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During the past several years, substantial progress has beervable 1. Alkyl—Alkyl Suzuki Cross-Coupling of an Unactivated

described in the development of palladium- and nickel-catalyzed
methods for cross-coupling arange of unactivated alkyl electrophfles.
Initial work focused on reactions of primary alkyl electrophiles,
but recent efforts have addressed the more difficult challenge of
coupling secondary electrophiles. To date, the oallylmetal

species that have been effectively cross-coupled with unactivated

secondary halides are organozinc reagents.

The Suzuki reaction is a particularly widely used carboarbon
bond-forming processThus far, the only reports of Suzuki cross-
couplings of unactivated secondary electrophiles have involved aryl-
and vinylboron compoundsThe tremendous potential of coupling
reactions of alkyl halides would be enhanced considerably if
alkylboranes could be employed as partners. In this report, we

establish that a 1,2-diamine provides an active nickel-based catalyst

for Suzuki cross-couplings of unactivated secondary alkyl electro-
philes with alkylboron reagents at room temperature (eq 1).
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Unfortunately, the methods that had previously been described
for achieving Suzuki reactions of unactivated secondary halides
with aryl- and vinylboron compounds are not useful for alkylboron
species (eq 2).A variety of other bipyridine and aminoalcohol
ligands afforded similarly disappointing results.

Ni/ligand

Br
9-BBN”"Ph Ph o
60 °C
- - <5%
previous conditions

(ligands = bathophenanthroline,

trans-2-aminocyclohexanol, or
prolinol)

Raiky—X
X=8Br, |

R1a|ky|—9-BBN
1.8 equiv

Ray—R'aigi (1)

We therefore decided to pursue the use of new families of ligands
to accomplish our objective of Suzuki cross-couplings of secondary
alkyl electrophiles with alkylboranes. Upon examining a wide range
of structures, we determined that certain 1,2-diamines furnish
efficient catalysts for the desired alkydlkyl coupling. For example,
in the presence of Nigiglyme and commercially availabteans-
N,N-dimethyl-1,2-cyclohexanediaminel)( bromocyclohexane
couples with an alkylboranat room temperaturén good yield
(Table 1, entry 1).

Under these conditions, bathophenanthrolirens2-aminocy-
clohexanol, and prolinol are still ineffective (Table 1, entriesi,
as iss-Bu-Pybox (entry 5).trans-1,2-Cyclohexanediamine provides
a significant amount of the cross-coupling product (53%; entry 6),
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Secondary Alkyl Bromide: Effect of Reaction Parameters
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6% NiCly,-glyme
8% 1
—_—
KOt-Bu (1.2 equiv)
i-BUOH (2.0 equiv)
dioxane, r.t.
"standard" conditions

Br
9-BBN” "ph

1.8 equiv

yield?
entry variation from the “standard” conditions (%)
1 none 83
2 bathophenanthroline, insteadlof 25
3 trans-2-aminocyclohexanol, instead bf <5
4 prolinol, instead of. <5
5 s-Bu-Pybox? instead ofl 7
6 trans-1,2-cyclohexanediamine, insteadlof 53
7 trans-N,N,N,N'-tetramethyl-1,2-cyclohexanediamine, <5
instead ofl
8 cis isomer ofl, instead ofL 46
9 N,N-dimethylethylenediamine, instead bf 7
10 nol <5
11 no NiCb-glyme <5
12 NiBr;-diglyme, instead of NiGtglyme 81
13 Ni(cod), instead of NiCJ-glyme 75
14 NiCl,, instead of NiCJ-glyme <5
15 THF, instead of dioxane 80
16 toluene, instead of dioxane 47
17 EO, instead of dioxane <5
18 3% NiCb-glyme and 4%, instead of 6% NiGlglyme 56
and 8%l
19 no KG-Bu <5
20 noi-BuOH <5

aDetermined by GC analysis versus a calibrated internal standard
(average of two experimentd)s-Bu-Pybox= (S,9-2,6-bis(4-(2-butyl)-2-
oxazolin-2-yl)pyridine.

whereagransN,N,N,N'-tetramethyl-1,2-cyclohexanediamine does
not (entry 7). The cis isomer dfis moderately useful (46%; entry
8). An acyclic 1,2-diamind\,N-dimethylethylenediamine, furnishes
very little of the target compound (entry 9).

