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Abstract: The synthesis of allyl-substituted functional aryl compounds is one of
the challenges existing in organic chemistry. Herein, we report a method for
constructing allyl-substituted aryl boron compounds through nickel-catalyzed
reductive allyl-aryl coupling between borylated aryl triflates and allyl alcohols.
The method exhibits good substrate applicability under mild conditions. The
synthetic utility of the method is highlighted by its gram-scale reaction,
modification of complex molecules, and diverse transformation of the products.
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Introduction

Allyl aromatic hydrocarbons are widely found in natural products (Scheme 1),
some of which are biologically and pharmacologically active»2.Among the
active molecules, the introduction of allyl structures into the molecular

structure can improve the bioactivity and bioavailability of natural product



molecules, as the lipophilicity of allyl groups can increase the affinity for
binding to proteins and the permeability of membranes®4l. Allyl groups, as
active organic functional groups, contribute to the construction of structurally
diverse aryl compounds®€l. At present, allylation of aryls is a commonly used
method for the synthesis of allyl substituted aromatic compounds!’8l.
Traditional aryl-allylation reactions are accomplished through the coupling of
aryl halides with allylic metals!®1% or the allylation of aryl metals with allylic
halides['?15 (Scheme 2a), as well as the allylation of aryl electrophiles with
allylic derivatives!'¢18 (Scheme 2b). Although these reactions have good
reactivity, the sensitivity of metal reagents to air or water limits the diversity of
products.In addition, allyl derivatives need to be preactivated, which reduces
the economic efficiency of the reaction. Therefore, developing a new strategy
for efficiently constructing functionalised allyl-aryl molecular skeletons is an

important research hotspot.
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Scheme 1 Prenylated natural products

In recent years, selective electrophilic cross-coupling has become an efficient
method for constructing carbon-carbon bonds and has attracted considerable
attention*®-21. Compared with traditional nucleophilic cross-coupling reactions
involving nucleophiles?223],  electrophilic cross-coupling reactions overcome
the shortcomings of traditional nucleophiles, which are sensitive to air or
moisture. They feature inexpensive and abundant raw materials, simple and
mild conditions, and rich product structures, and are widely used in organic
synthesis[?426. Through a electrophilic cross-coupling strategy, chemical
bonds such as  C(sp3)-C(sp3)i7-31, C(sp2)-C(sp2)32-34], and
C(sp2)-C(sp3)13>27 can be constructed, which have broad application value. In
2018, Shu's research group reported the co-catalysis of nickel and Lewis acids

in the allylation of alkenols and aryl bromides[®®], synthesising a series of



allylated aromatic compounds with diverse molecular structures. This
demonstrated the important application of the electrophilic cross-coupling
strategy in allylation reactions and provided new insights into the allylation of

aromatic compounds.

@ Aryl allylation reactions involving metal reagents
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M = B, Si, Zn, Mg Sn... X =Br, I...

b Allylation reactions involving electrophilic reagents and allyl derivatives
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X=8Br, I... M =-OAc, Br...

®The functional allylation reaction of allyl alcohol with boroarylsulfonate ester (This work)
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Scheme 2 Aryl allylation reaction

Arylboron reagents combine the characteristics of aromatic hydrocarbons and
organoboron compounds, exhibiting broad applications in organic synthesis,
materials chemistry, medicinal chemistry, and related fields!3°-44. Arylboron
reagents serve as crucial precursors for the site-selective functionalization of
aromatic rings and the synthesis of functionalized aryl compounds. The
introduction of allyl groups at the meta-position of arylboron reagents is of
significant importance for constructing structurally diverse pentenylated

aromatic hydrocarbons*243, We propose that the construction of



allyl-substituted arylboron frameworks can be achieved through electrophilic
coupling between pre-functionalized boron-containing aryl electrophiles
derived from phenols and allyl alcohols (Scheme 2c). In this work, we
demonstrate a convenient synthetic route for the one-step site-selective
construction of allyl-substituted arylboron frameworks via a reductive coupling
strategy, employing boron-containing aryl sulfonates as starting materials and
allyl alcohols as allylating reagents, thereby enriching the structural diversity of

pentenylated aromatic hydrocarbons.

