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Remote Arylative Substitution of Alkenes Possessing an Acetoxy 

Group via β-Acetoxy Elimination 

Kazuma Muto, Takaaki Kumagai, Fumitoshi Kakiuchi, and Takuya Kochi* 

 

Abstract: Palladium-catalyzed “remote arylative substitution” was 

achieved for the reaction of arylboronic acids with alkenes possessing 

a distant acetoxy group to provide arylation products having an alkene 

moiety at the remote position. The use of β-acetoxy elimination as a 

key step in the catalytic cycle allowed for regioselective formation of 

unstabilized alkenes after chain walking. This reaction was applicable 

to various arylboronic acids as well as alkene substrates. 

Remote functionalization of organic compounds via alkene 

isomerization (or chain walking) has been attracting growing 

attention, because it would provide unique methods to efficiently 

transform multiple positions of organic molecules in a designed 

manner.[1] Various reactions in this category have been 

developed using catalysts containing metals such as Pd,[2,3,4,5] 

Ni,[6] and Zr,[7] but the types of reactions are still limited, 

considering the number of classical transition-metal catalyzed 

reactions. For example, catalytic allylic substitutions have been 

well studied and used considerably in organic synthesis (Figure 

1a), but the corresponding “remote” substitutions have been 

scarcely explored (Figure 1b). 

One of the reasons for the difficulty in expansion of the 

reaction diversity is that only a limited number of strategies are 

available for selective product formation by effectively controlling 

the selectivity of the final step (termination) in the catalytic cycle.  

Redox-relay Mizoroki-Heck-type reaction[3,4,5] is one of the most 

extensively studied in this field, and three strategies have been 

used to terminate the reaction: (i) conversion of alcohols to 

carbonyl groups (Figure 1c),[3] (ii) formation of π-allyl (or benzylic) 

intermediates, followed by nucleophilic attack (Figure 1d), [4] and 

(iii) formation of α,β-unsaturated systems (Figure 1e). [5] 

Selectivity of all of these reactions essentially relies on the 

formation of thermodynamically stable products or intermediates. 

Other types of remote functionalizations involving alkene 

isomerization mostly use similar termination strategies or 

formation of bonds at positions where metal-carbon bonds are 

relatively stabilized such as terminal or benzylic positions.[1b,c]  

By taking consideration of the available termination strategies, 

regioselective formation of a simple alkene, which is not 

resonance stabilized, is challenging, because this type of alkene 

can be easily isomerized to give a more thermodynamically stable 

one or a complex mixture of isomers. In fact, we have reported 

the chain-walking cycloisomerization of 1,n-dienes to form five 

 

Figure 1. Functionalization of Alkenes via Chain Walking Using Various 
Termination Strategies. 

-membered ring products but could not control the position of the 

alkene left in the product after chain walking in most cases.[8] In 

order to form an alkene moiety regioselectively after chain walking, 

we envisioned that β-acetoxy elimination can be used, because it 

would irreversibly generate an alkene at the position of the 

acetoxy group. The use of β-acetoxy elimination for selective 

formation of alkene has been reported previously.[9,10] Particularly, 

Sawamura and co-workers developed a palladium-catalyzed 

regioselective allylic arylation via a carbometalation/β-acetoxy 

elimination pathway,[9] and we speculated that incorporation of a 
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chain-walking mechanism to this reaction may lead to 

development of an alkene arylation with formation of a new alkene 

moiety at a remote position. The use of β-elimination of a leaving 

group in reactions via chain walking has been limited to a few 

examples such as Ma’s palladium-catalyzed reaction of allenoic 

acids with alkenes with a remote bromo group, which is 

considered to proceed via allenoic acid cyclization, chain walking, 

and β-bromo elimination (Figure 1f),[11] and the chain walking/β-X 

elimination strategy has not been used for simple alkene arylation 

reactions. 

Here we report that palladium-catalyzed “remote arylative 

substitution” was achieved for the reaction of arylboronic acids 

with alkenes possessing a distant acetoxy group to provide 

arylation products having an alkene moiety at the remote position. 

