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NICKEL-CATALYZED CROSS~-COUPLING OF UNACTIVATED NEOPENTYL [CDIDES WITH GR{GNARD REAGENTS

Kalxu Yuan and Willlam J. Scott”
Department of Chemistry, The University of lowa, lowa City, lowa 52242

Summary: Primary necpentyl lodides react with aryl Grignard reagents in the presence of
10 mol% (dppfINICI, to glve the cross-coupled product.

Paliadium= and nickel-catelyzed cross-coupling reactlons have become increasingly

2 carbons at or

popular for mediating the reactlons of efectrophiies which have sp or sp
Immediately adjacent to the electrophilic center, Durling a program directed toward the
development of Group 10 mets! complexes which catalyze carbon-carbon bond formation using
primary neopentyl electrophiles, we discovered that dichloro-1,1'-bis{diphenyiphosphinc)~-
ferrocenepalladium(ll),1 (¢(dppfIPdCI,) will effectively catalyze the Grignard-mediated
reduction of both primary neopentyl fodides and n-zlkyl lodides in diethyl ether,2s3

Because the palladium-catalyzed reduction appeared tc circumvent the problems of slow
oxidative-addition and rapld p~hydrice elimination Inherent o Group 10 metal-catalyzed
reactlions of unactiveted alkyl electrophliles, we Investigated the mechanlism of both the
palladiur=cetalyzed reducticon and the uncetalyzed reduction.> These studles indicated a
number of factors which must be conslidered for successful cross-couplling of unactivated
electrophiles with nucleophiles, The nucleophlle must be sufficlently stable under the
reactlon conditions to avold direct reduction of the electrophiie and to resist hydride
del ivery tc the catalyst., AT the same time, the nucleophile must be sufficliently reactlive Yo
allow for transmetallation within the catelytlic cycle, The solvent must be cptimized to
minimize uncatelyzed interactions between the electrophile and the nucleophile. In this study
and o-rhers,4 Et50 appeared to be preferable to THF for that reason. Finally, the catalyst
must be sufficlently nucleophilic to atlow the oxidative addition reaction to occur. We chose
to study the effect of varyling this last criterion on the course of the coupling reaction.

Herein we report on the use of (dppf)NIC|25 to catelyze the cross—coupling of primary
unactlveted neopentyl electrophiles with Grignard reagents. The nickel catalyst was chosen
in order tc increase the nucleophilicity of the catalyst while retaining the steric effects
and electron donating effects of the dppf ligand. Though (dppf)NiCl, has been used to
catalyze the reactions of 5-a1kyl-2,3-dihydrofurans,6 allylic esters and sulfones,7 sllyl
eno| e+rers,8 ﬁ-bromos+yrene,9 and 2-me+hyI+hic-4,4-dime'¥hy!-2-oxazoIIne,1D there have been
no reports of its use to cetalyze the reactions of unactivated electrophlles.

As shown ir Table 1, (dppfINiCl, effectively catalyzes the cross-coupl!ling of necpenty |
lodides with aryl Grignard reagents in good to moderate ylelds.11 Use of elther Et,0 or DME
leads tc the highest ylelds of cross—coupled products. The yleld of product Increases as
the amount of catalyst is Increesed from 1 mel% o 10 mel%. No coupling occurs in the
absence of catalyst. The couplling reaction s general for aryi Grignard reagents, Including
hetercary| and naphthalenyl systems. This represents the first general case of the Group 10

metal-catelyzed cross-coupling of primary unactlvated eiecfrophiles.12
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Table 1. (dppfINiCly~catelyzed cross-coupling of aryl Grignard resgents with primary
neopenty | lodides.®

Grignard Isclated
Eciry Hallde (R=1) Reagent (R'MgX) Froduct (R-F') Yield (53
1 ©/\/<\' PhMgBr 2 71°
1
CH3
SRR < f
MgBr
b
3 1 Hsco@-MgBr 94
8
S
4 1 MgBr 594
r 2
MgBr
E 1 O ) 57
12 N/ E
12 3] 58
3 . 2 86
O
3 15 6 8C

() Reactlon of lodide (1.0 mmoj)} and (dppfINiCl, (0.1 mmol, 10 mol$) with Grignard reagent
(4.0 mmol) in E¥5,0 (10 mL) &t the reflux temperature for 12-20 h. Isolated ylelds
based or starting lodide.

(b)Y The product mixture alsc conteined 5% of homocoupled electrophile based on starting
jodide. The by-product was nct separated.

(cy The product mixture also conteined 104 of homeocoupled electrophile based on starting
iodide, The by-product was not separated.

