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ABSTRACT

Two first representatives, 5 and 6, of the still unknown 4,5-bis(dimethylamino)quinoline have been synthesized and studied. While the former,
being protonated either at the peri-NMe2 groups or at the ring nitrogen, has been shown to display properties of both a proton sponge and azine, its
counterpart 6 behaves exclusively as azine giving only a quinolinium salt.

It is well-known that the abnormally high basicity
(pKa = 12.1, H2O;1 7.5, DMSO2) of 1,8-bis(dimethyl-
amino)naphthalene 1 (‘proton sponge’) is commonly at-
tributed to (1) the steric and electrostatic repulsion of peri-
NMe2 groups and (2) the formation of rather strong
intramolecular H-bonding in protonated form 2.3 Both
of these structural principles are widely used for the
design of many other superbases.4 For example, quino-
[7,8:70,80]quinoline 3 is somewhatmorebasic (pKa=12.8)5

than 1 although, strictly speaking, it cannot be classified as
a proton sponge because of its high kinetic activity and
nucleophilicity.4a In view of this, still unknown 4,5-bis-

(dimethylamino)quinoline 4 appears to a much larger

extent as a member of the proton sponge family. In the

present letter we report the synthesis and some properties

of the two first derivatives of 4, namely quinolines 5 and 6

(Scheme 1). Our interest in the compounds of this group

was initiated by not only their basic properties but also

close structural proximity to 4-dimethylaminopyridine 7, a

popular catalyst (known as DMAP) for acylation and

alkylationreactions.6Compound7witharatherhighbasicity

(pKa = 9.66, H2O)
6c is protonated exclusively at the ring

N-atom producing cation 7Hþ due to the strong þM-effect

of the 4-NMe2 group. Therefore, an intriguing question

about the protonation site in molecules 4�6 arises: will

they behave more as proton sponges or azines similar to 1

or 7, respectively? Obviously, answering the question can

be important for the catalytic activity of compounds 4�6.
Quinolines 5 and 6 together with minor quantities of

monomethylated products 10 and 11 were obtained by
alkylation of 8 and 9 in accordance with the protocol pre-
viously suggested for such kinds of diamines (Scheme 2).7,8

Amines 8 and 9, in turn, were prepared via quite simple
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multistep synthesis starting from o-toluidine (Schemes
S1�S3, Supporting Information (SI)).

Heterocyclic diamines 5 and 6 are pale yellow oils with
yellow-green fluorescence, whose structure was proven by
1H, 13C NMR and mass spectra. Both bases were also
characterized as picrates and perchlorates. For the mono-
picrates, X-ray structural analysis has been performed
(Figure 1), which revealed the completely different behav-
iors of bases 5 and 6 upon protonation.9 The molecular

structure of 5 3PicOH is formed by two independent
proton-sponge-like cations 5HþA having an asymmetric
hydrogen bridge between the peri-NMe2 groups with the
following parameters: N(1)�H, 0.88 Å; N(2)...H,
1.80�1.81 Å; N...N, 2.620�2.634 Å; —NHN, 155�. To
our knowledge, this is the first example of protonation of
a dimethylamino group conjugated with the aza-group
in the azine series. Unlike 5, base 6 is protonated ex-
clusively at the ring nitrogen atom giving quinolinium
cation 6H

þB.
A more complicated picture is observed for the proto-

nation of compounds 5 and 6 in solution. According to the
1HNMRspectra, the equilibriumof twoprotonated forms
(5Hþ

A and 5H
þ
B) is established for hydrogen picrate or

hydrogenperchlorate of quinoline 5. Indeed, protonNMR
spectroscopy demonstrates two clear sets of hydrogen
signals, of which NH-peaks are especially indicative
(Figure 2). Thus, the proton bound to the pyridine nitro-
gen (5HþB form) resonates at δ 7.4�9.1 ppm, while the

Scheme 1. Naphthalene Proton Sponge 1, 4-Dimethylamino-
pyridine 7, and Their Quinoline Analogues 3�6

Scheme 2. Methylation of 5-Amino-4-dimethylaminoquino-
lines 8 and 9

Figure 1. Molecular structures of ammonium-type 5H
þ
A

(above) and quinolinium-type cations 6HþB (below) (picrate
anions are omitted for clarity; thermal ellipsoids drawn at the
50% probability level).
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T = 100 K, independent reflections 9151, variables 663, R1 = 0.0535
(I > 2σ(I)), wR2 (all data) = 0.1015, CCDC Ref. No. 888288. Selected
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T = 100 K, independent reflections 5948, variables 317, R1 = 0.0562
(I > 2σ(I)), wR2 (all data) = 0.1045, CCDC Ref. No. 888289.
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proton captured by the amine nitrogens (5Hþ
A tautomer)

