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Palladium-catalyzed cross-coupling reactions controlled by non-

covalent ZnN interactions

Mohamed Kadri,> Jingran Hou," Vincent Dorcet,'” Thierry Roisnel,' L
Miloudi,’ Christian Bruneau, and Rafael Gramage-Doria

Abstract: Non-covalent interactions between halopyridine
substrates and catalytically inert building blocks, namely zinc(ll)-
porphyrins and zinc(ll)-salphens, influence the catalytic outcome of
Suzuki-Miyaura and Mizoroki-Heck palladium-catalyzed cross-
coupling reactions. The weak Zn”N interactions between
halopyridine substrates and zinc(ll)-containing porphyrins and
salphens respectively, were studied by a combination of 'H NMR
spectroscopy, UV-vis studies, Job-Plot analysis and, in some cases,
X-ray diffraction studies. Additionally, the former studies revealed
unique supramolecular polymeric and dimeric rearrangements in the
solid state featuring weak Br~N (halogen bonding), C-H'x, Br'x and
" w interactions. The reactivity of halopyridine substrates in
homogeneous palladium-catalyzed cross-coupling reactions was
found to correlate with the binding strength between the zinc(
containing scaffolds and the corresponding halopyridine.
observation is explained by the unfavourable formation of in

approach is particularly appealing for those cases where
and/or products deactivate (or partially poison) a tran
catalyst.
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Introduction

Development

towards a m

society." In this ¢
industry

lysis are paving the track
envir al-friendly and sustainable
t, transition metal catalysis plays a key
cademia. It provides access to highly
starting from readily available
ersatility offered by transition metal-
based catalysts.”) As such, the reactivity of a catalyst is mainly

dification of the properties of the metal centre,
d design® (including redox-active™ and proton-

as those cases where substrates and/or products inhibit or
significantly decrease the activity of a transition metal catalyst.”
Indged, this is sometimes the case for nitrogen-containing
als, a major class of products relevant to agrochemistry,
acology and materials science."

Consequently, our attention was drawn to pyridyl-
ontaining substrates since it is known that their nitrogen lone
pair may interact with the metal catalyst leading to deactivation
pathways (Scheme 1).'” For instance, regarding the behaviour
of halopyridine derivatives as substrates in palladium-catalyzed
cross-coupling reactions,!'" the catalytically relevant palladium
centre can compete between (1) species belonging to the
catalytic cycle (Scheme 1, left) and (2) nitrogen lone pair over-
coordination, which inhibits the catalytic event or significantly
decreases the reactivity of the catalyst (Scheme 1, right).'? A
classic approach relies on the covalent modification of pyridines
into pyridinium salts or pyridine N-oxides before carrying out the
transition metal-catalyzed transformation. These approaches
have been elegantly demonstrated in the case of iridium-
catalyzed  hydrogenation  reactions,”  copper-catalyzed
oxidations!"” and C-H bond functionalization reactions.!"!
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Scheme 1. General overview showing the two different possible pathways (left
and right) occurring in palladium-catalyzed reactions employing halopyridines
as substrates. X = halide, L = ligand, FG = functional group.

iometries due to
the multiple coor i tragonal, trigonal
bipyridamidal, oct ) cation can adopt.?”
Herein, we show t ara) bromo- and chloro-
pyridine derivative the palladium-catalyzed

Besides catalyst fine-tuning, one may wonder whether Suzuki-Miyaur ' ' ' cross-coupling - reactions
covalent modification of the substrate is the only option to depending o between them and the

prevent undesired pyridine catalyst over-coordination or if weak, ~ catalytically inert II)-containing porphyrin or salphen building
non-covalent interactions would also have a positive effect on ~ Plocks. It will be d str.aFed .that the substrate reactlwty can
the outcome of catalytic reactions. With this in mind, we P& €9 via of the substrate in a

