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Tabk I. Rcact~on of 2-X-bcn~othiazolcs (I mole) with Grignard reagents (2 mole) III THF at RT 
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Unless Indicated molar ratio o! catalys:/W9X was 0.03. 
b 

The catalyst wao present 

In ntoxhiocetric a:.aunt with respect to Rw9X. 
c 

Yields are for lsolatcd products. 
d 

IIea- 

ctlon carried out at reflux. 
* 

The catalyst was pre‘cnt in a molar ratio 0.02 vlth re- 

spect to I-Cl-RT. 
I 

The ylcld in 2-i-Pr-RT dld not increase at longer rcactlonttmsn. 



Nickelcomplcx-catalyzzd cross-coupling of Grignard reagents with 2-halogcnobcnz~thialnles 1517 

24uorobcnzothiazok in view of the extremely low 
reactivity commonly reported for organofluoro com- 
pounds in the organometallic induced cross- 
coupling.‘,’ 

A quite different khavior has been shown by 
24odoknzothiazole which yet afforded the reduction 
product when treated with MeMgl in the presence of 
catalytic (37;) or substoichiomctric amount of 
NiCIr(PPh,),. Good yield of the crosscouplcd pro- 
duct, i.e. 2-mcthylknzothia;mk, could k obtained 
only by using al least quimolccular amounts of 
catalyst and Grignard reagent. 

The formation of the reduction product in tk 
reaction of 2-iodoknzothiazole with Grignard re- 
agents as such or activated with catalytic amount of 
the Nicomplex. might reasonably k accounted for 
by assuming nuclcophilic attack of the organo- 
metallic reagent, which is present in large excess 
with respect to the catalyst. on the halogen.’ followed 
by the rclcasc of the knzothiazolc moiety as anion, 
the protonation of which would lcad to the knzo- 
thiazolc. 

Reaction of 2chloroknzothiazole and MeMgI 
activated by NiC&(PPh,), proacdcd faster than those 
with EtMgBr. n-BuMgBr and i-PrMgBr in the 
order. Besides. particularly low was the yield of the 
cross-coupled product in the case of i-PrMgBr; this 
result was not complctcly unexpected. since 
flthmination in alkyl Grignard reagents has prc- 
viously been reported using NiCII(PPh,)? as cata- 
1yst.b” 

Reactions tend to proceed considerably faster in 
diethyl ether and knsenc than in THF. That a more 
basic solvent (THF > ether. knzcne) interacts more 
tightly with the reactants lo prevent the 
Ni(ll)-complex. the halide and the Grignard reagent 
to come close IO each other so that the reaction can 
take place. might k a likely explanation. 

The forcgomg results allow us IO propose for the 
cross-coupling reaction of 2-halogcnknzothiazolcs 
with Ni-phosphinc-complcx activated Grignard rc-’ 
agents a mechamsm of the kind illustrated in the 
Scheme A. According to this mechanism the complex 
NIR,L(Z-X-BT). derived from NiL,R, by replacc- 
mcnt of ligand 1. with 2-X -BT, would represent the 
catalytically active spccics, which leads to the cross- 
coupled product 2-R BT upon release of the complex 
NiLXR Subscqucnt reaction of the last complex first 
with RMgX and then with 2-X-BT would regenerate 
the catalyst. This mechanism is consistent, in our 
view, with the obscrvcd reactivity order of 
2-halogcnoknzothiazolcs (F > Cl > I) in the cross- 
couphng with Grignards. Indeed, 2-F-BT reacts 
faster possibly because it would ktter coordinate on 
the Ni as a conscqucncc of the smaller volume and 

higher affinity of fluorine for the metal with respect 
to other halogens. lo Moreover, that metal complexes 
with unidentate phosphines are ktter catalysts than 
those with the bidentate ones might tentatively k 
explained by assuming that rcplaamcnt of L by 
2-X-BT on the Ni complex is a process more difficult 
with bidentatc phosphinc bccausc of the higher sta- 
bility of the ring system Ni-P-P with mpcct to NiPr. 
In addition this explanationis agramcnt with the 
relation activity-length of methylcnc bridge. 
NiClJdppe) has been found to k less ellkient than 
NiClJdppp) in promoting cross-coupling of 
2-halog&&nzothiazolcs prc&mablv due to I& fact 
that the S-membered rinn Ni-PCH,CH,P oocns less 
easily than 6memkrcd”ring Ni &IIH’CH,P.” 
As for unidcntatc phosphincc%mxxcs, I b c e ccl 
of the basicity of the phosphinc is apprcci- 
able. The catalytic activity is in the order: 
NiClr(PPh,)), > NiCl,(PPh,Et)* > NiCI,(PPhEt,), > 
NiCIz(PEt,)r. This trend can k rationalized by as- 
suming that the case of rcplaamcnt of tk ligand 
phosphinc in NiL,R, by 2-X-BT to form the cata- 
lytically active species NiLR?(Z-X- BT)parallcls the 
order of decreasing basicity. 

As alternative one could propose a catalytic cycle 
of the type depicted in Schcmc 9. in which a Ni(0) 
complex is involved as the catalytically active species. 
the interaction of which with 2-X-BT would lead to 
the complex NiLrBTX. Subsequent reaction with 
RMgX would provide complex NiL,(BT)R; then the 
release of the crosscoupled product 2-R -BT rcgcn- 
crates Ni(0) complex NiL?. However, although the 
addition of 2-X. BT to Ni(0) has ken established,‘* 
this is a process much slower than that cxperimcntally 
observed for the cross-coupling reaction. Moreover, 
according to Scheme 9. the nature of the bonded 
phosphinc would not sensibly a&t the reaction rate, 
as instead by us observed 

In order to ascertain if coordination of 2-X BT to 
Ni is csscntial for the C C cross-coupling process of 
2-haloknzothiazolcs and whether or not the coordi- 
native unsaturation of Ni plays an important role in 
the catalytic cyck and with a view to cvidentiate the 
role of the phosphorous ligand. WC have synthcsizd 

Ni(ll)complcxcs having: (i) 2-halogcnoknzothiazolc 
as ligand; (ii) only one phosphine coordinated to Ni. 

Although 2-X-knzothiazoles (X = NItI, MC) bind 
strongly to No and other transition metals,” 2- 
halogenoknzothiazola do not coordinate easily 
to Ni(ll).” Indeed, WC have found that neither NiCI? 
or NICI,.ZH,O react with 2-X-knzothiazolcs (X = 
Cl, Br. I) even under rather scvcre conditions (NiCI, 
and 2-X BT did not react at 120’ in a Canus tube in 
the absence of solvent for X = Cl, Br or In xylcnc 
for X = I). Convcrscly. NiBr,.ZH,O reacts with 

Scheme A 
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