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Ni(ll)-Catalyzed Cross-Coupling between Table 1. Polyfunctional Productda—I Obtained by the
Polyfunctional Arylzinc Derivatives and Primary Nill)-Catalyzed Cross-Coupling of Arylzinc Bromides—f
Alkyl lodides with Alkyl lodides 2a—f in the Presence of
4-(Trifluoromethyl)styrene J)
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A cross-coupling reaction between organometallics and alkyl p-Cl-CgH4P | EtO2C(CH)l m—@
halides is an important method for the formation of new carbon 8 b 2 SOLEt n
carbon bonds. Many biologically active molecules contain Ae z
aromatic rings so that the performance of an efficient cross- P-MeO-CeHaP | Et020(CHy)2! Meo@
coupling between C gghybridized organometallics and alkyl 4 ic 2 4q FE10C 7
halides is needed. Although the palladium- or nickel-catalyzed o]
cross-coupling between alkyl organometallics RM €vB, Al, 5 p-MeO-CeHaP | BUCO(CH2)3! Bu | 72
Zn, Mg, etc.) and aryl halides is well-known, the reverse reaction, 1e 2 de
e.g., the cross-coupling between an aryl organometallic species Ve
and an alkyl halide, is far less developed. Aryl-Grignard reagents e
undergo this cross-coupling in the presence of a copper(l) catalyst, et >
but a moderate functionality compatibility reduces the scope of 6 | PMeO-CeHs N MGOQM 7
this reactiont On the other hand, dialkylzinéswhich tolerate a 1c 2b

broad range of functional groups, requirstaichiometric amount

of Me,Cu(CN)(MgCl), for cross-coupling reactions with alkyl p-NC-CgH4P | EtO2C(CHo)2l | NC

gj .

L A . . . 7 75
iodides and arylzinc derivatives react only sluggishly under these 1d 2¢ 4g  COoEt
conditions, if at alt Recently, we reported a new powerful g
nickel(ll)-catalyzed cross-coupling reaction between dialkylzincs — o
and primary alkyl iodide8. We now report that the reaction of 8 p-NC-CgHaP 5.8 s 80
arylzinc bromides of typé& with various alkyl iodides of typ@ 1d 2b NC
in the presence of Ni(acad)10 mol %) and 4-(trifluoromethyl)- C‘Lh
styrené (3; THF:NMP = 2:1, —15 to —20 °C, 2-5 h) produces o
highly functionalized cross-coupling products of typé good o | PNCCeHa NN % 71
yields (Scheme 1 and Table 1). 1d Ozf N

The arylzinc reagent$ have been generated from polyfunc- 4i O
tional aryl-Grignard reagentsbearing, for example, an ester COzEt
function such asse or from aryllithium reagenfssuch as6d 10 | MEO2C-CeHa® | Ty ©\/y 72
followed by transmetalation with ZnB{Scheme 2). 1e . 87g

Thus, the treatment of ethyl 3-iodobenzoate (vith i-PrMgBr o s4Fl>h b
(2.05 equiv) in THF 40 °C, 0.5 h) furnishes the highly M-EtOsC-CgHaC | PhS(CH2)3!
functionalized Grignard reagenbe, which is only stable at or 11 75
below —40 °C and was reacted with ZnB(1 equiv, THF,—78 Te 2d ak COEt
°C to room temperature) affording arylzinc bromitie Similarly PK/\ Q
4-bromobenzonitrileqd) was treated witm-BuLi (1.6 N solution 12 | o-Et02C-CeHa® O‘ ! O‘m 72
in hexane, 1.05 equiv, THF-90 to —100 °C, 20 min) im- 1# 2f 'i‘l 2

mediately followed by the transmetalation with ZaBt equiv, - -
THF, —90 °C to room temperature) leading to arylzinc bromide __°!solated yield of analytically pure productsPrepared from the
1d. All the arylzinc reagents prepared by these two methods corresponding I|thu:m reagerftPrepared from the corresponding
undergo fast and efficient cross-coupling reactions with various magnesium reagent.
pqu_functional primary alkyl iodides. The reactiqn are complete scheme 1
within a few hours betweer15 and—20 °C. A wide range of CHa)FG2
functional groups is tolerated in both the electrophile and the _ . @/Z"Br Ni(acac)z (10 mol%) @r( 2

