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Synthese von neuen chiralen Kohlenwasserstoffen 
Unsymmetrisches Anheften einer aliphatischen (CH,),-Brucke an ein an sich achirales aromatisches 
System fuhrt zu starren chiralen Kohlenwasserstoffen des Typs 2; die Enantiomeren 2a konnten 
mit Hilfe von TAPA angereichert werden. Die Racemisierungskinetik wurde polarimetrisch 
bestimmt: AG& = 93.6 kJ .  mol-'. 

We describe a concept of designing and building stable chiral hydrocarbons which is based on 
the idea that bridging symmetrical rigid molecular skeletons, e. g. l&diphenylnaphthalene, 
unsymmetrically should finally lead to a helical * )  skeleton 3J, as is shown by P, M. 

P M 

In contrast to the helicenes and related helical compounds4J, the helical structure') here is 
largely confined to a more or less rigid aliphatic bridge moiety B, so that comparative and yuanti- 
tative investigations of stable aliphatic helices of definite length and pitch are rendered possible. 
Moreover, with short bridges as in 2a, the aromatic system can also acquire chirality due to ring 
distortion. The synthesis of the target molecule 2 s  was accomplished by phenyllithium cyclization 
in tetrahydrofuran of the dibromide 4 which has been obtained by NBS bromination ofthe hitherto 
unknown 1 -(3-methylphenyl)-8-(4-methylphenyl)naphthalene (3). 
'H NMR spectra of 2a point to a conformationally fixed, strained molecule. The Hi, Hk, and H, 

protons, which are situated in the anisotropic region of the opposing phenylene ring, resonate as 
multiplets extending to the strongly upfield position of 5.7 ppm. 

Investigation of the temperature dependence of the proton magnetic resonance spectrum ') 
of 2a leads to the conclusion that this helical structure, the CH, protons of which appear as an 
ABCD pattern between 6 = 2.1 and 3.4, is conformationally rigid at ambient temperature. Between 
150°C and the temperature limit of 205 "C (in [d'lnitrobenzene), the individual signals broaden. 

0 Verlag Chemie, GmbH, D-6940 Weinheim, 1979 

0009 - 2940/79/0505 - 191 9 $02.50/0 



1920 W Bieber and F .  V6"l;atle Jahrg. 11 2 

At 2 0 5 T  a single still broadened CH2 absorption is observed. With T,  2 205'C and estimating 
JAB to be 10- 15 Hz as well as the unknown 6v to be > 10 H g  a AG: value of 2 102 kJ . mol-' 
(24.3 kcal . mol- l) is calculated, indicating enantiomeric separation to be possible. 

Since 2a did not crystallize in enantiomorphic form spontaneously 'I, (S,S)-( +)-2,3-dimethoxy- 
N,N,N',N'-tetramethy1-1,4-butanediamine ') as a chiral additive was used in the cyclization of 4 
with phenyllithium in tetrahydrofuran, diethyl ether, or pentane in an attempt to induce an enan- 
tiomeric excess. However, no optical rotation differing significantly from zero could be obtained. 

enantiomeric separation 8b) was finally achieved by chromatography on TAPA- 
impregnated silica gel '). 

A partial 

1 

2 :  B e.g. ( C H Z ) ~  

2 0 :  B = - C H Z - C H 2 -  

CH,R 

3 :  R = H  

C :  R = Br 

With (-)-TAPA, (-)-2a was eluted first followed by (+)-2a; the inverse order was obtained 
with (+)-TAPA. 

Polarimetric measurements carried out on the enriched (+)- and (-)-fractions at 20, 30, and 
4O'C [absolute optical rotation uDL0) correct to k 0.100" (CH2C12)] gave first-order kinetics for 
interconversion of the M and P2)  form and rate constants [s-'1 k 2 ,  = 1.30. k,, = 3.78.10-4, 
k40 = 1.04. lo-,, corresponding to half-lives of 89, 31, and 11 min, respectively. The activation 
parameters were calculated ' I ) :  E ,  = 80.0 kJ . mol-', AGio = 93.6 kJ . mol-' 12), AH;, = 77.6 kJ . 
mol-', A S i o  = -54.5 J.mol-'.grad-'. 

