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Recently, theoretical, chemical and physical evidence has been 

presented in support of three non-classical* aromatic systems, 12, II3 and 

II& involving 'TT-electronic interaction or electron delocalization through 

the hydrogen bond. 
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Some of the evidence includes molecular orbital calculations, which when per- 

formed on II to determine the total Welectron energies, indicates that a 

fielectron interaction through the hydrogen bond probably exists, based on 

the total 'Ti=electron energies; 3 X-ray data showed that the six-membered 

chelate ring in III is essentially coplanar with the benzene rings and has- 

bond angles around 120'; 4 n.m.r. and infrared data indicated equivalence of 

the ring protons of I and of the two nitrogen atoms and the dipole moment 

(1.24 D) is directed toward the ring. Hence, the aromatic character of I is 

best interpreted in terms of a ten 'K-electron system iwolving four formal 

double bonds (3 ‘C=C: and 1 ;C=N') and the lone-pair electrons from one 

of the nitrogens. 2(c) 

*In view of a recent definition1 of quasi- and pseudo-aromatic compounds, the 
type of compounds under discussi 
as used by Benson and co-workers 8 

n here are termed non-classical aromatic 
. 
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We now wish to present evidence for another non-classical aromatic 

system invobing probable T-electronic interaction through the hydrogen bond, 

viz., 2-benzylamino-4-benzylimino-2-pehtene, 

Ph 
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Tautcmeric Forms Non-Classical Aromatic Form 

IV 

The principal evidence for non-classical. aromatic character in IV is 

derived frcm n.m.r. data. The n.m.r. spectrum of IV (CEC13 solution, FIG. 1) 

shows only one sharp singlet for the two methyls, the two methylems, and the 

two phenyl groups indicating their respective equivalence as well as equiva- 

lence of the nitrogens. The N-H proton is observed as a very shallow peak at 

-11.5 p.p.m., it is quite obvious at higher spectral amplitudes and disappears 

on aeuteraticn. The large pars-magnetic shift is indicative of a hydrogen- 

bonded chelate ring.5 Although these observations are consistent with structure 

IV-c, they dc not rule out a rapid tautmeric interconversion between forms 

IV-a and IV-b. When IV is protonated, the n.m.r. spectrum of the resulting 

cation, V (CCC13 solution, FIG. 2), shows that the methyl and vinyl protons 

(3-position) have been shifted downfield by 0.47 and 0.15 p.p.m., respectively 
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relative to their positions in IV. These parsmagnetic shifts are readily 

attributed to the increase in positive charge at the l-, 2- and 3-positions. 

Similarly, it would also be expected that the methylenic hydrogens of V be 
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shifted downi'ield because of the increase in positive charge on the adjacent 

nitrogens. Xnstead, the methylenic peak of cation V (split into a doublet 

by N-H) is shifted upfield by 0.28.p.p.m. Apparently, the methylenic bydro- 

gens are more deshielded in the free base IV than in the cation V. This 

greater desh:.elding of -CH2- in the free base is best interpreted in terms 

of the non-ckssical aromatic structure IV-c in which ring currents result 

by virtue of electron delocalization or 'iT-electronic interaction through the 

hydrogen bond. As in the other exsmples, II-III, the VT-electron system 

involves two formal double bonds and the lone-pair electrons on one of the 

nitrogens. Yhe general n.m.r. spectral patterns observed for IV and V in 

deuterocbloroform as well as the relative differences in the chemical shifts 

of their reqzective peaks were also observed in methylene chloride solution, 

i.e.,A p.p.u. (IV-V): (CH$, -0.52, (->H), -0.22, (CH2), CO.22, (Ph), 

c&. +0.01, (II), +0.77. 