envisioned that the reactivity of halopyridine derivatives might be
affected, at some extent, by the presence of additional building
blocks able to non-covalently interact with their nitrogen lone
pair if the following two considerations simultaneously operate:
(1) the nitrogen lone pair from the halopyridine derivative should
exclusively bind to the catalytically inert building block; and (2) assembly studies
the catalytically-relevant metal centre will have to exclusively
coordinate to the ligand, likely a phosphane ligand in the cas
palladium-catalyzed cross-coupling reactions (Scheme 2). rsibly bind in a 1:1 stoichiometry to zinc(ll)-
zinc(ll)-salphens with association constants (K1 1)
ranging from 10° to 10® M™" " benchmark compounds A and B

X

X\/j ‘\”ﬁ were selected as catalytically inert building blocks for this study

l N N (Figure 1, top). First, the binding capabilities of A and B towards
: + - and bromopyridine substrates 1-6 (Figure 3, bottom)

investigated by "H NMR spectroscopy and UV-vis titrations
enabled quantitative determination of the strength of the
N interaction between the halopyridine derivatives and A

towards 8 —_—
Pd-catalyzed
[L-Pd]

L
/p‘d nd B. In some cases, the self-assembly formation between the
X E\\/ disfavoured halopyridine derivative and zinc(Il)-containing building blocks A
N pathway and B was corroborated by X-ray diffraction studies and their

solid state features will be discussed below.
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Scheme 2. Working hypothe in order to prevent undesired
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supramolecular ap . and, FG = functional group. NT > cl N N N B N N
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decided to employ zinc(ll)-containing  Figure 1. Catalytically inert building blocks A and B employed in this study
porphyr, s catalytically inert building blocks (top) and halopyridine derivatives 1-6 used as substrates in this study (bottom).

beca tially bind to hard pyridine motifs
instead of so nds,"™ (2) they are chemically
stable in most transition metal catalysis''® even at high



According to 'H NMR spectroscopy studies, zinc(ll)-
porphyrin A reversibly interacts with meta- and para-substituted
halopyridines 2, 3, 5 and 6 considering the important up-field
shifts observed for the proton signals belonging to the pyridine
moieties upon equimolar combination of halopyridines and A
(Table 1). For example, the ortho-protons belonging to 2, 3, 5
and 6 are up-field shifted between ca. 3-5 ppm upon interaction
with A (Table 1, entries 2, 3, 5 and 6). On the other hand, ortho-
substituted halopyridines 1 and 4 do not interact at all with A
since the chemical shifts of the protons belonging to 1 and 4
remained unchanged in the presence of A (Table 1, entries 1
and 4). Such observation is further evidenced by UV-vis
titrations since addition of aliquots of 1 (and 4) to a solution of A
does not modify the UV-vis spectrum (see the Supporting
Information). The lack of interaction between bulky ortho-
substituted pyridines and zinc(ll)-porphyrins has already been
reported and attributed to important steric effects.?” The
association constants (K1) of A with meta- and para-substituted

2, 3, 5 and 6 halopyridine derivatives determined by UV-vis
titrations using toluene as solvent e found to be 1.0 x 104, 9.0
x 10% 1.9 x 10* and 1.9 x 10 espectively (see the
Supporting Information).”? Although changes during
titration were small, they were sufficient ll-behaved
titration curves, which wer: association
constants Ky (see the Sup ation).??**! The binding
constants Ki1 determined for 5:A are only slightly
the titrations were
loromethane.®® In
pares well with the one
yrin similar to A.?* In all
-Plot analysis indicated
mbly species between A
(see the Supporting

performed using a
the case of 6°A, th
observed between
four cases (2°A, 3
the formation
and 2, 3,
Information).

nd a zinc(ll)-po
5¢A and 6°A),

Table 1. 'H NMR chemical shift variations (A0) resulting from the equimolar combination of

[al

1-6 with A and B, respectively,

and correspondw binding con’l

S (Km)-[b]

Entry Supramolecular AboH Acﬁo_HM Ab’m.H Abpn Kur (M)
substrate (ppm)  (ppm) ) (ppm)  (ppm)

