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ABSTRACT: A convenient method for the synthesis of perdeuterated alkyl amides/amines is disclosed. Perdeuterated acetyl
amides can be achieved by hydrogen-deuterium (H/D) exchange protocol with Pt/C as a catalyst and D,0 as deuterium source
under mild conditions. After removal or reduction of the acetyl group, this protocol can provide perdeuterated primary,
secondary and tertiary amines, which are difficult to achieve via other methods.

Deuterated compounds have recently found increasing
interest in various scientific fields based on their unique
properties, such as improving the metabolic stability of
drug molecules! and prolonging the lifetime of organic light
emitting devices.? They are also widely used as metabolic
tracers and as a contrast agent in neutron scattering
experiments3. To fulfill these applications, different kinds of
deuterium-labeled organic molecules are in great demand.*
Deuterium-labelled alkyl amines are one of the most
widespread applicable motifs to construct important
deuterated architectures for various scientific applications,
thus much effort has been made for their synthesis,
especially via the hydrogen-deuterium (H/D) exchange
process, as shown in Scheme 1. For example, the ruthenium
complex (Shvo’s catalyst) was developed for a,f-
deuteration of bioactive amines.’ Then, several ruthenium-
based catalysts, including ruthenium on active carbon, Ru-
bMepi (bMepi = 1,3-(6’-methyl-2’-
pyridylimino)isoindolate) complex, and ruthenium
nanoparticles were reported for selective deuteration of
alkyl amines.® An Iridium complex was also investigated as
a catalyst for the selective deuteration of alkyl amines with
the assistance of a directing group or light from a blue LED.”
These methods are of great value for deuterium-labelled
drug discovery, as the amine group is one of the most
common functional groups in drug molecules. These

methods work well to incorporate deuterium atoms at the a
and/or f position of alkyl amines, however, they are
inadequate for the synthesis of perdeuterated alkyl amines due
to the difficulty in activating C-H bonds farther from the
amine functionality.®

Heterogeneous metal-catalyzed H/D exchange is one
powerful method for achieving perdeuteration of
functionalized aliphatic chains.® For example, Pd/C can
serve as a great catalyst for H/D exchange, when the alkane
chain is attached to aromatic rings.'® Rh/C was also
reported to be an efficient catalyst for perdeuteration of
alkanes without any functional groups.!! In addition, Pt/C
was developed for perdeuteration of fatty acids, which has
found many applications in biological research via versatile
transformations of the acid group.!? Although great
progress has been achieved, preparation of perdeuterated
alkyl amines by H/D exchange using heterogeneous
transition metal catalysts under hydrothermal conditions
(>2000°C, 2.3 MPa) failed due to instability of amine groups
under high temperature and pressure.!’® Attempts to
prepare perdeuterated alkyl amines under milder
conditions have mainly resulted in 25% - 82% deuterium
incorporation at a and B position of alkyl amines.'* Thus,
perdeuterated alkyl amines are currently prepared by
stepwise synthetic routes from the corresponding



perdeuterated fatty acids. This method is useful, but only
efficient for preparing some perdeuterated primary alkyl
amines.!®> The synthesis of perdeuterated secondary and
tertiary amines is still unexplored.

In our group, we are currently interested in the
preparation of perdeuterated alkyl amines to provide
sufficient contrast matching in neutron scattering studies of
polymers, ionic liquids and biomaterials. Herein, we
disclose a mild H/D exchange reaction for the
perdeuteration of acetyl protected alkyl amines with Pt/C
as the catalyst. By removal or reduction of the acetyl group,
perdeuterated primary, secondary and tertiary alkyl
amines with high deuterium incorporation can be obtained.

Scheme 1. Methods for the synthesis of deuterium-labelled
alkyl amines
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Our initial efforts towards perdeuteration of alkyl amines
commenced with the reaction of n-butyl amine and heavy
water employing Pt/C (10 wt%) as the catalyst at 120°C.
The reaction resulted in only 50% deuterium incorporation
at the alpha and beta positions of n-butyl amine, which may
be attributed to the strong coordinating ability of the amine
group to platinum. Attempts to increase the deuterium
incorporation level by elevating the temperature led to
oxidation of the amine group. Attaching an acyl group to the
amine nitrogen might reduce the electron density and
potentially prevent this transformation. Several acyl n-butyl
amines were synthesized and their behavior under
deuteration conditions was examined, as shown in Figure 1.
The tert-butyloxylcarbonyl (Boc) and benzyloxycarbonyl
(Cbz) groups were inadequate as protective groups for
butyl amines, as they decomposed under the reaction
conditions used. However, deuteration of acetyl n-butyl
amine led to full conversion and a high level of deuterium
incorporation, which demonstrated that acetylated alkyl
amines could be excellent substrates for H/D exchange with
Pt/C as a catalyst.

