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Sunmary: Primary neopentyl iodldas react with aryl Grignard reagent5 In the presence of 
10 molfE (dppfJNICI2 to give the cross-coupled product. 

Palladium- and nickel-catalyzed cross-coupling reacttons have become lncreasfngly 

popular for medlatlng the reactions of electrophiles which have sp or sp2 carbons at or 

lmmedlataly adjacent to tke electrophilic center. During a program directed toward the 

development of Group 10 metal complexes which catalyze carbon-carbon bond formation using 

prisary neopentyl electrophiles, we discovered that dlchloro-l,l’-bis(dlphenylphosphino)- 

ferrocenepalladium(ll),’ ((dppf)PdC12) will effectively catalyze the Grignard-medlated 

reduction of both primary neopentyl iodides and n-alkyl iodldes in diethyl ether.2*3 

Because the palladium-catalyzed reduction appeared tc circumvent the problems of slow 

oxidatlve-addition ard rapld p-hydride elimination Inherent to Group 10 metal-catalyzed 

reactions of unactivated alkyl electrophlles, we Investigated the mechanism of both the 

palladium-catalyzed reduction and the uncatalyzed reduction. 3 These studies indicated a 

number of factor5 which must be consldered for successful cross-coupling of unactlvated 

electrophlles with nucleophlles. The nucleophlle must be sufficiently stable under the 

reaction conditions to avoid dtrect reduction of the electrophile and to resist hydride 

delivery tc the catalyst, At the same time, the nucleophile must be sufficiently reactive to 

allow for transmetallat~on within the catalytic cycle. The solvent must be optimfzed to 

rr,Inlmize uncatalyzed interactions between the electrophlle and the nucieophile. In thl5 study 

and others, 4 Et20 appeared to be preferable to THF for that reason. Finally, the catalyst 

must be sufficiently nucleophillc to allow the oxldatlve addition reaction to occur. We chose 

to study the effect of varying th[s last criterion on the course of the coupltng reactlon. 

Herein we report on the use of (dppf)NIC125 to catalyze the cross-coupling of primary 

unactlveted neopentyl electrophlfes wfth Grlgnard reagents. The nickel catalyst was chosen 

ir. order tc’ increase the nucleophillclty of the catalyst while retaining the steric effects 

and electron donaitng effects of the dppf Ilgand. Though (dppf)NiC12 has been used to 

catalyze the reactions of 5-alkyI-2,3-dihydrofuran5,6 allylic esters and sulfones, ’ sllyl 

enol etters, ’ fJ-bromostyrene,’ and Z-methylthic-4,4-dimethyl-2-oxazol Ine, lo there have been 

no report5 of its use to catalyze the reaction5 of unactlvated electrophtles. 

A5 shown ir Table 1, (dppf)NiC12 effectively catalyzes the cross-coupling of neopentyl 

lodldes *tth aryl Grlgnard reagent5 in good to moder-ate yields.” Use of either Et20 or DME 

leads tc the highest yield5 of cross-coupled products. The yield of product increases as 

the amount of catalyst is Increased from 1 molb to 10 mol%. No coupling occurs in the 

absence of cata I y5t. The coupling reactlon is general for aryl Grignard reagents, lncludlng 

heteroaryl and naphthalenyl systems. This represents the first general case of the Group 10 

metal-catalyzed cross-coupling of prIrr,ary unactlvated e[ectrophiles.” 
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I?) ReactJon of Iodide (1.0 mmol) 2nd (dppf)NiClp (0.1 mmol, 10 mol$i with Grignard reagent 

(4.0 mmol) in Et20 (10 ml_) at the reflux tempera-kre for 12-20 h. Isolated yields 

based on s?artIng todida. 

(b) The product mixture also contained 5% of homocoupled electrophile based on starting 

iodide. The by-product was net separated, 

(c) The product mJx.ture also contained 10% of homocoupled electrophile based on s-tartlng 

iodide. The by-product was not separated. 

(d) The product mixture also included 2,2'-bilhiophene which was readily removed by 

chromatography CSi02a hex). 
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Tab13 2. IdppfNiCl2-cately2ed coupling of Grlgnard reagents. 

Grlgnard 

Reaoent-Em 

2 1 

3 1 

4 I 

5 1 

lsclated 

Yl-!dL& 

CH3MgCI 79:le': 9 98 

Ph(CH213KgRr 71 : 16 : 12 80 

CH3CH2F1gfir 42 : C : 58 72 

CH2=CHMgBr 0: 0 : 12 b,c 

CH2=CH-Ci+L?gRr 17 : 0 : 03 b 

._I -- ~~ I~ - 

!a) Product ratics determined by GC assuming equzl response factors for R-R', R-R and R-H. 