1 1-A 0 Ana i 0 0 <1

2 2:A 3.9‘”' 04  1.0x10"

3 3A 0.8 Ya n.a. 9.0x10°
0 0 <1

n.a. 0.2 1.9x10*

n.a. n.a. 1.9 x 10*

0.1 <0.1 25x10°

n.a 0.2 6.2x10°

n.a. n.a 2.9x10°

<0.1 <0.1 52x10°

n.a. 0.3 3.7x10°

0.3 n.a. n.a. 29x10°

and toluene-dg
itrations (toluene a:

The self-as
further confirmed

2+A, 5°A and 6°A was
studies performed on
. A 1:1 stoichiometry between the
and zinc(ll)-porphyrin A was
molecular structures indicated a

clear pyridine™zin interaction considering the very

perature employing CDCl; as solvent for the case of A (entries 1-6)
e of B (entries 7-12). n.a. = not applied. [b] Determined by UV-vis
ent), errors estimated to be < 15%.

short Zn"'N distances observed (dz,. n = 2.195 A in 2+A, dz, n =
2.182 A in 5:A, and dz,.n = 2.164 A in 6°A, Figure 2).
Interestingly, 6°A gave rise to a unidirectional supramolecular
polymer in the solid state stabilized by halogen bonding with
weak BrN interactions between the bromine atom from 6 and a



nitrogen atom belonging to the central core of a neighbouring  molecule A (dg...n= 2.981 A, Figure 3).%°

Figure 2. ORTEP drawing of 2:A (left), 5+A (middle) and 6-A (right) with thermal ellipsoids at 50% prol
omitted for clarity.

Figure 3. Supramolecular polymeric structure of 6+A displ
(top) and as space-fill representation (bottom). All hydrog

and B have different coordinative trends towards the different
halopyridine derivatives, which make them suitable candidates
for the further evaluation in homogeneous transition metal

The ability of building block B to interact with halopyridin
substrates 1-6 was also investigated. 'H NMR spectrosgopy
analysis of stoichiometric combinationgof B with 1-6 indic,

that all halopyridine derivatives did j i i catalysis (vide infra). It must be noted that the different
from the observed chemical shift veri supramolecular behaviours between zinc(ll)-salphens and
12). Contrary to the behavior of A towa i zinc(ll)-porphyrins towards ortho-substituted pyridines were not
pyridines 1 and 4 (Table 1, entrigs 1 and 4), the unprecedented.?®

building block B also interactcgiii In addition, the self-assembly formation of 2¢B, 4-B and
and 10). However, qualjtativ 5B was unambiguously determined by X-ray diffraction studies
meta- and para-subs, performed on single crystals (Figure 4). The molecular
since the chemical shift iati ifi structures indicated the binding of the corresponding
formers with Ad up to 0.4 halopyridine derivative to the zinc(ll) centre of salphen B with

the binding constants values! eed, the binding constants Kj 4 ZnN distances as short as 2.150 A for 2:B, 2.170 A for 4+B and
determined by in the range 10°-10° M for ~ 2.144 A for 5B (Figure 4). The larger Zn—'N distance observed
the meta- and opyridines 2, 3, 5 and 6 in 4-B compared to 5°B and 2B likely originated from the steric

(Table 1, entries ; see the Supporting repulsion generated by the ortho-located bromine atom around
Information), wherea halopyridines 1 and 4  the zinc(ll)-salphen platform B, which slightly tilts the pyridine
providedgower values nd 10° M™ (Table 1, entries 7 and 10;  ring forcing a non-optimal ZnN interaction.?”! The zn™N
see f{ i ation). Job-Plot analyses also distances observed in 2B, 4:B and 5B (Figure 4) are shorter

indic -1 assemblies between B and than those observed for zinc(ll)-porphyrin-containing 2<A, 5<A
substrates 1-6 (see the Su g Information). Interestingly, A and 6+<A (Figure 2). This finding correlates well with the different



coordination strength established by UV-vis titrations (Table 1).
As a consequence, in each series, a higher association constant
(K1.1) corresponds with a shortening of the Zn""N distance.