The use of β-acetoxy elimination as a key step in the catalytic 

cycle allowed for regioselective formation of unstabilized alkenes 

in redox-relay Mizoroki-Heck-type arylation. This reaction was 

applicable to various arylboronic acids and alkene substrates. 

When a reaction of phenylboronic acid (1a) with a terminal 

alkene bearing a remote acetoxy group (2a) was performed in the 

presence of 10 mol % of Pd(OAc)2, 12 mol % of 1,10-

phenanthroline (3a), and 10 mol % of AgSbF6 in 1,2-

dichloroethane (DCE) at 60 ºC for 24 h, using similar reaction 

conditions to Sawamura’s allylic arylation,[9] the remote arylative 

substitution proceeded to form the alkene moiety regioselectively 

and gave the desired arylation product 4aa in 79% GC yield 

(Scheme 1). However, the product was obtained as a 2.2:1 

mixture of linear and branched products. Ligand screening was 

then conducted to improve the linear/branched ratio and pyridine-

isoxazole ligand 3b[12] was found to provide 4aa with 3.5:1 

selectivity in a slightly lower yield. Optimization of the reaction 

conditions further improved the selectivity to 4.0:1 and product 

4aa was obtained in 80% GC yield (Tables S2 and S3). 

 

 

Scheme 1. Remote arylative substitution of terminal alkene 2a with 1a 

With the optimized reaction conditions in hand, the scope of 

arylboronic acids was examined using terminal alkenes with 

various lengths of the methylene chain (Table 1). The reactions of 

homoallyl acetate 2b mostly give the corresponding products in 

good yields with high regioselectivity (entries 1-10). The reaction 

of 2b with phenylboronic acid (1a) provided the product in 82% 

isolated yield with a 8.9 linear/branched ratio (entry 1), which was 

improved to 12:1 and 11:1 for the reaction using 2-methyl- and 3-

methylphenylboronic acids (entries 2 and 3). The electronic effect 

of the substituents were investigated using 4-substituted 

arylboronic acids (entries 4-10), and it was shown that 

introduction of electron-withdrawing groups generally provides 

improved linear/branched ratios. Various reactive functional 

groups including chloro (entry 7), bromo (entry 8), and cyano 

(entry 9) groups tolerated the reaction conditions to offer the 

corresponding products in high yields. A variety of arylboronic 

acids can also be used for the alkenes possessing a longer chain 

of methylene spacers. The reactions of 2a with phenylboronic acid 

1a as well as 2- and 4-substituted arylboronic acids gave the 

corresponding products in 32-91% yields (entries 11-15). 

Terminal alkene 2c, possessing 7 methylene units, can also react 

with 1a via chain walking over 7 carbons to give the corresponding 

product in 64% yield (entry 16). 

 
Table 1. Scope of Arylboronic Acids for the Remote Arylative Substitution 

of Terminal Alkenes.[a] 

 

entry Ar  n time (h) isolated yield (%) l/b 

1 Ph (1a) 1 48 82 (4ab)   8.9 

2 2-MeC6H4 (1b) 1 48 80 (4bb) 12 

3 3-MeC6H4 (1c) 1 72 63 (4cb) 11 

4 4-MeOC6H4 (1d) 1 72 36 (4db)   6.3 

5 4-FC6H4 (1e) 1 48 75 (4eb)   7.5 

6 4-MeC6H4 (1f) 1 72 59 (4fb)   8.3 

7 4-ClC6H4 (1g) 1 48 85 (4gb)   8.0 

8 4-BrC6H4 (1h) 1 48 84 (4hb)   9.7 

9 4-NCC6H4 (1i) 1 48 93 (4ib)   9.8 

10 4-F3CC6H4 (1j) 1 48 75 (4jb) 12 

11 Ph (1a) 3 12 80 (4aa)   4.1 

12 2-MeC6H4 (1b) 3 48 32 (4ba)   5.7 

13 4-MeC6H4 (1f) 3 12 67 (4fa)   3.4 

14 4-NCC6H4 (1i) 3 24 84 (4ia)   4.3 

15 4-F3CC6H4 (1j) 3 24 91 (4ja)   5.2 

16 Ph (1a) 7 12 64 (4ac)   3.0 

[a] Reaction conditions: 1 (0.15 mmol), 2 (0.10 mmol), Pd(OAc)2 (0.010 

mmol), 3b (0.012 mmol), AgSbF6 (0.008 mmol), DCE (60 mL), 60 ºC.  