{b) Product mixture not Isolated. Yielcs refer io GC yields. 

Cc) Starting loc'ide (R-1) was also observeC in 88%. 

it is noteworthy that, unlike the [dppf)PdC12-catalyzed reactlon,'p3 no reduction of 

the slkyl lo?lde was observed. In some cases, the product Kiixture contelned sma 1 I arc60unts 

of *!omocoupIed electrophile, plausibly formed through a competillve radical pathway. ID 

general this by-product was not separate? from the cross-coupled product. The amounts of 

cross-coupled and homocoupled compounds in ,tire product rirture were determined by GC and NM? 

ansiyses. Use of tbienylmagneslurr' bromide 61~0 generated e large quantJty of 

2,ZY-blthiophene. This was readily removed frorrl tte cross-coupled product by column 

chromatography. 

In general, the ability of GrTgnard reagents to cross-coupl~ with primary neopentyl 

iocidrz in the presence of substoicblcmetrlc amounts cf (dppfINIC12 follors the cornmorN 

pattern of at-y! > methyl > alkyi (Table 21. Use cf elkyl Grignard reagents leads to 

Inc.-eased reduction of the lodice. With methylmagneslum chIc,r lde and 3-phenylpropyl- 

maknesium bromide the yield of crass-coupled product remaiI:eti moderately high. however use 

of Ethylmagnesium ckloric'e led to reduct!on and cros s-coup1a.d product In a 3:.? ratio, Tkie 

merhanism of +hJs f-edl&Jon is not c!sar- at this t?maa3 SurprlsJnSly, vinyl and ally1 

Gr gnard reagents failed to couple under the reacfton conditions. 

Tc> data, the cross-coupling car;not be extended to other ?ikyl !odides. For example, 

at-ema'ed cross-coupling of l- lododecane with meWyImagnesium chloriae In ths presence of 

(dopf:KiCI2 afforded I-decene (545 GC yield) and decane (4LrjRI with ocly 4dp of the cross- 

cojpled product. 
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In conclusion, we have demonstrated the first case of Group 10 metal-cata I yzed crosp 

coupling of unactlvated alkyl electraphlles. Primary neopentyl iodide5 couple with aryl 

Grignard reagents to give the substituted arenes In good to very good yteld. Homocoupllng 

of +-he e I ectroph I I e rema Ins a NI I nor prob I em. Alkyl Grignard reagents couple In variable 

yieids and vinyl and ally1 Grtgnard reagents do not afford cross-coupled products. We feel 

that this methodology will prove generally useful to the synthetic chemist and will also 

open the use of alkyl electrophiles to the scope of reactions catalyzed by Group 10 metals. 

Genera I Exper I menta I Procedure: To a mtfxture of neopentyl lodlde u (0.24 g, 1.0 mmol) and 

(dppf)NiCI2 (0.065 g, 9.0 mol$) in Et20 (15 mL) at the reflux temperature was rapldly added 

p-methoxyphenylmagnesium bromide (4.0 mb, 1.26 .&‘Et20, 5.5 mmol). The resulting solution 

was kept et tta ref lux temperature overnight, cooled to room temp, di luted w Ith Et20(2D mL), 

washed slth a 1% HCI solution (5x30 mL), water (2x50 mL), a sat NaCl sol&Jon (2x50 mL), and 

water (2x10 ml_), dried (MgSO41, and filtered through a pad of stiica. Concentrat Ion under 

reduced pressure followed by radial chromatography (SiD2, hex) afforded 14 (0.13 g, 585) as 

a c! ear oi I : TLC (hex) R.f 0.32; I R (neat) 3030, 3300, 1240. 820, 800 cm-’ ; ‘H NMR (300 MHz) 

6 0.80 !s, 6tiI; 1.22-1.26 cm, 4H), 1.42-1.49 (m, 6H1, 2.45 (s, 2H), 3.74 (5, 3H), 6.78 (d, 

J=8.5 HZ, 2ti), 7.20 (d, d=8.5 Hz, 2H); 13C NMR (75 MHz) 6 22.2 (2C), 24.5, 26.5, 34.0, 37.5 

(2C), 47.9, 55.0, 112.9 (2C), 131.1, 131.5 (ZC), ‘57.7; LRMS m/z (rel intensity) 218 (12). 
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