N //

Z

arylzinc bromide. The presence of polar functional groups such + -(CHg)n-FG2

FG!
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2,6, 8,10, and 11). The role of the promot8y,s believed to Scheme 2

facilitate the reductive elimination of the Ni(ll) intermediaté-R
R . . . COEt CO,Et CO,Et
Ni—R? by removing the electron density from the nickel center. -PrMgBr, THF
The complexation 08 to the Ni intermediate is essential for the ' ZnBrp
activation and the sterically more hindered 2-(trifluoromethyl)- | "40°C,0.5h MgBr THF MgBr
styrene is far less efficient as promotor for the cross-coupling. In 7e 5e 1e
(10) Typical procedure: (Qreparation of ethyl 3-(p-cyanophenyl)pro-
pionate (4g).A three-necked flask equipped with a thermometer, a gas inlet, CN CN CN
and an addition funnel was charged with 4-bromobenzonitrile (2.27 g, 12.5 .
mmol) in THF (20 mL). The reaction mixture was cooled+d00 °C and BuLi,THF ZnBrp
n-BuLi (8.7 mL, 12.9 mmol, 1.6 M in hexane) was added over 5 min. A N ! THF
precipitate forms immediately, and the reaction mixture was stirred for 20 -100 °C,20 min
min at this temperature. A THF solution of ZnB{6.25 mL, 2.81 g, 12.5 Br Li ZnBr
mmol) was slowly added, and the reaction was allowed to warm to room 7d 6d 1d

temperature. The reaction mixture was concentrated by evaporation of the
solvents under vacuum leading to~d..2 M solution which was transferred ; ;
at —78 °C to a two-necked flask equipped with an argon inlet and a septum the a_bsence _(S’ considerable amounts of homocoupling products
and containing ethyl 3-iodopropionate (1.14 g, 5 mmol), 4-(trifluoromethyl)- and iodine-zinc exchange products are observed.

styrene 8, 0.75 mL, 5 mmol, 1 equiv), and Ni(acaglL28 mg, 0.5 mmol, 10 In summary, we have developed a new Ni-catalyzed cross-

mol %) in THF (1.7 mL and NMP (0.8 mL). The reaction mixture was allowed ; ; ; ; ; ot ;

to warm to—15°C, was stirred for 5 h, and was worked up as usual affording CO.Up“ng of v_arlpus functlonallzed_ arylzinc derivatives with
after flash chromatographical purification (hexanes/ether) the desired productPrimary alkyl iodides. Cross-couplings between C smano-
(49): 0.762 g, 75% yield. (bPreparation of ethyl 2-(3-oxo-3-piperidino- metallics and C spalkylating agents are seldom and this method
propyl)benzoate (4l).A three-necked flask equipped with a thermometer, a should fill this gapw

gas inlet, and an addition funnel was charged with ethyl 2-iodobenzéate ( ’ . . .

3.45 g, 12.5 mmol) in THL (20 mL). The reaction mixture was cooled to ~ The study of the scope of this cross-coupling is currently
—40°C andi-PrMgBr (1 M solution in THF, 12.9 mL) was added within 10  underway.

min. After 0.5 h, the formation of the arylmagnesium reagent was complete

(as checked by iodolysis and hydrolysis of reaction aliquots). The reaction ; :
mixture was cooled to-78 °C, a THF solution of ZnBr (2.81 g, 6.25 mL, Acknowledgment. We thank the DFG for financial support and
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for 2 h, leading to a heavy precipitate which was filtered under Ar. The filtrate

was concentrated to give a 1.2 M solution. A second two-necked flask equipped  Sypporting Information Available: Experimental procedures and
with an argon inlet and a septum was charged with Ni(add®8 mg, 0.5 spectral data for compoundsa—4l (29 pages, print/PDF). See any current
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solution of the arylzinc reagent was added, and the reaction mixture was See any current masthead page for ordering information and Web access
warmed to—15 °C and stirred for 5 h. The reaction mixture was worked up instructions.

a usual and afforded after flash chromatographical purification (hexanes/ether)

the desired product(: 1.041 g, 72% yield). JA9825200