The relatively small half-lives may well explain why the phenyllithium cyclization in the presence 
of chiral additives did not lead to any enantiomeric excess, why a continued enrichment by means 
of TAPA was not successful, and why CD investigations did not give definite conclusions yet. 

2a is thus the first enantiomer-separated helical hydrocarbon of such type. The concept may 
be generalised: Further unsymmetrically bridged ,,arenicenes" including o/p- and o/m-bridged 
2 analogues are conceivable starting from different aromatic skeletons, and bridges longer than 
in 2a will give information about the dependence of helicity and optical rotation on the bridge 
structure. 

We thank the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen lndustrie for 
supporting this work; Miss B. Jendrny, DipLChem. P. Koo Tze Mew, and Dip1.-Chem. W Offer- 
mann for assistance. 

Experimental Part 
1-(3-Methylphenyll-8-(I-methylphenyllnaphthalene (3) was prepared in analogy to the bis(4- 

methylphenyl) compound ') by the reaction of bis(3-methylpheny1)lithium cuprate with l-iodo-8- 
(4-methy1phenyl)naphthalene 'I. Because of the poorer solubility of 3-methylphenyllithium in 
ether the preparation was run in higher dilution (200 ml solvent per 0.1 mol lithium compound) 
and under slightly increased temperature (0°C) and hence in shorter reaction times than described 
by House et al. for the preparation of 1 Yield 34%; In. p. 68-70.5"C (methanol). 
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'H NMR (90MHg CDC13/TMSi,,.): 6 = 2.05 (s, 3H), 2.17 (s, 3H), 6.6-6.9 (m, 8Hphenylene), 
7.3-7.6 (m, 4H), 7.93 (dd, 2H). 

CZ4HZO (308.4) Calcd. C 93.46 H 6.54 
Found C 93.47 H 6.61 Mol. Weight 308 (MS) 

I-[3-(Brommethyl)phenyl~-~-~4-(brommethyl)phe~yl]naphthalene (4) was obtained as a mixture 
containing at the most eight byproducts by NBS-bromination of 3 in refluxing CH2C1,. It was 
used for the subsequent cyclization without purification. A maximum yield of 4 was obtained 
with a 2.5% excess of NBS [e. g. 2.47g (8mmol) 3, 2.92g (16.40mmol) NBS, 150ml CH2Cl2, 
reaction time 14 h]. 

~2.0.0](1,3)Benzeno(1,8)naphthalino(l,4)benzenophane (2a): Phenyllithium is added dropwise 
to 4 in THF under vigorous stirring and dilution principle conditions (100 ml of solvent per mmol 
of 4). More concentrated solutions led to a drastic decrease in the yield of product. A 1-molar 
amount of phenyllithium proved to be sufficient; a higher one did not improve the yield. After 
complete addition the reaction mixture was stirred for another 15 min and then heated to the 
boiling point of the solvent. 

Purification of the worked-up crude oily product by column chromatography (silica gel/n-hexane) 
yielded a colourless, viscous oil, which quickly crystallized upon standing. Yield 20 - 30%, based on 
3; m. p. 133.5 - 135°C (methanol). 

*HNMR(90MHz,CDC13/TMSi,,.):6 = 2.1-3.4(m,4H),5.7-7.6(m, 12H),7.8-7.9(m,2H). 

CZ4H18 (306.4) Calcd. C 94.08 H 5.92 
Found C 94.09 H 6.04 Mol. Weight 306 (MS) 

Enantiorneric separation of 2a: According to the method of Klemm and ReedgbJ, (+)- or 
(-)-TAPA 9a) [2-(2,4,5,7-tetranitro-9-fluorenylidenaminooxy)propionic acid, ,,Newman reagent", 
[a];' = + 79.6" (c  = 1.27, dioxane) and [a];' = - 88.2" (c  = 1.70, dioxane), resp.] was coated on 
silica gel (density 10 - 12%). The enantiomeric separation was carried out at 6°C as described yb) 

with pentane as eluant (column 100 cm x 1.5 cm, addition rate 10 ml/h). The collected fractions 
(10-20 ml) were cooled rapidly to -78"C, then evaporated to dryness at S 15°C in vacuo and 
examined polarimetrically (in CH2CI2) 14). Fractions with identical signs of optical rotation were 
mixed before the kinetic measurements. The racemate formed did not show any sign of decomposi- 
tion. 
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