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Bn benzyl 

DCE 1,2-dichloroethane 

DME 1,2-dimethoxyethane 

DMF N,N-dimethylformamide 

dppf 1,1'-bis(diphenylphosphino)ferrocene 

HBdan 1,8-diaminonaphthaleneborane 

HBpin pinacolborane 

Me4phen 3,4,7,8-tetramethyl-1,10-phenanthroline 

phen 1,10-phenanthroline 

THF tetrahydrofuran 

Ts tosyl 

dba dibenzylideneacetone 
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1 -

(Fig. 0.1)  

 

Fig. 0.1. Mechanism of chain walking 

 

Brookhart 1995
2

3

4  
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1,n-

(Fig. 0.2)1b-d

C–Pd

C–C

 

 

 
Fig. 0.2. Palladium-catalyzed cycloisomerization of 1,n-dienes via chain walking 
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(Remote Functionalization) 5

1974

Schwartz

(Fig. 0.3, A)6a 1990

(Fig. 0.3, B)6b,c

7

 

 

 

Fig. 0.3. Remote functionalization of alkenes 
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Heck 8

(Fig. 0.4, A)

(Fig. 0.4, B) DFT

8d  

 

Fig. 0.4. Redox-relay Mizoroki-Heck reaction 
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(Fig. 0.5, A)

(Remote Difunctionalization of Alkenes)

(Fig. 0.5, B)9

10

 

 

Fig. 0.5. Catalytic remote difunctionalization of alkenes 
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2

(Fig. 0.6, A)

(Fig. 0.6, B)  

 

 

Fig. 0.6. Challenges for catalytic remote difunctionalization of alkenes 
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1991

2

(Fig. 0.7)9a -

9b,c  

 
Fig. 0.7. Palladium-catalyzed arylation/remote carbofuntionalization of unconjugated dienes 
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2018 1,3-

(Fig. 0.8)11e

 

1,3- 11

-

 

 

 
Fig. 0.8. Nickel-catalyzed 1,3-dicarbofuntionalization of  

allylamines bearing pyrimidine directing group   
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1,n-

(Fig. 0.2) 12

(Fig. 0.9)13

C–Si C–Pd Fig. 0.2

 

 

 
Fig. 0.9. Palladium-catalyzed hydrosilylation/cyclization of 1,n-dienes via chain walking 
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(Fig. 0.9) 2
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– ( C–B )

4 14  

Yin 2019

1,4-

(Fig. 0.10)14a

-

 

 

Fig. 0.10. Palladium-catalyzed arylation/remote boration of 1,4-cyclohexadienes 

 

- -1

(Fig. 0.11) 14b

-

1,3- 14c  

 

Fig. 0.11. Nickel-catalyzed boration/remote arylation of arylalkenes 
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(Fig. 0.12) 14d

1,4- 1

 

C–B

 

 

 

Fig. 0.12. Nickel-catalyzed boration/remote alkylation of heterocyclic alkenes 
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C–B

(Fig. 0.13, A)15

1,1- (Fig. 0.13, 

B) 16a 1,1- (Fig. 0.13, C)16b

1,1-  

 

 

 

Fig. 0.13. Potential drawback: stabilization of alkyl complexes by -boryl group 
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1,n-

(Fig. 0.14)

C–B

C–B

 

 

 

Fig. 0.14. Palladium-catalyzed hydroboration/cyclization of 1,n-dienes via chain walking 
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1,6- (Fig. 0.15)

1,6-

 

 

 
Fig. 0.15. Palladium-catalyzed hydroboration/cyclization of 1,6-dienes 
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1,n-

(Fig. 0.16) 1,6-

–

1,n- (n > 6) C–B, C–C, C–B 3

 

2

 

C(sp3)–H C(sp3)–B

 

 
Fig. 0.16. Palladium-catalyzed remote diborylaton/cyclization of 1,n-dienes 
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(Fig. 0.17)

 

 

Fig. 0.17. Palladium-catalyzed remote diborylation of allylbenzene 
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1,n-  

 

 

2019 1,n-

(Fig. 1.1)13

C–Si C–Pd

C–

C

 

 

 
Fig. 1.1. Palladium-catalyzed hydrosilylation/cyclization of 1,n-dienes via chain walking 
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17

1,n-

(Fig. 1.2)  

 
Fig. 1.2. Working hypothesis for palladium-catalyzed hydroboration/cyclization of 1,n-dienes 

via chain walking 
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6b,18 1992 Evans Rh (HBcat)

(Fig 1.3)18a

 

 

 

Fig. 1.3. Rhodium-catalyzed terminal-selective hydroboration of internal alkenes 

 

Srebnik Rh (HBpin)

(Fig 1.4)6b Rh

18d Rh

 

 

 

Fig. 1.4. Rhodium-catalyzed efficient terminal-selective hydroboration of internal alkenes 

using HBpin as a hydroborane 
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C–B

Yin 4 14

-
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C–B

1,n-
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1  

§ 1.1.1.  

1,n- 3,4,7,8-

(3a) 1,8- (1a)

(HBpin, 2a)

4aa (Fig. 1.5)  

2

(A) (B) (C)

(D)

(E) 4aa 2

 

 

 
Fig. 1.5. Initial attempt 
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§ 1.1.2.  

GC 4aa
(D, E)

1c

( GPC )

(D)

(E)

GPC

4aa (eq. 1.1)  

 

 

(1.1) 
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§ 1.1.3.  

(Table 1.1)19 1,10-

3b 40% (entry 2)

3a GC

(entry 2 vs 1)

(3c) (3d)

(entries 3, 4) 1,3- (

) (3e) (entry 5)

(entry 6)  

3b  
 

Table 1.1. Screening of Ligands 

 

entry 3 GC yield of 4aa 

1 3a 22% 

2 3b 40% 

3 3c trace 

4 3d trace 

5 3e not detected 

6 w/o Pd cat. not detected 
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§ 1.1.4.  

(Table 1.2) 9

(entry 2) (entry 3) GC

THF

(entries 4, 5)  

1,2-  

 

Table 1.2. Screening of Solvents 

 
entry solvent GC yield of 4aa 

1 CH2ClCH2Cl 40% 

2 CH2Cl2 32% 

3 toluene 33% 

4 THF trace 

5 acetone not detected 
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§ 1.1.5.  

(Table 1.3) 2 20 mL

E GC

(entry 2)

(entries 3, 4) (A, B, C, )

GC

 

20 mL  

 

Table 1.3. Optimization of Solvent Volume 

 
entry CH2ClCH2Cl GC yield of 4aa 

1 10 mL 40% 

2 20 mL 42% 

3 40 mL 26% 

4 60 mL 24% 
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§ 1.1.6.  

(Table 1.4) 2 4

54% (entry 2) 8 (entry 3)

(E)

GC 12  

 

 

Table 1.4. Optimization of Borane Loading 

 
entry HBpin GC yield of 4aa 

1 2 equiv 42% 

2 4 equiv 54% 

3 8 equiv 46% 
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E

(Fig. 1.6)  

4  

 

 
Fig. 1.6. Effect of excessive borane loading 
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§ 1.1.7.  

(Table 1.5) 0 °C

(entry 

2) 40 °C (entry 3)

(A, B, C, )

 

 

Table 1.5. Optimization of Reaction Temperature 

 
entry temp GC yield of 4aa 

1 rt 54% 

2  0 °C 38% 

3 40 °C 31% 
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2  

§ 1.2.1.   

(Table 1.6) 16 GC

(§ 1.1.2)

(E)

 

 

Table 1.6. Palladium-Catalyzed Hydroboration/Cyclization of 1,n-Dienes 

 
entry 1,n-dienes 1 4 isolated yield 

1 
 

1a 4aa 21%, dr > 99:1 

2 
 

1b 4ba 29%, dr > 99:1 

3 
 

1c 4ca 16%, dr > 99:1 
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3  

§ 1.3.1.  

1,n-

1,n- 1a
(Fig. 1.7.) (2a) (F)

(G)

Pd–B C–B

(I)

(L) 4aa
(G)  

(Fig. 1.5)

(J)

(E) (J)

(M)

(N) Pd–H 2a
(C)

(L)

(E)

(A, B, C)
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Fig. 1.7. Proposed mechanism 

 

  



34 
 

 
1,n-

 

1,8- (1a) (2a)

–

C–B

 

(A, B, C)

(D, E)

GC 54%  

1,7- (1b) 1,9- (1c)
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1,6-  

 

 
1,n-

C–B

1,n-
1a,b

(Fig. 2.1)  

 

 

Fig. 2.1. Probable obstacle for the palladium-catalyzed hydroboration/cyclization of 1,n-dienes via 

chain walking 
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(Borylatve Cyclization Reactions)
20

21  

2001 Molander 1,5-

1,6- (Fig. 2.2)21a

 
 

 

Fig. 2.2. Organolanthanide-catalyzed hydroboration/cyclization of 1,5- and 1,6-Dienes 
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2018 Wang NHC 1,6-

(Fig. 2.3) 21b

 

 

 

Fig. 2.3. Hydroboration/cyclization of 1,6-dienes with NHC boranes 
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2019 Tian, Hong, Lin

1,6- (Fig. 2.4) 21c

 

 

 

Fig. 2.4. Rhodium-catalyzed asymmetric hydroboration/cyclization of cyclohexadienone-containing 

1,6-dienes with bis(pinacolato)diboron 

 

 

(Fig. 2.5) 21d  

 

 
Fig. 2.5. Copper-catalyzed asymmetric hydroboration/cyclization of cyclohexadienone-containing 

1,6-dienes with bis(pinacolato)diboron 
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1,6-  

1,6-

(Fig. 2.6) 1,6-

C–B

 

 

Fig. 2.6. Working hypothesis for palladium-catalyzed hydroboration/cyclization of 1,6-dienes 

 

 

 

  



40 
 

1  

§ 2.1.1.  