(d) The product mixture algo inciuded 2,2'-bithicphene which was readlly removed by
chromatography (Si0,, hex).
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Table 2. (dppfNiCly~catelyzed coupling of Grignhard reagents.

Grignard Froduct Ratlo® isclated
Entry Halide {(R-[) Reagent (R'M@X3 B=R' : E-R i R-} Yield (%)
i
1 CHzMgC1 79 116 ¢ S 98
1
2 1 Ph(CH2)3MQBr 71 ¢ 16 ¢ 12 80
3 1 ChzCHyMgBr 42+ 0 ; 58 72
4 1 CHy=CHMgBr 0: 0:12 b,c
5 1 CHy=CH~CH,MgBr 17 ¢+ 0 : 83 b

(@) Product ratics determined by GC assuming eque! response facters for R=RY, R-R and R-H.
{b) FProduct mixture not leoleted. Yielcs refer to GC ylelds.,
(¢) Starting iodide (R=1) was also observec in B8%.

4 MgBr fdppf]NiClz o =2
Et,0 33°C T ~ |

2

S/
e

2,3 no reducticon of

it is noteworthy that, uniike the (dppfl)PdC!;-cetalyzed reactlion,
+he alkyl lodide was observed. In some cases, the product mixture contelned small amounts
of romocoupled electrophile, plausibly formed through a competitive radical pathway. |In
gensral this by-product was not separetec from the cross~coupied product. The amounts of
cross—coupled and homocoupled compounds in the product mixture were determined by GC and NMR
anz!yses., Use of thienylmagnesium bromide also generated = large quantity of
2,2'~blthicphene, This was readily removed from the cross-ceupled product by column
chromatography.

in generai, the ability of Grignard reagents to cross-couple with primary neopentyl
Tocides in the presence of substoichiometric amcunts of (dppfINICl, follows the common
pattern of ary! > methy! > alky!l (Table 2), Use of slkyl Grigrard reagerts leads tfo
increased reduction of the lcdice, With methylmagneslum ¢hler ide and 3-phenylpropyl-
magnesium bromide the yield of cross-coupled product remeined moderately high., However use
of ethylimagnesium chloride led to reductlion and cross-coupled product in a 3:2 ratlo, The
mechan!sm of this reductlon 1s net clear at this tme,”
Gr gnard reagents falled to couple under the resction conditions,

To date, the cross—coupling cannct be extended To other ziky!l lodides. For example,
atrempred cross=coup! ing of 1-lododecane with methylmagnesium chioride In the presence of
(dnpfIKICI, afforded 1-decene (54% GC yleld) and decane (42%) with only 4% of the cross-
coupled product.

Surprisingly, vinyl and allyi
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in conclusion, we have demonstrated the first case of Group 10 metal-catalyzed cross~
coupliing of unactivated alky! electrophiles. Primary neopenty| lodides couple with aryl
Grignard resgents fo give the substituted arenes In good to very good yleld. Homocoupling
of *he electrophile remains a minor problem, Alky| Grignard reagents couple In variable
yieids and vinyl and allyl Grignard reagents do not efford cross-coupled products, We feel
that this methodology will prove generally useful to the synthetic chemist and will also

cpen the use of alkyl electrophiles tc the scope of reactions catalyzed by Group 10 metals.

General Experimental Procedure: To a mixture of neopentyl locdide 12 (0.24 g, 1.0 mmol) and
(dppfINICI, (0,065 g, 9.0 mol%) in Ef50 (15 mi) at the reflux temperature was rapidly added
p-methoxypheny imagnesium bromide (4.0 mi, 1.26 M/ET,0, 5.5 mmei), The resuiting sciution
was kept et the refiux temperature overnight, cooled to room temp, diluted with E1,0(20 mL),
washed with a 1% HCl solution (5x30 mL), water (2x50 ml), a sat NaCl solution (2x50 mL), and
water (2x10 mL), dried (MgSC,), and flltered through a pad of sillica, Concentration under
reduced pressure followed by radis! chromatography (§10,, hex) afforded 14 (0.13 g, 58%) as
a clear oll: TLC (hex) Ry 0.32; IR (neat) 3030, 3000, 1240, 820, 800 em™'; TH NMR (300 MHz)
5 0.80 {5, 6H); 1.22-1,26 (m, 4H), 1.42=1.49 (m, 6H), 2.45 (s, 2H), 3.74 (s, 3H), 6,78 (d,

13!‘\ MMD (75 ML=y & 279 5
() yara

n T7 K
WA V7 mnl) o

.2 {203, 24.5, 26.5, 34.0, 37.5
(2C, 47.9, 55.0, 112.9 (2C), 131.1, 131.5 (2C), 157.7; LRMS m/z (rel Infensity) 218 (12).
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