It is interesting to point out that the halide atoms in 2+B,
4-B and 5B are pointing towards a different direction in the solid
state (Figure 4). For example, in the case of 2+B, the chlorine
atom points towards one phenolic ring, thus forcing a slight bend
coordination of the halopyridine towards the zinc(ll)-salphen

Figure 5. Supramolecular dimeric structure of 2B dis
highlighting weak C-H™'x interactions from side view (left) and b
ORTEP drawing with thermal ellipsoids at 50% probability highlighti
hydrogen atoms are omitted for clarity.

On the other hand, in the solids
4-B is oriented towards the phenyl
the bromine atom in 5B is oriented towar
of B in order to minimize steric repulsions. steric
effect between ortho- and metgilaromopyridine 4 an is likely
at the origin of a different su ar rearrangement in the
solid state of 4B and J&B respec instance, 4*B gives

core (Figure 5). The origin (or consequence) of such behaviour
results in supramolecular C-H gainteractions between the
pyridinic para-protons (p-H) an enylene ring of an
opposed salphen scaffold (Figure 5, middle).”® The
distances observed between the p-H
atoms (C4-Cs) from the phgavlene ri

sentation (space fill representation for key hydrogen and benzene ring)
le); and zoom of the supramolecular dimeric structure of 2¢B displayed as
~'C distances responsible for weak C-H"'n interactions (right). Non-relevant

rise to a zig-zag supramolecular polymer in the solid state with
short Br-x interactions (Figure 6).%” The bromine atom interacts
with the aryl ring of the phenylene unit belonging to the zinc(ll)-
salphen molecule which is binding to (ds:...c1= 3.280 A, Figure 6)
as well as with the phenylene unit belonging to a neighbouring
zinc(ll)-salphen molecule (ds;..co= 3.441 A and dg,_.c3= 3.536 A,
Figure 6).






Palladium-catalyzed experiments

After studying the different binding properties of A and B (vide
supra) towards different halopyridine derivatives suitable to
undergo palladium-catalyzed cross-coupling reactions, we first
studied in detail the reactivity of 2-bromopyridine (4) and 3-
bromopyridine (5) in the presence of one equivalent of A under
standard Suzuki-Miyaura cross-coupling reaction conditions (1
mol% of Pd(OAc),, 2 mol% of PPhs, 2 equivalents of K,CO3 and
2 equivalents of PhB(OH).).*" Since A does not bind to 4 (Table
1, entry 4), a similar catalytic outcome independently whether A
is present or not in the reaction mixture was expected. On the
contrary, since A does bind to 5, different catalytic behaviours
when performing the catalysis with or without zinc(ll)-porphyrin
A was anticipated. Indeed, the kinetic profile of 4 did not
significantly change as compared to the reaction carried out in
the presence of one equivalent of building block A (Figure 8,
top). On the contrary, when the same catalytic experiments were
carried out with 3-bromopyridine 5, a different kinetic profile was
observed in the presence of A (Figure 8, bottom). For instance,
in the presence of A, full conversion of 5 was reached in four
hours; whereas in the absence of A, full conversion was attained
only after ten hours (Figure 8, bottom). At the end of the
corresponding catalytic reactions, an acidic work-up was
performed to check by 'H NMR spectroscopy that the molecular
structure of A remained intact under the catalytic reactign
conditions (see Experimental Section). It is important to note
the zinc(ll)-porphyrin A was not involved in transmeta n
reaction with palladium and did not react with any other reagents
under the reaction conditions. The use of catalytic am
did not give satisfactory results; and the utilization of

when using one equivalent of A. These findings i
observe the positive kinetic effect (Figure 8,

for N,N-dimethylformamide (DMF)
results in the conversion of 5 with an
Supporting Information).

