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Mono- and di-silylated derivatives of 9,lOdihydro anthracene have been 
prepared. The cis and trans isomers of the disilylated compounds were sepa- 
rated and their configurations assigned. Attempted dehydrogkation of the deriva- 
tives with sulphur and chloranil led to the formation of anthracenti, whereas 
with n-BuLi/TMED high yields of the corresponding sil&tkd anthracenes were .- 
obtained. This &fords a new and improved method of synthesti of 9- and 9,10- 
silylated anthracenes. The mass spectra of the derivatives are also discussed. 

Introduction 

In attempts to synthesise 9-(trimeth@Glyl)anthr&ene *, &ethylsilyl 
derivatives of 9,lO-dihydroanthracene (9,10-DHA) were prepared in anticipa- 
tion that they would furn&h the desired compound on dehydrogenatiox Syn- 
theses of these compounds have been reported [2,3], but no skereokhexkical 
assignments were made f+ the 9;iO-bis(trimethylsilyl)-9,lO-dihydroanthracene. 
This paper de& with synthesis and confiitional assignment, of these corn- 
pounds, and describes their 'behkiour under arqnge of dehydrogenating condi; 
tions. 

. . 

k&.dts and discussion .. 

(i). k%ucture of 9,l O-dihydroanfhrkenes 
The confi&.irations of 9,10&lkyl-9;10-DHA have been the kbiect of ‘n&h’ 

ControVeky in keCerit years. Alkylakiofi of ihe- k&race% dikiori, ~en&ted-by’ 
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the -rea&ion of alkali met&with anthracene in liquid ammonia and ether 
.. 
y. 

solvents; was initially shownto proceed with cis stereoselectivity [4], but subse- 
quently ‘diisopropyistion was proved to give the trans isomer 151. Much of the 
“;early work in this area was hampered by wrong configurational assignments, and 
it is only &th the recent use of double resonance NMR experiments and the 
evaluation of Nuclear Overhauser Enhancements (NOE), that the configuration 
.of these molecules has been unambiguously determined. A recent publication 
by Harvey, Rabideau et al. [6] has summarised the present state of the subject 
in some considerable detail. The mono- (I) and the di-silylated antbracenes 

SiMe3 SiMe3 5iMe3 

(I) (CiS -II) (trans-rt 1 

(c&II and Pans-II), were prepared by reductive silylation of anthracene using 
either n-&I& or alkali metals in solvents ether, THF or methylcyclohexane. 
For complete disilylation, it was found necessary to use a mole ratio of Me,SiCI 
to anthracene of at least 4 : 1. It has been shown by numerous workers that 
reductive alkylation is the major reaction of anthracene under a wide range of 
metallation conditions. A recent claim that anthracene is polysilylated under 
similar conditions [ 71 is at variance with current views and also with the syn- 
thetic work presented here. It must be pointed out that no polysilylated deriva- 
tives were isolated in the above work and that their characterisation rested 
heavily on the mass spectra of crude reaction mixtures. In view of the marked 
tendency of dihydroanthracenes to undergo dehydrogenation under conditions 
obtaining in the mass spectrometer and with suitable reagents such as sulphur 
or chloranil (vide in&a), the above findings must be treated with some caution. 

