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A regioselective deuteration at the - and y-position of pyridines is
reported. Efficient deuteration occurred with a combination of
KO'Bu and DMSO-dg, replenishing the prevailing a-deuteration of
the pyridine systems. Preliminary mechanistic studies suggested
that the dimsyl carbanion acts as one of the key intermediates.

Over the past few years, deuterium labelling has received
substantial attention as a well-known tool for both biological
metabolite investigation and reaction mechanism elucidation."
Benefiting from the prominent kinetic isotope effect, the
enhanced C-D bond has shown promising applications in
the pharmaceutical and material industries by controlling the
metabolism of drugs, improving the stability of materials, and
elevating the efficiency of photoelectric devices.” Thus, the
diverse requirement of both deuterated scaffolds and regiose-
lective deuterium-labelling is increasing, and the strengthening
of the deuteration arsenal has been accelerated during recent
years.?

Pyridines, as one of the prevailing N-heterocycles, have been
employed in various chemical domains,* especially in the
recent burgeoning fields including photocatalysis and photo-
electric devices.” In pharmaceutical science, pyridines have also
been identified as the second most common N-heterocycle,®
and they have been employed as the core structure in a number
of drugs. Current deuteration of pyridines has been primarily
focused on hydrogen isotope exchange (HIE) at the a-position
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using Pd,” Rh,® Ir,* Ru,**® and Ni'® catalysts (Fig. 1A). In
contrast, the HIE at other positions on pyridines has rarely
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Fig. 1 (A) Site selective deuteration of pyridines. (B) Previous examples of
deuteration at the B- and/or y-positions of pyridines. (C) Regioselective
deuteration at the B- and y-positions of pyridines.
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been discussed. Apart from the deuteration by tautomerization of
aminopyridines,"" only a kinetic analysis half a century ago sug-
gested a base-promoted deuteration under harsh conditions
(Fig. 1B)." Recently, selective deuteration at the y-position has been
achieved by a phosphonium salt mediated defunctionali-
zation deuteration.”> Moreover, the Chirik group reported the
v-deuteration of 2,6-dimethylpyridnine via Fe-pincer catalyzed HIE,
in which the regioselectivity was controlled by the steric hindrance."*

During our recent attempts at the synthesis of deuterated
photoelectric materials, an unexpected deuteration ratio of over
500% was observed when preparing 5-trideuteromethyl-2-phenyl-
pyridine (2) under basic conditions. We discovered that the B, v,
and B’ positions of the pyridine ring were deuterated nearly
quantitatively, leaving the o-site nearly untouched. Herein, we
present our preliminary results of this base-promoted deuteration
of the B- and y-positions of pyridines (Fig. 1C).

The initial optimization was conducted using 2-phenyl
pyridine (1) as a model substrate to eliminate the influence of
methyl deuteration (Fig. 1C, see the ESIt for the detailed
optimization data). The experiments showed the combination
of KO'Bu and DMSO-dg to be the optimal condition for this
pyridine HIE," affording three position deuteration with
2.97D'® with 1.0 equivalent of KO‘Bu."” A slight retardation of
the HIE was observed with potassium hydroxide, which reached
2.02D and 2.52D after 4 and 18 hours, respectively. Other bases
including NaO‘Bu and LiO‘Bu failed to render acceptable
results. Shifting the deuterium source to D,0O, CDCl;, or CD;0D
did not give any satisfactory results in this HIE process (see the
ESIT for the optimization data).

We then studied the influence of the amount of KO'Bu in
this reaction. The sub-stoichiometric amounts of KO'Bu, such as
0.5 and 0.1 equivalent, also rendered deuterium incorporation
of 2.65D and 1.71D after 18 hours, respectively, which aroused
our interest in the kinetic feature of this HIE process. Thus, the
reaction was tracked using different KO‘Bu loadings (Fig. 24,
see the ESIT for the detailed data). Interestingly, the reactions
with 1.0 to 2.5 equivalent of KO'Bu provided similar deuterium
accumulation, which reached 2.5D at the end of the first hour,
suggesting that saturation was reached in terms of the kinetic
behavior of KO‘Bu when 1.0 equivalent was used. Meanwhile, a
much slower exchange was observed in sub-stoichiometric
cases, which offered us an opportunity to determine the site-
specific deuterium incorporation by NMR analysis (Fig. 2B). As
expected, the high KO‘Bu-loading rendered an evenly
high deuterium-incorporation at the B, y, and p’-positions
without discrimination. In contrast, priority was observed at
the y-position in both sub-stoichiometric cases. Noticeably, a
neglectable deuteration could be observed at the a-position,
and a similar degree of deuteration could also be detected at
the ortho-position of the adjacent phenyl ring.

