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ABSTRACT

2-6,Di-t-butylpyridine has been investigated because of its extraordinary combination
of properties. As the result of steric crowding ;t the nitrogen atom, it does not co=
ordinate with Lewis acids or undergo quaternization under ordinary conditions. However,
it is readily sulfonated by sulfur trioxide and is a selective catalyst with basic

but not nucleophilic properties.
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A. INTRODUCTION

The initial investigation of 2,6-di-t-butylpyridine (2,6-DTBP) reported a novel com-
pound whose chemical behavior was dramatically modified by unusual steric crowding at the nitrogen
atom.?*?  This was evidenced by decreased hase strength, a striking ability to distinguish be-
tween Lewis and protonic acids and an enhanced reactivity in electrophilic substitutiors. Since
this report, the useful properties of 2,6-di-t-butylpyridine and its 2,4,6-homolog (2,4,6-TTBP)

which behaves similarly, have bcen elaborated in a variety of subsequent investigations.

B. SYNTHESIS
2,6-DTBP is readily prepared! by the stoichiometric reaction of 2-t-butylpyridine with
t-butyflithium at -78°. When pyridine is reacted with large excesses of t-butyllithium, the 2,4,6-

homolog is also obtained in substantial yield.?>*

* The author is pleased to dedicate this paper to Professor H. C. Brown on the

occasion of his 70th birthday.
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2,4,6-TTBPY has also been prepared in excellent yield by the reaction of alcoholic am-

monia with the corresponding tri-t-butyl substituted pyrylium boron tetraflucride salt.”

t-Bu t-Bu
O 8r.2 NH,
t-Bu o~ t-Bu t-8 t-Bu
@®

C. BASE STRENGTH

The base dissociation constants for pyridine, the 2-alkylpyridines and 2,6-dialkyl-
pyridines show a regular increase in strength with increasing substitution (Table i). However, for
2,t-butylpyridine and 2,6-di-t-butylpyridine, following the usual increase for the first group,

there is a sharp decrease for the second t-buty! group (Figure 1}.

F1GURE 1
Effect of Increasing the Steric Reguirements of an Alkyl Group on the Base Strength of

2-Substituted Pyridines g
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TABLE |

Dissociation Constants of Pyridine Bases in 50% Ethanol-Water

Pyridine _PKa* Pyridine pRa*
Pyridine 4.38 2,6-Lutidine 5.77
2-Picoline 5.05 2-Methyl-6-t-buty!- 5.52
2-Ethyl- 4.93 2-Ethyl-6-t-butyl- 5.36
2-1sopropyl- 4.82 2-Isopropyl-6-t-butyl 5.13
2-t-Butyl~ 4,68 2,6-Dii£-butyl- 3.58

2,6-Disopropyi- 5.34

* The measurements were made &t room temperature {27 & 2°}.

The discrepancy between the observed value and the expected value Is 1.4 pK, units. The
pronounced decrease in base strength was ascribed to a possible combination of steric crowding of
the nitrogen-hydrogen bond and steric interference with a solvating water molecule which is hydrogen

bonded to the protonated base.?

The relative importance of these two possible contributing factors has now been exten-
sively examined by a number of investigators whose results lead to a common conclusion. As the result
of these investigations, it is clear that steric inhibition of solvation is responsible for the de-
creased base strength of 2,6-DTBP.

McDaniel and Bzcan tackled this question by examining the effects of solvents on the
basicity of hindered pyridines.® Their objective was to distinguish between steric inhibition of
solvation and steric hindrance towards a proton as the primary reason for the lower than expectea
basicity of 2,6-DTBP. They determined pKy values in methanol, ethanoi, and isopropanol for pyridine,
2-t-butylpyridine and 2,6-DTBP. If the deviation in base strength of 1.4 pK; units observed for 2,6-
DTBP were due primarily to steric hindrance toward the proton, variations in the solvent system would
not affect the size of the deviation. However, their experimental results showed that the deviation
does vary with solvent choice, supporting the conclusion that steric inhibiton of solvation is
responsible for the decrease in base strength.

Menger, et al, have measured entropies of activation for nitrogen to nitrogen proton

transfer,’

* .

They determined u$S for proton transfer from an aliphatic amine salt to a series of sub-
stituted pyridines in chloroform, Both the rate constants and the entropy of activation correlated
directly with the basicity of the pyridine compound. Interestingly, no steric effect was noted for

proton transfer for 2,6-DTBP. This was attributed to a late transition state for proton transfer.