It is now generally agreed that dihydroanthracenes possess a shallow boat struc- 
ture [S], the dihedral angJe between the benzene ring planes being governed by 
steric effects associated with the 9- or lo-substituents. There is much evidence 
to suggest that bulky alhyl groups show a strong preference for a quasi-axial 
position in such a conformation. In the case of the di-t-butyl-9,10-DHA, the cis 
isomer gave.an 8% NOE effect on the H(9), H(10) protons by irradiation of the 
aromatic protons, whereas the trans isomer showed only a 2% enhancement. 
The corresponding enhancements in. H(9), H(lO) for irradiation of the t-butyl 
protons were 10 and 14% respectively-[ 61. This suggests some flattening of the 
boat structure of the trans isomer. If this is true, then the t-butyl protons will 
be less shielded than in the pseudo-axial conformation of a tie boat. The data 
in Table 1 lends support to this thesis, although the chemical shift difference 
between the two isomers is small. However, if the trans structure were more 
planar than the cis, the meso protons would have more sxial character than in 
the cis‘ where they would be pseudo-equatorial. Since it has been shown that 
pseudo-equatorial protons z&e’ more shielded than their axial counterparts 19, 
lo], the cis,meso protons shouWabsorb at a higher field which is contrary to the 
observed chemical shifts, which makes the above postulate difficult to rationalisei 
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The double resonance techniques described above have enabled an unambig- 
uous assignment of configuration of- the di-t-butyl isomers to be made. The 
trans isomer has the higher melting point and the most shielded meso protons, 
.and is the dominant product of the alkylation of 9t-butyl-9,10-DHA. The t- 
butyl protons are more shielded in the cis isomer, probably due to the strong 
steric interactions between the t-butyl groups and the peri hydrogens which 
force the molecule to adopt a more boat-like conformation with the t-butyl 
groups in the pseudo-axial positions. Reductive silylation using an excess of 
Me&Cl gives as the major product a compound melting at 70°C together with a. 
small yield of an isomer melting at 172°C. The chemical shift of the meso 
protons was lower for the latter, which, by analogy with the t-butyl analogue, 
was assigned the trans configuration. The Me&li protons were more shielded in 
the trarzs isomer than the cis (Table 1). This can be explained in terms of very 
strong transannular steric repulsions between the Me,% groups, forcing the 
molecule to adopt a planar, or even an inverted boat conformation, where the 
silicon atoms are pseudo-equatorial. From inspection of models it is apparent 
that, compared with the t-butyl analogues, the peri-meso interactions are much . 
less important and transannular effects become dominant_ Thus the trans 
isomer can exist in a boat-form which is capable of inversion whereas the cis 
isomer has far less mobility. The Me$i group in the tt-ans isomer can therefore 
adopt a pseudo-axial position and, as such, is more shielded by the neighbour- 
ing aromatic nucle-us than the “flatter” cis isomer. The melting points of the 
two isomers also seem to support this assignment, although a final decision must 
await further, more detailed NMR experiments. If the above assignment is 
correct, then the major product of reductive silylation is the cis isomer, which 
contrasts strongly with the results obtained for the corresponding alkylations 
using bulky groups. However, the greater bond length of the Si-C bond com- 
pared with the C-C bond will engender a lower order of steric effects which 
could account for the observed stereochemical course of the reaction. 

The pseudo-axial and pseudo-equatorial C(10) protons in Q-t-butyl-9,10-DHA 
have markedly different chemical shifts [9] (6 4.17 and 3.70 ppm respectively 
with J,,, 19 Hz) confirming the boat-like nature of the central ring. The trimethyl- 
silyl analogue (I) shows no such differences. The H(9) proton absorbs at 3.43 
ppm and appears as a sharp singlet, whilst the H(10) protons appear as a broad 
signal at 3.78 ppm. Closer inspection of the latter revealed the presence of two 
singlets separated by =2 Hz. This indicates that differences due to axial or equa- 
torial stereochemistries have largely disappeared and that the central ring is 
sensibly planar. 

(ii)_ Dehydrogenation experiments 
Attempted dehydrogenations of the trimethylsilylated-9,10-DHA using 

sulphur or chloranil resulted in the formation of large amounts of anthracene 
(cf. t-butyl analogues) [ll] *. The reactions are undoubtedly free radica1.m 
nature and clearly the expulsion of Me,% is a more favourable process than 
removal of a hydrogen atom. For the II isomers, the cis form appeared to react 

* The formation of anthkacene on treatment of 9-trimethylsilyl-S,lO-DHA with sulphur has beed 
reported previously [161. 
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TABLE 2 .. 

MAJOR FRAGMENTATION PATTERN = F0R.I ~. 

