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Absbuct - pKa values of substiwed 2 ,7-mtha~aza[ lO]andenes are measured and 

compared with similarly substiwed pyridines. The tautomerism of Z-azabicyclo- 

14.4.Ilunde~a-4.6.8.IO-te~-3-one is discussed 

INTRODUCTION 

In this comunication we describe the measurement of the basicities c )f some 2,7-methano- aza[lO]annulenes 

(compounds I to 7). The pKa values and the tautomerism of compound (6) are discussed with reference m 

their pyridine analogues. 



EXPERIMENTAL 

The pKa values were determined in water (with 0.3% MeOH) by a specmphotometric mefhcd' using 

Pye-Unicam SP8-200 and Perkin-Elmer 330 Whlisisible spectrophotometm. The pH of solutions were 

measured in the cuvet with a Coming 130 pH-meter and a micro combination elechude calibrated with 

standard buffer solutions inmediately prior to use. Buffer solutions were prepared by known methodsZ using 

0.1M HCOOH and 0.1M NaOH @H 3-4). 0.2M NaCl @H 1-1.5) and 0.02M NaHC03 and 0.01M Na2C@ 

(pH 9-10) with constant ionic strength of 0.01. Sulphuric acid solutions of known molarity were prepared by 

diluting reagent grade sulphuric acid and the exact molarity was determined by titration with standard 1M 

NaOH prior to use. Ho values were estimated from a calibration curve drawn from known ~ a l u e s . ~  

Buffer solution (3 ml) was added by pipette into a cuvet in a thermostat controlled cell holder for 

equilibration. A stock solution was prepared by dissolving the aza[l01annulene (2-3 mg) in MeOH (1 ml) and 

10 of the stock solution was added into the buffer solution by syringe to give a concenuation of the 

aza[lO]annulene between 4 and 7 x IV~M.  The mixture was shaken and the spectrum was recorded against a 

solution of the same buffer containing 10 of MeOH. 

Since the pyridone analog (6) was found to be unstable in solutions of low pH, values of absorbance at the 

analytical wavelength were estimated by following the decrease in absorbance at 340 nm and extrapolating 

the initial rate back to zero time. The pKa's of 5, 6 and 7 were checked by superimposing full spectra of 

neutral and protonated forms as well as a 1:l mixture at pH = pKa which in each case gave an intermediate 

spectrum and isobestic points as expected. All measurements were done at 25 f O.l°C. 

Compounds (1) to (4) and (6) were kindly supplied by Professor E. Vogel, and were prepared by previously 

published methods! Compounds (5) and (7) were prepared in moderate yield by reaction of 6 with 

diazomethane followed by chromatographic separation. 

RESULTS 

The pKa values and Wlvisible specmscopic data are recorded in Tables 1 and 2. 
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Table 1. pKavalues of bridged methmoaza[lOlmnulenes. 

Table 2. uv Spectral data for bridged methmoaza[lOlmnulenes. 

Protonated Neuaal btonated Neutral Deprotonated 
CmPd. form form Cmfl. form form form 

la r b  ha t b  L" r b  ? .  t b  ;la t b  



AU the aza[lOlannulenes are 2 or more pKa units less basic than their pyridine analog. This suggests that the 

electron density on nitrogen in tbe. aza[lO]annulene is less than that in the analogous pyridine. This 

presumably arises from the lower polarizability of the annulene n-system to electron withdrawal. Evidently, 

polarization of the n-electrons towards nitrogen, and the concomitant reduction in n-bonding overlap leads to 

a greater destabilization of the inherently non-planar aza[lO]annulene than that occurring in pyridine. The 

value A is defmed acording to Equation 1, where p ~ a ( l h )  = pKa of the particular aza[lO]annulene and 

= pKa of the analogous pyridine; A is thus zero for the parent compound. 

A = [pKa(6n)- 2.031 - pKa('") Eq 1 

We find that A is less than 0.2 for the methyl substituted aza[lO]annulenes (2, 3 and 4). However, A is 

significant for the methoxy substituted 5 (0.54). the 2-pyridone analogue (6) (-1.29) and the 

N-methyl-2-pyridone analogue (7) (-1.07). This may reflect differences in the overlap andlor hybridization in 

the two series of compounds. 

The N-methylaza[lO]annulenone ('I), is a weaker base by 0.67 pka units than 6. This effect is similar in 

magnitude and direction to that in the 2-pyridone series (ApKa = 0.45). 

Comparison of the pKa of 6 (0.03) with that of 5 (0.73) suggests that 6 exists in the aza[lO]annulenone form 

as drawn, and is pmtonated on oxygen in strongly acidic media. The ratio of the oxy-form (6), to the 

2-hydroxyaza[lO]annulene f o m  pKT = -0.70 is calculated from Equation 2. This shows a significantly 

diminished preference for the oxy-form in 6 compared to 2-pyridone (pKT = -3.0). 

PKT = pKa(9 - P W ~ )  Eq. 2 

The results suggest that the aza[l~]annulenones (6) and (7) should be rightlyviewed as 6n-homoaromatic 

species. lH Nmr spectra suppon this view. For 7, one proton h m  the methylene bridge resonates at 6 0.15 

(dd, Jb= 1 lHz, I,= 1 Hz) due to the diamagnetic current of the 6n homoaromatic system while the other 

appears at 6 2.00 (dd, Jb= 11 HZ. Jar= 1 HZ), deshielded by through-space inductive effects. These results are 

in accord with that previously observed for 64 and contrast with that obtained for S4 where the pmtons of the 

bridge are shidted upfield by the diamagnetic ring cumnt of the aromatic system. 



Figure 1. Comparison of uv spectra of compounds (5.6 and 7) 

Figure 2. Comparison of uv spectra of protonated forms of compounds ( 5 6  and 7) 



Comparison of the uv spectra of the neutral forms of 5.6 and 7 shows relatively little dissimilarity (Figure 1). 

although uv spectra of the protonated forms of these compounds are still more similar (Figure 2). Conclusions 

based on uv spectra in this series are not reliable indications of tautomeric composition because the spectra 

are too similar. 
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