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3,4,5-Triamino-substituted pyridines are avid for electrophiles but are still willing to give them back. In these compounds three amino groups
conjoin their forces into the heterocyclic nitrogen, making it a powerful Lewis base. A short and efficient synthesis is described, and the
origin of its unique activity in nucleophilic organocatalysis is rationalized by kinetics and thermodynamic quantifications.

4-Dimethylaminopyridine (DMAP) 1 is a classical nucleo-
philic organocatalyst which was initially employed as an
acylation catalyst.™? Chiral derivatives have later been
developed to promote diverse enantioselective transforma-
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tions.> By embedding the dimethylamino group of DMAP
in a tricyclic framework, it is possible to improve the catalytic
activity of DMAP.*
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More recently, this strategy was combined with the
introduction of additional amino moieties at the 3- and
5-positions, which further increases electron density in
the pyridine ring.> In the context of our research, we
became interested in the work of Han’s group on triami-

nopyridine catalysts derived from 2 (see Scheme 1).°°

Scheme 1. Han’s Synthesis of Key Intermediate 2
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These compounds display very good catalytic activity and
are able to promote the acetylation of very hindered and
deactivated alcohols for which DMAP is inefficient. These
improved catalytic activities were found to correlate with
calculated acyl-transfer enthalpies. We now report on an
efficient access and modification of these compounds and
characterize their nucleophilic reactivities by the benzhy-
drylium method employing three-parameter eq 1° where
E and N parameters measure the strength of the electro-
phile and the nucleophile, respectively, while the s
parameter characterizes the sensitivity of the nucleophile
on variation of the electrophile.

log k(20 °C) = S(N + E) @)

Key intermediate 2 was initially prepared by Han®® in four
steps from 3,4,5-triaminopyridine 3, the latter being prepared
in three steps from 4-aminopyridine’ as depicted in Scheme 1.

Our new preparation of key compound 2, depicted in
Scheme 2, takes advantage of the facile SyAr reaction of
secondary amines with pyridine 4 prepared by double
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Scheme 2. Four-Step Synthesis of Unsubstituted superDMAP 2
0O Cl
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nitration of 4-pyridone® and subsequent chlorination.®*°
Nucleophilic aromatic substitution of 4 with bis-(2-chloro-
ethyl)-amine 5 yielded 93% of 6. Catalytic hydrogenation
using palladium on charcoal under an atmospheric pressure
of hydrogen, in the presence of potassium carbonate, gave
2 as the sole product after simple filtration in essentially
quantitative yield.

With multigram quantities of compound 2 in hand, we
prepared a small library of diversely substituted super-
DMAPs; see Scheme 3. Dimethyl- and diethyl- derivatives

Scheme 3. superDMAP Derivatives 2 and 2-R
N N

HN._A.-NH __RCHO RN~ N g
) NaBH;CN |

N~ 2 N
2-Me R=CH389 %
RCOX 2-Et R=Et 97 %
pyridine

N N
A
'/ Tan LU

N N

Z

2-Ac R=CH3 84 % 2-Bn
2-BzR=Ph 89%

2-Me and 2-Et were prepared by reductive amination as
previously described by Han, although a modified procedure
for the purification step increased the yield to 89% for 2-Me
and 97% for 2-Et. As reductive amination was unsuccessful
with benzaldehyde, we switched to a two-step procedure
involving acylation and amide reduction to prepare the dibenzyl
derivative 2-Bn. Double benzoylation with benzoyl chloride in
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Table 1. Benzhydrylium lons 13a—f Used As Reference
Electrophiles in This Work

electrophiles  (Ar,CH' BF,) Ao (1) E
@
NOASN _
13a OK\; (} 610 5.53
13b N

1?1/ 605 -7.02

13¢ O\I D 611 -7.69
13d 616 -8.76

13e 635 -9.45

@
13f 632 -10.04

pyridine gave 2-Bz in 89% yield, which was reduced with the
borane—DMS complex to yield 82% of 2-Bn. The diacetylated
compound 2-Ac was prepared using acetic anhydride in pyridine
and was isolated in 84% yield.

In order to compare the nucleophilic reactivities of these
substituted pyridines 2-R with those of other pyridines, we
have measured the rates of their reactions with benzhydry-
lium ions 13a—f (see Scheme 4 and Table 1) in acetonitrile.

Scheme 4. Reaction of superDMAP 2-R with Benzhydrylium
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Figure 1. Plots of log k versus E for the reactions of DMAP
derivatives 2-R with benzhydrylium ions 13a—f.