1,n-

1,6- (5a)

(2a) 6aa NMR

33% (Table 2.1, 

entry 1)

GC

 

1,n-

4 3,4,7,8-

3a (entry 2 vs 1)

(entries 3, 4)  

3,4,7,8- 3a
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Table 2.1. Screening of Ligands 

 

entry Pd catalyst 3 
NMR results 

conversion of 5a yield of 6aa 

1 3b 88% 33% 

2 3a 39% 29% 

3 3c 94% trace 

4 3d 78%  8% 
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§ 2.1.2.  

(Table 2.2) DCM

(entries 2-4 vs 1)  

DCE  

 

Table 2.2. Screening of Solvents 

 

entry solvent 
NMR results 

conversion of 5a yield of 6aa 

1 CH2ClCH2Cl 39% 29% 

2 hexane 27% 17% 

3 benzene 53% 21% 

4 CH2Cl2 27% 14% 
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§ 2.1.3.  

(Table 2.3) 10 mL

(entry 2 vs 1) 24 58

(entry 3 vs 2) 2.5 mL

72% (entry 5)

(entries 5-7)

 

2.5 mL

 

 

Table 2.3. Optimization of Solvent Volume 

 

entry CH2ClCH2Cl 
NMR results 

conversion of 5a yield of 6aa 

1 20 mL 39% 29% 

2 10 mL 58% 42% 

3a 10 mL > 99% 58% 

4 5 mL > 99% 69% 

5 2.5 mL > 99% 76% 

6 1.3 mL > 99% 73% 

7 0.6 mL > 99% 73% 
aPerformed for 24 h. 
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§ 2.1.4.   

(Table 2.4) 2

(entry 2)

1 (entry 3)  

2 10 °C

GC/MS (entry 

4) 40 79 (entry 5) 50 

(entry 6)  

40 

(entry 7)

GC

(entry 8)

 

2 40 5 mol % entry 8  

 

Table 2.4. Optimization of Borane Loading, Reaction Temperature, and Catalyst Loading 

 

entry HBpin temp 
NMR results 

conversion of 5a yield of 6aa 

1 4 equiv rt >99% 76% 

2 2 equiv rt >99% 77% 

3 1 equiv rt   69% 46% 

4 2 equiv 10 °C >99% 79% 

5 2 equiv 40 °C >99% 79% 

6 2 equiv 50 °C >99% 58% 

7a 2 equiv 40 °C >99% 60% 

8b 2 equiv 40 °C >99% 81% 
aPerformed with 1.25 mol % of 3a and 1.5 mol % of NaBArf4. 
bPerformed with 5 mol % of 3a and 6 mol % of NaBArf4. 
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2  

§ 2.2.1.  1,6-  

1,6-

(Table 2.5) (5a, 5b) (1c)

(entries 1-3) (5d)

(5e-g)

Boc 14

(entries 5-7) 2

1,7- (5h) 6

 

 

Table 2.5. Palladium-Catalyzed Hydroboration/Cyclization of Diallyl Derivatives 

 
entry dienes 5 product 6 isolated yielda 

1 

 

R = Me 5a 

 

6aa 81% (dr >99:1) 

2  = Et 5b 6ba 76% (dr >99:1) 

3 

 

 5c 

 

6ca 73% (dr 98:2) 

4 
 

 5d 
 

6da 54% (dr 94:6) 

5 

 

R = Ts 5e 

 

6ea 70% (dr 98:2) 

6b  = Boc 5f 6fa 54% (dr 93:7) 

7  = COCF3 5g 6ga 70% (dr 93:7) 

8c 

 

 5h 
 

6ha 41% 

aDiastereomeric ratio was determined by GC analysis.  
bPerformed for 14 h.  
cPerformed with 10 mL of CH2ClCH2Cl. Diastereomeric ratio was not determined because the minor 

diastereomer was not observed.  
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§ 2.2.2. 1,6-  

1,6- (Table 2.6)

(5i)
(entry 1) E (5i-E)

(entry 2)

(5j) (5k) 1,6-

5j
(pyox) 5j (phen)

(entries 3,4)  

 

Table 2.6. Palladium-Catalyzed Hydroboration/Cyclization of Substituted 1,6-Dienes 

 
entry dienes 5 product 6 isolated yielda 

1 
 

5i 
 

6ia 74% (dr >99:1) 

2 
 

5i-E 
 

6ia 73% (dr >99:1) 

3b 

 

5j 
 

6ja 55% (dr 99:1) 

4c 
 

5k 
 

6ka 53% (dr >94:6) 

aDiastereomeric ratio was determined by GC analysis. 

bPerformed with 5 mol % of 3d, 1.3 mL of CH2ClCH2Cl, rt.  
cPerformed with 4 equiv of 2a, 10 mol % of 3b, 5 mL of CH2ClCH2Cl, rt. 
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3  

§ 2.3.1. HB(Etpin) (2b)  

HBpin 4 HB(Etpin) (2b)

NMR 50% 6ab (eq 2.1) NMR

GC/MS 6ab 2 m/z

GPC

6ab 27%  

 

(2.1) 
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§ 2.3.2. HBhex (2c)  

HBhex (2c) NMR 58% 6ac
(eq. 2.2) NMR GC/MS 6ac 2 m/z

GPC

2b
6ac 49%

 

 

(2.2) 
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§ 2.3.3. HBdan (2d)  

HBdan (2d) NMR 91%

6ad 83% (eq. 2.3)22 HBpin

Bpin

HBpin

(§ 2.2.1) HBdan
23 HBdan

 

 

(2.3) 
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4  

3,4-
24

 

 

§ 2.4.1. 5e  

5e (§ 2.2.1.) 7.5

1.5 mmol (eq. 2.4) 0.2 mmol

6ea
0.2 mmol  

 

(2.4) 
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§ 2.4.2. 6ea  
25

6ea KHF2 7
7 4-

8 2 37% (eq. 2.5)  

 

(2.5) 
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§ 2.4.2. 6ea  

NaBO3 26

9 93% (eq. 2.6)  

 

(2.6) 
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5  

§ 2.5.1. DBpin(2a-d)  

DBpin (eq. 2.7)

5:1

 

 

 

(2.7) 
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§ 2.5.2.  

1,6- 1,n-

(Fig. 2.9)

2 (O)

(P) 5
Pd–B C–B

(Q R S) (S) 2
6 (P)  

(S’)
 

(5j, 5k)

(Q R S)

2b 2c
(S P)

S’  

 
Fig. 2.9. Proposed mechanism 
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Widenhoefer

1,6- 12

(S P)

(Q R S)  
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1,6-  

1,6-

(5) (2)

1,6-

 

1,6-

Bpin Bpin Bdan

 

3,4-
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1,n-  

 

 

1,6-

1,n-

(Fig. 3.1)13

 

 
Fig. 3.1. The possibility of post-cyclization chain walking 

suggested by the hydrosilylation/cyclization with a deuterium-labeled hydrosilane 

 

 

 

  



58 
 

1,6-

(Fig. 3.2)

27  

 
Fig. 3.2. Working hypothesis for palladium-catalyzed remote diborylative cyclization of 1,6-dienes 

via post-cyclization chain walking 
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M–M (M = Si, B, Sn )

2 C–M (bismetalation)
28 2

C–M vinal geminal (Fig. 3.3, left) vicinal C–C
29 (Fig. 3.3, right)

 

 

Fig. 3.3. Conventional catalytic bismetalation of alkenes using dimetal reagents 

(formation of vicinal/geminal bonds) 

 

2 C–M

1,3- 30 1,4-

(eq. 3.1)30a 1,4-

(eq. 3.2)30b  

 
(3.1) 

 
(3.2) 

31 C–C

2 C–M (eq. 3.3)31a  

 
(3.3) 

 

C–M

C–M  

C–M C–M

1,n-
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1  

§ 3.1.1.  

1,n- 1,10-

3b
1,6- 5i (10a) (Table 3.1)

11ia

2-

 

GC

NMR

3,4,7,8-

3a (entry 2)

3c 3d
(entries 3, 4)  

1,10- 3b
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Table 3.1. Screening of Ligands 

 

entry Pd catalyst 3 conversion of 5ia GC yield of 11ia 

1 3b >99% 70% 

2 3a  69% 45% 

3 3c  60% 32% 

4 3d  85% 50% 
aDetermined by 1H NMR analysis. 
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§ 3.1.2.  

