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From dimethylamine to pyrrolidine: the development of an im-
proved nickel pincer complex for cross-coupling of non-activated

secondary alkyl halides
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ABSTRACT: Replacement of a dimethyl amino group of the amidobis(amine) nickel (11) pincer complex (1), [(*N,N)Ni-CI], by a
pyrrolidino group resulted in a new nickel (11) pincer complex (2), [(*"NY*NN)Ni-CI]. Complex 2 is an efficient catalyst for Ku-
mada and Suzuki-Miyaura cross-coupling of non-activated secondary alkyl halides, while complex 1 is largely inactive. The signif-
icant activity difference is tentatively attributed to a minimal structural difference, which leads to a more hemilabile ligand.
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Cross-coupling reactions have become one of the most
powerful synthetic methodologies.! However, the coupling of
non-activated alkyl halides, especially secondary alkyl halides,
is challenging due to their reluctance to oxidative addition and
the tendency of metal alkyl intermediates to undergo unpro-
ductive B-hydride elimination.? By judicious choices of metal,
ligand, and reaction condition, many catalytic systems have
recently been develoged for the cross-coupling of non-

activated alkyl halides.
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Figure 1. Amido bis(amine) pincer complexes 1 and 2.

The majority of these systems are developed by ligand-
screening, and the active catalysts are often unidentified. In an
alternative approach, we have developed a well-defined nickel
pincer complex, Nickamine (1, Figure 1), which is an unusual-
ly general catalyst for a large number of cross-coupling®*° and
related C-H functionalization'" reactions of non-activated alkyl
halides. The modularity of the pincer ligand system allows for
systematic modifications, an important tool for rational im-
provement of catalysts.”> While 1 is very efficient for the
coupling of primary alkyl halides, it has low activity for the
coupling of secondary alkyl halides. Here, we report that the
seemingly insignificant change of one pair of dimethyl groups
of 1 into a 1,4-butanediyl group has led to a dramatic im-
provement in catalytic activity. The new pincer complex 2
(Figure 1) is an excellent catalyst for Kumada and Suzuki-
Miyaura coupling of secondary alkyl halides.

The new pincer proligand 3 was prepared in a good yield by
Pd-catalyzed C — N coupling of 2-(pyrrolidin-1-yl)aniline and
2-bromo-N,N-dimethylaminobromobenzene (Scheme 1).
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Scheme 1. Synthesis of the New Pincer Complex 2

The proligand was then lithiated by n-BuLi, followed by
treatment with NiCl,-dme, to give the Ni(ll) pincer complex 2.
The molecular structure of 2 was determined by single-crystal
diffraction study (Figure 2).*
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Figure 2. (Left) Crystal structure of complexes 2. Hydrogens
atoms are omitted for clarity. (Right) Overlapping of the crystal
structure of 1 (in red) with the crystal structure of 2 (in green)

The Ni ion is in the expected square-planar coordination ge-
ometry. The structural parameters of 2 are very similar to
those of 1 (Figure 2 and Table 1). The corresponding Ni-N and
Ni-CI bond lengths have a difference of no more than 0.019 A
between 1 and 2. Likewise, the corresponding bond angles
around the Ni ions have the difference of no more than 0.49°.
Only the pyrrolidino group in 2 and the dimethylamino group
in 1 exhibit appreciable structural difference: the C-N-C angle
in the pyrrolidino group is 4.2° smaller than its counterpart in
the dimethylamino group. This contraction of the C-N-C angle
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in 2 is consistent with the steric property of the pyrrolidino
group.

Table 1. Comparison of Key Structural Parameters be-
tween Complexes 2 and 1

Corresponding

Length (A) or Length (A) or

Entry  Selected Units

Angle (°) Angle (°) in 1

1 Ni1-CI1 22130 (13) 22029 (7)
2 Ni1-N1 1.963 (4) 1.9598 (19)
3 Ni1-N2 1.854 (4) 1.835 (2)

4 Ni1-N3 1.968 (4) 1.956 (2)

5 N1-Ni1-N2 86.76 (18) 86.64 (8)

6 N1-Ni1-Cl1 92.9 (1) 93.59 (6)

7 N2-Ni1-N3 86.02 (17) 85.89 (9)

8 N3-Ni1-CI1 943 (1) 94.49 (6)

9 C1-N1-C2 108.1 (4) 108.4 (2)
10 Ni1-N3-C15 1185 (3) 112.4 (1)
1 Ni1-N3-C18 1033 (3) 1089 (2)
12 CI5-N3-C18 1047 (4) 1089 (2)

The catalytic activity of complex 2 was first probed in the
Kumada coupling reactions. The coupling of 1-iodooctane
with butylmagnesium chloride, and the coupling of 1-
iododecane with phenylmagnesium chloride, were used as the
test reactions (Scheme 2, Eq. 1 and 2). The previously opti-
mized conditions for complex 1 were employed.*® High
yields of cross-coupling were obtained using 3.5 mol % of 2 as
catalyst. The yields are comparable to those using 1 as cata-
lyst. The catalyst loading could be decreased to 1 mol% with-
out influencing the yield for catalyst 2, but not for catalyst 1
(Table S1 and Figure S1). This result suggests a higher activi-
ty of 2.