coordinating solvents such a
porphyrin interaction is ne
observed with 5 remai similar
with or without A in
Information). In addition,
with 2-chloropyridine (1) an
in the presence of A compare
4 and 5, althou
completion (see Fi

d thus, the reactivities
rsion after 2 hours
e Supporting
kinetic behavio®gfof the reactions

chloropyridine (2) as substrates
Il with their bromo-analogues
ger reaction time to reach
rting Information).
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Figure 8. Top: Plot of conversion of 4 versus time under Suzuki-Miyaura
conditions with the presence of A (black points) and without the presence of A
(grey points). Bottom: Plot of conversion of 5 versus time under Suzuki-
Miyaura conditions with the presence of A (black points) and without the
presence of A (grey points).

To get a better understanding on the origin of the kinetic
behaviour observed in the conversion of 5 caused by the
presence of A, the potential energy surfaces (PM3 calculations)
of 5 and the supramolecular substrate 5:A were qualitatively
evaluated (Figure 9). The bromine atom has a slightly higher
Lewis acid character (blue) in 5°A than in 5 (Figure 9). Although
one could imagine that the binding of zinc(ll)-porphyrin A to 5
would increase the reactivity of the C-Br bond towards the
palladium-promoted oxidative addition step, such a statement
was not likely since almost identical initial activities were
observed for the reaction occurring with or without A (Figure 8,
bottom) unless the oxidative addition of C—Br to the Pd° centre is
not the determining step of the catalytic cycle. Additionally, the
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ability of A and 5 to interact each other in the presence of the
palladium catalyst under the reaction conditions, namely 1 mol%
of Pd(OAc), and 2 mol% of triphenylphosphine (PPhs), was
investigated by 'H NMR spectroscopy (see the Supporting
Information). Similar chemical shift variations were observed for
the pyridinic protons as it was the case in Table 1, entry 5. In
addition, the *'P{'"H} NMR spectrum showed the appearance of
a new peak at ca. 25 ppm belonging to phosphane-coordinated
palladium species, indicating that the formation of palladium-
triphenylphosphine  species was compatible with the
supramolecular self-assembly substrate 5¢A. As such, the
presence of the palladium-triphenylphosphine catalyst did not
inhibit the self-assembly formation of the supramolecular
substrate 5°A. The catalytically inert platform A trapped the
halopyridine substrate 5 avoiding the formation of
halopyridinepalladium species, thus it indirectly favoured the
formation of active palladium-triphenylphosphine catalytic
species. It is relevant to mention that we also found by that the
other reagents used in the catalytic experiments (potassium
carbonate and phenylboronic acid) did not alter the self-
assembly formation of 5-A.

Figure 9. Potential energy surfaces calculated with PM3
increase of Lewis acidity (blue) of the bromine atom in 5A (right
5 (front view and side view, left).

Having established the unique ability of zinc(ll)-porphy

coupling reaction conditions
results are summarized jn Fi

2-bromopyridine 4 (Figure
the same way with and

e 2 was observed in the presence
), whereas without the presence

of A the conversion drop 9% (Figure 10). In the case of

4-chloropyridine (3), the presence of A resulted in an increase of
the conversion of 3 from 37 to 63%gafter four hours (Figure 10).
Finally, 4-bromopyridine (6) gave ase of its conversion
around 10% (from 62 to 73% conversi ompared to the
mary, the

o-substitued compounds
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A was present in
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re 10. Influence of the presence of catalytically-inert building block A in
conversion of halopyridines 1-6 at a given time (in brackets) in Suzuki-
iyaura cross-coupling reactions. Reaction conditions: [Pd(OAc),] (2.5 x 10°
mmol, 1 mol%), PPh; (5 x 10 mmol, 2 mol%), halopyridine (0.25 mmol), A
(0.170 g, 0.25 mmol) -when applied-, PhB(OH), (0.061 g, 0.5 mmol), K,CO,
(0.069 g, 0.5 mmol), toluene (1.25 mL), dodecane (0.057 mL), 80 °C, argon
atmosphere. The conversions were determined by GC. The calibrations were
based on dodecane. Reactions were performed 2-3 times. See the Supporting
Information for details.