gives a signal at amuch lower field (17.1�17.8ppm) typical
for the cations of all proton sponges.3a The ratio of both
forms is highly sensitive to the solvent used (Table 1).
While form B strongly predominates in media of low
polarity (CDCl3, ClD2CCD2Cl), a percentage of two
forms becomes commensurable in more polar solvents
such as CD3CN, DMSO-d6, or CD3COCD3. This is in
accord with the theoretical estimations (Table S1, SI),

which show a much higher polarity of form 5H
þ
A that

enables its more effective solvation in polar media.
Under similar conditions protonated 4,5-bis(dimethyl-

amino)-2,8-dimethylquinoline (6Hþ) behaves differently.
First, only one NH signal is observed in its 1H NMR
spectra with the δNH chemical shift varying, depending on
the solvent, from 10.1 to 13.0 ppm; obviously, this corre-
sponds to a protonation of the aza-group only. Second, a
transition from nonpolar to polar solvents does not

Table 1. Chemical Shifts ofNHProtons in the 1HNMRSpectra ofQuinoliniumPicrates ContainingCations 5Hþ and 6Hþ, Polarity of
the Protonated Forms, and Their Ratio

δNH (ppm) content (%)

calculated gas-phase dipole

moment for forms A and B (D)

cation solvent

dipole moment of

the solvent (D)14 A B A B Aa B

5Hþ CDCl3 1.15 17.07 9.12 15 85 7.14 2.82

ClD2CCD2Cl 1.85 17.45 7.36 5 95

CD3CN 3.38 17.37 8.17 50 50

DMSO-d6 4.26 17.07 9.12 55 45

DMSO-d6
b “ 17.07 9.12 55 45

acetone-d6 2.70 17.78 8.85 58 42

6Hþ CDCl3 1.15 12.97 0 100 7.02 4.04

ClD2CCD2Cl 1.85 11.92 0 100

CD3CN 3.38 10.07 0 100

DMSO-d6 4.26 11.58 0 100

DMSO-d6
b “ 11.57 0 100

acetone-d6 2.70 11.42 0 100

aAverage value for two formsA0 andA00 with protons localized on the 4- or 5-NMe2 groups, respectively. The difference in calculated dipolemoments
for both of these forms does not exceed 3%. bData for perchlorates.

Figure 2. Equilibrium mixture of protonated forms 5Hþ
A and 5H

þ
B of compound 5 (as 5 3PicOH) as evidenced by 1H NMR in

DMSO-d6 solution (only selected regions are presented).
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influence the picture though form 6HþA is again more
polar than 6HþB (Table 1).Using a competitivemethod,10
1H NMR spectra of equimolar mixtures of salts
5HþClO4

� or 6HþClO4
� and proton sponge 1 were

measured in DMSO-d6. From this, the pKa value for
protonation of 6 at the aza-group has been estimated as
being 7.2 which is only slightly lower than that for the
naphthalene sponge 1. The pKa values for protonation of
5 at the peri-NMe2 groups and ring nitrogen atom are
roughly equal to 6.5 and 6.3, respectively (Figures S3.21
and S3.22, SI). Thus, the proton sponge site in 5 is by one
power of ten less basic than that in 1. Evidently, such
a difference reflects an interplay between the electron-
acceptor action of the aza-group and the electron-donor
ability of the 2-NMe2 and 8-Me groups. Indeed, the
basicity of structurally related 1,8-bis(dimethylamino)-4-
nitronaphthalene is considerably lower (pKa=3.5,DMSO)11

despite the fact that the electron-accepting strength of
aza- and NO2 groups is actually close.12

One of the most interesting phenomena observed in this
work is an essentially higher basicity of 6 in comparison
with 5. This difference in basicity has been independently
confirmed by the 1H NMR competitive experiment

between base 6 and perchlorate 5HþClO4
� (Figure

S3.20, SI). We assume that using 2-Me instead of the
much more electron-donating 2-NMe2 group causes
such dramatic consequences in protonation because of
solvation factors. This assumption is in agreement with
theDFT calculations of gas-phase proton affinities (PA)
of both bases. Indeed, PAvalues of 5 and 6 are equal to 264.9
and 263.9 kcal mol�1, respectively; that is, in the absence of
solvation factors the former is more basic (Table S1, SI).13

Further studies on the synthesis of the parent proton
sponge 4 as well as a more detailed exploration of the
properties of compounds 4�6 are underway.
In summary, we have synthesized two first representa-

tives of 4,5-bis(dimethylamino)quinoline and have found
that they behave at protonation either as typical azines
(2,8-dimethyl derivative) or as proton sponge and azine
simultaneously (2-dimethylamino derivative). The proton
sponge pattern is strongly dependent on the aggregate state,
the solventusedand thenatureof substituents.Apossibilityof
protonationof theNMe2group inazineseries conjugatedwith
the ring heteroatom has been demonstrated for the first time.
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