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Absttuct : The reaction of Cr(CO)j-complexed chloroarenes with HCO$H:, and NaOCH3 in the 
presence qf a catalytic amount of PdC&PPh3)2 gives esters in good yieldr provided that the arene is 
substituted by an electron-&Wing group, whereas the presence of an electron-withdrawing substituent 
on the aromatic ring leads to ethers via an ipso nucteophilic aromatic substitution. 

The activation of the C-Cl bond of chloroarenes by coordination of a tricarhonylchromium moiety to 

the aromatic ring has been extensively studied. In this field, much attention has been devoted to nucleophiiic 

aromatic substitutions, particularly with anionic nucleophiles such as alcoholates, thiolates and amidesl. 

Moreover, in recent years, there has been a great interest in carrying out palladium-catalyzed processes on 

Cr(CO)g-activated aryl chlorides since these substrates easily undergo oxidative addition of the C-Cl bond to 

zerovalent palladium complexes2. In particular, we have shown3 that tricarbonyl(mono- and dichloroarene)- 

chromium complexes (1) react with alkyl formates and alcoholates in the presence of a catalytic amount of 

PdC12(PPh& to give esters (3) (Scheme 1). Unfortunately, in the case of the dichlorobenzene complexes, 

alkoxycarbonylation competes with nucleophilic aromatic substitution, source of ethers (2), and in a minor 

way with reduction of the C-Cl bond4 which gives arenes (4). Actually, with orrho and par&dichlorohenzene 

complexes, the monocarbonylation-monosubstitution product, i.e. methyl methoxybenzoate, was obtained 

predominantly (66 and 61%, respectively), while the meta isomer gave similar proponions of this product 

(32%) and of 13dimethoxybenzene (35%), i.e. the disubstitution product. 

In view to explain these changes in chemoselectivity, we have investigated the reactivity of the 

different intermediates resulting from either carbonylation (lC), or SNAr substitution (1s) of one C-Q bond of 

each isomer of dichlorohenzene complexes. The behaviour of chloroarene chromium complexes substituted in 

thepura position by a trifluoromethyl (1F) or a dimethylamino (1N) group was also studied. 
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The results obtained ftom the ottho. mttu and pora isomers of Cr(CO&complexed methyl 

chlwte flc) and c~~~lc (IS) are summa&& in Ttible 15. The results WQC stt+klngly dqaulent 

on the nature of the substituent on the arene ring. Chlorobcn~te complexes (1C) gave essentially ether 

derivatives (2) (entries l-4). whereas under similar reaction Conditions chidsole compkxes (1s) 

underwent palladium-ctWyzed metho~~arbonylation and gave in very good yields esters 3 &mies 6-9). In 

eachcase,small amounts ofnduced ploducts (4) WeIe also obtained. 

Table 1. Rcactivlty of (Suiting Chl ~~~~)3 ComplexeP 

Enw 
x’s 

ConvP Dec.C 
(W> (Q) 

1 2-mMe 100 15 95 traces 5 

2 3-C’oLMe 95 33 60 35 5 

3 4-CX&MC 98 20 80 12 8 

4e 4-CQMe 100 nd 98 1 I 

5 4-CF3 96 16 96 traces 4 

6 2-OMe 98 26 traces 92 8 

7 3-OMe 98 20 20 80 traces 

sf 3-OMe 95 23 71 25 4 

9 4-OMe 98 60 2 95 3 

109 4-NMt2 95 20 traces 63 

a) AnCl[C@I)3]0.7t mmol. NaOCH3 1.0 mm& HC@CH3 46 mmol, PdC@&&~ 14 pznol. p(Nz) = 25 ohn. 
T~800C.tPlh.b)Coavasionbssodonl.c)~~rion~~{~~~~).d)‘HMMR~ 
0L.C sslecdtities in&ding Cr(cfO)ywnplexed and uncomplexed arenes. e) AKi[C%$O~] Ct.39 mmoI.9 
NaocH3 2.0 mmol. Pdc$pPh3~ 7 &lllwl. 9) see note 6. 