[} 0
HNM ! NM
ez H@ 1=F}
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Solvation effects on acid-base equilibrium constants have been measured by Wolf, et al,
using pulsed ion cyclotron reconance spectroscopy.® By comparing eauilibrium constants in the
gas phase (Kg) with the corresponding equilibrium constants determined in ageuous solution (Kag)
they obtained a measure of the solvation effects of water on the proton transfer equilibrium.
Extremely large medium effects of water were noted on proton transfer {Kg/Kagq 4102%) with carbon
base precursors of aryl carbocations., These ions are poorly sclvated because of the extensive
delocalization of the cationic charge. Pyridinium ions, In general, show much smaller solvation
effects because of a highly localized cationic charge. However, 2,6-DTBP demonstrates the same
very large solvent effect as seen for aryl carbocations confirming once more that steric J
hindrance towards solvation was present.

Gas- and solution-phase basicities of substitued pyridine were also compared by Aue,
Lictta, Hopkins, et al.? Their results suggested that the 2,6-di-t-butylpyridinium ion is less
well solvated than its 2,6-dimethyl homolog. The deviation was estimated at about 3.5 K calt/
mol. Condon has calculated the steric hindrance to hydration by 2,6-DTBP decreases its base
strength by ca. 2.2 pK units.!?

KnBzinger has examined the hydrogen bonding properties of substitued pyridines on
silica.’! Although the other 2,6-dialkylpyridines exhibited normal hydrogen bonding, including
2,6-diisopropylpyridine, hydrogen bonding to the hydroxyl groups on the surface of silica was
abhsent for 2,6-DTBP. Steric hindrance has been noted as a factor in hydrogen bonding inter-
actions between phenol and substituted pyridines.)?

Steric crowding at the nitrogen atom in 2,6-DTBP has also had a striking effect on its

chemical properties as well as will be noted in the sections that follow.

D. SULFONATION

The unusual sluggishness of pyridine towards electrophilic substitution has been at-
tributed to the powerful electron-withdrawing effect of the positively charged quaternary nitrogen
formed during the reactions. The aprotic sulfonation of 2,6-DTBP of fered the opportunity to
explore the true reactivity of the free pyridine base. Because of unusual steric hindrance to
coordination, 2,6-DTBP reacted readily, under mild conditions, with sulfur trioxide in liquid
sulfur dioxide ta give the sulfonic acid. The product was tentatively identified as the 4~
sulfonic acid because of steric hindrance at the 3-position.1

S0y
$0; + 2

Although the structure could not be established by pK, measurements,*?+1% it was firmly established
by synthesis,15+18:19 Ny 16 554 reactivity considerations.®” A comparison of sulfonic acid yield
under the same reaction conditions (Table 11} indicated that the reactivity of the free 2,6-DTBP
base is comparable to nitrobenzene.?
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TABLE i

Sulfonation of 2,6-Di-t-butyloyridine and Representative Model Compounds by Sulfur Triowide in
Liquid Sulfur Dioxide

Reaction Product Yield, %

Compound Time, hr Addition Substituticon
Benzene b4 o] 100
Nitrobenzene 4 0 70
Pyridine 1 100 0
2,6-Lutidine 4 100 0
Z,B-Di-ifbutyi- 4 0 37
pyridine 20 0 45

Interestingly, when the reaction with sulfur trioxide is carried out at the high temper-

atures typically needed for the sulfonation of pyridine, an unusual and new reaction was observed in

addition to sulfonation:2°
hns 50,
8 + g0, 240-250°7
1-Bu t-Bu t-Bu \\CICHQ
cHy CHs

The structure of the substituted dihydrothiophene derivative was supported by IR and
NMR data.

E. BROMINATION
Bromination of t-butylpyridine in fuming sulfuric acid results in partial conversion

21

of t-butyl groups into methyl groups in addition to the mormal bromination. The bromination of

2,6~di~t-butylpyridine gave the following:

8 Br Br Br Br Br
ah * *
t-Bu 't-Bu 27°*  (-Bu CH3 “t-Bu £ -Bu t-Bu TRy t-Bu

The conversion of a t-butyl group to a methyl group had alsoc been observed in the nitration
of 2,4,6-tri-t-butylnitrobenzene. The products observed for the bromination of t-butyl-

pyridines were interpreted to arise in the same manner:
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CHa £“BU CH, - l u
C
/&
CH3™ CHy

F. QUATERNIZATION

Menshutkin reactions of 2,6-DTBP are not observed under ordinary conditions.? In order
to promote the reaction with methyl [odide, pressures of at least 4000 bar are rEQuired.usz3
Under these conditions, the M-methylpyridinium iodide and hydrogen iodide salts were reported as
the main products in a 2 to & ratio.?® Both 2,6-DTBP and 2,4,6-TTBP also react with methyl
fluorosulphonate under similar conditions of high pressure to give mixtures of the M-methyl and

protonated compounds. In this instance, however, the N-methyl compounds were the principal pro-

ducts.??
- | = CHsl or + )
1-Bu LBu TE0.F L—Bu t-Bu t-Bu SN t-Bu
1
5000 bar B "
CH,

Other reports, however, indicate that only the protonated base is obtained under con-
ditions of high pressure with either methyl icdide or the fluorosulphonate.?®22%:26  Thus, Weber
and coworkers reported that the reactions of 2,4,6-TTBP with FS03CHs even under 10,000 atm gave
only the N-proton compound (1 to 99%).%% However, they successfully synthesized the N-methyl
compound by refluxing 2,4,6-TTBP with FS03CH; at 180° for 48 hours in p-chlorotoluene. They have
investicated the crystal structure of the iodide and perchlorate and showed that the pyridinium
ring deformed slightly. However, the compounds do not show unusual thermal stability.