Results and discussion

The Shu group successfully achieved the cross-coupling of aryl bromides with
allyl alcohols to synthesize allylated compounds via a nickel-catalyzed
electrophilic  cross-coupling  strategy®®, demonstrating that Lewis
acid-mediated activation of allyl alcohols enables the construction of
allyl-substituted aromatic compounds.We recently achieved the coupling of
boron-substituted bromoethylene with alkenyl sulfonates via a nickel-catalyzed
double oxidative addition process, affording 1,3-conjugated alkenylboron
compounds!*Y, thereby enabling the application of readily available sulfonate
electrophiles in the synthesis of boron-containing compounds. Subsequently,
we focused on a more challenging project: the cross-coupling of
boron-substituted aryl sulfonates with allyl alcohols to synthesize
allyl-substituted boron-containing aromatic hydrocarbons. We initiated our
investigation by examining the reaction between cinnamyl alcohol (1a) and
boron-substituted aryl sulfonate (2a) (Table 1). After extensive optimization,
we identified the optimal reaction conditions as NiBrz2 (10 mol%), bpy (L1, 10

mol%), Mn (3.0 equiv), AICIs (10 mol%) in DMA solvent at 30°C, affording the



target product in 82% isolated yield (Entry 1). While other nickel catalysts
(Entry 2-4) also provided satisfactory yields, they proved slightly less effective
than NiBr2 .Bidentate ligands demonstrated high reaction yields (Entry 5-7),
with  electron-rich ligands exhibiting better performance than their
electron-deficient counterparts.The use of terpyridine ligands resulted in
diminished product yields.The reaction yield significantly decreased when Zn
was employed as the reductant (Entry 10). No reaction was observed in the

absence of either nickel catalyst or reducing agent.

Table 1. Optimization of the reaction conditions.?2

Bp|n NiBrz 10 mol%

N"oH N bpy (L1) 10 mol% X Bpin
Mn (3 eq.),

oTf AICI3 (10 mol%)

1a 2a DMA, 30 °C, 24 h 3a
Entry Change from standard conditions 3a (%)
1 none 86(82)°
2 Ni(diglyme)Br2 instead of NiBr2 82
3 Ni(dme)Clz instead of NiBr2 76
4 Ni(COD)2 instead of NiBrz 72
5 L2 instead of L1 81
6 L3 instead of L1 26
7 L4 instead of L1 68
8 L5 instead of L1 32
10 Zn instead of Mn 21
11 no Ni or Mn 0

N N
L1 L2 L3 L4 L5



@1a (0.1mmol) and 2a (1.5 equiv) were used.The yields were determined by GC
analysis with dodecane as an internal standard.; ®2a (0.2 mmol) was used, and

isolated yield is given.

Aryl sulfonates exhibit superior reactivity compared to aryl bromides, along
with easier accessibility, making them more suitable for constructing aryl allyl
boron structural motifs. Consequently, under our optimized conditions, we
expanded the structural diversity of allyl-substituted arylboron compounds.
Given the widespread applications of meta-substituted aryl allyl moieties in
bioactive molecules!*?, we investigated the substrate scope of allyl alcohols
using meta-boron-substituted aryl sulfonates. The target product was obtained
in 82% isolated yield when cinnamyl alcohol was employed as the allylating
reagent. We also conducted the reaction on a gram scale, achieving a yield of
74% (3a). Excellent yields were obtained when allyl alcohols bearing
electron-donating groups on the aryl moiety were employed (3b-3f), while
slightly diminished reactivity was observed with those containing
electron-withdrawing substituents (3h-3j). The exclusive formation of linear
products from branched allyl alcohols (3f, 3j) suggests the involvement of
m-allylnickel intermediates. Notably, allyl alcohols bearing extended
conjugated systems afforded the product in 81% yield (3g). The reaction yield
decreased when ortho-substituted allyl alcohols were employed (3c),

indicating steric hindrance affects the reaction efficiency. Heterocyclic allyl



alcohols, including furan (3k), pyridine (3l), indole (3m), and carbazole (3n)
derivatives, also afforded good yields.Although the reaction yield with a-methyl
substituted alcohol is relatively low, the substrate with phenyl substitution gave
only the linear (E)-product(30). Pentenylated aromatic hydrocarbons are
present in numerous bioactive molecules, and their synthesis has been
extensively investigated!“®l, This structural motif could be constructed using
isoprene diol, albeit with inferior reaction efficiency (3p). The reaction
proceeded in 78% yield when B-methylenephenethyl alcohol was employed as
the substrate (30).Excellent yields were obtained with para-boron-substituted
aryl sulfonates (3r, 3s), while only moderate yields were achieved when

ortho-boron-substituted aryl sulfonates were employed (3t).

