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Amines are one of the more versatile functional
groups in organic chemistry as evidenced by their
inherent ability to act as bases, acids, nucleophiles,
reductants, ligands for transition metals, photoinduced
electron-transfer agents, and protecting groups.1 Fur-
thermore, they are key participants in a plethora of
biological processes.2 These same useful attributes of
the amine are carried over to their polymeric analogues,
and as a result, polyamines are useful in applications
ranging from paper sizing to pharmaceutical practices.3
Unfortunately, this same portfolio of reactivities also
makes their incorporation into polymers problematic.
Hence, polymers bearing simple amines are not common
and often difficult to prepare. Motivated by the above,
we have been interested in developing synthetic meth-
odologies that allow the facile incorporation of amines
into polymers. Herein, we would like to report on the
hydrogenation of homo- and copolymers possessing
pyridine rings to form a family of secondary and tertiary
amine polymers.4 Used in this fashion, the pyridine
moiety can be viewed as a “protecting group” for simple
alkylamines.

We favor the pyridine moiety as a practical precursor
for several reasons. First, both 2- and 4-vinylpyridine
are versatile monomers themselves and are amenable
to polymerization though a variety of techniques includ-
ing anionic,5 radical,6 ATRP,7 and, in some cases,
coordination-insertion mechanisms.8 Second, they are
readily converted into secondary and tertiary amines
through hydrogenation.9 This conversion turns out to
be nontrivial as evidenced by very large increases in
basicity (e.g., pKb ) 8.8 and 2.8 for pyridine and
piperidine, respectively)10 and by the large changes in
solubility (vide infra).

Carbon-based molecules have a strong thermody-
namic preference toward saturation, and aromaticity
should be viewed as, at best, a compromise. In ac-
cordance with this, the hydrogenation of unsaturated11

and aromatic12 polymers has been extensively reported,
and it can be successfully performed on a commercial
scale.13 Like benzene, the hydrogenation of pyridine is
exothermic. At the MP2 level, we calculate the heats of
hydrogenation for toluene and 4-methylpyridine to be
-41.2 and -31.6 kcal/mol, respectively. The enthalpy
difference of about 10 kcal/mol is essentially equivalent
to the differences in bond strengths between the C-H
and N-H bonds, ∆∆H ≈ BDEC-H - BDEN-H.

Our first attempts at the hydrogenation of poly(4-
vinylpyridine) (4-PVP) using known homogeneous cata-
lysts14 met with only limited success. Under various

conditions of temperature, pressure, and concentration,
the known hydrogenation catalysts (PPh3)3RhH(CO)
and [(Py)2(DMF)RhCl2]+[BH4]- were essentially inef-
fective, and (PPh3)3RhCl gave maximum hydrogenation
levels of approximately 50% (130 °C, 210 psi of H2, 170
h). We feel that the high temperatures and long reaction
times lead to catastrophic decomposition of the cata-
lysts. There is certainly latitude for improvement here,
and alternatives are being explored.

Heterogeneous catalysts proved far more promising.
Pyridine can be hydrogenated using a number of dif-
ferent heterogeneous catalysts including PtO2, Pt/C,
RuO2, Rh/C, and Pd/C.15 For example, neat pyridine can
be fully hydrogenated to piperidine using Rh/C at 40
°C and 40 psi of H2 in about 75 h. Consistent with this
small molecule model study, we have found that the
polymeric pyridine rings can be successfully hydroge-
nated albeit at higher pressures and temperatures. The
percent hydrogenation is determined by monitoring the
loss of the aromatic protons in the 1H NMR (Figure 1).

Part of the rate differential between pyridine and
PVP can be simply attributed to the concentration
differencessrather than hydrogenations of a neat sub-
strate, the PVP hydrogenations were performed in
DMAc (ca. 1 wt % solutions). Fortuitously, the saturated
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Figure 1. (a) 1H NMR spectra (D2O, δ ) 4.80 ppm) of 2-PVP‚
HCl before hydrogenation and (b) 2-PVPip‚HCl after hydro-
genation.
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poly(vinylpiperidine) (PVPip) proved to be fully soluble
in this solvent. Of the two isomeric PVPs, 2-PVP
undergoes hydrogenation in a more facile manner. In
comparative controls with the monomers, 2-VP was fully
hydrogenated after 72 h at 130 °C and 300 psi of H2,
whereas 4-VP required 180 h to reach 97% conversion
under identical conditions. Increasing the pressure to
600 psi decreased the reaction time to about 1 day for
full saturation of 2-VP.

Although the fully saturated polymers could be pre-
pared, this system was less than optimal. Severe
catalyst poisoning occurred which was only remedied
by the use of large quantities of catalyst. A reasonable
assumption is that the pyridine and product piperidine
nitrogen coordinate to and poison the catalyst centers.
This model is consistent with 2-PVP being a more
favorable substrate because coordination to the metal
center will be inhibited by the bulk of the adjacent
polymer chain. Also, once hydrogenated, we found that
the polymer adhered strongly to the supports (e.g., SiO2
or carbon) and was difficult to remove.

