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Abstract—The possibility of electrochemical reduction of halopyridines in the presence ﬂfoi[s;ly)2
(bipy = 2,2-bipyridine) was shown, and the features of homo- and cross-coupling with participation of PyX
(Py = 2- or 3-pyridyl, X = CI, Br) were studied.

Formation of pyridines with functional substitu- Ni(bipy)s;(BF,), in the presence of chloropyridines
ents by replacement of halogen in theHal bond by we observed no catalytic increase in the current at
the pyridine fragment receives a particular attentionthe potentials of Ni reduction wave {6%, which is
At the same time, electrochemical studies in this diclose to the experimental error), with significant de-
rection are scarce {B]. Thus, it is urgent to examine crease in the Nioxidation current (Figs. 1 and 2,
the possibility of electrochemical reduction of halo-curves 2). In both cases the rate constakf of
pyridines catalyzed with an Ricomplex and the fea- the oxidative addition of PyCl to the reduced species
tures of homo- and cross-coupling with participationNio(bipy)2 [scheme (2)] can be calculated from the rel-
of PyX (Py = 2- or 3-pyridyl, X = ClI, Br). The cata- ative changes of the anodic curreiyfl, at various
Iytic cycle of reduction of organic halides in the pres-scanning rates of potential and large excess of sub-
ence of electrochemically generated complexeﬁi,l,\li strate (Table 1) [4]:

(L = m-acceptor ligand) involves the stages of the ox-
idative addition to the catalyst and reductive elimina- Ni2*(bipy); + 2e & Ni%bipy), + bipy, (1)

tion of o organic complexes of nickel. NiO(bipy), + PyCI L PyNICI(bipy),. @

As catalyst precursors Ni(bipyBF,), and
NiBry(bipy) (bipy = 2,2-bipyridine) can be used. The rate constank, of oxidative addition for
The voltammetric studies of the catalytic properties3-CIPy is higher than for 2-CIPy; for NiB(bipy) it is
of these complexes with various numbers of ligandsigher than for Ni(bipy)(BF,),. In all the tests, with
show that the catalyst activity during oxidative ad-addition of bromopyridines to the solutions of nickel
dition depends on the number of ligands. Differenttomplexes the catalytic increase in the current due to
coordination numbers typical for nickel in variousthe regeneration of Ricatalyst [e.g., reactions {3)]
oxidation states determine the loss of one bipy ligis observed. As a result, direct calculation lgf by
and in the course of reduction [scheme (1)]. Forommon methods is impaossible.

Table 1. Rate constants of oxidative addition of PyX to®Nk, mott |-t s, procedure [4]) and rate constants of
catalyst regenerationk(, mol™ 1=t s, procedure [5]) (PyX) 0.126 M]

Complex PyX | (=112 % | Ko | Kgp Complex PyX | (=112 % | Ko | Kgp
Ni2*(bipy)s(BF,), | 2-CIPy 6 10 | - |[Ni®"Bry(bipy) | 2-BrPy 110 - | 35
3-CIPy 6 22 | - 3-ClPy 3 a3 | _

2-BrPy 100 - 30
3-BrPy 43 - | 13 3-BrPy 33 - -

a and I, are the reduction currents of complex in the presence and absence of the substrate.
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Fig. 1. Voltammograms of N°1+(bipy)3(BF4)2 (c 0.017 M)
in the (1) absence and?} presence of 2-CIPyc(0.085 M),
(3) after passing of 2e per nickel(ll) complex at.2 V,
and @) after passing of 5.2e per nickel(ll) complex in tial from -1.20 to-1.25 V ( — 0), and @) after passing
the absence of 2-CIPy (vs. saturated calomel electrode). of 16e per nickel(ll) complex at1.4 V.
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Fig. 2. Voltammograms of N°1+(bipy)3(BF4)2 (c 0.017 M)
in the (1) absence and2} presence of 3-CIPyc(0.17 M),
(3) after passing of 8e per nickel(ll) complex at the poten-

At the same time, at significant current increase In some experiments the increase in the current of
the apparent rate constant of catalyst regeneratioeduction of N?(bipy) to Ni°(bipy)” at a potential of
can be determined using the Saveant procedure [5]1.9 V vs. saturated calomel electrode is observed. In
The rate constant of pseudo-first-order reduction ofhis case we can calculate the apparent rate constant of

2-BrPy is close for both catalysts.

—— Ni%(bipy), + PyBr LI PyNiBr(bipy),

Ni°(bipy), + PyNiBr(bipy),
— PyNil*(bipy), + Nil*Br(bipy),

PyNil* (bipy), + PyBr — Py;Ni3* Br(bipy),

Py,Ni3* Br(bipy)
— Reaction products + Nf Br(bipy)

Ni'*Br(bipy), + e 2 |Ni"(biloy)z + Br-

®3)

(4)
®)

(6)
()

regeneration of the catalyst, which acts as an electron-
transfer agent similar in properties to the outer-spher-
ical radical anion (Table 2). This procedure is correct

Table 2. Apparent rate constants of regeneration of
Ni%bipy)~ catalyst in the presence of halopyridines in