(Table 3.2)

(entry 2)

(entry 3) (entries 4-8)

82% (entry 8)

2 86%

(entry 9)32 HBpin

 

 

Table 3.2. Screening of Solvents 

 

entry solvent conversion of 5ia GC yield of 11ia 

1 CH2ClCH2Cl >99% 70% 

2 EtOAc 13%  3% 

3 CH2Cl2 >99% 63% 

4 toluene >99% 74% 

5 xylenes >99% 75% 

6 mesitylene >99% 81% 

7 hexane >99% 77% 

8 cyclohexane >99% 82% 

9b cyclohexane >99% 86% 
aDetermined by 1H NMR analysis. 
bPerformed with 2.5 mol % of 3b and 3 mol % of NaBArf4. 
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2  

§ 3.2.1.  

(Table 3.3.)33

(5l) tert- (5m) (5n) (5o)

(entries 1-5) (5p) (5q)

(entries 5, 6)

(5r) (5s) (entries 7-9)

(5t) (5u)

(entries 10, 11)  
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Table 3.3. Palladium-Catalyzed Remote Diborylative Cyclization of 1,6-Heptadiene Derivatives with 

Various Linker Moieties 

 

entry dienes 5 product 11 isolated yielda 

1 

 

R = Me 5i 

 

11ia 81% (dr 99:1) 

2  = Et 5l 11la 84% (dr 99:1) 

3 = tBu 5m 11ma 81% (dr 99:1) 

4 

 

R = Me 5n 

 

11na 70% (dr 97:3) 

5 R = Ph 5o 11oa 64% (dr 97:3) 

6b 

 

 5p 

 

11ia 53% (dr 99:1) 

7c 

 

R = H 5q 

 

11sa 23% (dr 99:1) 

8 = Bn 5r 11ra 51% 

9 = SitBuMe2 5s 11sa 57% (dr 97:3) 

10 

 

R = Ts 5t 

 

11ta 27% (dr 97:3) 

11d R = COCF3 5u 11ua 66% (dr 94:6) 
aDiastereomeric ratio was determined by GC analysis. 
bReaction time was 24 h, and isolated as 11ia after esterification of 11pa.  
cIsolated as 11sa after silyl protection of 11qa.  
dPerformed with 5 mol % of 3b and 6 mol % of NaBArf4, 64 h. 
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§ 3.2.2.  

1,6-

(Table 3.4) 1,6-

(entries 1-3)

C (sp3)–H

C–B 11ba (entry 4)

 

 

Table 3.4. Palladium-Catalyzed Remote Diborylative Cyclization of 1,6-Dienes with Various Internal 

Alkene Moieties 

 

entry dienes 5 product 11 isolated yielda 

1 
 

5v 
 

11va 79% (dr 99:1) 

2 
 

5w 
 

11wa 74% (dr 99:1) 

3 
 

5x 11xa 59% (dr 99:1) 

4b 

 

5b 

 

11ba 43% 

aDiastereomeric ratio was determined by GC analysis. 
bPerformed with 1.2 mol % of 3b, 1.5 mol % of NaBArf4, 0.5 mL of xylene. Isolated product contained 

ca. 7% yield of other diastereo/regioisomers. 
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§ 3.2.3.  

(Table 3.5)34 B2pin2 (10a)

(10b) (entry 1)

1,3,2-

(10c) (10d)

(entries 2, 3)

 

 

Table 3.5. Palladium-Catalyzed Remote Diborylative Cyclization of 1,6-Diene 5i with Various 

Diborons 

 

entry diborons 10 11 isolated yielda 

1b 
 

10b 11ib 85%, dr 98:2 

2c 
 

10c 11ic 
44%, dr 99:1 

(65% NMR yield) 

3d 

 

10d 11id 
46%, dr 98:2 

(74% GC yield) 

aDiastereomeric ratio was determined by GC analysis. 
bPerformed with 0.4 mmol of 10b. 
cPerformed with 10 mol % of 3b, 12 mol % of NaBArf4. 
dPerformed with 5 mol % of 3b, 6 mol % of NaBArf4. Diastereomeric ratio derived from stereocenter 

on the boronate moiety could not be determined because the diastereomers were indistinguishable. 
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§ 3.2.4. 1,n- (n > 6)  

1,n-

1,7- (1b)

12ba 32% eq. 3.4

 

 

(3.4) 
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(Table 3.6) 10 mL

44% (entry 2)

1,8- (1a) 1,9-

(1c) 48%, 37% (entries 3, 

4)  

3

 

 

Table 3.6. Sequential Formation of Three Distant Bonds Using 1,n-Dienes (n > 6) 

 

entry dienes 1 product 12 isolated yielda 

1b 

 
1b 

 
12ba 

32% (dr 98:2) 

2 44% (dr 98:2) 

3 
 

1a 
 

12aa 48% (dr 99:1) 

4 
 

1c 
 

12ca 37% (dr 99:1) 

aDiastereomeric ratio was determined by GC analysis. 
bPerformed with 0.5 mL of cyclohexane, 12 h. 

 

 

 

  



69 
 

§ 3.2.5.  

(Table 3.7) 1,6- (5a)

13aa 58%

>99:1 (entry 1) (5d)

(5g) (entries 2, 3)  

 

 

Table 3.7. Palladium-Catalyzed Diborylative Cyclization of Diallyl Derivatives 

 

entry dienes 5 product 13 isolated yielda 

1 

 

5a 

 

13aa 58% (dr >99:1) 

2 
 

5d 
 

13da 35% (dr 99:1) 

3b 
 

5g 
 

13ga 52% (dr 96:4) 

aDiastereomeric ratio was determined by GC analysis. 
bPerformed with 10 mol % of 3b and 12 mol % of NaBArf4, 48 h. 

 

  



70 
 

3  

§ 3.3.1.  

NaBO3 26

12ba 2 C–B 14
(eq. 3.5)  

 

(3.5) 

 

CBr4 Appel 35

15 (eq. 3.6)  

 

(3.6) 
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§ 3.3.2.  
36

11ra 4-

16 (eq. 3.7)

 

 

(3.7) 

 

Bpin

§ 3.3.1. C–B

17 94% (eq. 3.8)  

 

(3.8) 
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4  

§ 3.4.1. 3b 10a  

(Fig. 3.4)

3b 10a
(Fig. 3.4, a) 3b NaBArf4

F 1H NMR HRMS

10a
MeBpin NMR 83% (Fig. 3.4, b)

37c

 

 

 

Fig. 3.4. NMR experiments on reaction of palladium complex 3b 

 

CDCl3

11ia MeBpin NMR 79% (eq. 3.9)  

 

(3.9) 

 

F
MeBpin   
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§ 3.4.2. 2  

C(sp3)–H C(sp3)–B

2

(eq. 3.10)  

 

(3.10) 

 

B2pin2(10a) B2pin2-d24(10a-d24) 38e,g

(Fig. 3.5) Bpin 2

11ia B(pin-d12) 2 11ia-d24 Bpin B(pin-d12) 1

11ia-d12 GC 1:1:2 79%

 

 

 

Fig. 3.5. Competition experiment using two different diborons 
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§ 3.4.3. 2a 10a  

HBpin(2a) B2pin2(10a)

(Fig. 3.6)

HBpin  

 

 
Fig. 3.6. Competition experiment using HBpin and B2pin2 
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§ 3.4.4.  

1,n- § 3.4

1,n-

(Fig. 3.7) (10a)

(F) MeBpin (G)

Pd–B C–B

(Y Z AA)

(AA)

(10a)

(G)  

 

 
Fig. 3.7. Proposed mechanism 
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1,n-

 

1,n-

C–B

C–C C(sp3)–H C(sp3)–B

 

1,6-

1,n- (n > 6)

3  

2

 

C(sp3)–H C(sp3)–B
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1,6-

1,n- (n > 6) 1,6-

1,n- (n > 6)

 

-
15,16

(Fig. 4.1)39 1,6-

 

 
 

Fig. 4.1. Probable obstacle for the palladium-catalyzed remote diborylative cyclization 

of 1,n-dienes (n > 6) via chain walking 



78 
 

Yin -

-1-
14b,c

(Fig. 4.2)  

 
Fig. 4.2. Working hypothesis for palladium-catalyzed remote diboration of allylbenzenes 

via chain walking 
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C–B

Yin 1,4-

1,3- 14a 2

C–B
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1  

§ 4.1.1.  

1,n- 1,10-

3b
18a (10a)

(Table 4.1, entry 1)

19aa NMR 18% 1,3-

- (AB)

 

4 1

3 19aa
(entry 2) 2

19aa (entry 3)  

entry1  

 

Table 4.1. Initial Attempt 

 

entry deviation from standard conditions 
conversion of 

 18aa 

NMR yield of 
19aa 

1 none 73% 18% 

2 performed for 3 h 61% 15% 

3 2 equiv of B2pin2 87% 20% 
aDetermined by GC analysis. 
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§ 4.1.2.  