Reaction Fragment lost Mass change Metastable 

CI4HIISIMei?+ CI4I-iIgSiMe3* -H’ 25-251 250 b 

CI&IIISiMejf+ CI4HIISiMe2+ Me- 252-‘237 222.9 b 

CI4HIoSiMe3++ CI4HIo? MesSi- 251’178 -- 125.7 
CIqHI@iM&3*-t MesSi+ CI4H10: 251-73 21.20 c 

CI4HIISiMe2+-’ Me$iH+ CI4HlO 237459 14.68 
MesSi+ MeSiHz+ c2H4 73445 27.73 

n ExcIuding fragmentations of C14HIofion_ b Metestable not observed. = Metestable not observed. assign- 
ment made by analogy with fragmentation of cis-II and trans-II. 

more-readily than the tram form, which is in keeping with previous findings 
in the catalytic dehydrogenation of the corresponding dialkyl derivatives [ 123. 

In contrast to the radical processes, hydrogen is removed selectively from the 
9,lO positions by the n-BuLi/TMED complex. Deprotonation occurs very 
readily to give high yields of the corresponding 9,10-substituted anthracenes and 
affords a new and improved route to these hitherto rather intractable deriva-- 
tives. 9(trimethylsilyl)anthracene and 9,10-bis(trimethylsilyl)anthracene.were 
thus prepared, the former was recently synthesised, after much difficulty, from 
9-bromoanthracene [l]. 

(iii). Mass spectra 
The spectra of I, cis-II and trans-II had several common features. All show 

parent ions and intense peaks at m/e 178 (anthracene ion) and 73 (Me&X+)._ For 
I, the spectrum, apart from the peaks due to the Me,Si group, was remarkably 
similar to that of anthracene. The major fragmentations appear in Table 2. Loss 
of a hydrogen atom from.the parent ion constituted an important fragmentation 
since the anthracene ion is formed by loss of a Me3Si radical from m/e 251. In 
contrast, cis-II and trans-II (Table 3) do not lose hydrogen butfragment either 
by loss of Me,Si radicals, anthracene radicals or Me,Si. The latter is interesting. 
since presumably the fourth methyl group is abstracted from the transannular 
Me,Si group. It was found that the relative_abundance of the product ion in 
this process (m/e 236) was higher for the cis isomer than for the tram (Table 4) 

TABLE 3 

MAJOR FRAGMENTATION PATTERN = FOR &s-II AN~~trons-Ii 

Reaction Fragment lost Mass change. Metastable 

CIiHIo(SiMe3)2$4 CI.@IoSiMq+ 

CI$XI@iieg)2?+ CIiHIOSiMeZ* 
MegSi _ -. 324-‘251 194.4 
Me&i 324L236 171.9 

CIflI&+iMe3+* CI4HIo+ Me$i- 25l-?i78 126.2 b 
CI4I-IIoSiMe3++ MesSi+ c14H;o: 251-‘73 .21.2 
CI$XIoSiMe2+~ MeZSiH+ C14H10 23-59 .14.7 b 
Me$i* -+ MeSiHz c2H4 73+45 27.73 

a Exclu&g fragmenta_tions of CIfl,Io+ion. b Metastabk xiot observed. assignnien~ made by kalogy -_ : .- 
with fragmentation of I. ., :.: -_ -.... 5 .._ .-. : . . . 
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TABM4 : 

RELATIV~ABUNDANCE~RA)OFIONS~INTHESPECTRAOF~~~-IIAND~~~~~-I~ 

m/e 324 251 236 178 73 

RA;ci.s 
: 

9.1 18.6 16.5 64.0 160 
RA:tmns 19.4 21.0 4.9 19.2 100 

which is in keeping with the configurational assignments made above; Also of 
interest is the relative abundance of the antbracene ion which is much higher 
for. the cis isomer and again is in accord with previous results from catalytic de- 
hydrogenation [ 12 J. 

The’ mass spectra of the corresponding anthracenes were interesting in that the 
9,10-bis(trimethylsily1) derivative gave an almost identical spectrum at m/e 250. 
and below, both in terms of peaks and relative intensities, to that of the 9-&i- 
methylsilyl derivative. This indicates that both molecules fragment via a com- 
mon precursor, presumably the 9-(trimethylsilyl)antbracene ion, though as yet 
it is not clear how this ion arises from the disubstituted compound. It is possible 
that a hydrogen is transferred from the Me$i group via a cyclic process with 
elimination of the Me,SiCH, radical, but no metastable ion for this fragmentation 
(322+250) was observed. 