One approach to eliminating the unfavorable N-
coordination of the pyridine rings to the catalyst is to
alkylate the nitrogens. In fact, the hydrogenation of
alkylpyridinium polymers has been reported previ-
ously.16 We too found that the more basic tertiary amine
polymers (e.g., poly(N-methylvinylpiperidine)) can be
prepared by hydrogenation of the corresponding N-
alkylpyridinium salt. We found that a number of
heterogeneous catalysts could be used for the formation
of the 3° amine product. In this case, RuO2 proved to
be the most active catalyst (Figure 2).

To prepare the saturated 2° amine polymer, we found
we could protonate the pyridine ring before hydrogena-
tion. In acidic aqueous solution the complete hydrogena-
tion of the pyridines to the piperidines could be accom-
plished in a relatively rapid fashion.17 Figure 3 shows
the kinetic profile for this hydrogenation using five
different catalysts.

Some of the heterogeneous catalysts proved quite
active under these conditions, e.g., Pd/C, which gave the
fully saturated PVPip in just a few hours. The proto-
nated PVPip can be easily isolated by filtration and
removal of the water and converted to the free amine
by treatment with an ion exchange column (Dowex
550A). Interestingly, the neutralized PVPip proved to
be soluble in neutral water. In fact, PVPip powders are
so hygroscopic they are deliquescent (i.e., they become
a solution by absorbing so much water from the atmo-

sphere). Their water solubility and deliquescent nature
are quite surprising given the fact that the carbon-to-
nitrogen ratio of this polymer is 7.

Analyzing for chain degradation during hydrogena-
tion proved difficult for the homo-PVPip materials
because they adhered very strongly to and would not
elute from the GPC columns. However, molecular
weight analysis of hydrogenated block copolymers showed
no loss of molecular weight occurred during these
hydrogenation (vide infra).

Block copolymers possessing vinylpyridine segments
can also be hydrogenated. If the other segment is also
unsaturated (e.g., butadiene or styrene), then the op-
portunity for selective hydrogenation presents itself. For
example, we prepared a 50/50 mol % block copolymer
of styrene and 2-vinylpyridine using anionic techniques
(Mn ) 17 400, PDI ) 1.19). Selective and quantitative
hydrogenation of the 2-PVP block could be accomplished
by using the Rh/C catalyst in DMAc, and no hydrogena-
tion of the styrene segment was observed (Scheme 1).
Furthermore, the hydrogenated block copolymer could
be analyzed using GPC with DMF as a mobile phase,18

and the measured molecular weight (Mn ) 17 800, PDI
) 1.18) agreed well with the initial molecular weight,
indicating that chain degradation of either block did not
occur under these conditions.

The selective hydrogenation of the pyridine rings
represents the kinetically controlled product because the
thermodynamics preferentially favors hydrogenation of
the styrene moieties over the pyridines (vide supra).
Changing the solvent to 55/45 vol/vol cyclohexane/
methanol mixtures, protonating the pyridines, and
using PtO2 as the catalyst gave materials showing 100%
hydrogenation of the 2-PVP block and about 60%
hydrogenation of the styrene block. We are fully confi-

Figure 2. Hydrogenation of poly(N-methyl-4-vinylpyridinium
chloride) in water (1500 psi, 150 °C).

Figure 3. Hydrogenation of poly(4-vinylpyridinium chloride)
in water (1500 psi, 150 °C).

Scheme 1
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dent that modest tweaking of the parameters will yield
fully saturated block copolymers.

Identifying conditions for the selective hydrogenation
of the styrene ring over the pyridine ring has been slow.
Hydrogenation of the styrene is favored thermodynami-
cally, but the kinetics of the pyridine hydrogenation is
faster. To circumvent this kinetic bias, we have been
exploring running the hydrogenation of the pyridinium-
styrene block copolymers under emulsion conditions
(mixed chloroform/methanol solutions) which places the
pyridine segments in the core and the styrene as a
surrounding corona that is accessible to the catalyst.
Under these conditions, up to 13% hydrogenation of the
styrene without hydrogenation of the pyridine has been
achieved. Refinements in this strategy are currently in
progress.

In summary, the facile and complete hydrogenation
of polymers possessing pyridine moieties can be ac-
complished in reasonable reaction times and conditions.
Furthermore, the pyridine segments of block copolymers
of styrene and vinylpyridine can be selectively hydro-
genated. The resulting PVPip is deliquescent and
soluble in neutral water. Thus, this simple process
represents a viable route for augmenting the properties
of polymers, and its application in a number of areas is
currently being explored.
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