In the absence of ligantl or of NiCl,-glyme, essentially none
of the desired alkytalkyl bond formation is observed (Table 1,
entries 10 and 11). Nickel complexes such as bhfiglyme and
Ni(cod), can be used in place of Ni€glyme, but NiCh, which
has low solubility in dioxane, cannot (entries-124). The coupling
proceeds with comparable efficiency in THF as in dioxane (entry
15), whereas toluene is less suitable angDEs unsuitable as a
solvent (entries 16 and 17). Use of a lower catalyst loading leads
to a lower yield (entry 18).

If KOt-Bu ori-BuOH is omitted, essentially none of the target
alkyl—alkyl cross-coupling product is generated (Table 1, entries
19 and 20F We believe that the role of these species is to activate
the alkylborane for transmetalation with nicRdhdeed, when we
mix an organoborane, Ki&Bu, andi-BuOH, we observe quantita-
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Table 2. Alkyl—Alkyl Suzuki Cross-Couplings of Unactivated
Secondary Alkyl Bromides (for conditions, see eq 1)

entry Ralkyi—Br Raiy—9-BBN yield (%)2
1 QBr Ph" ™" 9-BBN 75
2 O—Br Ph” ™" 9-BBN 77
3 OBr Ph™ ™" 9-BBN 80
4 Lb Ph™ " 9-BBN 750
Br
5 Lb Ph" " 9-BBN 650
Br
Me
6 P“/\B( Ph" "9.8BN 82
;
7 C|~--<:>wBr Ph” ™" 9.BBN 82°
8 OC>—Br TBSO"""9.BBN 87
O Me Me
9  CbzN Br
‘ C>_ MeO 9-BBN 64
MeO.
MeO’
11 <:>—Br TBSO ™"""g.BBN 81
O Me Me
MeO 9-BBN 92
Me O Me Me
i Ph/\r
Br MeO 9-BBN 93

alsolated yield (average of two experimentsPiastereoselectivity=
>20:1 (exo:endo)¢Ratio of trans/cis= 65/35.9 Eight equivalents of
i-BuOH was used.

tive formation of a tetravalent -ate complex B8 NMR spec-
troscopy (eq 3).

1.0 equiv OR
@\/\/5 KO#Bu/i-BuOH @Wée ®)
F dioxane, r.t. F
1B NMR: 6 86 1B NMR: 6 -1

This new method can be applied to a range of alialkyl cross-
couplings of unactivated secondary bromides with alkylboranes
(Table 2). Not only cyclohexyl (entry 1) but also cyclopentyl and

cycloheptyl (entries 2 and 3) bromide are suitable reaction partners.

Bicyclic (entries 4 and 5), as well as acyclic (entry 6), alkyl halides

can be employed. Secondary bromides cross-couple in preference

to chlorides (entry 739 In addition to chlorides, other functional

groups can be present in the electrophile and in the organoborane

(e.g., ethers, carbamates, and esters; entrie3g!112

The utility of this Ni/diamine catalyst is not limited to alkyl
alkyl Suzuki reactions of secondary bromides. Thus, without
modification, the method can be applied to couplings of unactivated
secondary alkyl iodides, primary bromides, and primary iodides
(Table 3)13

In summary, we have established that a commercially available

1,2-diamine serves as an effective ligand for metal-catalyzed cross-

couplings of unactivated alkyl electrophiles at room temperature.
In particular, Nifrans-N,N-dimethyl-1,2-cyclohexanediamine pro-
vides the first method for achieving alkyalkyl Suzuki reactions

of unactivated secondary alkyl halides with alkylboranes; earlier

success in Suzuki couplings of such electrophiles had been restricted

to reactions with aryl- and vinylboron reagents at elevated tem-

Table 3. Alkyl—Alkyl Suzuki Cross-Couplings of Unactivated
Secondary and Primary Alkyl Electrophiles (for conditions, see
eq 1)

entry Hajkw—X R1a|ky|—9'BBN yield (%)@
1 <:>—| Ph" ™" 9.BBN 68
o)
2 N Ph" " 9-BBN 77
o}
Me
3 TBSO"™"""o.BBN 94

Me)\/\l

a|solated yield (average of two experiments).

perature. We anticipate that the observation that simple, readily
available diamines can furnish active catalysts will greatly facilitate
the development of powerful new methods for cross-coupling alkyl
electrophiles. Efforts to substantiate this hypothesis are underway.
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