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Recently, considerable progress has been described in the questable 1. Asymmetric Negishi Cross-Couplings of Secondary
for catalysts that can cross-couple alkyl electropHilédthough o-Bromo Amides with Organozinc Reagents (eq 1; all data are the
. L . . average of two experiments)
most investigations have focused on reactions of primary electro-

philes, there have also been noteworthy advances in the develop- entry R R-znX yield (%)?  ee (%)
ment of catalysts that achieve couplings of secondary alkyl
electrophileg:3 Et Hex—ZnBr 90 96
For cross-couplings of unsymmetrical secondary electrophiles, 2 Et MeZnl 90 91
a stereocgnter may be produced at the carpon that bears th_e Ieaylng Et PH ™"~ 7nBr 84 %
group. This stereochemical aspect adds an important new dimension
to these carboncarbon bond-forming processes, control of which ab Rt O/\ZnBr 58 0
would greatly increase their utility. In this report, we describe the
first catalytic enantioselective cross-couplings of seconc%ary alkyl 5 n-Bu Hex—ZnBr 85 96
electrophiles (eq 1; DME 1,3-dimethyl-2-imidazolidinon€).
nBu P " ZznBr 79 96
10% NiClyeglyme .
o] 1 13% (R)-(-Pr)-Pybox o] 7 i-Bu MeZnl 78 87
BN R R—nX DMITHF, 0 °C Esn\"‘)kl/R o Me
Ph Br ’ Ph R N NN - 78 95
racemic ‘ X high ee, Et P o ZnB 27 96
d yield 9 nBr
h Nz ’J\e good yie h m
(0]
iPr i-pr 10°  Me g)\/\/ZnBr 66 (60) 77 (>98)
(R)-(i-Pr)-Pybox
. ZnB
In 2003, we reported that Ni(cod]s-Bu)-Pybox catalyzes 1 Et N—(/) ner 51 %
Negishi reactions of secondary alkyl bromides and iodfd&ur 4
observation that the cross-couplings proceed particularly well in o)
the presence ofs{Bu)-Pybox clearly opened the door to the 12 Et NC\M,ZnBr 70 93
possibility of achieving an asymmetric variéntUpon exploring 5

several different families of secondary alkyl electrophiles, we
obtained promising results witl-bromo amides (for some illustra-
tive data, see egs 2 and 3). Optimization of the reaction conditions
led to a catalyst system that furnishes the desired product in both
high enantiomeric excess and yield (ecf 4).

alsolated yield.? The coupling was conducted at room temperattiFear
the second run (data given in parentheses), the product was recrystallized,
which leads to an enrichment of the enantiomeric excess of the product.

This method has proved to be general for catalytic asymmetric
Negishi cross-couplings of a rangeassbromo amides with an array

4% Ni(cod
8% (s)_(s_(Bu)_fybox j\/ of organozinc reagents (Table)ot only unfunctionalized (entries
Et\fﬂj\(Me Hex2znBr MeCONMe, Et\yﬂ : Me () 1-7) but also functionalized (entries-82) organozincs serve as
Et Br 1.6 equiv rt. Et Hex useful coupling partners, affording the target compounds in very
racemic 19% ee good enantiomeric excess. Thus, asymmetric caftoanbon bond
5% yield formation proceeds smoothly in the presence of groups such as an
4% Ni(cod)s olefin (entry 8), a benzyl ether (entry 9), an acetal (entry 10), an
o 8% (S)-(s-Bu)-Pybox 9 imide (entry 11), and a nitrile (entry 12).

Bn\'?‘ Et Hex—ZnBr MeCONMey B“\;TJJ\:/E' @) Several other observations are worthy of note. First, this catalyst
Ph Br 1.6 equiv rt. Ph  Hex system is highly selective for coupling anrbromo amide in the
racemic 91% ee presence of either an unactivated primary or secondary alkyl

23% yield bromide (eq 5). Second, there is no evidence for kinetic resolution
) during the catalytic asymmetric cross-coupling (eq 6). Third, the

10% NiClzeglyme . . !
13% (R)-(i-Pr)-Pybox amide can be converted into other useful functional groups (eq 7).

