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Basicity constants for a series of 3,7-diazabicyclo[3.3.1]nonane derivatives in acetonitrile with a variation
over 13 orders of magnitude have been determined using a spectrophotometric titration technique. An
excellent correlation between basicity and calculated proton affinities obtained at PCM-B3LYP/6-31+G-
(d)//B3LYP/6-31G(d) level was found. The results are discussed in terms of substituent effects and
compared to15N NMR chemical shifts.

Introduction

Acid-base interactions are a pivotal component in many
chemical reactions both in organic chemistry and in biochem-
istry. Therefore, it is of general interest to be able to predict
and modulate the strength of organic bases and to understand
the different factors contributing to it. We here present a series
of structurally similar and chemically stable organic bases,
covering a wide range of pKBH+ values (i.e., pKa of the conju-
gated acids) of approximately 13 orders of magnitude (Table
1). The bases share the bispidine (3,7-diazabicyclo[3.3.1]nonane)
skeleton, which is also found in the natural product sparteine.
Bispidine as well as sparteine derivatives and isomers have been
employed extensively as bases in synthesis1 and as ligands for
organometallic compounds.2 Furthermore, they have interesting
physiological properties as antiarrhythmic agents and as opioid
receptor ligands.3

Basicities of organic compounds are also of interest regarding
their complexation properties, since the correlation between
metal ion complex stability and ligand basicity is well-

established.4 A linear relationship between the equilibrium con-
stants for protonation and metal complexation can be expected
within a series of structurally related ligands, i.e., logKM/ML )
a × pKBH+ + b.4a Acid-base properties are also one of the
most important parameters of compounds with pharmaceutical
interest, since protonation can modulate, for example, binding
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TABLE 1. Observed pKa Values for
3,7-Diazabicyclo[3.3.1]nonanes, Determined as pKBH+ for
the Conjugated Acid, Spectrophotometrically in AN
Solution
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was connected to an external sample compartment that was situated
in the glovebox by means of two quartz fiber optic cables.
Glassware used during the experiments was heated at 150°C for
at least 6 h and then cooled in a desiccator over P2O5 or in the
glovebox. Concentrations of bases used in the titration experiments
were around 10-5 M and never exceeded 14× 10-5 M; concentra-
tions of acidic and basic titrants were usually in the 5× 10-4 M
range. The solutions were transferred by means of Pasteur pipets
or syringes. A solution of MeSO3H in AN was used as acidic titrant
in most cases. In some experiments (see Table 6), a solution of
TfOH was used because the acidity of MeSO3H was too low. Two
basicity equilibriums were measured using both acids to make sure
that ∆pKa does not depend on anions of the acids (Table 6). The
water content of collected titrated waste solutions was determined
by coulometric Karl Fischer titration to be about 0.005-0.006%.

Calculation Methods.UV-vis spectra were used to determine
the ∆pKa values for those pairs of bases that have both good as
well as different UV-vis spectra of the free base and the protonated
form (“pure” spectrophotometric method). The details of the calcu-

lation methods have been reported previously.7,40,42,48From each
titration experiment of the mixture of bases, the∆pKa was deter-
mined as the mean of 10-20 values. As most of the bispidines
have only small differences between the UV-vis spectra of the
free base and the protonated form, an alternative method was used
as well. In this method,42 available spectra as well as the exact
amount of moles of the compounds in the titration vessel and of
the added titrant are used (“based on moles” method; see ref 42
for details). Good agreement between these two different approaches
(pure spectrophotometric and based on moles method) was not
always obtained. In this case the result with better standard deviation
(usually the method that was based on moles) was used. The
absolute pKa values were calculated as reported previously7,40 by
minimizing the sum of squares of differences between directly
measured∆pKa values and assigned pKa values while the pKa values
of reference bases were kept constant (Table 6). However, it should
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TABLE 6. Results of UV-Vis Spectrophotometric Titration Experiments in AN Solution and Assigned pKa,AN Values for the Conjugate Acid
Forms of the Compounds 1-10

reference base concn,b 105 M

bispidine identity pKa
a bispidine

reference
base

acidc

used
calcn

methodd ∆pKa
e s

assigned
pKa value

1 3-NO2-aniline 7.68 1.59 4.74 T S 0.44 0.05 8.13
3-NO2-4-F-aniline 7.67 2.56 5.67 T S 0.42 0.04
2,6-(MeO)2-pyridine 7.64 2.49 7.11 T S 0.48 0.07
2,4-F2-aniline 8.39 2.58 8.33 T S -0.23 0.03
2-Cl-pyridine 6.79 3.29 13.25 T S 1.38 0.05