Figure 1. Reaction Optimization
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a. The reaction was conducted with 1a (1 mmol) and Pt/C (8 mol%)

in D,O (8 mL) under H, atmospher at 120°C for 16 hours. b. Deuterium
incorporation was determined by "H NMR spectrum of isolated product
with 1-bromophenol as internal standard.

Encouraged by the success of achieving high deuterium
incorporation of acetyl n-butylamine, the generality of this
method with respect to a series of acetylated alkyl amines
was explored. As shown in Figure 2, the reactions with
acetyl n-butylamine, acetyl sec-butylamine, acetyl iso-
butylamine and acetyl tert-butylamine as substrates were
first examined to determine the effect of branching groups.
A decrease in the deuterium incorporation level was
observed in the order acetyl n-butylamine > acetyl sec-
butylamine > acetyl iso-butylamine > acetyl tert-
butylamine, which is consistent with the trend of increasing
steric size (2a-2d). This result indicated that the steric
hinderance should be one of the factors to control the H/D
exchange process. A substrate with a longer alkyl chain,
acetyl n-octylamine, was then tested. Deuteration occurred
at all eight carbons of octyl chain, affording perdeuterated
product with over 90% deuterium incorporation (2e).

A series of acetyl secondary amines was then examined as
the starting materials, which are precursors for deuterated
secondary and tertiary amines. The H/D exchange of three
substrates, including acetyl diethylamine, acetyl
dibutylamine and acetyldioctylamine, have been performed
and produced perdeuterated products in all cases (2f-2h).
In comparison with acetyl primary amines, acetyl
secondary amines showed lower reactivity towards
deuteration, possibly due to the higher steric hinderance at
the alpha carbon atoms, which is consistent with the
aforementioned trend. In addition, higher level of
deuterium incorporation at the positions distant from the
amide groups was observed. Although the exact mechanism
for this preference is not clear, it might be attributed to
steric hinderance. The positions away from the nitrogen
atom possessing more freedom due to the flexibility of the
alkyl chain results in its higher reactivity towards H/D
exchange. The cyclic amides, including 2-pyrrolidinone,
caprolactam and N-methylpyrrolidone, are also good
substrates, even if they are not acetyl amides (2i-2j). They
all displayed excellent H/D exchange reactivity, producing
products with high deuterium incorporation along the alkyl
chains. It is worthy of note that deuterated 2-pyrrolidinone
and e-caprolactam can serve as monomers to construct
deuterated polyamides for neutron studies.'> H/D exchange
processes for perdeuteration of alkyl amides have been
rarely observed, which could be a complementary strategy



for producing valuable multi-deuterated functional alkyl
molecules.

Figure 2. Substrate scope of H/D exchange reaction®?
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After the successful deuteration of acetyl alkyl amines, the
conversion of these compounds to the corresponding
amines became a focus, as shown in Scheme 2. The primary
and secondary amines can be easily obtained by removal of
the acetyl group in the presence of 6 M HCI solution. For
example, deuterated tert-butyl amine, which is a common
building block in drug molecules, was prepared by
sequential deuteration of amide 2d and removal of the
acetyl group. High deuterium incorporation of 98 % could
be achieved by two rounds of deuteration. Scale-up
capability was demonstrated by conducting the reaction on
1.27 grams scale. The tertiary amine could be achieved by
reduction of the corresponding acetyl secondary amines.
For example, deuterated triethyl amine, one of the most
common tertiary amines in organic synthesis, was prepared
by reduction of deuterated amide 2f.
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Scheme 2. Synthesis of perdeuterated primary and tertiary
amines

According to our experiments and the literature,'® the
reaction mechanism is proposed with acetyl n-butylamine
as an example, as shown in Figure 3. The activation of
platinum (0) by the coordination of H, gas and D,0 to form
complex A is the beginning of catalytic cycle. Oxidative
addition of alkyl carbon-hydrogen bond to complex A will
take place to form complex B. Intramolecular H/D exchange
will give complex C, which will be subsequently converted
to the corresponding deuterated product D and complex E
via reductive elimination. The H/D exchange of complex E
with D,0 will regenerate complex A to complete the
catalytic cycle. The deuterated product D will re-join the
catalytic cycle to increase deuterium incorporation content.
Oxidative addition step is controlled by steric effect,
producing deuterated product with higher deuterium
incorporation at less hindered position. These results also
suggest deuteration is unlikely launching from the «
position of nitrogen atom, which was proposed for per-
deuteration of alkyl ketones with Pd/C as catalyst.’

Figure 3. Proposed mechanism for deuteration with acetyl
n-butylamine as an example
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In summary, a convenient strategy for synthesizing
perdeuterated alkyl amines has been disclosed. Using a
sequential process involving the Pt/C catalysed H/D
exchange of acetyl alkyl amines, followed by
removal/reduction of the acetyl group, perdeuterated
primary amines, secondary amines and tertiary amines
with high levels of deuterium incorporation can be
produced. The capability to conveniently prepare



perdeuterated amines and amides could promote the
development of new drug discovery, neutron science
and functional material science.
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