BrLNjE/E! Hex—ZnBr DMITHF (71) B Et (4) We have not yet had the opportunity to systematically investigate
bh Br 1.3 equiv 0°C Ph Hex the mechanism(s) of the nickel-based catalysts that we have
racemic 95% ee described for cross-coupling alkyl electrophifeRecently, Vicic

90% yield suggested that, for Negishi reactions, carboarbon bond forma-
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1.3 equiv HexZnBr
10% NiClz+glyme

Q 13% (R)-(i-Pr)-Pybox o
Bn. Et RBr — —— """, B Et R—Hex (5)
N DMI/THF (7:1)
Ph Br 0°C Ph Hex
R = n-octyl or cyclooctyl 95-96% ee  <2% yield
86-88% yield
10% NiCl 2¢glyme
B Et Hox—znB 13% (R)-(i-Pr)-Pybox recovered ©
n ex—ZnBr - starting material:
N DMITHF (7:1) racemic
Ph Br 0.8 equiv 0°C
racemic
LiAIH, E
Bn. j\/Et o Y @)
Ny Et2O/THF Flex
Ph  Hex rt. o
% 96% ee
96% ee 89% yield

tion may proceed via radicatadical coupling’. In view of the high
enantioselectivity that we observe under the conditions described
in eq 1, we believe that for this system the Vicic mechanism is
unlikely to be operative.

In conclusion, we have developed the first method that achieves
catalytic asymmetric cross-couplings of alkyl electrophiles. These
Ni/(i-Pr)-Pybox-catalyzed reactions of secondargromo amides
with organozinc reagents are tolerant of an array of functional
groups and generally proceed in good yield and in high enantiomeric
excess. This advance further highlights the potential impact of cross-
couplings of alkyl electrophiles on synthetic organic chemistry.
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Notes: (a) NiCl-glyme, unlike Ni(cod), is air-stable; both are com-
mercially available. NiBs-diglyme and NiCj-diglyme can also be used,
although they are somewhat less effective. (BfPr)-Pybox, unlike ¢
Bu)-Pybox, is commercially available. (c) We have not been able to
employ commercially available HexZnBr (Aldrich) in this process. We
recommend that pure organozinc reagents be prepared from the corre-
sponding alkyl bromides according to the straightforward procedure of
Huo: Huo, SOrg. Lett.2003 5, 423-425. (d) At room temperature, the
product is generated in 91% ee. ARO °C, the cross-coupling process is
slow.

General Procedure for Table 1: In the air (no special precautions are
necessary), a 10 mL Schlenk flask was charged with NiGime (22.0

mg, 0.100 mmol), R)-(i-Pr)-Pybox (39.2 mg, 0.130 mmol), and the
o-bromo amide (1.00 mmol). The flask was purged with argon for 5 min,
and then DMI (2.2 mL) and THF (0.5 mL) were added. The resulting
orange solution was stirred at room temperature for 20 min, and then the
flask was placed into a T@C bath. The reaction mixture was stirred for 10
min, and then the organozinc reagent (1.0 M in DMI; 1.3 mL, 1.3 mmol)
was added. The resulting dark-brown reaction mixture was stirred for 12
h at 0°C. Then, the excess organozinc reagent was quenched by the
addition of ethanol (0.5 mL), and the brown mixture was passed through
a plug of silica gel (eluted with ED) to remove inorganic salts and most

of the DMI. The filtrate was concentrated, and the resulting orange oil
was purified by flash chromatography.

Notes: (a) The yield of the reaction is sensitive to the steric demand of
the coupling partners. Thus, we have not been able to efficiently cross-
couple a secondary organozinc reagent ar-asppropyto-bromo amide.

(b) Under the standard conditions, benzylzinc reagents are not suitable
substrates. (c) For the cross-coupling illustrated in entry 1 of Table 1,
when the reaction is run on a 10 mmol scale, we obtain the product in
88% yield (3.0 g) and 95% ee. (d) The process is not highly sensitive to
oxygen or moisture; when we conduct a coupling under air in a closed
vial with 1.6 equiv of the organozinc reagent, we obtain essentially
identical yield and enantiomeric excess. (e) Under identical conditions,
a-bromoesters furnish lower yield and lower enantiomeric excess.
Anderson, T. J.; Jones, G. D.; Vicic, D. A. Am. Chem. So2004 126,
8100-8101.
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