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Abstract: The molybdenum(H) complex [Mo(CO)4Br2]2 has been found to catalyze 
allylic substitution with aromatic ethers, e.g., anisole (7), as nucleophiles. The reaction 
is remarkably para-selective (e.g., 7 + 8 ---> 11). © 1997 Elsevier Science Ltd. 

The Pd(0)-catalyzed allylic substitution, that occurs via the intermediate ~3-complexes 2 (Scheme 1), has 

been primarily developed to construct C-C bonds, 1 although formation of the C-H, C-O, and C-N bonds has 

also been reported. 2 Recently, Sinou 3 has demonstrated that phenols and naphthols can be used as O- 

nucleophiles to produce aryl allyl ethers 3 (Nu = OAr), provided that carbonates 1 (X = OCO2Et), rather than 
acetates, are employed as allylic substrates. Under modified conditions, the latter reaction could also be 
directed to give a C-allylation, as exemplified by the reaction of 13-naphthol with cinnamyl acetate. 3 
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As a C-C bond-forming strategy, allylic substitution catalyzed by Pd(0) is usually confined to 13-dicarbonyl 
enolates as nucleophiles, e.g., 4.1'4 We have shown in the adjacent paper, 5'6 that the new catalyst 

MolI(co)s(OTf)2 accommodates a wider range of nucleophiles, including silyl enol ethers derived not only 

from 13-dicarbonyls (e.g., 5) but also from selected ketones, such as 6 (Scheme 2). 5 In view of the latter 
example, we were curious to determine whether or not aromatic ethers, e.g., anisole (7), would mimic the 
behavior of 5 and 6 and afford allylation products under the same, mild conditions. Since the initial experiments 
with Mon(CO)s(OTf)2 proved fruitless, we have focused on another Mo(II) complex, namely [Mo"(CO)4Br2]2, 

which is also known to have a weakly coordinated ligand (CO in this case rather than TfO). 7 Herein, we 

describe the behavior of the latter complex, readily prepared by bromination of Mo(CO)6, 7 as a new catalyst for 

the Friedel-Crafts-type 8 allylation of aromatics. 
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In order to explore the potential reactivity of electron-rich aromatics as nucleophiles in allylic substitution, 

we employed anisole (7) as the prime model compound, [Mo(CO)4Br2]2 as the catalyst, and selected allylic 

acetates (Scheme 3). The first attempt, namely the treatment of 7 with cinnamyl acetate (8) in CH2C12 at rt with 
2 mol% of the catalyst for 1 h, turned out to be highly successful, affording solely the p-cinnamylanisole 11 in 
68% isolated yield. 9'1° Under the same conditions, the cyclic allylic acetates 9 and 10 gave the respective para- 
substituted products 12 (40%) and 13 (50%). Surprisingly, no ortho-isomer has been detected in either of the 
crude product mixtures. On the other hand, blocking the p-position, as in p-methylanisole (14), resulted in the 
formation of the o-product 15 (30%). 1° However, in this instance the reaction turned out to be slower and the 
yield not as good as in the case of anisole, clearly demonstrating the strong preference for the attack at the p- 
position. 

S c h e m e  3: Mo" = [Mo(CO)4Br]2, CH2CI 2, rt 
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Increasing the electron density of the aromatic ring had a beneficial effect on the reactivity. Thus, 16 was 
readily allylated with 8 to give 17, accompanied by the bis-allylatJon product 1811 (-4:1), in 70% yield. The 
cyclopentenyl derivative 19 was obtained under analogous conditions in 46% yield, with no bis-allylation 
observed. By contrast, aromatics having electron-withdrawing substituents (PhC1, PhNO2, PhCOMe, and 
PhCO2Et) were inert, which further demonstrates the nucleophilic role of the aromatic ring.12 
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Scheme 4: Conditions as in Scheme 3 
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Since allylation of the electron-rich anisole was successful, we selected the furan derivative 20 as a probe 
for the reactivity of heteroaromatics. Indeed, allylation of 20 with 10 did occur, affording exclusively 21 (65%). 
Similarly, N-methyl indole (22) furnished the 13-allylated product 23 (85%). 

Scheme 5: Conditions as in Scheme 3 
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In conclusion: We have developed a new, extremely mild method for allylation of electron rich aromatics 
and beteroaromatics, catalyzed by the known, readily available Mo(II)  complex [Mo(CO4Br2]2 that, in spite of 
its ready availability, has never been used as catalyst in organic synthesis before. The para-selectivity, observed 
with anisole (7) and its congeners 14 and 16, is remarkable and will be the subject for further studies. Since the 
selected heteroaromatics, such as the furan and indole derivatives 20 and 22, undergo the reaction as easily as 
the other aromatics (7, 14, and 16), this methodology is likely to open a new avenue in the Friedel-Crafts-type 8 
allylation of aromatics under extremely mild conditions (< 2 tool% catalyst at rt for 30 rain - 2 h, etc.). 
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