Table 2. Scope of the reaction with allyl alcohol and borylated aryl triflates?
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Bu Bpin
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L,
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aConditions as shown in Table 1, entry 1; borylated aryl triflates (0.3 mmol, 1.5

equiv) were used; isolated yields is given.

Application

The mild reaction conditions and the ubiquitous presence of allyl moieties in

natural products render this method particularly suitable for the

functionalization of structurally complex bioactive molecules.For instance, the
allyl alcohol derived from a fluvastatin intermediate (a cholesterol-lowering
drug) readily reacted with boron-substituted aryl sulfonates to afford the

corresponding  boron-functionalized aryl  product(4). The diverse

transformation scope of allyl-substituted arylboron compounds is illustrated in



Scheme 3b. The arylboron moiety underwent Suzuki coupling with aryl
bromides, as exemplified by the reaction of 3a with bromobenzene to afford
allyl-substituted biphenyl compound (5) in 72% yield.Furthermore, the
arylboronate esters could be transformed into various functional groups,
including bromides (6) and phenols (7), which should significantly enhance the
practical utility of this methodology in cross-coupling applications.

Allyl-substituted arylboronates underwent Chan-Lam coupling with oxazoles.

B Modification of biologically active molecules?

F F
Q. > >
Ay NaBH, o see scheme 1 N Bpin
= MeOH = O

O N7/ O N7/ 2a15eq.24h O N7/

TAr—BrC
(@)
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Scheme 3. 2Synthetic applications. aConditions as shown in Table 1, entry 1;
isolated yields is given. ?’See Supporting Information for detailed conditions.
¢3a (0.2 mmol), ArBr (1.5 equiv), Pd(PPhs)4 (5 mol%), potassium carbonate (2

equiv, 0.4 mmol), DMF (1 mL), H20 (50 ul), 80 °C. 93a (0.2 mmol), CuBr2 (2
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equiv), DMF/H20(1:1), 90 °C. ¢3a (0.2 mmol), H202 (1 equiv, 30% in H20),
H20-EtOH(1:2), rt. '3a (0.2 mmol), 2-Oxazolinone (0.67 equiv), CuF2 (5 mol%),

DTBP(2 equiv), MeOH, rt.

Building upon previous studies, we propose our reaction mechanism.
Manganese powder reduces Ni(ll) to Ni(0). The boron-substituted aryl
sulfonate first undergoes oxidative addition with Ni(0) to form the arylnickel(ll)
intermediate A, which is subsequently reduced by manganese powder to
arylnickel(l) B. This intermediate then undergoes migratory insertion into the
Lewis acid-activated allyl alcohol C to afford the arylnickel(lll) intermediate D,
followed by reductive elimination to yield the target product along with Ni(l)-OTf,

which is reduced by manganese powder to re-enter the catalytic cycle.
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Scheme 5. Proposed mechanism.

Conclusion

In summary, we have developed an efficient method for synthesizing
allyl-substituted arylboron reagents through a nickel-catalyzed reductive
coupling strategy between boron-substituted aryl sulfonates and allyl
alcohols.This method exhibits broad substrate scope, excellent functional
group tolerance, and compatibility with various heterocycles, significantly
expanding the structural diversity of allyl-substituted aromatic compounds.The

approach enables further transformations and derivatizations of

12



allyl-substituted arylboron compounds, offering new possibilities for the

structural modification of allylated aromatic systems.

Experimental

The procedure was conducted in an argon-filled glove box. To a reaction tube
equipped with a magnetic stir bar was charged with NiBr2 (4.4 mg, 10 mol%),
bpy (3.1 mg, 7 mol%), AICI3 (2.7 mg, 10 mol%), Mn (33 mg, 3.0 equiv) and a
solution of allyl alcohol 1 (0.2 mmol) and borylated aryl triflates 2 (0.3 mmol) in
DMA (1.0 mL). and then were added solvent (0.5 mL). The reaction tube was
sealed with a rubber septum, and removed from the glove box. The reaction
mixture was stirred at 30 °C for 24 h. It was diluted with ethyl acetate (10 mL),
washed with water, brine, dried over anhydrous Na2SOa4, and concentrated in
vacuum. The residue was purified by flash chromatography on silica gel to

afford the desired product 3

Supporting Information

Supporting Information is available and includes parts of the detailed experimental
procedures, characterization data, and copies of 1H and 13C NMR spectra for new

compounds.
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