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Recently there have been several groups interested in 
the structure and properties of sterically crowded al- 
kenes.'g2 Among these are the 1,2-bis(g-anthryl)ethenes, 
which are apparently not planar due to the steric inter- 
actions between the vinyl and the anthryl 1 and 1' hy- 
drogem2 The McMurry titanium coupling reaction3 has 
shown remarkable utility for the synthesis of such com- 
pounds, having been used successfully for many of the 
compounds of interest.' However, in spite of the several 
routes noted in the literature for the preparation of 1,2- 
bis(9-anthryl)ethene: the titanium coupling reaction has 
not been among them. We report here a simple one-step 
route to this compound from commercially available 9- 
anthraldehyde, thereby avoiding any prior preparation of 
difficult starting materials. 

The low valent titanium coupling reaction has been 
described by M c M d  and others. The reaction is known 
to work well for a variety of ketones and aldehydes, even 
for the preparations of some of these crowded alkenes.' 
However, Geise5 and Olah,ld for example, have noted some 
failure of the reaction for ketones where the carbonyl is 
excessively crowded sterically in its approach to the tita- 
nium surface. In these examples coupling either failed 
~ o m p l e t e l y ' ~ ~ ~  or led to a coupled symmetrical alkane,5 
where deoxygenation of the intermediate pinacol had oc- 
curred, but not to form the desired alkene. Lenoirla made 
the only mention of a similar problem for an aldehyde, 
finding steric crowding for trimethylacetaldehyde. In this 
example the intermediate pinacol formed but was never 
deoxygenated to form the desired alkene or an alkane. 

The primary goal of our research is the synthesis of 
electroactive polymers. We wished to apply the titanium 
coupling reaction to aromatic carbonyl compounds for the 
preparation of extended ivnetwork systems. The 9- 
anthraldehyde (1) was chosen as a model compound. We 
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felt that the steric requirements for 9-anthraldehyde would 
make it feasible to try this reaction as a quick route to the 
desired 1,2-bis(g-anthryl)ethene (2). 
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Interestingly, one other possible side reaction must be 
considered. It has been reported in the literature6?' that 
9-anthraldehyde reacts with lithium aluminum hydride in 
THF to form an alcohol, but not the expected 9-(hydrox- 
ymethyllanthracene (which is observed when the reaction 
is run in diethyl ether).6 Instead a type of dimer forms, 
found to be 9-(hydroxymethyl)-l0-(9-anthrylmethyl)- 
9,lO-dihydr~anthracene~ (31, later proven by X-ray dif- 
f r a ~ t i o n . ~  The earlier literature reports of 1,2-bis(9- 
anthry1)ethanoP were apparently in error.7 In any event, 
our use of LiAlH4 in THF for the coupling reaction meant 
a careful search for this other type of dimer must be made. 

The experiment was run in the manner described by 
G e i ~ e . ~  One equivalent of LiA1H4 (0.006 mol, 0.23 g) was 
added in small portions to 2 equiv of TiC13 (0.011 mol, 1.70 
g) prechilled to 0 "C in 100 mL of THF (distilled from 
LiAlH4 and stored over Na). This mixture was stirred for 
30 min cold and then was raised to reflux for another 30 
min. The 9-anthraldehyde (2 equiv, 0.006 mol, 1.24 g, 
Aldrich) dissolved in 50 mL of THF was added dropwise, 
and refluxing was continued for 20 h (a) or for 211 h (b).9 
After the reaction mixture was quenched with 40 mL of 
2 N HC1, the product began precipitating and was collected 
by vacuum filtration. 

The yields of 1,2-bis(g-anthryl)ethene from reactions a 
and b were modest, 28% and 53%, respectively. In view 
of the known twist of the anthracenes out of the plane of 
the ethylene2 this is a fairly sterically crowded olefin. It 
was therefore noteworthy to achieve even these modest 
yields, if one considers the failure of this reaction to form 
the olefin from trimethylacetaldehyde, as reported by 
Lenoirla to stop at the diol. The other sterically crowded 
olefin syntheses typically have low yields, cf. the yield 
observed by Olah7 for the tetraneopentylethylene of 38%. 
Without further purification our 1,2-bis(9-anthryl)ethene 
had a melting point of 335-340 OC (lit. mp 350,& 338,4a and 
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335 OClb) and an elemental analysis: C, 94.59; H, 5.39 
(calcd: C, 94.70; H, 5.30). 

