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Abstract - MMX calculations on 1-(4-nltrophenyI)-9-phenylnonane indicate that 

it has a global minimum energy conformation in which the aryl rings are within 

easy bonding distance, which is confirmed by 2D NOESY, ultraviolet and 

fluorescence spectroscopy; the corresponding arylnitrenium ion cyclizes to give 

mainly the 18-membered ring 4,4'-nonamethylenediphenylamine, which results 

suggest that when electron-deficient and electron-rich aryl rings are joined by a 

long, flexible chain there exists an intramolecular attractive interaction between 

them that pre-orients them for cyclization. 

We previously reported the remarkable formation (in reasonable isolated yield) of a sixteen-membered highly 

strained ring (1) by an intramolecular electrophilic aromatic ammation by an arylnitrenium ion under normal 
concentration conditions.1 Of the various possible explanations considered,l the preferred one was that there 
existed an attractive mteraction between the highly electron-deficient arylnitrenium ion (or its protonated ande 

precursor) and an electron rich henzyloxy group, such that the two rings were pre-oriented favorably, resulting 

In a lower activation energy and favorable entropy for intramolecular cyclization. If this were the case, then 

this phenomenon of intramolecular recoenition may have generality, and might be used as the basis for 

designing novel approaches to desirable macrocycles. 

Intramolecular formation of macmcyclic rings from flex~ble chains can present formidable problems since it 

might be expected that stretched out conformations would be favored for the immediate precursors. There has 

been considerable interest in such processes in recent years owing to the existence of a number of macrocyclic 

natural products which exhibit useful biological activity e.g. vancomycin>a RA-VII (an antitumor 

he~apeptide),~b arnabinol, *C combretastatin D-2,Zd myricanone,Ze and the lythraceae alkaloids, including 

lagerineJf to name but a few. High dilution techniques have usually been employed. An example of 

intramolecular electrophilic substitution is the formation of macrocycles ~ the Fnedel-Crafts a~~ la t ion .3  

Free-radical macrocyclization~ macrolactonization,5 and intramolecular Ullmann reactions6 have also been 

used. We now report preliminary studies aimed at determining whether intramolecular recognition can be used 

to effect macrocylizations with arylnitrenium ions. 
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2 a: n = 9  b: n = 4  

Computer molecular modelling (MMX) cannot be carried out for arylnit~eniums since no parameters are 
+ 

available for -N-. As an approximation, we modelled I-(4-niuopheny1)-9-phenylnonane (Za), a compound 
having a flexible chain and electron-poor and electron-'rich' aromatic groups at either end. MMX force field 

calculations indicated that the bent conformation 2 8  was the global energy minimum.7 preferred slightly over 

the 'linear' conformation. If the nitro group is replaced either by NH2 or by H, then the linear conformation is 
found to be the global energy minimum, as expected. Conformation ZB suggested that the N-atom was within 

3.79-4.95.A of the and --positions of the ring at the other end. Modelling of g- 

02NC6H4(CH2)4CgHg (Zb), predicted it to have a preferred bent conformation, though with the shorter chain 

the inter-ring distances increased, not unexpectedly. Similar results were obtained if NO2 was replaced by 
+ 
NHq in these molecules. When the more recent synthetic methods used to synthes~se 2 either failed or gave 

very low yields we turned to the microwave-induced alkylation of ethyl p-nitrophenylacetate with Ph(CH2),1 
+ 

on pBuq N F- lAl~03 to give 3? whose hydrolysis and decarboxylation proved uneventful and proceeded in 

reasonable yield (Za: 70%; Zb: 38%). 

