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Summary of main observation and conclusion  An efficient Pd-catalyzed three-component coupling reaction of allyl carboxylates, norbornenes and 
diboronates is described, which allows efficient assembly of C(sp

3
)‒C(sp

3
) and C(sp

3
)‒B bonds in a single process. Moreover, this approach shows 

advantages of good chemo- and regioselectivity, as well as good substrates suitability.. 

 

Background and Originality Content 

Norbornene derivatives, a group of inexpensive and practical 
organic molecules, are widely applied in the acquisition of 
biologically active molecules, functional polymers, 
solar-energy-storage materials and synthetic intermediates.[1] 
Consequently, turning norbornene derivatives into multiple new 
desired skeletons with high efficiency has emerged as an 
attractive goal in modern organic synthesis.[2] In recent years, 
continuous studies in the construction of C‒C, C‒N, C‒X bonds by 
functionalization of norbornene derivatives in a two-molecule 
reaction systems have been carried out by our group (Scheme 1).[3] 
However, a palladium-catalyzed norbornene-involved 
three-component coupling reaction is relatively rare and still 
remains a challenging research area.[4] 
 
Scheme 1  Constructing C‒C, C‒N, C‒X bonds in two-molecule reactions  

 

  On the other hand, the use of various nucleophiles to capture 
σ-alkyl Pd(II)-intermediates has been demonstrated to be a facile 
route to construct various carbon-carbon bonds[5] or/and 
carbon-heteroatom bonds[6]. And several reports have elegantly 
demonstrated that σ-alkyl Pd(II)-intermediates can be readily 
trapped by B2pin2.[7] Meanwhile, π-allyl Pd(II)-intermediates are 
susceptible to take coupling reactions with nucleophiles to form 
C‒C[8], C‒Si[9], C‒N[10], C‒O[11], C‒P[12], C‒S[13], C‒B[14] bonds 
(Scheme 2a). Based on our investigation into the insertion of 
norbornene derivatives in a palladium-catalyzed reaction 
system[2,3,15] and boration of alkenes[16], we anticipated that 
norbornenes can coordinate with π-allyl Pd(II)-intermediates to 
form σ-alkyl Pd(II) intermediates and they were stable enough to 
take subsequent conversion.[3a,4,5b,15,17] Therefore, we envisioned 
that a three-component coupling reaction of allyl carboxylates, 
norbornenes and boron nucleophiles can proceed smoothly under 
palladium catalysts. Accordingly, the coupling product of allyl 
carboxylate and boron nucleophile could be circumvented for the 

sake of the effective coordination between π-allyl 
Pd(II)-intermediates and norbornene. In this way, the reaction 
pathway can be diverted to difunctionalized products from the 
three components chemo- and regioselectively, which allows 
sequential construction of C(sp3)-C(sp3) bond and C(sp3)-B bond in 
a single operation effectively (Scheme 2b). 

 
Scheme 2  Coupling of π-allyl Pd(II)-intermediate ornene.  

 

 

 

 

 

 
 
 
 

Results and Discussion 

   Our initial investigations of this Pd-catalyzed olefin 
insertion and borylation reaction were commenced with 
3-phenylallylacetate (1a), norbornene (2a) and 
bis(pinacolato)diboron (3a) as model substrates. Firstly, when the 
reaction was carried out in the presence of 5 mol% of Pd(PPh3)4 in 
toluene at 90 oC under N2 atmosphere, the coupling products 
4aaa and 5aaa could be detected by GC in less than 5% yield at 
the same time (Table 1, entry 1). Further investigation revealed 
that this coupling reaction was sensitive to solvents. Among them, 
1,4-dioxane, DMF, DCE were not beneficial, and low efficiency of 
the desired product formation was observed (entries 2-4). 
Although DMSO, MeCN and MeNO2 were able to promote the 
conversion well, the generation of two products was unselective 
(entries 5-7). To our delight, when alcohol solvents were 
examined, the reaction in ethanol, n-propanol mainly afforded 
4aaa (entries 8-9), while the one in tert-butanol mainly afforded 
5aaa (entry 10). Then, different temperatures were also tested 
(entries 11-14). Obviously, 90 oC was a suitable temperature 
relatively (entry 10). Further investigation on additives showed 
that alkaline additives largely inhibited the conversion (entries 15- 
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Table 1  Conditions optimization
a 

 
 
 
 
 
 

Entry Solvent  
Temperature

(
o
C) 

Additive 

(equiv) 