Experimental 

The solvents diethyl ether, benzene, tetrahydrofuran, and methylcyclohexane 
were dried and purified by standard methods. Trimethylchlorosilane and tri- 
ethylamine were fractionated before use. Blue fluorescent anthracene was ob- 
tained by azeotropic distillation with ethyleneglycol. 

Preparation of 9,10-bis(trimethylsilyl)-9,10-DHA (cis-II) [2] 
Pure anthracene (25 g, 0.14 ~01) was mixed with dry benzene (100 ml) and 

dry EGO (100 ml) under an argon atmosphere. 16.7 g of a 30% lithium disper- 
sion (0.72 g-atom) was washed with benzene to remove the petrolatum and 
then filtered onto a glass wool plug under argon. The plug was immediately 
Qansferred to- the reaction vessel and the glasswool removed with tweezers. The 
dark red mixture was stirred for 36 h, then Me,SiCl(50 ml, 42.8 g, 0.394 mol) 
added dropwise and the whole stirred for a further 36 h. The mixture was 
filtered and the filtrate pumped down to yield a pale amber oiL(24 g), which 
parGUy crystallised on standing overnight at 0%. The waxy solid was boiled 
with-methanol, filtered and water added until turbidity was observed. The solu- 
tion was left at 0°C for 1.5 h.whence crystallisation occurred to give a white 
solid (12.9 g), m.p. 70%. The NMR spectrum showed sharp singlets tit 6 0.03 
(18 H), 3.72 (2 H) and 6.81 ppm (8 H). The yield of 9,10-bis(t$methylsilyl)- . 
DHA (II) was 28%. (cis isomer, see Discussion). 

Preparation of 9-trimethylsilyl-9,10-DHA (I) and 9,10-bis(trimethylsil$l)-9,l O- 
-DHA- (trar@I) (31 

A tiixture df antbracene (34.2 g, 0.192 mol) and sodium (9.2 g; 0.40 giatom) 1 
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in dry THF (350 ml) was stirred under nitrogen for 2 h to form the deep blue 
anthracenide. MejSiCl (41.7 g, 0.384 mol) in THF (50 -1) was added drcpwise 
over 2.5 h. The resultant green mixture was stirred at room temperature 
overnight then petroleum ether (60-70”) added and the whole filtered. The 
filtrate was washed with water (4 X 500 ml) and dried over MgSO+ After filka- 
tion- the solvent was removed by rotary evaporation to give a golden oil (52.5 g). 
The oil was kiturated with ethanol and gave a white precipitate containing 
unreacted anthracene. The precipitate was filtered and fractionally crystallised 
from petroleum ether (60-70”) to give anthracene (1.0 g) and II (1.5 g), m-p. 
172°C. 

The NMR spectrum showed sharp singlets&t 6 -0.18 (18 H), 3.53 (2 H), and 
6.75 ppm (8 H). The product was assigned as tram (see Discussion). Yield 2.5%. 
The ethanolic filtrate was pumped down to give a golden oil which crystallised 
at 0°C. The solid was recrystallised from petroleupl ether (40-600) to give 9- 
(kimethylsilyl)-9,10-DHA (I) (10.3 g), m-p. 110°C. The NMR spectrum of I 
comprised singlets at 6 -0.09 (9 H), 3.43 (1 H), and 6.89 ppm (3 H) and a 
rather broad doublet at 3.78 ppm (2 H). The filkate from the petroleum ether re- 
crystallisation was pumped down to give an amber oil (26 g) whose NMR spectrum 
showed the presence of I (45%), &-II (55%) and a small quantity of tram-11 
(1%). Thus the overall yield of prodacts was 145%, c&II 23% and tram-II 3%. 
Similarly reactions of anthracene and Me$iCl (1 : 2) with (a) n-BuLi/EtSN and 
(b) lithium N,N,N’,N’-tekamethylethylenediamine in the solvent methylcyclo- 
hexane gave &-II in yields of 21 and 15% respectively. The reaction of 9-bromo- 
anthracene and Me,SiCl (1 : 2) with lithium in Et20 gave 6% I and 11% cis-II. 