DMF [c(Ni?*Bry(bipy)) 1.7x 102 M]
ISR PyX) k
PyX | 11 [Ni©)Ni(0)7] | S(PYX): ap!

y o/ In[Ni(0)/Ni(0)7] M ol 1t g1
3-CIPy 7.0 0.34 116
3-BrPy 8.0 0.085 604
2-CIPy 5.5 0.085 308
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Fig. 3. Voltammograms of N°1+(bipy)3(BF4)2 (c 0.017 M) Fig. 4. Voltammograms of N°1+(bipy)3(BF4)2 (c 0.017 M)
in the (1) absence and2j presence of 2-BrPyc(0.034 in the (1) absence and?j presence of 3-BrPyc(0.085 M),
and 0.085 M), 8) after passing of 2.2e per nickel(ll) (3) after passing of 2e per nickel(ll) complex at.27 V
complex at-1.20 V, and 4) after passing of 3.9e per (I - 0), and @) after passing of 4e per nickel(ll) com-
nickel(ll) complex at-1.2 V (I — 0). plex at-1.7 V.

only if the rate of reaction of PyX with Niforming and 10 mot* It s, respectively) for Ni(bipy)(BF,),

at the first-wave potentials is relatively small and noand more rapid as compared with 2-BrTol. As shown
waves of the reaction products and no current increasgseviously, the reaction with chloropyridine is unfa-
are registered in the voltammograms, i.e? Nistable vorable for cross-coupling. In the case of bromopyr-
under the experimental conditions and the rate of itidines [reactions (9) and (12)] the current of"Ni
reaction with PyX is negligible. For example, suchreduction at-1.2 V increases owing to the catalyst re-
calculations are incorrect for the reaction with 2-BrPy generation, and thus evaluation ky is impossible.

_We found that ArNi(bipy) reacts with all halopyr- o, let us analyze the reduction products of halo-
idines; however, in the case o_f preliminary mixing Ofpyridines in the presence of Nbipy)z catalyst and
aryl ‘halides (1 : 1 molar ratio) the cross-couplinggy|ytion of voltammograms in the course of electrol-
with 3-bromopyridine during electrolysis is insignif- ysis. During electrolysis of 2-CIPy of 2-BrPy in
icant [6]. the presence of Ni(bipy|BF,), (Figs. 1-4) rapid
We studied voltammograms of nickel complexegegeneration of the catalyst afl.2 V proceeds, and
with bipy in the presence and absence of various haldhe main product of the process is 2h#py (100%
pyridines. In the presence of 2- and 3-CIPy thd/Ni®  for 2-CIPy and 70% for 2-BrPy). During electrolysis
wave remains almost constant, whereas the reactiai 3-CIPy or 3-BrPy nickel is gradually bound in
with 3-CIPy is more rapid than with 2-CIPyk{ 22 the o complex PyNf*X(bipy), and the catalyst is
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2P o-pyNiLCl. .. ZEP% 5 o bipy (100%) ®)
unstable
2By, (2-Py)NILBE. . . Z2P% 2 2 hipy (70%) ©)
unstable
2e | PyH (30%) (10)
24 = 0 |2 _
NIFL =27 NITL 3, @ pyniLcl &2 % 3. 3.bipy + PyH @5%)  (11)
more stable
Gh!
3-PyH
[3BPY. 3-Py)NILBr 2245 Y pyH + 3.3bipy (12)
more stable
Gh!
3-PyH
L = 2,2-bipy.

blocked. Small amounts of 3;Bipy (35%) are formed dine, and N?*(bipy)3(BF4)2, from Ni(BF,), - 6H,0 and
in reaction with 3-CIPy and only at more negative3 equivalents of 2,2bipyridine in ethanol. The solu-
potentials {1.48 and-1.7 V), and in the case of tions were stored for 12 h. The precipitate was filtered
3-BrPy [reactions (11) and (12)] this reaction does nooff, washed with ethanol, and dried in a vacuum at
proceed at all. 70°C for 24 h. The saturated calomel reference elec-
trode was placed into the compartment filled with
MF and ByNBF, separated from the solution with
glass membrane. The working electrode was a gold
isc 0.25 mm in diameter. For the preparative elec-
trolyses a cylindrical nickel gauze cathode was used.
Our tests showed that electrochemically generate@he solvents and supporting electrolyte (RiBF,)
complexes I\ﬂ(bipy)n are the effective catalysts for were purified by the standard procedures [7]. The chro-
dehalogenation of halopyridines, and the reactionmatographic analysis of the reaction mixtures and
products are the corresponding bipyridines (fronproducts was performed on a Chrom-4 dagpiid
2-CIPy), pyridine (from 3-CIPy), or their mixture. chromatograph [glass columns packed with Chroma-
The reaction of l\ﬂ(bipy)n with PyX yieldso-pyridyl  ton N-AW, 5% Silicone SE-30 (0.12%.160 mm)]
complexes of nickel, which do not react with the otherequipped with a flame-ionization detector.
organic halides RX and thus do not yield the cross-

As a result, the reaction of Riwith halopyridines
is unfavorable for cross-coupling, because the cataly
is consumed in the reaction and almost no product i
formed.
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