Table 2. Second-Order Rate Constants for Reactions of DMAP
Derivatives 2-R and DMAP 1, with Benzhydrylium
Tetrafluoroborates 13a—f in Acetonitrile at 20 °C

derivative Ar,CH" kM 1ts] Nis
2-Me 13b 4.46 x 10°
13c 1.51 x 10°
13d 3.99 x 10¢ 16.65/0.58
13e 1.63 x 10*
2-Et 13b 7.93 x 10° 16.81/0.60
13c 3.21 x 10°
13d 7.05 x 10*
13e 2.75 x 10*
2-Bn 13c 5.52 x 10° 17.69/0.57
13d 1.42 x 10°
13e 5.43 x 10*
13f 2.48 x 10*
2-Ac 13a 9.82 x 10°
13b 1.25 x 10°
13¢ 581 x 10¢ 15.39/0.60
13d 1.00 x 10*
2-Bz 13a 5.45 x 10° 14.19/0.67
13b 6.75 x 10*
13c 2.47 x 10*
13d 3.69 x 10°
DMAP1 4.46 x 10° 14.95/0.681

The decay of the benzhydrylium ion absorbances was
followed photometrically after combining benzhydrylium
tetrafluoroborates 13a—f with variable excesses of DMAPS
in a stopped-flow apparatus. Plots of pseudo-first-order rate
constants ky,s versus the concentration were linear in all
reactions studied (see Supporting Information), with the
second-order rate constants k, (Table 2) being the slopes of
the correlation lines. Plots of log k; versus the electrophilicity
parameter E of benzhydrylium ions (Figure 1) are linear as
required by eq 1.

From the slopes and the intercepts on the abscissa, we
have derived the nucleophilicity N and the nucleophile-
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specific parameter s, respectively, which are listed in the
fourth column of Table 2. As the catalytic activities of tertiary
amines depend not only on their nucleophilicities but also
on their Lewis basicities,** we have also measured some
equilibrium constants (K) which are listed in Table 3. As
benzhydrylium ions are colored and the resulting adducts
are colorless, the equilibrium constants for the reaction
depicted in Scheme 4 could be determined by UV-—vis

(11) Brotzel, F.; Kempf, B.; Singer, T.; Zipse, H.; Mayr, H. Chem.—Eur.
J. 2007, 13, 336-345.
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1560-1638.
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Table 3. Equilibrium Constants K [M~] in Acetonitrile at 20°C
for DMAP 1 and 2-R Ordered According to N values, with k;
and k_,

‘ [Ar,CHDMAP']  (A-A)
 [Ar,CH'I[DMAP]  AIDMAP]
(A=A

A{[DMAP]O — w}

reaction with 13d
ko K k_y ko K ko

2-Bz 3.69 x 10° 1.07 x 10* 0.34 1.34 x 10° 7.89 x 10> 1.7
2-Ac 1.00 x 10* 6.40 x 10° 1.56 3.66 x 10 4.30 x 10> 8.5
1 1.29 x 10* 5.60 x 10° 0.023 5.30 x 10° 2.60 x 10* 0.20
2-Et 7.05x 10* 9.10 x 10° 0.077 2.75 x 10* 8.08 x 10* 0.34
2-Bn 1.42 x 10° 1.47 x 10 0.096 5.43 x 10* 1.89 x 10° 0.28

reaction with 13e

spectroscopy. They can be expressed by the initial absorbance
of benzhydrylium ions (Ao) and its final absorbance (A) after
the addition of DMAP derivatives, as shown in the following
equation.®?

Table 3, which compares rate and equilibrium constants
of two reaction series, shows that the substituents in pyridine
have significantly different effects on rate and equilibrium
constants. The trend that 13d is approximately 2.5 times more
electrophilic (K), but 8—21 times more Lewis acidic (K), than
13e has previously been observed in reactions of these
benzhydrylium ions with other nucleophiles*® and shall not
be discussed here. Table 3 values also show that the acetyl
substituted compound 2-Ac has a similar nucleophilicity (N)
as DMAP while its Lewis basicity (K) is 102 times smaller.
This difference is due to the much higher (102 times) leaving
group ability of 2-Ac compared with that of DMAP. A
similar effect is observed in the comparison of 2-Bz with
DMAP: 2-Bz is 3—4 times less nucleophilic and 30—50
times less Lewis basic than DMAP. Thus, 2-Ac and 2-Bz
may be suitable catalysts in processes requiring nucleophiles
comparable to DMAP but having a much better leaving
group ability.

At present, the N-alkyl substituted compounds 2-Me, 2-Et,
and 2-Bn have greater practical relevance, as already

(13) Schaller, H. F.; Tishkov, A. A.; Feng, X.; Mayr, H. J. Am. Chem.
Soc. 2008, 130, 3012-3022.
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demonstrated by Han et al.>® for the first two of these
compounds. In Figure 1 and Table 3 one can see that the
nucleophilic reactivities increase from DMAP over 2-Meand
2-Et to 2-Bn, which reacts 10 times faster than DMAP and
is thus the most nucleophilic pyridine reported to date. As
the increase of nucleophilicity is combined with a weaker
increase in Lewis basicity, one can calculate that the
pyridines 2-Et and 2-Bn are not only much better nucleo-
philes than DMAP but also, at the same time, somewhat
better nucleofuges. The unprecedented catalytic activity of
these derivatives is presently elucidated.

The straightforward access to this new class of pyridines
and the surprising observation that the nucleophilicity of
pyridines 2-M e and 2-Et developed by Han et al. can further
be augmented by variation of the alkyl side chain (Figure 2)
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Figure 2. Nucleophilicity scale for compounds 1 and 2-R.

stimulates further activities to generate tailor-made DMAP
derivatives suitable for variable catalytic processes.
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