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Arene synthesis by extrusion reaction 

X *. Synthesis of arenes by deoxygenation of endoxides 
with cyclopentadienyltitanium trichloride /lithium aluminum 
hydride and dicyclopentadienyltitanium dichloride /lithium 
aluminum hydride 

Chi Hung Wong, Chi Wai Hung and Henry N.C. Wong * *,* * * 

Department of ChemistT, The Chinese University of Hong Kong, Shatin, New Territories (Hong Kong) 

(Received February 13th, 1987) 

Abstract 

The two homogeneous systems, cyclopentadienyltitanium trichloride/lithium 
aluminum hydride and dicyclopentadienyltitanium dichloride/lithium aluminum 
hydride have been utilized to deoxygenate l,bendoxides in tetrahydrofuran. The 
results show that they can provide corresponding arenes in fair yields. 

Introduction 

Deoxygenation of 1,Cendoxide compounds (1) is perhaps one of the most useful 
routes to polysubstituted benzene nuclei (2) [2]. Low valent titanium generated by 
reduction of titanium tetrachloride [3,4], has been utilized by us in the synthesis of 
arenes 2 from 1,4-endoxides 1. Ample examples have proved that TiCl,-LiAlH,- 
Et,N in THF is extremely effective in converting 1 into 2 [5,6]. However, it should 
be mentioned that reactions involving TiC14-LiAlH,-Et,N in THF generally result 
in only moderate yields. The reason for this shortcoming might be attributed in part 
to the heterogeneous nature of the reaction systems. Perhaps more importantly, it 
has been observed that the insoluble titanium oxides produced during the de- 
oxygenation process could interfere with the subsequent extraction procedure. Thus, 
a tedious filtration step must precede extraction in order to remove the fine powdery 
titanium oxides. We thought that these difficulties would be best obviated by 
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carrying out the deoxygenation reactions under homogeneous conditions. After 
some experimentation. we found out that cyclopentadienyltitanium trichloride 
(CpTiCl,)/lithium aluminum hydride as well as dicyclopentadienyltitanium dichlo- 
ride (CpzTiCl,)/lithium aluminum hydride were both effective for dc<)\ygenarion. 
To this end. the two organcjtitanium reagents were LISC~ to remwe I~x\,gen atoms 
from several 1.4-endoxides 1. resulting to yield their corresponding ;irenes 2. 

Results and discussion 

The CpTiCI,-LiAlH,-THF system (method A) was first used on three model 
oxygen-bridged compounds. namely dimethyl 7-oxabicycloj2.2.1]hept;l-2.Sdiene- 
2.3-dicarboxylate (3) [5,8]. dimethyl l-methyl-7-oxabicyclo(2.2.l]he~tr~-2,5-dienc- 
25dicarboxylate (4) [S] and dimethyl 1.4-dimeth~l-7-oxabic~clo[~.~.l]hept~~-1.5-di- 
ene-2.3-dicarboxylate (5) [S,Yj. Hence. when compound?; 3. 3 and 5 i\erc allonc‘d to 
react with a mixture of CpTi(‘l i and LiAlH, in THF for 24 h a~ 55 ?i)“C under 
nitrogen. followed by the usual work-up, the corresponding phthalate~ 6 151. 7 [5] 
and 8 [5.9.10] were obtained in moderate yields (see Tabir 1 ). Similarfq. dimethyl 
3-acetoxymethylphthate (12). I3.14-dihydrotrinapht~~~~~~~.~~,~~]c~clo~~ct~ne (13) [l I ] 
and 6.7 : 14.15dibenzotetraphcnylene (14) [l I] were also obtained from dirnrthkl 
l-r~cetoxymethy1-7-oxabicyclo[2.2.l]hepta-2.~-dien~-2,~-~iic~~rb~~x~l~~te (9). 1 .h-en- 
doxo-1.6 : 13,14_tetrahydrotrinaphtho[ u.c.e]cyclooctene ! 10) [I l] and 1.4 : 9.1Z-dien- 
doxo-1.4: 9,12-tetrahydro-6.7: 14,15-dibenzotetraphenyicne (11) [I I] re>Pecti\el>. It 
is noteworthy that isolation of 13 and 14 in\~olved onlt d1rcc.t rrcr\stallization 
whereas isolation of 6. 7. 8 and 12 required purification t-b thick la>er chromatogra- 

PhY. 
The Cp2TiC12-LiAIH,--THF system (method B) haa been used previously to 

convert the endoxides. 3 and 10 into the arenes 6 and 13 respcctivel? (see Table 1). 
The structures of the reactants. and the structures and yieldx of the products. of 

method A and method B. are listed in Table 1. together with the virlds of products 
obtained by use of method C (TiCI,- LiAIH,--Et ,N~THF) jS.111. A:, ian be seen 
from the Table, methods A.H and C generally Provide comparable hi&is, Xrverthe- 
less, we believe that although method A and R do not seem to ‘tt’ford significant 
improvements in the yield!, of products, it does not hamper their applicabilit! 
because the extraction procedure for methods A and B is much easier to perform 
than that of method C. Furthermore, handling of CPTiC‘l i and Cp-Tic.1 . ix safe1 
and more convenient than that of TiCI,. 

Experimental 

Proton nuclear magnetic resonance spectra were recorded in CJ>CI? solution on a 
Bruker cryospec WM 250 (250 *MHz) spectrometer or on a JELL PMX 60 SI (60 
MHz) spectrometer. The absorptions are reported in parts per million downfield ( 6 
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Table 1 

Reactants, yields and products of compounds by use of methods A-C 

scale) from Me,Si as internal reference. Mass spectra were recorded on a VG 
Micromass 7070F spectrometer. Analytical thin-layer chromatography (TLC) was 
carried out on precoated thin layers of silica gel Fls4 (Merck) on aluminum foil. 
Preparative layer chromatography was carried out on 0.5-1.0 mm thick layers of 
Merck Kieselgel 60 PF254 on 20 X 20 cm’ glass plates. Solvents used were redistilled 
or purified and dried by standard procedures [12]. All evaporations of solvents were 
carried out by a rotatory evaporator in conjunction with a water aspirator. Com- 
pounds in organic solvents were dried over anhydrous Na,SO,. 
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