Ultrav:.olet data are also in accord with structure IV-c for the free 

base. The free base has AE = 322 mw, loge = 4.60, whereas the cation 

has AE = 321, log c = 4.62. If the base had a classical acyclic con- 

jugated. system, then its h_ might be expected to appear at a shorter w&ye- 

length such that a bathochromic shift would. res&t on protonation.6 In addi- 

tion, the cation would also be expected to absorb at a higher wavelength than 

the base because of its greater symmetry assuming the base to have a classical 

structure like IV-(a or b) in dich the N-H bond length would probably differ 

from the N---H length. The fact that the base absorbs at about the same 

place as the cation is support for structure IV-c which depicts a symmetrical, 

closed conjugated system by virtue of 'T-electronic interaction through the 

hydrogen bond. 
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Ironically, cationic systems like V have been termed qwssi-aromatic1 

on the basis of their high stability' and ability to undergo electrophilic 

substitution reactions as exemplified by the 2,3-dihydro-5,7-dimethyl-1,4- 

diazapine cation, V I8. Ease IV is stable for about six months when stored 

in a desiccator shielded from diffuse light. Light appears to accelerate 

the deccxnposition, this appears to be a general property of these kinds of 

9 compounds. We intend to study other physical and chemical properties of IV. 

Ease IV was prepared by a reaction that appears not to have been 

pre<iously described in the literature. Heating 4-ethylenedioxy-2-pentanone* 

with a small excess of benzylsmine on the steam bath for ca. 40 min. followed - 

by trituration with a little methanol gave IV (44$), white needles, m.p. 

83-84” (hexane). Anal. Cdcd. Clg42N2: C, 81.97; H, 7.97; N, 10.06; mol. 

wt., 278. Found: c, 82 ~2; H, 8.05; N, 9.78; mol. wt ., 271; infrared, 

hcc14/cs2, 3.26, 3.31, 6.68, 6.89, 9.42, 9.8, 13.74, 14.43 (PhC!H2-), 6.18, 

6.42 (double bonds), 7.26 (CH3-)p. The N-H absorption starts at ca. 3.0 - 

and ends at ca. k.Oi.r, appears to be weak, - shallow and largely masked by C-H 

vibration bands. Identity of the N-H absorption was confirmed by the spectrum 

of the N-D derivative. The weak shallow absorption band absorbing between 

* 3-4~ disappeared and a new band appeared at 4.44 attributable to N-D. 

0 

QA 

+ 2 PhC4NE2 - IV 

Treatment of IV vith ethereal HCl gives V, m.p. 166.5-168" (CHCl3-Et2O). 

s. Cal&. for Clg43ClN2: c, 72.48; H, 7.36; N, 8.90; cl, 11.26. 

Found: C, 72.60; H, 7.28; N, 8.82; Cl, ll.11. 

* 
Prepared from acetylacetone and ethylene glycol, p-toluenesulfonic acid 
catalyst, benzene solution under azeotropic removal of water. Best distil- 
lation fraction contained gC$ product, 
acetatelO; g.1.c. sample, 

6.346 dike&d, and 3.7% glycol mono.- 

AZ4 = 5.82 



464 No.4 

Acknowledgements. -Thanks are due Dr. J. P. Heeschen and M. J. Simek for 

determinatisn of the n.m.r. and ultraviolet spectra and Mr. R. A. Nyquist 

for determination and interpretation of the infrared spectra. Appreciation 

is extended to Profs. J. C. %rtin of the University of Illinois and 

J. W. Grump of Albion College for their helpful discussions and suggestions. 

1. D. M. G. Lloyd and D. R. Marshall, Chem. and Ind.,, 1760 (1964). 

2. (a) W. R. Brasen, H. E. Holmquist and R. E. Benson, J. Am. Chem Sot., 

& 995 (1960); (b) R. E. Benson, J. Am. Chem. Sot., & 5948 (19-960); 

(c) kj,& 3125 (1961). 

3. J. Iadik, A. Messmer and J. Redly, Acta. Chim. Acad. Sci. Hung., & (4), 

393 (1963). 

4. (a) L. aster, E. ~oczar and J. ~arello, J. &, 596 

(1965); (b) L. Msster, Angew. Chem. Internat. Edit., 41 574 (1.965). 

5. G. 0. Ihldek and R. H. Helm, J. & 2691 (1962). 

6. A. I. Scott, Interpretation of the Ultraviolet Spectra of Natural Products, 

p. 81, Pergsmon Press, New"York (1964). 

7. G. Scbw-zenbach and K. Lutz, Helv. Chim. A&a.> & 1139 (1940). 

8. R. P. Bell and D. R: Marshall, J. Chem. Sot., 2195 (1964). 

p. S. S. E$;Lhotra and M. C. Whiting, J. Chem. Sot., 3812 (1960). 

10. H. Adkj.ns, W. Kutz and D. C. Coffman, J. Am. Chem. Sot., s 4391 (1930). 