3,4,7,8- 3a
(entry 2)

(3c) (entry 3) (3d)

59% (entry 4) 3d 4 CF3

3g (entry 5)  

DCE

(entries 6-9)

(3d) 57% (entry 10) 4 CF3

3g 67% (entry 11)  

3g  
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Table 4.2. Screening of Ligands 

 

entry Pd catalyst 3 solvent 
conversion 

of 18aa 

NMR yield 

of 19aa 

1 R1 = H 3b cyclohexane 73% 18% 

2 R1 = Me 3a cyclohexane 28%  8% 

3 

 

 3c cyclohexane 54%  8% 

4 

 

R2 = H 3d cyclohexane 88% 59% 

5 R2 = CF3 3g cyclohexane 83% 41% 

6 R1 = H, R3 = H 3b DCE 49% trace 

7 R1 = Me, R3 = H 3a DCE 46% trace 

8 R1 = H, R3 = Me 3f DCE 96% trace 

9 

 

 3c DCE 28% trace 

10 

 

R2 = H 3d DCE 98% 57% 

11 R2 = CF3 3g DCE 96% 67% 

aDetermined by GC analysis. 
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§ 4.1.3.  

3g DCE, 

(Table 4.3, entries 3-5)

(entry 3) DCM

(entry 4)

GC

(entries 5-7)  

DCE  

 

Table 4.3. Screening of Solvents 

 

entry solvent conversion of 18aa NMR yield of 19aa 

1 CH2ClCH2Cl 96% 67% 

2 cyclohexane 83% 41% 

3 EtOAc 13% trace 

4 CH2Cl2  96% 63% 

5 toluene 98% 66% 

6 trifluorotoluene 98% 61% 

7 anisole not determinedb 67% 
aDetermined by GC analysis. 
bSolvent peak overlapped. 
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§ 4.1.4.  

(Table 4.4)

(entry 2) (entry 3)

50

(entry 4) 72% (entry 5) 10

(entry 6)

 

 

Table 4.4. Screening of Solvents 

 

entry CH2ClCH2Cl temp conversion of 18aa NMR yield of 19aa 

1 0.5 mL 40 °C  96% 67% 

2 0.25 mL 40 °C  96% 57% 

3 1 mL 40 °C  99% 66% 

4 0.5 mL 50 °C  96% 66% 

5 0.5 mL rt >99% 72% 

6 0.5 mL 10 °C >99% 72% 
aDetermined by GC analysis. 
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2  

§ 4.2.1.  

(Table 4.5)

(entry 2)

(entry 3)

GC

 

 

Table 4.5. Screening of Allylbenzenes 

 
entry allylbenzene 18 product 19 NMR yield 

1 
 

18a 
 

19aa 72% 

2 
 

18b 
 

19ba 70% 

3b 
 

18c 
 

19ca 42% 
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3  

§ 4.3.1.  

(Fig. 4.3)

(10a) (AC) MeBpin

(AD)

Pd–B C–B (AF)

(AG)

(10a)

(AD)  

 

Fig. 4.3. Proposed mechanism 
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1,3-
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C–C C–B

 

 

1,n-

 

1,8- (1a) (2a)

C–B

C–B

 

(A, B, C)

(D, E)

GC 54%  

1,7- (1b) 1,9- (1c)

 

 

1,6-  

1,6-

(5) (2)

(6) 1,6-

 

3,4-
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1,n-

 

2

1,6-

 

1,6- (5i-5u)

(5v-5x)

(12) (5a, 5d, 5g)

(10) 1,n- (n > 6, 1)

C–B, C–C, C–B 3  

2

 

C(sp3)–H C(sp3)–B

 

 

 

(18) (10a) 1,3-

 

 

C–B
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C–B
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General Information 

1H, 13C{1H}, 11B{1H} and 19F NMR spectra were recorded on a JEOL ECS-400, ECX-400 

spectrometer. Chemical shifts were reported in ppm relative to residual solvent peak. In 13C{1H} NMR 

spectra, boron-bound carbons were not detected in most cases because of quadrupolar relaxation. Gas 

chromatography (GC) analyses were performed using a CBP-10 capillary column (25 m × 0.22 mm, 

film thickness 0.25 m). IR spectra were recorded on a JASCO FT/IR-410 infrared spectrometer. ESI-

MS analyses were performed on a JEOL JMS-T100LCS. Flash chromatography was carried out with 

silica gel 60N (Kanto Chemical Co., Inc.). Melting points were determined on a Stanford Research 

Systems MPA 100 instrument. Gel permeation chromatography (GPC) was carried out with JAI 

LaboACE LC-5060. 
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Solvent and Materials 
Unless otherwise noted, all reactions were carried out under nitrogen. Anhydrous dichloromethane, 

THF, toluene, hexane, and DMF were purchased from Kanto Chemical Co., Inc. and passed through 

solvent purification columns (Glass Counter Solvent purification system). NaH was washed three 

times with hexane prior to use. Dimethyl malonate (S1) and Diethyl malonate (S2) were purchased 

from nacalai tesque and used as received. Dimethyl Sulfide Borane (S3) was purchased from TCI and 

used as received. Dimethyl allylmalonate (S6) was purchased from Aldrich and distilled from 

DRIELITE®. 3,4-diethylhexane-3,4-diol (S4),40 Di-tert-butyl malonate (S5),41 3-Allylpentane-2,4-

dione (S7),42 2-allyl-1,3-diphenylpropane-1,3-dione (S8),43 and tert-butyl allyl(but-2-en-1-

yl)carbamate (S9)44 were prepared according to the literature procedures. Pinacolborane (2a) was 

purchased from Aldrich and used as received. 1,2-Dichloroethane was purchased from Kanto 

Chemical Co., Inc. and distilled from P2O5. Diene substrate 1a-c,1b 5c,42 5d,12c 5e,45 5f,46 5g,47 5h,48 

5i,12c 5j,12b 5k,12b and 5t,49 were prepared according to the literature. Borane 2c,50 2d,51 2a-d,52 and 

diboron 10b53 were prepared according to the literature. Diene 5i-E was synthesized from E-

crotylbromide54 using a procedure similar to the one for preparation of 5i, and the analytic data was in 

accordance with the literature.12c Palladium complexes 3a-c,1b 3d,1d 3e,55 3f, 1a 3g1d and NaBArf456 

were prepared according to the literature.  

 

 

 

  



93 
 

1  
 
Genaral Procedure for Palladium-Catalyzed Hydroboration/Cyclization of 1,n-Dienes. 

 
An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with diene 1 

(0.2 mmol, 1 equiv), borane 2a (0.8 mmol, 4 equiv), palladium complex 3b (0.005 mmol, 2.5 mol %), 

and 1,2-dichloroethane (20 mL). After stirring for 5 min, NaBArf4 (0.006 mmol, 3 mol %) was added 

and the mixture was stirred at room temperature for 6 h. The reaction mixture was passed through a 

short plug of silica gel (4:1 hexane/EtOAc). All the volatile materials of the eluate were removed by 

rotary evaporation and further reduced under vacuum to afford the crude product.  

The crude material was transferred to a Schlenk tube, then methanol (2 mL) and platinum oxide 

(0.06 mmol, 30 mol %) was added. A balloon filled with hydrogen was attached to the tube, and brief 

evacuation, and backfilling with hydrogen gas were repeated three times. The mixture was stirred 

overnight at room temperature. The resulting mixture was then diluted with Et2O and filtered through 

Celite. All the volatile materials in the eluate were removed by rotary evaporation. Gel permeation 

chromatography afforded the desired remote hydroboration/cyclization product 4. 

 

 Hydroboration/cyclization product 4aa. General Procedure B 

was followed with 47.6 mg of diene 1a (0.198 mmol) and 102 mg of 

pinacolborane 2a (0.797 mmol). The product 4aa was obtained in 

54% GC yield and the further purification afforded 4aa in 29% yield 

(20.9 mg, 0.0568 mmol, dr > 99:1) as a colorless oil: 1H NMR 

(391.78 MHz, CDCl3):  3.70 (s, 6H), 2.48-2.55 (m, 2H), 1.73-1.80 

(m, 2H), 1.56-1.72 (m, 2H), 1.38-1.53 (m, 2H), 1.23 (s, 12H), 1.03-1.20 (m, 2H), 0.87 (t, J = 7.4 Hz, 

3H), 0.66-0.84 (m, 2H); 13C{1H} NMR (98.52 MHz, CDCl3):  173.4, 173.4, 82.9, 58.2, 52.6, 47.1, 

46.7, 40.1, 40.1, 27.8, 26.3, 24.8, 24.8, 12.4; 11B{1H} NMR (125.70 MHz, CDCl3):  32.9 (brs); IR 

(neat): 2977 s, 2957 s, 2930 s, 2875 m, 1736 s, 1435 m, 1379 s, 1317 s, 1252 s, 1199 s, 1166 s, 1146 

s, 1056 w, 1022 w, 968 m, 884 w, 849 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for 