GC Yield (%)
b
 

4aaa 5aaa 

1 Toluene 90 ‒ <5 <5 

2 1,4-Dioxane 90 ‒ n.d. <5 

3 DMF 90 ‒ n.d. n.d. 

4 DCE 90 ‒ n.d. 0 

5 DMSO 90 ‒ 32 59 

6 MeCN 90 ‒ 44 42 

7 MeNO2 90 ‒ 52 40 

8 EtOH 90 ‒ 61 15 

9 n-PrOH 90 ‒ 70 9 

10 tert-BuOH 90 ‒ 12 58 

11 n-PrOH 70 ‒ 62 13 

12 n-PrOH 80 ‒ 65 9 

13 n-PrOH 100 ‒ 55 27 

14 n-PrOH 110 ‒ 53 26 

15 n-PrOH 90 NaOAc (1) <5 n.d. 

16 n-PrOH 90 K2CO3 (1) 13 7 

17 n-PrOH 90 Cs2CO3 (1) <5 26 

18 n-PrOH 90 HOAc (1) 68 <5 

19 n-PrOH 90 PivOH (1) 62 <5 

20 n-PrOH 90 Zn(OTf)2 (1) 76 n.d. 

21 n-PrOH 90 Zn(OTf)2 (0.2) 82(77) n.d. 

22
c
 n-PrOH 90 Zn(OTf)2 (0.2) 84 n.d. 

a
Reaction conditions: (1) 1a (0.2 mmol), 2a (0.24 mmol), 3a (0.24 mmol), 

Pd(PPh3)4 (5 mol%), solvent (1 mL), N2 atmosphere, 12 h.
 b

GC yield using 

dodecane as internal standard, n.d. = not detected. 
c
1.5 equiv B2pin2 was 

added. 

17), while acid additives promoted the transformation slightly 
(entries 18-19). Fortunately, when 1 equivalent of Zn(OTf)2 was 
added, the reaction selectively afforded 4aaa with a 76% GC yield 
(entry 20). Efficient three-component coupling product formation 
was observed, giving the corresponding product 4aaa in 82% yield 
when the amount of Zn(OTf)2 was reduced to 0.2 equivalent 
(entry 21). Herein, we think that acids and Zn(OTf)2 may play a 
role in inhibiting the production of by-product (5aaa). Subsequent 
experiment showed that GC yield of 4aaa did not increase 
significantly when 1.5 equivalent of B2pin2 was added (entry 22). 
Above all, we determined the optimized conditions of the 
palladium-catalyzed three-component coupling reaction: allyl 
carboxylate (1a, 0.2 mmol), norbornene (2a, 1.2 equiv), 
bis(pinacolato)diboron (3a, 1.2 equiv), Pd(PPh3)4 (5 mol%), 
Zn(OTf)2 (20 mol%), n-propanol (1 mL), N2 atmosphere, 90 oC, 12 
h. It is worth to mentioning that the transformation proved to be 
totally affording exo-product (confirmed by X-ray 
crystallography).[18]  
 
 
 
 

Table 2  Substrate scope for allyl alkanoates 1
a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a
Reaction conditions: 1 (0.2 mmol), 2a (0.24 mmol), 3a (0.24 mmol), 

Pd(PPh3)4 (5 mol%), Zn(OTf)2 (20 mol%) in 1 mL n-propanol at 90 
o
C, under 

N2 atmosphere, for 12 h. N.D. = not detected. 

 
   After the optimal conditions were determined, various 
3-arylallylacetates were employed to explore the scope of this 
reaction firstly (Table 2). For the para-position of the phenyl ring, 
the substrates bearing electron-donating groups such as methoxy 
(1b), methyl (1c), tert-butyl (1d) and phenyl (1e) showed well 
tolerable and affording the desired products in 72-82% yields 
(4baa-4eaa). By contrast, the one bearing electron-withdrawing 
groups such as fluoro (1f), chloro (1g), nitro (1i), cyano (1j) and 
trifluoromethyl (1k) were converted to the desired products in 
65-73 yields (4faa, 4gaa, 4iaa, 4jaa, 4kaa). It is worth noticing that 
the corresponding product of 4-bromo substituted substrate (1h) 
could not be obtained. And the result might be due to that the 
C(sp2)-Br bond of the substrate (1h) would affect the oxidative 
addition of C(sp3)-O bond. Pleasingly, meta- (1l-1n) and 
ortho-substituted 3-arylallylacetates (1o-1p) converted into the 
desired products in considerable yields successfully (4laa-4paa). 
Disubstituted substrates, such as 2,4-dimethyl substrate (1qaa) 
and 3,5-dichoro substituted substrate (1raa) could efficiently 
participate in this transformation giving 4qaa and 4raa in 83% 
yield and 57% yield respectively. To our delight, heteroaryl 
substrate (1s) was also tolerated in this protocol. Finally, the 
substrate gave no corresponding product when γ-position was 
replaced by methyl group (1t) or dimethyl group (1u), which 
might be owing to that the corresponding π-allyl 
Pd(II)-intermediate would undergo β-hydride elimination.[19] 