The reactions of 2,6-di-t-butylpyridine derivatives with FS03CH; have been recently re-
examined by Okamoto and Hou who found that the reactions gave N-methyl products in high yield
under 4500 atm at 80°C.?7 The formation of N-proton compoundswas accounted for by the reactions of
the pyridine compounds with fluorosulfanic acld produced by the hydrolysis of FS03CH;. They found
that the pyridinium iodide compounds were decomposed at about 125°C which  agreed with Weber's
observation on the thermal stability of the iodide ccmpounas.

G. CATALYSIS
The ability of 2,6-DTBP to act as a base with virtually no nucleophilic properties is
8

illustrated in a report by Jensen and Neese.2® The geometric isomer, trans-2,3-trans-5,6-dioxane-~

dy needed for an investigation, could not be satisfactorily synthesized by condensing ethylene glycol
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with ethylene glycol di-tosylate. Acid catalysis gave a mixture of self condensation and co-condensa-
tion. Using quincline as an added base ylelded only a tar. When the condensation was carried out
with two equivalents of 2,6-DTBP, deuterated dioxane was obtained as a 65% yield of two stero-

isomers.

H ~. oM 07s
b 2,6-t-buty lpyridi trans~2,3-trans-5,6-
. = yr! |neT Dioxane~d,
D~ " 65%
N
H OH TS

Deutsch and Cheung sought to study the reactions of metal jons in buffered agueocus

29 |n their search

solution uncomplicated by coordination of the Lewis base buffers with the metals.
for water soluble noncoordinating buffers, they synthesized a broad variety of quaternary salt
derivatives of hindered pyridine bases including 2,6-DTBP. The salts prepared included chlorides,
bromides, nitrates and perchlorates.

As part of a general study of base catalyzed trapping of sulphenes, King and Kang re-

ported that 2,6~di-§7butylpyridine behaved as a base rather than a nucleophilic catalyst.3?

H. MISCELLANEOUS
The ability of 2,6-DTBP to distinguish between protenic and Lewis acids combined with
basic but relatively non-nucleophilic properties has led to suggestions of practical utility as

3432 an interesting example involves the commercial recovery of olefins by complexation

well.
with salts such as CuAlCl,, CuBF,, and CuPFs.’2 These salts in aromatic hydrocarbon solution
dissociate partly into Lewis Acids. The resulting Lewis Acids can combine with small amounts of

HC1 to catalyze alkylation of the aromatics by the clefins:

-v

— HC1 fi .
CuAl1C1, = CuCl + AICIy —— HAICI, 3?%53%?2 alkylated aromatics

It was sought to prevent the undesired alkylation by scavenging tréces of HCl with
pyridine. However, this resulted in formation of an inscluble pyridine-Lewis Acid complex. The
desired effect was obtained with 2,6-DTBP which absorbed HEl without comptexing the Lewis Acid .
and thereby effectively inhibited alkylation, T

Spectral studies have been carried gut to measure fundamental chemical properties of ”

2,6-DTBP and 2,4-6-TTBP. Natural-abundance N'® NMR has been employed to obtain éhe 15N chemica)l
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shifts for substituted pyridine compounds.?®?

It was observed that t-butyl substitution at the
ortho position resulted in upfield shifts characteristic of y gauche interactions. Heilbronner
et al have measured the ionization potentials of 2,4,6-tri-t-butylpyridine using high-resolution
photoelectron spectroscopy.’® 35

Griller, Dimroth, Fyles, and Ingold have determined that steric factors have a

dominant role in the stabitity of carbon-centered free radicals in solution.’®

Using electron para-

magnetic resonance spectroscopy, they have demonstrated that azacyclohexadienyl radicals derived

from 2,6-DTBP and 2,4,6-TTBP were exceptionally persistent. Infrared and ultraviolet spectra of

alkylpyridines, including 2,6-DTBP were shown to correlate primarily with the positions of the

alkyl groups on the pyridine ring and did not depend on whether the group was Me, £t, iPr or t-Bu.3”
Finally, it may be noted that the odor of 2,6~DTBP is not that typical of pyridine

compounds. It is pleasant and aromatic, unlike other pyridines, including the closely retated 2-

isopropyl-6-t-butylpyridine, Our perception of odors is apparently also infiuenced by steric

factors,
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