C19H33BNaO6 391.2262; Found 391.2263. 
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 Hydroboration/cyclization product 4ba. General Procedure B 

was followed with 50.4 mg of diene 1b (0.198 mmol) and 102 mg 

of pinacolborane 2a (0.799 mmol). The product 4ba was isolated 

in 21% yield (16.1 mg, 0.0421 mmol, dr > 99:1) as a colorless oil: 
1H NMR (391.78 MHz, CDCl3):  3.70 (s, 6H), 2.47-2.55 (m, 2H), 

1.72-1.79 (m, 2H), 1.41-1.57 (m, 4H), 1.27-1.38 (m, 2H), 1.23 (s, 

12H), 1.03-1.14 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H), 0.73-0.78 (m, 2H); 13C{1H} NMR (98.52 MHz, 

CDCl3):  173.4, 173.4, 82.9, 58.3, 52.6, 46.9, 44.9, 40.5, 40.0, 36.6, 26.2, 24.8, 22.6, 12.4; 11B{1H} 

NMR (125.70 MHz, CDCl3):  33.0 (brs); IR (neat): 2977 m, 2956 m, 2929 m, 2874 m, 1736 s, 1459 

m, 1436 m, 1407 w, 1379 s, 1319 m, 1250 s, 1198 m, 1166 m, 1146 s, 968 w, 848 w cm-1; HRMS (ESI-

TOF) m/z: [M+Na]+ calcd for C20H35BNaO6 405.2419; Found 405.2418. 

 

 Hydroboration/cyclization product 4ca. General Procedure 

B was followed with 53.1 mg of diene 1c (0.198 mmol) and 102 

mg of pinacolborane 2a (0.795 mmol). The product 4ca was 

isolated in 16% yield (12.2 mg, 0.0308 mmol, dr > 99:1) as a 

colorless oil: 1H NMR (391.78 MHz, CDCl3):  3.70 (s, 6H), 

2.51 (dd, J = 13.4, 7.1 Hz, 2H), 1.75 (dd, J = 13.5, 10.1 Hz, 2H), 

1.19-1.64 (m, 20H), 1.03-1.14 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H), 0.76 (t, J = 7.5 Hz, 2H); 13C{1H} 

NMR (98.52 MHz, CDCl3):  173.5, 82.9, 58.2, 52.6, 47.0, 44.9, 40.5, 40.1, 33.5, 30.9, 26.3, 24.8, 

24.2, 12.5; 11B{1H} NMR (125.70 MHz, CDCl3):  33.0 (brs); IR (neat): 2977 s, 2956 s, 2926 s, 2874 

s, 2857 s, 1736 s, 1460 s, 1435 s, 1407 m, 1379 s, 1318 s, 1252 s, 1197 s, 1146 s, 1025 m, 968 m, 878 

m, 848 m, 820 w, 721 w, 673 w, 579 w, 544 w, 518 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd 

for C21H37BNaO6 419.2575; Found 419.2575. 
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2  
 
General Procedure for Preparation of 1,6-Dienes 5a and 5b. 

 
To a suspension of NaH (3 equiv) in THF (2 mL per 1 mmol of the malonic ester) was slowly 

added malonic ester S1 or S2 (1 equiv) at 0 °C. The solution was warmed up to room temperature, and 

allyl bromide (3 equiv) was added to the mixture, which was stirred overnight and then quenched by 

addition of a saturated ammonium chloride solution. The resulting mixture was extracted three times 

with Et2O. The combined organic portions were washed twice with brine, dried over MgSO4, filtered, 

and concentrated. Purification of the crude material by column chromatography (hexane/EtOAc = 

20:1) gave the 1,6-dienes 5a and 5b. 
 

Diene 5a. General Procedure A was followed with 6.61 g of S1 (50.0 mmol) and 

18.6 g of allyl bromide (154 mmol) to obtain in 81% yield (8.63 g, 40.7 mmol) as 

a colorless oil. The analytical data were in good agreement with those reported in 

literature.41 

 

Diene 5b. General Procedure A was followed with 0.809 g of S2 (5.05 mmol) and 

1.82 g of allyl bromide (15.0 mmol) to obtain in 72% yield (0.869 g, 3.62 mmol) as 

a colorless oil. The analytical data were in good agreement with those reported in 

literature.57 
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Preparation of Hydroborane 2b.58 

 
Hydroborane 2b was prepared using a procedure similar to the one for preparation of borane 2c.42 

To a solution of diol S4 (1.66g, 9.52 mmol) in dichloromethane (8 mL) was slowly added dimethyl 

sulfide borane S3 (90% assay, 1.1 g, 13 mmol) at 0 °C. The solution was warmed up to room 

temperature and stirred for 2 h. Then, the volatile materials such as dichloromethane, dimethyl sulfide, 

and the residual dimethyl sulfide borane were carefully removed by rotary evaporation using a water 

bath without heating. Distillation of the resulting material under reduced pressure (oil bath temp: 60 °C, 

ca. 50 mmHg) afforded borane 2b as a colorless liquid in 69% yield (1.20 g, 6.52 mmol): 1H NMR 

(391.78 MHz, C6D6):  4.28 (q, J = 162.0 Hz, 1H), 1.52-1.61 (m, 4H), 1.39-1.48 (m, 4H), 0.79 (t, J = 

7.5 Hz, 12H); 13C{1H} NMR (98.52 MHz, C6D6):  88.4, 26.5, 8.9; 11B{1H} NMR (125.70 MHz, 

C6D6):  26.9 (brs); IR (neat): 2979 s, 2947 s, 2886 m, 2575 m, 1459 m, 1384 m, 1359s, 1314 m, 1289 

m, 1207 m, 1182 m, 1142 w, 1113 m, 910 s, 889 m cm-1; HRMS (DART-TOF) m/z: [M+H]+ calcd for 

C10H22BO2 185.1707; Found 185.1705. 

.   
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General Procedure for Palladium-Catalyzed Hydroboration/Cyclization of 1,6-Dienes. 

 
An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with diene 5 (0.2 

mmol, 1 equiv), borane 2 (0.8 mmol, 4 equiv), palladium complex 3a (0.01 mmol, 5 mol %), and 1,2-

dichloroethane (2.5 mL). After stirring for 5 min, NaBArf4 (0.012 mmol, 6 mol %) was added and the 

mixture was stirred at 40 °C for 6 h. The reaction mixture was cooled to room temperature and passed 

through a short plug of silica gel (4:1 hexane/EtOAc). All the volatile materials of the eluate were 

removed by rotary evaporation. Silica gel column chromatography (or gel permeation chromatography 

in some cases) afforded the desired hydroboration/cyclization product 6. 

 

 Hydroboration/cyclization product 6aa. General Procedure was 

followed with 42.3 mg of diene 5a (0.199 mmol) and 50.4 mg of 

pinacolborane 2a (0.394 mmol). Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 6aa in 81% yield (54.7 mg, 0.161 mmol, 

dr > 99:1) as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  3.71 (s, 

3H), 3.70 (s, 3H), 2.62 (dd, J = 12.9, 7.0 Hz, 1H), 2.51 (dd, J = 13.2, 6.6 Hz, 1H), 1.76 (dd, J = 13.2, 

10.8 Hz, 1H), 1.70 (dd, J = 12.9, 11.0 Hz, 1H), 1.47-1.64 (m, 2H), 1.24 (s, 12H), 1.02 (dd, J = 15.4, 

4.6 Hz, 1H), 0.97 (d, J = 6.1 Hz, 3H), 0.62 (dd, J = 15.4, 8.9 Hz, 1H); 13C{1H} NMR (98.52 MHz, 

CDCl3):  173.5, 173.4, 83.0, 58.0, 52.6, 43.0, 42.6, 42.4, 42.4, 24.9, 24.7, 17.2; 11B{1H} NMR (125.70 

MHz, CDCl3):  32.9 (brs); IR (neat): 2977 s, 2954 s, 2930 s, 2873 s, 1734 s, 1436 s, 1379 s, 1323 s, 

1256 s, 1208 s, 1146 s, 1068 m, 1047 m, 1016 m, 992 w, 968 s, 883 m, 847 s, 676 m cm-1; HRMS 

(ESI-TOF) m/z: [M+Na]+ calcd for C17H29BNaO6 363.1949; Found 363.1949. 