Unfortunately, building block B was not applicable in the
palladium-catalyzed Suzuki-Miyaura cross-coupling reaction due
to its decomposition by phenylboronic acid as confirmed by 'H
NMR spectroscopy studies. It is plausible that hydroxyl groups
generated at the transmetallation elementary step of the
catalytic cycle of the Suzuki-Miyaura cross-coupling reaction
cleaved the imine bonds of B.** Interestingly, B was found
stable under the reaction conditions employed in palladium-
catalyzed  Mizoroki-Heck  cross-coupling  reactions.®
Consequently, the reactivity of halopyridine substrates 1-6 in the
presence of catalytically inert building blocks A and B was
evaluated in this cross-coupling reaction. Thus, 0.5 mmol of
styrene and 0.25 mmol of halopyridine were reacted at 80 °C in
toluene in the presence of a stoichiometric amount of A or B and
cesium carbonate as base, and a catalytic amount of Pd(OAc)



(1 mol%) and PPh; (2 mol%). The results are summarized in
Figure 11 indicating the conversion of the halopyridine
derivatives at a given time. As a general trend, the conversions
of halopyridines were higher in the presence of one equivalent of
zinc(ll)-salphen B than in the presence of one equivalent of
zinc(ll)-porphyrin A or without any building block (Figure 11).
Interestingly, the utilization of zinc(ll)-salphen B affected the
reactivity of 2-halopyridines; a feature which was not observed
with zinc(ll)-porphyrin A as a coordinating platform. For instance,
2-chloropyridine (1) and 2-bromopyridine (4) reacted only if B
was present in the reaction mixture leading to 12% and 16%
conversion, respectively after 3 hours (Figure 11). On the other
hand, no conversion was observed for 2-chloropyridine (1) and
2-bromopyridine (4) with or without A after 3 hours (Figure 11).
This observation might be a direct consequence of the
interaction of 1 and 4, with B, respectively (Ki1 = 2.5 x 10° M’
and 5.2 x 10° M™, respectively, Table 1, entries 7 and 10), which
leaves the palladium/phosphane catalyst more available than in
the case where A, which did not interact at all with 1 (or 4), is in
the reaction mixture. In the case of 3- and 4-halopyridines, the
conversions increased with the binding capabilities of A and B
(Figure 11). For example, no conversion of 3-bromopyridine (5)
was observed in the blank reaction after 3 hours, whereas 21%
conversion was reached when the reaction was performed with
A and 45% conversion when employing the more pyridine-
coordinating building block B (Figure 11). As compared to
influence of the supramolecular platform A in the Su
Miyaura reactions, the halopyridine~zinc coordination no: y
improved the reactivity, but more importantly, it made possible

overall catalytic results indicate the beneficial rol
covalent ZnN interaction for those cases wh

of the catalyst.
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Figure 11. Influence of the presence of catalytically-inert building blocks A and
B in the conversion of halopyridines 1-§ at a given time (in brackets) in
Mizoroki-Heck cross-coupling reactions. conditions: [Pd(OAc),] (2.5 x
10 mmol, 1 mol%), PPh; (5x1 0 mmol, 2 m opyridine (0.25 mmol), A
(0.170 g, 0.25 mmol) -when applied-, B (0.151 g, ol) -when applied-,
styrene (0.052 g, 0.5 mmol), anhydrous Cs,CO. mol), toluene
(1.25 mL), dodecane (0.057 mL), °C, e conversions
were determined by GC. The cali sed on dodecane. Reactions
formation for details.