Dehydrogenation experiments 
(a)_ With sulphur [13]_ I (2.0 g, 7.9 mmol) and powdered sulphur (0.254 g, 

7.9 mg-atom) were mixed in a test tube, placed in an Abderhalden apparatus 
and heated to 190°C (refluxing decalin). Samples were withdrawn at various 
times and quenched in CCla. After filtration, NMR spectra were run. Gradually 
peaks due to antbracene appeared (singlet at T 8.12 ppm and two quartets 
cenked at r 7.50 ppm. After 16 h 34% anthracene was formed and only one 
peak due to I was observed in the Me,Si region indicating that dehydrogenation 
had proceeded with loss of Me,Si groups. Reactions with mixtures of c&II and 
Pans-11 show that both Me$i groups are eliiinated in the form of (Me$SihS 
and that the cis isomer reacts rather more readily. 

(b). With chloranil [14]. I (2.5 g, 0.01 mol) and chloranil(2.5 g, 0.01 mol) 
were dissolved in p-xylene (50 ml) and refluxed for 18 h during which time the 
mixture became progressively lighter in colour. On cooling, white crystals 
appeared which were filtered off washed with a little petroleum ether (40-60”) 
and dried (1.5 g). The NMR spectrum showed anthracene present. A Beilstein 
test showed the presence of chlorine and the product was probably a mixture 
or possibly a complex of anthracene and chloranil. The solvent was removed 
from the filtrate to give 1.8 g of grey solid, the NMR of which showed there to 
be 73% anthracene and 27% urireactecl I. The overall yield of anthracene was 
>74%. 

Using &-II a 90% yield of anthracene was obtained, the contaminating teka- 
chlorohydroquinone being removed by washing w&h 5% KOH. / 
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(Cl. -With n-BuLi/N,N,N’,N’-tetrumethylethylenediamine (TMED) il5]. I (1.0 g, 
3.97 mmol) Was dissolved in cyclohexane (24 ml) and TMED (12 ml) n-BuLi_ 
(10 ml, 1.6 M in hexane; 16 mmol) was added rapidly with stirring under an , ’ 
atmosphere of argon. The red colour of the monoanion developed immediately 
and on bringing the solution to reflux the dianion wasformed as indicated by. 
colour change to deep purple. The miirture was refluxed for 1 h, cooled 5 min 
and cadmium chloride (1.83 g, 10 mmol) added. After I/Z h further stirring the 
colour was-discharged and a black.precipitate formed. Water (20 ml) was added 
dropwise and the organic layer separated, washed with 4 X 100 ml portions of 
water and dried over MgSO+ The solvent was removed by rotary evaporation 
to give an oil (0.79 g) whose NMR spectrum corresponded to that of S-(tri- 
methylsilyl)anthracene (80%). The oil crystallised on standing overnight to give 
pale yellow crystals m-p. 5O”C, whose NMR spectrum CCL showed a sharp 
singlet at 6 0.66 ppm and aromatic multiplets centred at 7.36 (4 H), 7.86 (2 H) 
and 3.34 ppm (3 H). * 

The above experiment was repeated using cis-II (3.97 mmol). The oil obtained 
after rotary evaporation (0.75 g) consisted of 23% unreacted starting material. 
This -was removed by chromatography on alumina with petroleum ether (30-40”) 
as eluent and using a small UV.lamp to monitor $he progress of the blue fluor- 
escentanthracene band. A strongly fluorescent white. solid was isolated which 
was re~rystallised from MeOH to give colourless needles (0.25 g, m.p. 114.5”C). 
Solutions of the crystals were very strongly fluorescent. The NMR spectrum of 
of the product in CCL corresponded to that expected for 9,10-bis(trimethylsilyl)- 
9,10-DHA (nc) showing a sharp singlet at 6 0.66 ppm (18 H) and two quartets 
centred at 6 7.34 and 8.30 ppm (8 H). Crude yield 45%. (Found: C, 74.8; H, 8.2. 
C2,,H2& calcd.: C, 74.5; H, 8.1%) 

N_&& and mass spectra 
PMR spectra were run on Varian A60A and EM-360 instruments and chemical 

shifts are reported in ppm (6 scale) from TMS. Mass spectra were recorded on an 
AEI MS 12 instrument. 
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