The reactions of terminal alkenes possessing substituents 

other than a tert-butyl group at the α-position of an acetoxy group 

are shown in Scheme 2. The substrate having an isopropyl group 

(2d) gave the corresponding phenylation product 4ad in 62% yield 

with a 9.7 linear/branched ratio, which was improved to 12 for the 

reaction with 4-trifluoromethylphenylboronic acid (1j). Higher 

linear/branched ratios were observed for the reaction of an alkene 

possessing a phenyl group (2e) with 1a and 1j. Substrates derived 

from tertiary alcohols were also applicable to this reaction. While 

the reaction of cyclohexane derivative 2f with 1b gave product 4af 

in 76% yield with a linear/branched ratio of 21, installation of a 

homoprenyl group on an aromatic ring was achieved in the 

reaction of 1j with α,α-dimethylhomoallyl acetate 2g to give 

product 4jg in 63% yield with a 26 linear/branched ratio. 
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Scheme 2. Scope of terminal alkenes for the remote arylative substitution. 

Reaction conditions: 1 (0.15 mmol), 2 (0.10 mmol), Pd(OAc)2 (0.010 mmol), 3b 

(0.012 mmol), AgSbF6 (0.008 mmol), DCE (60 mL), 60 ºC.  

The proposed catalytic cycle for this arylation is shown in 

Figure 2. Transmetallation between acetoxypalladium species A 

with arylboronic acid 1 generates arylpalladium species B. 

Coordination of 2 and 2,1-insertion gives alkylpalladium species 

D. After chain walking of the palladium center (D to E) , β-acetoxy 

elimination provides 4 with regenerating acetoxypalladium 

species A. A key for the success of this reaction is that chain 

walking occurs by the nondissociative mechanism where alkene 

exchange does not take place before β-acetoxy elimination, 

because alkene exchange during the chain walking process 

would provide a palladium hydride species with a substrate, which 

leads to the formation of byproducts without an aryl group. 

 

 

Figure 2. A proposed catalytic cycle. 

Based on the proposed catalytic cycle, the reaction may be 

applicable to alkene substrates possessing a leaving group other 

than acetoxy group. Consequently, the reaction was examined 

using substrates possessing various leaving groups (Scheme 3). 

While the reaction of 1a with benzoate 5 and phenyl ether 6 

provided arylation product 4ab in 67 and 50% yields, respectively, 

trifluoroacetoxy, butoxy, and phthalimidyl groups were not 

applicable as leaving groups to this reaction to give less than a 

trace amount of 4ab.[13] 

 

Scheme 3. Remote arylative substitution with benzoate 5 and phenyl ether 6 

Next, we explored the reactivity of substrates having 1,1-

disubstituted alkenes. After optimization of the reaction conditions 

(Table S4), it was found that the remote arylative substitution of 

1,1-disubstituted alkene 2h with 1a provided phenylation product 

4ah with exclusive regioselectivity in 77% isolated yield (82% GC 

yield), when the reaction was conducted in acetone using 3a as a 

ligand (Table 2, entry 1). Regioselective formation of C–C bonds 

at the terminal position for insertion of 1,1-disubstituted alkenes 

to Pd–Ar bonds in a redox-relay Mizoroki-Heck-type reaction was 

reported by Sigman and coworkers.[3d] A variety of arylboronic 

acids 1 bearing electron-donating and –withdrawing groups were 

applicable to this reaction and provided the corresponding 

products in high yields (entries 2-11). The reactions of 1,1-

disubstituted alkenes possessing an isopropyl group (2i) and two 

methyl groups (2j) instead of a tert-butyl group gave products 4ai 

and 4aj in 57 and 53% yields, respectively (entries 12 and 13). 