bond functionalization

Finally, we decide
containing scaffol
forming reacijiigs,
functionalizatio
conditions®”  to
2-phenylpyridine su

the stability of zinc(ll)-
nt carbon-carbon bond
(I)-catalyzed C-H bond
selected typical reaction
orm such a transformation since the
te is too bulky to interact with A. The
same 99% yield of the bis-arylated product)
was obse the presence of zinc(ll)-
tetraphenylporphyrin A in the reaction mixture (Scheme 3). As it
was the cage with the palladium-catalyzed experiments
scribed ie, A was recovered once the reaction was
pleted no zinc/ruthenium transmetallation was detected.

e last experiments, together with the palladium-catalyzed

indicated the unique robustness of zinc(ll)-
ylporphyrin A in these cross-coupling
: (16]

A (Oor1eq) O
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MesCO,H (30 mol%) |
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(2.5 €q) 120°C, 24 h

>99% vyield

Scheme 3. Ruthenium(ll)-catalyzed C-H bond functionalization of
2-phenylpyridine substrate in the presence (or not) of zinc(ll)-porphyrin A.

Conclusions

In summary, we have introduced a new approach to control
palladium-catalyzed cross-coupling reactions by modifying the
properties of the pyridine substrates in a supramolecular manner
without changing the properties of the palladium-phosphane
catalyst. Taking benefit from non-covalent Zn'N interactions
between catalytically inert building blocks and halopyridine
substrates, the pathways towards palladium-catalyzed cross-
coupling reactions are indirectly favoured, preventing at some
extent undesired halopyridinepalladium-catalyst ~ over-
coordination pathways.

The interactions between the halopyridine substrates and
zinc(ll)-porphyrin A and zinc(ll)-salphen B, respectively, have
been studied by different spectroscopic techniques including 'H
NMR spectroscopy, UV-vis spectroscopy and X-ray diffraction
studies. They indicated that ortho-substituted halopyridines did



not interact with A, whereas meta- and para-substituted
halopyridines did interact with A and B, the binding constants
with B being higher than with A. The influence of such different
binding properties of A and B towards halopyridine derivatives
was evaluated in palladium-catalyzed transformations. The
Suzuki-Miyaura cross-coupling reaction studies revealed that the
conversions of meta- and para-halopyridines were higher in the
presence of A as compared to those observed in the control
experiments. On the other hand, since ortho-halopyridines did
not bind to A, the same kinetic profile was observed as in the
control experiments. In the case of palladium-catalyzed
Mizoroki-Heck cross-coupling reactions, the conversions of
halopyridine substrates increased with the increase of the
binding constants, the highest conversions being observed when
B was present in the reaction mixture. The presence of A and B
even made possible reactions that did not operate without these
supramolecular interactions. Although it is difficult to establish
the degree of catalyst inhibition caused by the substrates and/or
the products in our study, the role of non-covalent Zn™N
interactions to (partially) avoid catalyst poisoning has been
demonstrated.

Since the approach disclosed in this contribution is
operationally simple, it could be applied to other types of
transition metal-catalyzed reactions (such as C-H bond
functionalization, Scheme 3), in which nitrogen-containing
substrates or products poison or partially deactivate a transitign
metal catalyst. This would be an alternative to methods b
on the pre-functionalization of pyridine derivatives
N-protected pyridines or methods devoted to fine-tune metal
catalysts. The above described weak Zn'N interaction
substituted pyridines and catalytically inert zinc(ll
scaffolds might be evaluated in the future for alloste,
in transiton metal-catalyzed transformations,3
catalysis®® and/or substrate-preorganized cataly,

Experimental Section

General methods. All commercial reagents gvere used as supplied

according to literature
overnight prior to use.

MHz on the same spectrometer. 'H
ual protiated solvent (6 = 7.26 ppm
nd the *'P NMR data are given
tion spectra were recorded
eter using quartz cuvettes

NMR spectra were recorded at
NMR spectra were referenced to r
for CDCl3;, 6 = 6.
relative to externa
using Specord 205 U
of 1 cm pathlength.