Not surprisingly, the trans isomer is the only product 
observed. One indication is the melting point. This cis 
isomerizes to trans a t  215 OC,lC and we saw no evidence 
for this in our product. The 270-MHZ 'H NMR data 
matched that reported by B e ~ k e r ~ ~  and Mislowlo for the 
trans isomer. We also noted the appearance of an IR peak 
at  980 cm-', characteristic of trans alkenes. 

We have ascertained that the remainder of the starting 
material was unchanged (by TLC and IR data). Although 
increasing the reaction time almost doubled the yield, the 
length of time is too long to consider trying for further 
improvement. We have also made a careful search (using 
IR and NMR) for any of the dimeric alcohol product re- 
ported in the l i t e r a t ~ r e , ~ ? ~  with negative results. 
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Crown ethers that bear a reactive group such as hy- 
droxyl,'-'' amino,12J3 or hal~alkyl '~  are important com- 
pounds for the formation of polymer-bound crown ethers, 
bis-crown ethers, lariat ethers, and other functionalized 
crown ethers. Easily prepared dihydroxy monoaza crown 
ethers 115 are also useful functionalized crown compounds, 
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which can be transformed into cryptands16 or polymers. 
In addition, their higher alkyl chain derivatives show in- 
teresting surface active behavior in aqueous s01ution.l~ 

We report the synthesis and cation binding properties 
of novel morpholine ring-fused crown ethers 2, which can 
be easily prepared from 1 in good yield. These morpholino 
crown ethers 2 are anticipated to have selective and high 
complexing abilities toward alkali metal cations due to 
their highly symmetrical structures and rigid conforma- 
tions. In contrast to aza crown ethers, chemical modifi- 
cations on the nitrogen atom may be expected to produce 
only minor interference of the metal cation-binding 
property of the crown ring since the nitrogen atom is not 
located in the crown ring. Such modifications may give 
hydrophilic character to the lipophilic alkyl-substituted 
crown ethers and make them applicable as amphiphilic 
compounds or ionophores with controlled water solubility. 

Results and Discussion 
Dihydroxy monoaza crown ethers 1 were prepared by 

the reaction of equimolar amounte, of oligoethylene glycol 
bis(glycidy1 ether)'* and primary amines in methanol, 
according to the method reported previ0us1y.l~ 

N-Alkylmorpholino crown ethers 2 were prepared as pale 
yellow liquids by adding a dioxane solution of equimolar 
1 and tosyl chloride to a suspension of excess pulverized 
alkali metal hydroxide in dioxane. 

Lithium, sodium, and potassium hydroxides were found 
to produce the best cyclization yields of 12-crown, 15- 
crown, and 18-crown ethers, respectively, showing an ap- 
parent template effect of the alkali cations. A reaction 
pathway similar to that suggested for the cyclization of 
oligoethylene glycols to crown  ether^'^^^^ is proposed 
(Scheme I). 

Product 2 should be composed of stereoisomers, which 
may have potentially different binding properties. This 
situation is reminiscent of the isomer problem of dicyclo- 
hexano-18-crown-6.21 Distortionless enhancement by 
polarization transfer (DEPT) 13C NMR spectra showed the 
presence of two kinds of methine carbons at 74.4 and 69.6 
ppm for 2b and 69.4 and 65.4 ppm for 2b-HCl, respectively 
(77.0 ppm for CDCl,). These two signals should represent 
the presence of cis and trans isomers, respectively. From 
single-pulse hetero decoupling without NOE (NNE), the 
ratios of these signal areas were 1.00:1.21 for 2b and 
1.00:0.91 for 2b.HCl. In general, the signal a t  a lower field 
is generated in the trans isomer. But in this case, it cannot 
be concluded which signal corresponds to which isomer, 
since the area ratios are reversed for 2b and 2b-HCl. 'H 
NMR spectra of 2b also show the presence of two isomers. 
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