Homoallyl acetate 2k and an alkene substrate possessing 8 

methylenes (2l) also reacted with 1a to furnish phenylation 

products 4ak and 4al  in good yields (entries 14 and 15). 
 

Table 2. Remote Arylative Substitution of 1,1-Disubstituted Alkenes.[a] 

 

entry Ar  2 m R R’ time 
(h) 

isolated 
yield (%) 

1 Ph (1a) 2h 2 tBu H   4 77 (4ah, 
82)[b] 

2 2-MeC6H4 (1b) 2h 2 tBu H   8 78 (4bh) 

3 3-MeC6H4 (1c) 2h 2 tBu H 20 78 (4ch) 

4 4-MeOC6H4 (1d) 2h 2 tBu H   8   75 (4dh) 

5 4-FC6H4 (1e) 2h 2 tBu H 20 75 (4eh) 

6 4-MeC6H4 (1f) 2h 2 tBu H   4 79 (4fh) 

7 4-ClC6H4 (1g) 2h 2 tBu H   8 77 (4gh) 

8 4-BrC6H4 (1h) 2h 2 tBu H   2 75 (4hh) 

9 4-NCC6H4 (1i) 2h 2 tBu H   4 74 (4ih) 

10 4-F3CC6H4 (1j) 2h 2 tBu H   8 73 (4jh) 

11 4-O2NC6H4 (1k) 2h 2 tBu H   4 73 (4kh) 

12 Ph (1a) 2i 2 iPr H   3 57 (4ai) 

13 Ph (1a) 2j 2 Me Me   4 53 (4aj) 

14 Ph (1a) 2k 0 tBu H   4 67 (4ak) 

15[c] Ph (1a) 2l 7 tBu H   4 65 (4al) 

[a] Reaction conditions: 1 (0.75 mmol), 2 (0.5 mmol), Pd(OAc)2 (0.05 mmol), 

1,10-phenanthroline (0.06 mmol), AgSbF6 (0.05 mmol), acetone (10 mL), 

60 ºC. [b] GC yield is shown in parentheses. [c] 1 (0.15 mmol), 2 (0.1 mmol), 

Pd(OAc)2 (0.01 mmol), 1,10-phenanthroline (0.012 mmol), AgSbF6 (0.01 

mmol), acetone (10 mL), 60 ºC. 
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The remote arylative substitution was applied to the synthesis 

of MPAQ, an antifungal agent isolated from hairy roots of 

Sesamum indicum (Scheme 4).[14] The reaction of boronic acid 1l 

with 2g at 80 ºC for 4 days provided MPAQ (4lg) in 54% yield with 

an excellent linear/branched ratio. This result demonstrates the 

utility of the reaction for facile installation of an alkyl group 

containing an alkenyl moiety, such as homoprenyl group, onto 

aromatic rings. 

 

 

Scheme 4. Synthesis of MPAQ by the remote arylative substitution 

One of the features of the reactions proceeding via 

nondissociative chain walking is that the configurations of the 

stereocenters present on the alkyl chain where migration of metal 

catalysts are maintained.[2d,3d,15] The reaction of 1a with chiral 

alkene substrate (S)-2m (94% ee) provided the corresponding 

product (R)-4am with 92% ee (Scheme 5). The high level of 

retention of the stereochemitry supports the involvement of the 

nondissociative chain walking process for the remote arylative 

substitution.  

  

 

Scheme 5. Remote arylative substitution of chiral alkene substrate (S)-2m. The 

enantiomeric excess of (R)-4am was determined by chiral HPLC analysis after 

ozonolysis, reduction, and esterification with 3,5-dinitrobenzoyl chloride. 

In summary, we developed the palladium-catalyzed remote 

arylative substitution of alkenes bearing an acetoxy group. The 

reaction with various alkenes possessing a distant acetoxy group 

provided arylation products having an alkene moiety at the remote 

position. A variety of arylboronic acids were also applicable to this 

reaction. Future studies utilizing this “addition/chain 

walking/elimination” strategy to other reactions are in progress.  
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