3 a: n = 9  b: n = 4  4 a: n = 9  b: n = 4  

(i) NaOHM2OIEtOWreflur. (11) QuinolmelCu powdedreflux. (iii) Ra-NdH~/room temperature 

The conformation of Za in solution was studied using 2D NOESY. In CDC13 solution, off-diagonal cross 
coupling between the two phenyl-ring protons [S 7.39 b- to NO2) and 6 7.28-7.131 and between the two 

terminal methylene protons (6 2.69 and 6 2.57) was observed. This indicates that these protons are within 5A 

of each other,9 and that the two terminal aryl groups are indeed quite close to each other in solution. 2D 

NOESY of Zb showed similar cross-coupling patterns. No cross coupling peaks were observed for 4 (n = 9), 

which agrees with the hypothesis that bending is due to attraction between terminal electron-withdrawing and 

electron-donating group. 

The UV-VIS spectra of Za in both acetonitrile and hexane solution (conc. 1.03~10-2 rnolil) were determined. 

In MeCN, a weak, broad red-shifted band between 400-500 nm was observed. Such a band was not present 

in the spectrum of a 1:1 (molelmole) mixture of toluene and pnitrotoluene in MeCN, nor was it present in the 

spectrum of Zb. Ten-fold dilution of the solution of Za in MeCN and increasing the path-length 10 fold 



HETEROCYCLES, Vol. 38, No. 10,1994 2149 

resulted in no change in the intensity of that hand, eliminating the possibility that it arose by ~ r m o l e c u l a r  

interaction. We assign this band to an inuamolecular charge transfer absorption.10 Clearly, the aryl rings in 

2b are not close enough for this charge transfer to occur. Similarly, 4a does not exhibit such a peak in the 

UV-VIS. The solution of 2a in hexane also did not exhib~t a charge transfer peak, suggesting that the polar 

MeCN, which does not solvate the hydrocarbon chain, causes the latter to undergo the equivalent of hairpin 

looping.1' whereas the non-polar hexane allows a less bent conformation. Similarly, the fluorescence 

spectrum of 2a in MeCN exhibited a broad red-shift peak at 450-500 nm, suggesting that intramolecular 

charge transfer also existed in the excited state.12 

Acid-catalyzed decomposition of azide (5a) (from 4a) at WC gave a mixture. GCIms indicated the presence of 

intramolecular cyclization products (6.7) and a small amount of hydrogen abstraction product (4a). These 

were separated by tlcl3 to give 6 (44%)14 and 7 (2%).'5 Traces of 4a (comparison with authentic sample) 

and of intermolecular d~meric and trimericI6 reaction products were also isolated by tlc. No other 

intermolecular products were detected. 

i 
@dnQ~3 - 
~~3 + pHp + 4 + intermolecular products substitution 

( C H h  
(CH2)9 

( I )  Hexafluoro!sapropanollcat. CFjS03H-CF3COOH , O'C then room temperature 

The acid-catalyzed decomposition of azide (5b) (n = 4) gave a complex mixture in which only a very small 

amount of intramolecular cyclization product (mlz 223) was detected by GClms, together with the H- 

abstraction product (4b) and of a trifluoroacylated cyclization product wz 319 (M+), 222 (Mt-CF3CO)I. 

Mainly tar was formed. This would suggest that, as predicted by the MMX calculations and the absence of a 

charge transfer band in the UV-VIS, the aromatic rings in the nitrenium ion are not close enough to give 

meaningful yields of ring-closed product(s). 

If these two examples of using MMX computations prove to be general, then this novel way of effecting 

intramolecular macrocyclizations, guided by the principle of intramolecular recognition and by molecular 

modelling, may have wide-spread application. Another example could be the recent synthesis of 12- to 16- 

membered propargylic alcohols through Lewis acid-promoted electropbilic ring-closure.17 Post fact0 
modelling of the corresponding formyl-Q-protonated precursor to the 1Zmembered ring shows that the global 
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\ + MMXE minimum is indeed the bent structure in which the reacting alkene functionsits right under the C V H  
/ 

group.'* Further work is needed to determine whether or not this type of computation has predictive value. 

We thank the National Science Foundation (grant # CHE - 9015972) for support of this work, and Dr. Dan 

Bearden for extensive help with the 2D and other nmr experiments. 
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