It has to be noticed that the better selectivities, either into the SNAG or into the carbonylazion product, 

wem obtained from the or& and pat-u complexes. The latter yielded more carbonylation product than their 

w-tlu, analogues. This is probably due to a steric effect of the orrho substituent which limits the oxidativc 

addition of the C-U bond to the bulky Pd(CD),,(PPh& zerovalent complex. Anyway, the orzho andparu 

complexes yielded aknost one product, whereas the two mefa compounds (m-IC and m-1s) gave sign&ant 

amounts of the corresponding side product (35% and 2095, respectively), 

The conjunction of this observation with the fact that the methoxyc~nyl moiety is electron- 

withdrawing in contrast with the methoxy group which is electron-donating, has led us to think that the 

reactivity of (substituted chlorobenzene)chromium complexes may be controlled by the electronic effects 

induced by the substituent. In order to check this hypothesis, we have carried out some experiments with 

chloroarene complexes substituted by other groups. The introduction of the very electron-withdrawing 



trifluoromethyl group in the para position (complex 1F) ntsulted in the selective formation of the 

eg ether, with only traces of the estg (entry 5). On the cQmmry, when the reaction was c&cd out 

with a st3ong ckctrundonatlng substltuent on the aromatic ring, i.e. frQm pura-dim&ylamino-chWAmWkW 

(lN), there was no s&Jib substitution at all and the ester was obtained as the main lnuduc@ (entry IO). By 

introducing the Haalmet <I value’ that sum up the total electronic effects (resonance plus field) of the 

sub&-t, a correkdon can be obtained with the SNAT /~y~~~ produm rario, i.e. 2 /3 (Table 2). 

Table 2. Hammet @m&ion of the Reactivity of (Substituted Chioroarene)O(CO)3 Complexes 

4-lQvW 4-OMC 4-Me3 4-H3 3-OMe 3-cWue 4-cOMe 4x273 

a - 0.63 - 0.28 - 0.14 0 0.10 0.35 0.44 0.53 

2f3 < 0.01 0.02 0.10 0.32 0.25 1.7 6.7 >200 

As seen from Table 2, electron-withdrawing substituents activate the substrate towards nu&ophilic 

aromatic substitution, whereas electron-donating groups clearly favour alkoxycarbonylation. The benefkial 

effect of increasing electron density of the aromatic ring during palladium-catalyzed carbonylation mtu&ms of 

free chloroarenes has recently been reported*, and is in full agreement with our observed selectivities in 

alkoxycarbonylatlon. Although it is known that oxidative addition of aromatic halides to zerovalent palladium 

complexes is greatly favoured by reducing the electron density on the aromatic ringg. espe&Hy by indmdu&g 

the Ck(CX93 gmupl*, these results show that the comparison which is classicaIly made between tbls elementary 

step and a nucleophilic substitution is not completely satisfactorylf. It is also highly probable that the 

~~~~en~ on the aromatic ring modify the rate of the CO insertionl2, and c~~uen~y the sub~mti~ I 

~x~yla~~ ratio. 

The 2 f 3 ratio was also greatly affected by changing the initial pqortions of the rc~ctauts (en&s 4 

and 8). This effect was more pronounced for the me&z-chloroanisole complex for which a total immsioa of the 
selectivity was observed (entries 7 and 8). Even though these last experiments prompt us the necessity of 

comparing carefully the results obtained from monochloroarene complexes (present paper) and those obtained 

from the isomers of Cr(CO)3-complexed dichlorobenxene3 (vide sypra), it is however quite probable that the 

first step in this latter case is mainly the nucleophilic aromatic substitution. Two lines of argument support this 

hypothesis: first, diesters were not detected at all from any of the dichlorobenxene complexes while me&x and 

~u-chlorobenzoate complexes (1C) yielded significant amounts of the corresponding ~oxyc~~~ 

products (35% and 12%* respectively); furthermore. the o values for the chlom group (bp = 0.24; a, = 0.37)7 

indicate a global reduction of the ekxron density on the aromatic ring that favours the S&K substitution. 

In conclusion. we have shown that under competitive reaction conditions, the substitution I methoxy- 

carbonylation ratio depends upon the electronic effects induced both by the Cr(cO)3 moiety and the 

substituents of the complexed arenes. 
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