 

 Hydroboration/cyclization product 6ba. General Procedure was 

followed with 47.6 mg of diene 5b (0.198 mmol) and 51.0 mg of 

pinacolborane 2a (0.398 mmol). Silica gel chromatography 

(hexane:EtOAc = 8:1) afforded 6ba in 76% yield (55.2 mg, 0.150 

mmol, dr > 99:1) as a colorless oil: 1H NMR (395.88 MHz, CDCl3): 

 4.10-4.22 (m, 4H), 2.60 (dd, J = 13.6, 6.8 Hz, 1H), 2.47 (dd, J = 13.6, 6.8 Hz, 1H), 1.75 (dd, J = 

13.6, 10.9 Hz, 1H), 1.70 (dd, J = 13.6, 10.9 Hz, 1H), 1.45-1.63 (m, 2H), 1.21-1.25 (m, 18H), 1.01 (dd, 

J = 15.4, 4.5 Hz, 1H), 0.97 (t, J = 6.1 Hz, 3H), 0.61 (dd, J = 15.2, 8.8 Hz, 1H); 13C{1H} NMR (98.52 

MHz, CDCl3):  173.0, 172.9, 83.0, 61.2, 61.1, 58.1, 43.0, 42.5, 42.4, 42.3, 24.9, 24.7, 17.3, 14.0; 



98 
 

11B{1H} NMR (125.70 MHz, CDCl3):  32.7 (brs); IR (neat): 2979 s, 2958 m, 2928 m, 2873 m, 1735 

s, 1464 m, 1447 m, 1378 s, 1323 s, 1254 s, 1206 m, 1146 s, 1098 m, 1046 m, 968 m, 884 m, 861 m, 

847 m, 676 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C19H33BNaO6 391.2262; Found 

391.2263. 

 

 Hydroboration/cyclization product 6ca. General Procedure was 

followed with 35.3 mg of diene 5c (0.196 mmol) and 51.9 mg of 

pinacolborane 2a (0.405 mmol). Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 6ca in 73% yield (44.2 mg, 0.143 mmol, 

dr 98:2) as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  2.64 (dd, J = 

12.8, 6.3 Hz, 1H), 2.53 (dd, J = 12.8, 6.3 Hz, 1H), 2.08 (s, 3H), 2.08 (s, 3H), 1.54 (dd, J = 13.0, 10.8 

Hz, 1H), 1.35-1.50 (m, 2H), 1.48 (dd, J = 12.8, 11.0 Hz, 1H), 1.25 (s, 12H), 1.00 (dd, J = 15.4, 4.2 Hz, 

1H), 0.95 (d, J = 6.1 Hz, 3H), 0.61 (dd, J = 15.5, 8.5 Hz, 1H); 13C{1H} NMR (98.52 MHz, CDCl3):  

205.5, 83.0, 73.1, 43.0, 42.1, 39.4, 39.0, 26.3, 24.9, 24.7, 17.3; 11B{1H} NMR (125.70 MHz, CDCl3): 

 32.5 (brs); IR (neat): 2978 s, 2955 s, 2927 s, 2871 s, 1719 s, 1698 s, 1375 s, 1323 s, 1268 m, 1216 s, 

1166 s, 1146 s, 1106 m, 1006 w, 968 s, 883 m, 847 s, 676 w, 619 w, 579 m cm-1; HRMS (ESI-TOF) 

m/z: [M+Na]+ calcd for C17H29BNaO4 331.2051; Found 331.2052. 

 

 Hydroboration/cyclization product 6da. General Procedure was 

followed with 48.0 mg of diene 5d (0.200 mmol) and 51.2 mg of 

pinacolborane 2a (0.400 mmol). Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 6da in 54% yield (39.7 mg, 0.108 

mmol, dr 94:6) as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  

3.90-3.94 (m, 4H), 2.04 (s, 6H), 1.79 (dd, J = 13.4, 6.8 Hz, 1H), 1.73 (dd, J = 13.4, 6.8 Hz, 1H), 1.42-

1.59 (m, 2H), 1.23 (s, 12H), 0.98-1.11 (m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.57 (dd, J = 15.3, 8.8 Hz, 

1H); 13C{1H} NMR (99.55 MHz, CDCl3):  171.3, 83.0, 68.3, 68.3, 43.0, 42.5, 41.8, 41.3, 40.9, 24.9, 

24.7, 20.9, 17.5, 10.9; 11B{1H} NMR (125.70 MHz, CDCl3):  32.8 (brs); IR (neat): 2979 s, 2952 s, 

2870 s, 1736 s, 1467 s, 1373 s, 1321 s,1239 s, 1146 s, 1108 m, 1034 s, 969 s, 884 m, 848 s, 676 w, 641 

w, 605 m, 579 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C19H33BNaO6 391.2262; Found 

391.2263. 
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 Hydroboration/cyclization product 6ea. General Procedure was 

followed with 49.1 mg of diene 5e (0.195 mmol) and 47.8 mg of 

pinacolborane 2a (0.373 mmol). Silica gel chromatography 

(hexane:EtOAc = 4:1) afforded 6ea in 70% yield (51.9 mg, 0.137 

mmol, dr 98:2) as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  

7.70 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 3.60 (dd, J = 9.8, 

7.2 Hz, 1H), 3.46 (dd, J = 9.8, 7.2 Hz, 1H), 2.79 (dd, J = 9.8, 5.6 Hz, 1H), 2.76 (dd, J = 9.8, 5.6 Hz, 

1H), 2.42 (s, 3H), 1.52-1.69 (m, 2H), 1.21 (s, 12H), 0.92 (dd, J = 15.7, 4.5 Hz, 1H), 0.88 (d, J = 6.5 

Hz, 3H), 0.52 (dd, J = 15.7, 9.2 Hz, 1H); 13C{1H} NMR (98.52 MHz, CDCl3):  143.1, 143.1, 129.5, 

127.4, 83.3, 54.8, 54.7, 41.8, 40.9, 24.8, 24.7, 21.5, 15.5, 12.8; 11B{1H} NMR (125.70 MHz, CDCl3): 

 32.3 (brs); IR (neat): 3064 w, 3028 m, 2977 s, 2930 s, 2877 m, 1598 m, 1494 m, 1468 s, 1382 s, 

1343 s, 1272 s, 1239 s, 1214 s, 1159 s, 1093 s, 1040 s, 1017 s, 1009 m, 967 s, 882 m, 847 s, 815 s, 787 

s, 709 m, 662 s, 588 s, 549 s cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C19H30BNNaO4S 

402.1881; Found 402.1880. 

In a 1.5 mmol scaled reaction, General Procedure A was followed with 376.6 mg of diene 5e (1.50 

mmol) and 382.7 mg of pinacolborane 2a (2.99 mmol). Silica gel chromatography (hexane:EtOAc = 

4:1) afforded 6ea in 69% yield (390.3 mg, 1.03 mmol, dr 98:2) as a colorless oil. 

 

 Hydroboration/cyclization product 6fa. General Procedure was 

followed with 39.7 mg of diene 5f (0.201 mmol) and 51.8 mg of 

pinacolborane 2a (0.405 mmol) except that the reaction time was 14 

h. Silica gel chromatography (hexane:EtOAc = 6:1) afforded 6fa in 

60% yield (39.3 mg, 0.121 mmol, dr 93:7) as a white solid: Mp 65-

70°C; 1H NMR (391.78 MHz, CDCl3, a mixture of rotamers):  3.48-3.72 (m, 2H), 2.76-2.85 (m, 2H), 

1.64-1.81 (m, 2H), 1.44 (s, 9H), 1.22-1.22 (m, 12H), 1.03-1.08 (m, 1H), 0.97-1.00 (m, 3H), 0.58-0.67 

(m, 1H); 13C{1H} NMR (98.52 MHz, CDCl3, a mixture of rotamers):  154.4, 83.2, 53.3, 53.3, 52.8, 

52.7, 41.9, 41.3, 41.2, 40.5, 28.5, 28.5, 24.8, 24.8, 24.7, 24.7, 15.6, 15.5; 11B{1H} NMR (125.70 MHz, 

CDCl3):  32.6 (brs); IR (KBr): 2978 m, 2952 m, 2934 m, 2889 m, 2867 w, 1693 s, 1481 m, 1458 m, 

1409 s, 1381 s, 1366 s, 1355 s, 1324 s, 1307 m, 1271 w, 1254 w, 1218 m, 1146 s, 1126 m, 1075 m, 

968 m, 882 m, 848 m, 771 m, 676 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C17H32BNNaO4 

348.2317; Found 348.2316. 

 

 Hydroboration/cyclization product 6ga. General Procedure was 

followed with 38.0 mg of diene 5g (0.197 mmol) and 51.1 mg of 

pinacolborane 2a (0.399 mmol). Silica gel chromatography 

(hexane:EtOAc = 6:1) afforded 6ga in 70% yield (44.0 mg, 0.137 mmol, 
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dr 93:7) as a colorless oil: 1H NMR (391.78 MHz, CDCl3, a mixture of rotamers):  3.81-4.00 (m, 2H), 

3.01-3.19 (m, 2H), 1.70-1.99 (m, 2H), 1.25 (s, 13H), 1.05-1.15 (m, 4H), 0.66-0.73 (m, 1H); 13C{1H} 

NMR (98.52 MHz, CDCl3, a mixture of rotamers):  155.3 (q, 2JCF = 36.6 Hz), 155.2 (q, 2JCF = 36.6 

Hz), 116.5 (q, 1JCF = 286.6 Hz), 83.5, 83.4, 54.2, 54.2, 53.5, 53.5, 53.4, 53.4, 53.3, 53.3, 53.3, 53.2, 

42.3, 41.5, 39.8, 38.9, 24.8, 24.8, 24.7, 15.2, 15.0, 12.5; 11B{1H} NMR (125.70 MHz, CDCl3):  32.5 

(brs); 19F NMR (368.64 MHz, CDCl3, a mixture of rotamers):  –72.3, –72.2; IR (neat): 2979 s, 2936 

s, 2880 s, 1687 s, 1591 w, 1517 m, 1460 s, 1382 s, 1252 s, 1202 s, 1138 s, 1006 m, 968 s, 950 m, 935 

m, 903 w, 883 s, 847 s, 758 s, 715 s, 676 m, 622 m, 579 m, 544 w, 526 m cm-1; HRMS (ESI-TOF) 

m/z: [M+Na]+ calcd for C14H23BF3NNaO3  344.1615; Found 344.1615. 