.25 mm x 0.25 mm) and a FID detector
p = 10 °C/min to 220 °C, hold 10 min);

and the conversions ined using dodecane as internal

standard. Molecular modelling calculations were performed using PM3-
Spartan molecular modelling program.

Synthesis of substrates 3 and 6. The C
hydrochloride salts (1 equivalent) were treate

ding 4-halopyridine
jum carbonate

'd over magnesium sulfate
temperature followed by
and 6, respectively, in

literature.*?

r UV-vis titratio
UV-vis spectrosc

General procedure
solution were studied
(5 x 10°° M) and gf th
with A and 5 x
solvent. An incre

solution of A -or B-
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was st i the

Host-guest interactions in
. Solutions of A (10° M), B
sted 1-6 (10™ M for titration
‘ere prepared using toluene as
rate equivalents were added to a
in a 1 cm cuvette cell). The host concentration
ichiometry of the self-assembly substrates
od of continuous variations, by adding
different rati in order to add an increasing number of
substrate equivalents. The ociation constants were calculated from
the changes in absorbance at the wavelengths near to Amax. Nonlinear
cyrve fitting foglle1 binding model was found the most suitable for all

es studielthis work. Association constants Ki4 and asymptotic
ges in absorbance AA were set as free parameters for fitting.**!

| procedure for palladium-catalyzed Suzuki-Miyaura cross-
reactions: A Schlenk tube under an argon atmosphere was
corresponding halopyridine (0.25 mmol, 1 eq),
phenylbo cid (0.061 g, 0.5 mmol, 2 eq), potassium carbonate
(0.069 g, 0.¥ mmol, 2 eq), dodecane (0.057 mL, internal standard
reference), A (0.170 g, 0.25 mmol, 1 eq) -if applied- and toluene (0.75
mL). After 5 min stirring at room temperature, a solution of [Pd(OAc);]
mg, 0.0025 mmol, 1 mol%) and triphenylphosphine (1.31 mg,
mmol, 2 mol%) in toluene (0.5 mL) was added. The reaction
e was placed in a preheated oil bath at 80 °C and aliquots were
n under smooth argon flow to be analyzed by GC after filtration.
ce the starting materials were consumed, the reaction mixture was
iluted with dichloromethane and the products extracted with an aqueous
solution of HCI 2 M (3 x 20 mL). The dichloromethane fraction was dried
over MgSOy, before being filtrated and evaporated to dryness; 'H NMR
spectroscopy provided evidence of the stability of A. The acidic aqueous
layer was basified with NaOH pellets followed by extraction with ethyl
acetate (3 x 20 mL). The organic layer was dried over MgSQO, before
being filtrated and evaporated to dryness. The crude reaction mixture
was further purified by column chromatography with a mixture of
petroleum ether and ethyl acetate. Alternatively, once the starting
materials were consumed, the reaction mixture was evaporated to
dryness and the crude reaction mixture was further purified by column
chromatography with a mixture of petroleum ether and ethyl acetate.

General procedure for palladium-catalyzed Mizoroki-Heck cross-
coupling reactions: A Schlenk tube under an argon atmosphere was
filled with the corresponding halopyridine (0.25 mmol, 1 eq), styrene
(0.052 g, 0.057 mL, 0.5 mmol, 2 eq), anhydrous cesium carbonate (0.069
g, 0.5 mmol, 2 eq), dodecane (0.057 mL, internal standard reference), A
(0.170 g, 0.25 mmol, 1 eq) -if applied-, B (0.163 g, 0.25 mmol, 1 eq) -if
applied- and toluene (0.75 mL). After 5 min stirring at room temperature,
a solution of [Pd(OAc)] (0.56 mg, 0.0025 mmol, 1 mol%) and
triphenylphosphine (1.31 mg, 0.0050 mmol, 2 mol%) in toluene (0.5 mL)
was added. The reaction mixture was placed in a preheated oil bath at 80
°C and aliquots were taken under smooth argon flow to be analyzed by
GC after filtration. Once the starting materials were consumed, the
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