With these data in hand, the mechanism was questioned for
this selective deuteration at the B- and y-positions of the
pyridines. The control experiments were carried out to gain
an insight into the mechanism. As a representative system for
the radical process, the combination of KO‘Bu/DMSO has
shown synthetic applications in various transformations,

3498 | Chem. Commun., 2022, 58, 3497-3500

View Article Online

ChemComm

[A] Kinetic profile of 2-phenylpyridine deuteration
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Fig. 2 (A) Kinetic profile of the deuteration procedure under different KO‘Bu
loadings. (B) Deuterium distribution under different KOBu loadings. (C)
Mechanistic experiments. TEMPO = 2,2,6,6-tetramethylpiperidyl-1-oxyl.

including deuteration, cyclization, and methylation.'® Thus,
our first hypothesis presumed the reaction as a KO‘Bu/DMSO
mediated radical process, and the radical scavenger, 2,2,6,
6-tetramethyl piperidine 1-oxyl radical (TEMPO), was expected
to suppress the HIE (Fig. 2C). Although a dramatic retardation
was observed, the reaction was not completely suppressed even
at more than 5.0 equivalents of TEMPO. Then, we turned our
attention to verifying the possibility of the carbanion
pathway,"® which had been studied kinetically in protic envir-
onments by Zoltewicz and co-workers."” This work suggested
an acidic strength of 12:9.3:1.0 at the y-, B-, and o-positions on
the pyridines, respectively. Thus, the substrate was treated with
the in situ prepared dimsyl anion. Although GC-MS showed a
3.85D incorporation, the following NMR analysis suggested

This journal is © The Royal Society of Chemistry 2022
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Table 1 Substrate scope®
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that the additional 0.85 position was distributed mainly at the
2'-site on the phenyl ring. However, the key o-position
remained at a low-degree of deuterium incorporation. Thus,
the current evidence supported the carbanion pathway as a
main route for this KO‘Bu-mediated pyridine HIE, but a radical
mechanism may also contribute simultaneously. In addition,
the deprotonation at the a-position will generate an increased
electron density in both cases, which raises an electronic
repulsion with the lone-pair of nitrogen, and finally leads to
the regioselectivity at the B- and y-positions."*

Subsequently, the substrate scope of this pyridine HIE was
examined (Table 1). In the initial test set of 2-aryl pyridines
(1-8), the y-site possessed the maximal deuterium abundance
as expected. The substrate with methyl substitution led to a
slightly lower efficiency on pyridine deuteration (2 and 3). In

This journal is © The Royal Society of Chemistry 2022

The yield and deuteration degree were investigated by 'H-NMR with an internal standard. ¢ Data of the gram-

some cases (e.g. 4, 5, 7,18 and 23), deuterium was detected at
the a-position, which may be caused by the expanded aromatic
system. A similar phenomenon has also been observed on the
adjacent phenyl rings. The 2’-deuterium level on the phenyl
substituents increased in 2-(3’-biphenyl)pyridine (4) to
30%, and in 2,5-diphenyl pyridine (5) to 17% and 10% for the
2-positions in the two benzyl rings in 5, respectively. Further-
more, a slight meta-deuteration was observed for the large
polyaromatic system in 5. When replacing the phenyl ring with
a pyridyl ring (6), the deuterium level at the B and y-positions
remained at an excellent degree, with a significant decrease in
B’-deuteration and an elevation in a-deuteration observed. The
introduction of tert-butyl (7) led to a suppression of the overall
deuteration. And 1,10-phenanthroline (8) gave similarly low
deuteration on the alkene bridge motif.

Chem. Commun., 2022, 58, 3497-3500 | 3499
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Then, we shifted our focus to simple pyridine derivatives
(9-21). Pyridine (9) afforded a standard result, where the
B- and y-positions rendered considerable deuterium abun-
dance. The overall deuteration was still located at the B-; y-,
and B’-positions with methyl substituted pyridines (10-13).
Noticeably, an unusual decrease in deuteration on the pyr-
idines was observed in these cases again, especially with 2,
6-dimethyl pyridine (13). This phenomenon showed the
important nature of the HIE as an equilibration process:
the deuterated product could participate in the exchange
continuously, where more acid protons occupied the HIE
reaction opportunity, retarding the exchange of lower
ones.

In contrast, the deuterium distribution changed when placing
a mild electro-withdrawing substituent on the pyridine. Using
2-bromopyridine as the substrate, the deuterium accumulated
followed by the inductive effect from bromine (15-18). The
speculation was further supported by 2-bromo-5-cyanopyridine
(19), where the cyano group overrode the induction of bromine.
The electro-donating groups’ facilitation of ortho-deuteration was
observed again in the deuteration of 14, 20, and 21, which had
been noted in our previous work.”

Finally, the conditions were tested for heterocycles and
sophisticated structures. Indole (22) showed a moderate level
of deuterium accumulation at the C-3 position. Quinoline (23)
also rendered a different deuteration pattern from the cases of
pyridines, with deuterium levels of 42%, 57%, and 6% at the -,
B-, and a-positions, respectively. Nikethamide (24), a repository
stimulator bearing an amide side chain, was also tolerated
under the standard conditions, affording 80% and 42% deuter-
ium at the B- and y-position, respectively. Abametapir (25), a
pediculicide for head lice infestation, showed a much lower
deuterium incorporation of 13% at the y-position. The deutera-
tion of etoricoxib 26 was achieved with an interesting deuter-
ium distribution, especially at the ortho-sites of the sulfonyl.
However, no expected deuteration was observed with imatinib
27, which may be shaded by the rapid H/D exchange of active
protons.

In summary, a KOBu-promoted B- and 7-regioselective
hydrogen-isotope exchange for pyridines has been developed
by using DMSO-ds as the deuterium source, leaving the
a-position nearly intact. Control experiments suggested a car-
banion mechanism as one of the main pathways for the
exchange. The protocol complements the prevailing methods
for metal-catalysed o-deuteration of pyridines and is expected
to find applications in photoelectric materials and biologically
active molecules.
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