2 2,6-Cl2-4-NO2-C6H2-P1(pyrr) 14.43 1.73 3.67 M NV/S -0.95 0.1 13.48
2,6-(NO2)2-C6H3-P1(pyrr) 14.12 1.50 5.22 M NV/S 0.65 0.05

3 2,4-(NO2)2-C6H3-P1(pyrr) 14.88 3.57 3.19 M NV/S -0.95 0.1 13.81
2,6-(NO2)2-C6H3-P1(pyrr) 14.12 2.78 7.53 M NV -0.35 0.05
2,6-Cl2-4-NO2-C6H2-P1(pyrr) 14.43 2.74 4.03 M NV -0.62 0.05
3-NH2-pyridine 14.17 1.67 6.63 M NV/S -0.44 0.1

4 2,4-(NO2)2-C6H3-P1(pyrr) 14.88 2.31 3.07 M S -0.90 0.03 13.97
2,6-(NO2)2-C6H3-P1(pyrr) 14.12 1.91 2.91 M S -0.17 0.01
2,6-Cl2-4-NO2-C6H2-P1(pyrr) 14.43 2.50 3.68 M S -0.47 0.01

5 2-NO2-4-CF3-C6H3-P1(pyrr) 16.54 2.45 1.78 M NV 0.39 0.05 16.93
2-NO2-5-Cl-C6H3-P1(pyrr) 17.27 3.00 2.08 M NV -0.34 0.05
2-NO2-4-Cl-C6H3-P1(pyrr) 17.68 2.66 2.83 M NV -0.76 0.05

6 2-NO2-4-CF3-C6H3-P1(pyrr) 16.53 1.98 3.61 M NV 0.96 0.05 17.48
2-NO2-5-Cl-C6H3-P1(pyrr) 17.27 4.16 1.85 M NV/S 0.19 0.07
4-NMe2-pyridine 17.95 1.43 4.50 M NV/S -0.47 0.1
4-NMe2-pyridine 17.95 2.67 5.02 T NV/S -0.46 0.1
2-NO2-4-Cl-C6H3-P1(pyrr) 17.68 1.88 3.87 M NV/S -0.19 0.1

7 2,5-Cl2-C6H3-P1(pyrr) 18.52 1.13 1.86 M S -0.70 0.04 17.79
4-pyrrolidinylpyridine 18.33 1.04 3.23 M NV/S -0.59 0.1
4-NMe2-pyridine 17.95 1.42 3.32 M NV -0.17 0.06
4-NO2-C6H4-P1(pyrr) 18.51 1.12 2.85 M S -0.70 0.06

8 PhP1(dma) 21.25 1.24 2.49 M NV 0.03 0.06 21.25
4-Br-C6H4-P1(pyrr) 21.19 1.84 1.14 M NV/S 0.08 0.06
PhP1(dma)Me 21.03 1.14 2.04 M NV/S 0.23 0.1
4-CF3-C6H4-P1(pyrr) 20.16 1.49 1.61 M NV/S 1.01 0.1
PhTMG 20.84 1.54 2.71 M NV 0.43 0.06

9 2-Cl-C6H4-P1(pyrr) 20.17 2.34 2.74 M NV/S 1.2 0.1 21.38
PhP1(dma) 21.25 1.79 3.62 M NV/S 0.11 0.05
4-Br-C6H4-P1(pyrr) 21.19 1.79 2.99 M NV/S 0.21 0.05
PhP1(dma)2Me 21.03 2.17 2.67 M NV 0.36 0.05
PhTMG 20.84 2.05 3.40 M NV/S 0.52 0.1

10 PhP1(pyrr) 22.34 4.39 3.87 M NV/S -0.63 0.1 21.66
PhP1(dma) 21.25 4.07 3.17 M NV/S 0.41 0.05
PhP1(dma) 21.25 6.45 3.53 T NV/S 0.42 0.05
4-Br-C6H4-P1(pyrr) 21.19 3.58 3.14 M NV/S 0.49 0.1
PhP1(dma)2Me 21.03 4.11 2.67 M NV/S 0.60 0.07
PhTMG 20.84 3.97 4.32 M NV/S 0.77 0.07

a Reference 44.b Concentration of bispidine and reference base in mixture.c Abbreviation of the acid titrated with: M) CH3SO3H, T ) CF3SO3H.
d Calculation method: NV, bispidine as “nonvisible”,∆pKa calculated on molar basis; S, calculated from UV-vis spectra.e ∆pKa ) pKa(bispidine)-
pKa(reference base).
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