nm min ° '). 

spectrum of 9,10-disilylanthracene (2) appears at 395 
nm, and the maxima in the fluorescence spectrum are 
blue shifted at 405 and 430 am, with a shoulder at 455 
nm, compared with 1 (Fig. 4). In Table I the emission 
maxima of anthracene reference compounds are listed 
for comparison [19]. Substitution with the p-anisylsilyl 
or silyi groups causes a re(' shift of the fluorescence 
wavelength compared with anthracene, which is larger 
than the shift induced by methyl substitution and ap- 
proaches that of the phenyl substitution. 'rr-er interac- 
tions with Si-H bonds are the most likely origin of 
these phenomena. 

To improve further the yield of the two-step prepara, 
tion, more electron-rich substituents at silicon, such as 
veratrol, are being introduced in current studies. Dehy. 
drogenative and desilanative coupling of 9.10-di° 
silylanthracene with or without other silanes are also 
under investigation and will be the subject of future 
publications. 
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