 

 Hydroboration/cyclization product 6ha. General Procedure was 

followed with 78.5 mg of diene 5h (0.197 mmol) and 50.8 mg of 

pinacolborane 2a (0.397 mmol) except that 10 mL of 1,2-

dichloroethane were used. Gel permeation chromatography afforded 

6ha in 41% yield (42.4 mg, 0.0805 mmol) as a colorless oil: 1H NMR 

(391.78 MHz, CDCl3):  4.09-4.24 (m, 8H), 2.26 (dd, J = 14.0, 3.5 Hz, 1H), 2.02-2.17 (m, 3H), 1.42-

1.55 (m, 2H), 1.20-1.31 (m, 24H), 1.03 (dd, J = 15.7, 3.8 Hz, 1H), 0.91 (d, J = 6.1 Hz, 3H), 0.57 (dd, 

J = 15.5, 8.3 Hz, 1H); 13C{1H} NMR (98.52 MHz, CDCl3):  171.0, 170.9, 169.5, 169.5, 82.9, 61.4, 

61.2, 61.2, 59.5, 59.0, 37.2, 37.0, 35.2, 34.0, 24.9, 24.7, 19.7, 14.0, 13.9, 13.8; 11B{1H} NMR (125.70 

MHz, CDCl3):  32.8 (brs); IR (neat): 2979 m, 2937 m, 2906 m, 2872 m, 1735 s, 1465 m, 1445 m, 

1371 s, 1325 s, 1301 s, 1262 s, 1186 s, 1146 s, 1100 s, 1032 s, 969 m, 866 m, 848 m, 773 w, 678 w, 

623 w, 580 w, 563 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C26H43BNaO10 549.2842; Found 

549.2844. 

 

 Hydroboration/cyclization product 6ia. General Procedure was 

followed with 44.8 mg of diene 5i (0.198 mmol) and 52.1 mg of 

pinacolborane 2a (0.407 mmol). Silica gel chromatography 

(hexane:EtOAc = 7:1) afforded 6ia in 74% yield (51.7 mg, 0.146 mmol, 

dr > 99:1) as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  3.71 (s, 

3H), 3.70 (s, 3H), 2.59 (dd, J = 13.0, 7.0 Hz, 1H), 2.53 (dd, J = 13.5, 7.2 Hz, 1H), 1.76 (dd, J = 13.5, 

11.0 Hz, 1H), 1.72 (dd, J = 13.0, 10.8 Hz, 1H), 1.59-1.71 (m, 2H), 1.32-1.43 (m, 1H), 1.24 (s, 12H), 

0.96-1.12 (m, 1H), 1.01 (dd, J = 15.4, 4.7 Hz, 1H), 0.89 (t, J = 7.4 Hz, 3H), 0.62 (dd, J = 15.4, 9.1 Hz, 

1H); 13C{1H} NMR (98.52 MHz, CDCl3):  173.5, 83.0, 58.0, 52.6, 49.2, 42.3, 41.2, 39.9, 25.7, 24.9, 

24.7, 12.5; 11B{1H} NMR (125.70 MHz, CDCl3):  32.6 (brs); IR (neat): 2976 s, 2956 s, 2928 s, 2876 

s, 1736 s, 1461 s, 1435 s, 1377 s, 1323 s, 1250 s, 1207 s, 1166 s, 1145 s, 1055 m, 1028 m, 968 s, 949 
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m, 883 m, 848 m, 819 w, 704 w, 676 w, 579 w, 545 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd 

for C18H31BNaO6 377.2106; Found 377.2103. 

 

 Hydroboration/cyclization product 6ja. General Procedure was 

followed with 50.4 mg of diene 5j (0.200 mmol) and 52.6 mg of 

pinacolborane 2a (0.411 mmol) except that 3.14 mg of the palladium 

complex 3d (0.0103 mmol, 5 mol %) and 1.3 mL of 1,2-dichloroethane 

were used and performed at room temperature. Silica gel 

chromatography (hexane:EtOAc = 8:1) afforded 6ja in 55% yield (41.4 mg, 0.109 mmol, dr 99:1) as 

a white solid: Mp 83-87°C; 1H NMR (391.78 MHz, CDCl3):  3.68 (s, 3H), 3.66 (s, 3H), 3.00 (dd, J 

= 14.6, 9.4 Hz, 1H), 2.65 (dt, J = 12.3, 5.4 Hz, 1H), 2.15-2.27 (m, 1H), 1.74-1.79 (m, 1H), 1.64-1.68 

(m, 2H), 1.56 (dd, J = 14.6, 8.5 Hz, 1H), 1.47-1.54 (m, 1H), 1.40-1.42 (m, 1H), 1.16-1.35 (m, 15H), 

1.01-1.14 (m, 1H), 0.93 (dd, J = 15.5, 4.8 Hz, 1H), 0.55 (dd, J = 15.5, 9.4 Hz, 1H); 13C{1H} NMR 

(98.52 MHz, CDCl3):  171.5, 171.3, 83.0, 62.9, 52.5, 52.1, 46.9, 45.4, 39.6, 33.4, 25.5, 24.9, 24.7, 

24.3, 24.0, 20.5; 11B{1H} NMR (125.70 MHz, CDCl3):  32.9 (brs); IR (KBr): 2988 m, 2976 m, 2951 

m, 2929 m, 2868 m, 1734 s, 1460 m, 1450 m, 1430 m, 1408 m, 1382 s, 1366 s, 1320 s, 1261 s, 1227 

s, 1211 s, 1200 m, 1171 m, 1141 s, 1065 m, 1033 m, 966 m, 920 w, 883 w, 848 m, 696 w, 674 w, 549 

w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C20H33BNaO6 403.2262; Found 403.2262. 

 

 Hydroboration/cyclization product 6ka. General Procedure was 

followed with 38.0 mg of diene 5k (0.197 mmol) except that 107.2 mg 

of pinacolborane 2a (0.838 mmol, 4 equiv), 6.58 mg of the palladium 

complex 3c (0.0195 mmol, 10 mol %), 20.9 mg of NaBArf4 (0.0236 

mmol, 12 mol %) and 5 mL of 1,2-dichloroethane were used and 

performed at room temperature. Gel permeation chromatography 

afforded 6ka in 53% yield (43.7 mg, 0.105 mmol, dr > 99:1) as a white solid: Mp 67-72°C; 1H NMR 

(391.78 MHz, CDCl3): 1H-NMR (CDCl3)  7.24-7.28 (m, 2H), 7.15-7.19 (m, 3H), 3.70 (s, 3H), 3.65 

(s, 3H), 2.97 (dd, J = 13.5, 2.2 Hz, 1H), 2.59-2.63 (m, 1H), 2.23-2.25 (m, 2H), 1.75-1.87 (m, 4H), 1.25 

(s, 12H), 1.10 (dd, J = 15.4, 3.3 Hz, 1H), 0.74 (dd, J = 15.4, 8.0 Hz, 1H); 13C{1H} NMR (98.52 MHz, 

CDCl3):  173.3, 173.2, 141.1, 128.8, 128.3, 125.8, 83.1, 57.9, 52.6, 52.6, 49.0, 42.1, 41.4, 40.1, 39.5, 

24.9, 24.7; 11B{1H} NMR (125.70 MHz, CDCl3):  32.6 (brs); IR (KBr): 3027 w, 2979 w,2952 w, 

2916 w, 2876 w, 2859 w, 1736 s, 1458 m, 1437 m, 1374 m, 1335 m, 1298 w, 1257 m, 1234 m, 1208 

m, 1166 m, 1143 m, 1107 m, 1043 w, 968 w, 847 w, 750 w, 702 w cm-1; HRMS (ESI-TOF) m/z: 

[M+Na]+ calcd for C23H33BNaO6 439.2262; Found 439.2262. 
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 Hydroboration/cyclization product 6ab. General Procedure was 

followed with 42.3 mg of diene 5a (0.199 mmol) and 74.8 mg of 

borane 2b (0.406 mmol) to obtain the crude product in 50% NMR 

yield. Further purification was performed with hydrogenation and 

Gel permeation chromatography as follows. The crude material was 

transferred to a Schlenk tube, then methanol (2 mL), platinum oxide 

(0.06 mmol, 30 mol %), and HCl (2 drops) were added. To the tube was attached a balloon filled with 

hydrogen, briefly evacuated, and backfilled with hydrogen gas three times, which was stirred 

overnight at room temperature. After the reaction, the solution was diluted with Et2O and filtered 

through Celite, and all the volatile materials of the eluate were removed by rotary evaporation. Gel 

permeation chromatography afforded the product 6ab in 27% yield (21.5 mg, 0.0542 mmol, dr 95:5) 

as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  3.70 (s, 3H), 3.70 (s, 3H), 2.62 (dd, J = 13.4, 6.6 