Ni-cat (3.5 Mol %)
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Scheme 2. Test Reactions for Kumada Cross-Coupling
Using 1 or 2 as Catalyst

Complex 2 was then applied for the coupling of various
functionalized primary and cyclic secondary alkyl halides
(Table 2).* Good vyields were obtained in many cases.
Functional groups such as ester (Table 2, Entry 1), nitrile
(Table 2, Entry 2), trifluoromethyl (Table 2, Entry 3), furane
and tetrahydropyrane were tolerated (Table 2, Entries 4-5 and
12). Cyclohexyl halides were also coupled (Table 2, Entries 6-
7 and 13). Both alkyl-alkyl and alkyl-aryl coupling were
successful. These results are somewhat expected since
previous work shows that analogous catalyst 1 was active for
the coupling of these substrates.

Table 2. Kumada Coupling of Primary Alkyl and Cyclo-
hexyl Halides using 2 as Catalyst?

Entry  Alkyl Halide Grignard Reagent Yield (%)
1 o n-Octyl-MgCl 70°
/\O)K/\/I
2 g ~~~cy  N-Butyl-MgCl 60°
3 cm\©\A n-Octyl-MgCl 63°
Br
Wl n-Octyl-MgClI 79°
\
5 Ph n-Butyl-MgCl 80P
Ob—l
6 n-Butyl-MgCl 80°
! dr=97:3
7 < > | n-Butyl-MgClI 74°
dr =955
8 E%| n-Octyl-MgCl 92°
9 [>—r n-Butyl-MgCl 65°
10 Boc, n-Butyl-MgCl 81°
-
b
12 W| ar 80
8Os Qe

3Reactions were performed on a 0.5 mmol scale. Isolated yields
relative to alkyl halide. “GC-MS yields relative to alkyl halide.

As mentioned above, a general limitation of catalyst 1 is the
inactivity in the coupling of non-activated secondary halides,
especially acyclic substrates. Surprisingly, 2 exhibited good
efficiency for the Kumada coupling of such substrates with
alkyl or aryl Grignard reagents (Table 3).** Acyclic secondary
alkyl iodides could not be coupled using 1 as catalyst, but
were coupled in good yields using 2 as catalyst (Table 3, En-
tries 1-3, 5-7). Cycloheptyl iodide was coupled in low yield
using 1 as catalyst, but the yields were significantly improved
using 2 as catalyst (Table 3, Entries 4 and 6). These results
confirm that 2 is a superior catalyst than 1 for the Kumada
coupling of alkyl halides.

Table 3. Kumada Coupling of Acyclic Secondary Alkyl
lodides and Cycloheptyl lodide using 1 or 2 as Catalyst®

. . Yield Yield
Entry Alkyl Halide  Grignard Reagent 1.(%) 2 (%)
1 ! n-Octyl-MgCl Trace  87°
/\/\)\
2 ! n-Octyl-MgCl Trace  50°
\/K/\
3 ©/\)\ n-Octyl-MgCl Trace  70°
|
4 O' n-Butyl-MgCl Trace  78°



5 ©/\)\| QM oBr Trace 60°
b
6 <}| QM oBr 5 50°
b b
7 >—I QMgBr 18 62

3Reactions were performed on a 0.5 mmol scale. °GC-MS yields
relative to alkyl halide. ®Isolated yields relative to alkyl halide.

The improved activity of 2 in the Kumada coupling encour-
aged us to further explore its application in other coupling
reactions. It was previously shown that 1 was active for the
Suzuki-Miyaura coupling of primary alkyl halides with 9-
organo-9-borabicyclo[3.3.1]nonane at 80 °C.'* At room tem-

perature, however, the coupling was sluggish.

Complex 2 was tested as catalyst for these Suzuki-Miyaura
coupling reactions. Indeed, this catalyst exhibited enhanced
activity, allowing the coupling to occur at room temperature
(Scheme 3). A secondary alkyl iodide, (3-iodobutyl)benzene
was coupled to 9-octyl-9-borabicyclo[3.3.1]nonane and 9-
phenyl-9-borabicyclo[3.3.1] nonane in good vyields. On the
contrary, the yields were low or negligible using 1 as catalyst
under identical conditions (Scheme 3, Eq. 3 and 4).