 
In addition, different norbornene analogues 2 and boronates 3 

were also investigated to explore the scope of this reaction under 
optimized conditions. As shown in Table 3, norbornadiene (2b) 
and 2,3-diester substituted norbornene (2c) could not undergo 
the transformation. Fortunately, the reaction of 
1,2,3,4-tetrahydro-1,4-epoxynaphthalene (2d) afforded the 
desired product (entry 4, 4ada) in 44% yield, which was 
unambiguously confirmed by X-ray crystallography.[18] We have 
also examined other boron nucleophiles such as 2,2'- 
biphenyl[d][1,3,2]dioxaborane (3b), 5,5,5',5'-tetramethyl-2,2'-co( 
1,3,2-dioxaborolane) (3c), wherein, 3b could not convert to the 
desired product, and 3c participated efficiently giving the desired 
product 4aac in 77% yield.  

 
Next, the substrate scope was further extended to other allyl 

compounds (Table 4). The substrates bearing formyl underwent 
this unique transformation smoothly, while the one bearing 
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chloro (1y), bromo (1z) and p-methanesulfonyloxy (1z1) group 
were not suitable, which can be attributed to its beneficial effect 
of the borylation step.[20] 

Table 3  Substrate scope for norbornene analogues 2 and diboronates 3
a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a
Reaction conditions: 1 (0.2 mmol), 2a (0.24 mmol), 3a (0.24 mmol), 

Pd(PPh3)4 (5 mol%), Zn(OTf)2 (20 mol%) in 1 mL n-propanol at 90 
o
C, under 

N2 atmosphere, for 12 h. N.D. = not detected. 

Scheme 3. Mechanistic studies 
 

 

 

 

 

 

 
 
 
   To gain more insight into the mechanism, some control 
experiments were performed (Scheme 3). The starting material 1a 
did not undergo this transformation without adding palladium 
catalysts, which indicated that Pd(PPh3)4 played a catalytic role in 
this reaction (Scheme 3, a). Moreover, when allyl carboxylate (1a) 
was replaced by the coupling product 5aaa, the desired product 
4aaa could not be de-tected, indicating that 5aaa could not be an 
intermediate of this process (Scheme 3, b). 
 

Scheme 4  Tentative mechanism 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   On the basis of the above-mentioned results and previous 

reports[7,8,14-17,20,21], we proposed a tentative mechanism 
(Scheme 4). Firstly, oxidative addition of allyl carboxylate to Pd0 
formed π-allyl Pd(II)-intermediate I-1, followed by coordinating 
with norbornene 2a and a syn-addition of I-1 to carbon-carbon 
double bond to produce σ-alky Pd(II)-intermediate I-2. Then, I-2 
was captured by bis(pinacolato) -diboron 3a to give σ-alkyl 
Pd(II)-intermediate I-3. Subsequent reductive elimination of I-3 
afforded 4aaa and released Pd0. 

Conclusions 

In summary, we have developed an efficient approach for the 
synthesis of 2-allylnorbornyl boronates via palladium-catalyzed 
three-component coupling reaction of allyl carboxylates, 
norbornenes and diboronates. The readily available starting 
materials, good selectivity and considerable yields make this 
protocol synthetically useful. 

Experimental 

In a 50 mL sealing tube equipped with a magnetic stirring bar and 
a reflux condenser was added allyl bis(pinacolato)diboron 3 (0.24 
mmol), Pd(PPh3)4 (0.01 mmol, 5 mol%), Zn(OTf)2 (0.04 mmol, 20 
mol%), carboxylates 1 (0.2 mmol), a solution of norbornene 2 
(0.24 mmol) and n-propanol (1 mL) under N2 atmosphere at room 
temperature. The resulting mixture was stirred at 90 °C for 12 h. 
After the reaction mixture was cooled to room temperature, 
added 10 mL water, extracted with ethyl acetate (3 × 10 mL). The 
combined organic layers were dried over NaSO4, filtered and 
concentrated in vacuum to give the crude product. GC yields were 
determined by gas chromatography using decane as an internal 
standard. Purification was achieved by flash chromatography. 
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