Ni-cat (5 mol %)
1.6 iv NaOH
I +n-Octyl—(9-BBN) M» N-Octyl (3)
0.5 equiv Nal
2 equiv i-PrOH
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cat 2, yield = 93 %

Ni-cat ® mol %)
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t-amylOH, ', 24 h
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Scheme 3. Suzuki-Miyaura Coupling of a Secondary Alkyl
lodide with 1 and 2

Table 4 shows the scope of the room-temperature Suzuki-
Miyaura couplings catalyzed by 2. Both alkyl- and aryl-(9-
BBN) reagents could be used as the nucleophilic coupling
partners, and both primary and secondary alkyl halides could
be coupled.

Table 4. Scope of Suzuki-Miyaura Coupling of Alkyl Hal-
ides using 1 or 2 as Catalyst®

R-(9- Yield  Yield
BBN) 1(%) 2 (%)
n-Octyl 49° 82°

Entry  Alkyl Halide

1 o r\{/\/l
W)
2 s ! n-Octyl 49° 70°
W Y
n-Octyl 44° 75¢
n-Octyl 23° 83°

n-Octyl 54° 91°

n-Octyl 9P 93¢

Iy

7 Boc, \} n-Octyl Trace  68°
8 \)'\/\ n-Octyl 9P 53°
9 EtOOCO\ n-Octyl 31° 86°
10 = n-Octyl 50° 80°

n-Octyl 47° 74°

W D
X =Br
12 ©/VL
|
o]
<\J/\/\

Phenyl 0° 59°

13 | Phenyl 13° 83°

3Reactions were performed on a 0.5 mmol scale. °GC-MS yields
relative to alkyl halide. ®Isolated yields relative to alkyl halide.

A variety of functional groups such as pyrrole (Table 4, En-
try 1), thiophene (Table 4, Entry 2), ester (Table 4, Entries 3
and 9), ether (Table 4, Entries 4, 10, 11 and 13), carbazole
(Table 4, Entry 5), N-Boc (Table 4, Entry 7) and furan (Table
4, Entry 14) were tolerated. In contrast, when 1 was used as
catalyst, primary alkyl and cyclohexyl halides were coupled in
much lower yields (Table 4, Entries 1 and 13), and the cou-
pling of acylic secondary alkyl halides was generally ineffi-
cient (Table 4, Entries 6, 8 and 12). These results further attest
the superior activity and broader scope of catalyst 2 over cata-
lyst 1.

The significantly enhanced catalytic activity of 2 is remark-
able given its electronic and structural similarity to 1. The pKa
and nucleophilicity of pyrrolidino and dimethylamino groups
are very close.” To compare the redox properties of Ni ions in
1 and 2, cyclic voltammetry was conducted on [(*"N"*NN)Ni-
(CH3CN)]PFg. One quasi-reversible reduction at -1.64 V and
one quasi-reversible oxidation at -0.09 V vs. ferro-
cene/ferrocenium was observed (Figure S2). These potentials
are only 30 and 60 MV lower than the corresponding poten-
tials for [(*N,N)Ni-(CHsCN)]PFs. *® Given the peak separa-
tion of more than 200 mV, this small difference suggests simi-
lar electronic properties of 1 and 2. Thus, the activity differ-
ence is tentatively assigned to structural factors. The main
structural difference between 1 and 2 is the 4° decrease of the
C-N-C angle (see above). This small decrease is apparently
sufficient for the access of bulky secondary alkyl halides,
which is impossible by catalyst 1. Alternatively, the pyrroli-
dino group might be more “hemilabile” than the dimethyla-
mino group,’’ thus opening the Ni center during catalysis. To
probe the latter possibility, exogenous ligands were added to
representative Kumada and Suzuki-Miyaura reactions cata-
lyzed by 2 (Scheme 4).
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Scheme 4. Effect of the Addition of Exogenous Ligands on
Representative Reactions Catalyzed by Complex 2

The addition of 5 equivalent (relative to 2) of an exogenous
ligand (lutidine, pyridine, or PPh,) to the cross-coupling of the
(3-iodobutyl)benzene decreased significantly the yields. These
results are consistent with the hypothesis that the pyrrolidino
group is “hemilabile and de-coordinate from the Ni center to
create a more open, and thus, accessible reaction site for sec-
ondary alkyl halides.** *°

In summary, a small modification of the N,N pincer ligand
results in a drastically improved Ni catalyst. The new Ni pin-
cer complex 2 is efficient for Kumada and Suzuki-Miyaura
coupling of both primary and secondary alkyl halides. Further
structural modifications, for example, replacing the second
dimethyl amino group by a pyrrolidino group and systemati-
cally changing the dimethyl amino groups to 3, 4, 6-membered
cyclic amines, will lead to a structure-activity study that gives
more insights in the key factors controlling the reactivity of
these nickel pincer complexes
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