Hz, 1H), 2.49 (dd, J = 13.4, 6.6 Hz, 1H), 1.68-1.79 (m, 2H), 1.62-1.67 (m, 8H), 1.46-1.59 (m, 2H), 

1.04 (dd, J = 15.6, 3.9 Hz, 1H), 0.96 (d, J = 6.3 Hz, 3H), 0.87-0.92 (m, 12H), 0.60 (dd, J = 15.6, 9.1 

Hz, 1H); 13C{1H} NMR (98.52 MHz, CDCl3):  173.5, 173.5, 88.1, 58.0, 52.5, 43.1, 42.6, 42.4, 42.3, 

26.3, 26.1, 17.2, 8.8, 8.7; 11B{1H} NMR (125.70 MHz, CDCl3):  32.0 (brs); IR (neat): 2973 s, 2954 

s, 2884 s, 1735 s, 1458 s, 1436 s, 1385 s, 1348 s, 1256 s, 1205 s, 1172 s, 1144 s, 1115 s, 1043 s, 991 

m, 973 m, 957 m, 930 s, 858 m, 826 m, 704 w, 674 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd 

for C21H37BNaO6 419.2575; Found 419.2577. 

 

 Hydroboration/cyclization product 6ac. General Procedure was 

followed with 42.8 mg of diene 5a (0.202 mmol) and 50.9 mg of borane 

2c (0.398 mmol) to obtain the crude product in 58% NMR yield. Further 

purification was performed with hydrogenation and Gel permeation 

chromatography as follows. The crude material was transferred to a 

Schlenk tube, then methanol (2 mL), platinum oxide (0.06 mmol, 30 mol %), and HCl (2 drops) were 

added. To the tube was attached a balloon filled with hydrogen, briefly evacuated, and backfilled with 

hydrogen gas three times, which was stirred overnight at room temperature. After the reaction, the 

solution was diluted with Et2O and filtered through Celite, and all the volatile materials of the eluate 

were removed by rotary evaporation. Gel permeation chromatography afforded the product 6ac in 

49% yield (33.6 mg, 0.0988 mmol, dr (anti:syn) 97:3) as a colorless oil: 1H NMR (391.78 MHz, 

CDCl3):  4.10-4.19 (m, 1H), 3.71 (s, 3H), 3.70 (s, 3H), 2.60 (dd, J = 13.4, 6.6 Hz, 1H), 2.48 (dd, J = 

13.4, 6.6 Hz, 1H), 1.66-1.77 (m, 3H), 1.41-1.58 (m, 3H), 1.26 (s, 6H), 1.23 (d, J = 6.3 Hz, 3H), 0.95 

(d, J = 6.1 Hz, 3H), 0.88 (dd, J = 15.3, 5.2 Hz, 1H), 0.50 (dd, J = 15.3, 8.3 Hz, 1H); 13C{1H} NMR 

(98.52 MHz, CDCl3):  173.6, 173.6, 70.5, 70.5, 64.5, 58.0, 52.5, 45.9, 45.9, 43.2, 43.2, 42.7, 42.7, 

42.6, 42.6, 42.2, 42.2, 31.2, 28.1, 28.0, 23.2, 17.4, 17.3; 11B{1H} NMR (125.70 MHz, CDCl3):  29.1 
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(brs); IR (neat): 2973 s, 2953 s, 2930 s, 2912 s, 2873 s, 1734 s, 1435 s, 1391 s, 1304 s, 1254 s, 1207 s, 

1165 s, 1099 s, 1053 m, 996 w, 957 w, 941 w, 894 m, 857 m, 813 w, 796 w, 768 m, 704 w, 532 w, 514 

w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C17H29BNaO6 363.1949; Found 363.1947. 

 

 Hydroboration/cyclization product 6ad. General Procedure was 

followed with 42.2 mg of diene 5a (0.199 mmol) and 66.3 mg of 

borane 2d (0.395 mmol). Silica gel chromatography (hexane:EtOAc 

= 5:1 + 2% Et3N) afforded 6ad in 83% yield (63.0 mg, 0.166 mmol, 

dr > 99:1) as an yellow sticky oil: 1H NMR (395.88 MHz, CDCl3): 

 7.10 (t, J = 7.7 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 6.31 (d, J = 7.2 

Hz, 2H), 5.68 (br s, 2H), 3.72 (s, 6H), 2.52-2.62 (m, 2H), 1.76-1.85 (m, 2H), 1.50-1.62 (m, 2H), 1.14 

(dd, J = 15.0, 4.1 Hz, 1H), 1.02 (d, J = 5.9 Hz, 3H), 0.67 (dd, J = 15.0, 9.3 Hz, 1H); 13C{1H} NMR 

(99.55 MHz, CDCl3):  173.4, 141.0, 136.2, 127.5, 119.5, 117.4, 105.5, 57.9, 52.7, 43.8, 42.5, 42.5, 

42.5, 18.9, 17.5; 11B{1H} NMR (125.70 MHz, CDCl3):  30.6 (brs); IR (neat): 3396 s, 3053 m, 2952 

s, 2925 m, 2871 m, 1725 s, 1629 s, 1601 s, 1509 s, 1434 s, 1412 s, 1372 s, 1335 m, 1260 s, 1199 m, 

1145 s, 1038 m, 909 m, 859 w, 821 m, 767 s, 732 m, 644 m, 610 m cm-1; HRMS (ESI-TOF) m/z: 

[M+Na]+ calcd for C21H25BN2NaO4 403.1800; Found 403.1799.
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Transformations of Hydroboration/Cyclization Product. 
Synthesis of 8 

 
Alkylarene 8 was prepared from 6ea referring literatures for preparation of alkyl trifluoroborate salt 

from alkylboronic acid pinacol ester25a,b and Suzuki-Miyaura cross-coupling reaction of alkyl 

trifluoroborate salt.25c  

A 25 mL PFA bottle containing a magnetic stirring bar was charged with hydroboration/cyclization 

product 6ea (39.4 mg, 0.104 mmol), KHF2 (39 mg, 0.50 mmol), MeOH (1 mL), and H2O (0.1 mL). 

The bottle was capped, and the mixture was stirred at room temperature for 3 days, and further at 80 °C 

for 3 days. After cooling to room temperature, all the volatile materials were removed. A process, in 

which the residue was dissolved in toluene (1 mL) and concentrated in vacuo to remove the residual 

water, was conducted three times. Acetone (3 mL) was added to the resulting material, which was then 

filtered, and concentrated to obtain a colorless sticky solid. The solid was collected and triturated, 

washed with Et2O (3 mL×3) to remove the residual pinacol, and dried in vacuo to obtain trifluoroborate 

salt 7 as a white deliquescent powder in 45% yield (16.8 mg, 0.0468 mmol, dr 98:2): Mp 116-124°C; 

1H NMR (391.78 MHz, acetone-d6):  7.67-7.70 (m, 2H), 7.40 (d, J = 8.1 Hz, 2H), 3.58 (dd, J = 10.0, 

7.3 Hz, 1H), 3.40 (dd, J = 9.8, 7.3 Hz, 1H), 2.73 (t, J = 10.0 Hz, 1H), 2.63 (t, J = 9.6 Hz, 1H), 2.41 (s, 

3H), 1.50-1.28 (m, 2H), 0.83 (d, J = 6.5 Hz, 3H), 0.36-0.46 (m, 1H), –0.32-–0.21 (m, 1H); 13C{1H} 

NMR (98.52 MHz, acetone-d6):  143.6, 135.8, 130.2, 128.2, 56.6, 55.8, 44.8, 44.7, 44.7, 44.7, 42.6, 

21.3, 15.7; 11B{1H} NMR (125.70 MHz, acetone-d6):  1.6-5.0 (brm); 19F NMR (368.64 MHz, 

acetone-d6):  –139.6; IR (KBr): 3035 w, 2957 m, 2924 m, 2898 m, 2878 m, 2814 w, 1637 w, 1599 m, 

1458 m, 1420 m, 1399 m, 1376 s, 1333 s, 1308 s, 1290 m, 1258 m, 1161 s, 1092 s, 1030 s, 970 s, 927 

s, 815 m, 765 m, 709 m, 666 s, 593 s, 565 m, 549 s cm-1; HRMS (ESI-TOF) m/z: [M–K]– 
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C13H18BF3NO2S 320.1109; Found 320.1109.  

The solid 7 (16.8 mg, 0.0468 mmol, dr 98:2) was transferred to a 10 mL Schlenk tube containing a 

magnetic stirring bar, Pd(dppf)Cl2 (7.28 mg, 0.00994 mmol), 4-bromobenzonitrile (36.6 mg, 0.201 

mmol), and Cs2CO3 (97.3 mg, 0.299 mmol). Toluene (1.2 mL), H2O (0.1 mL) was added to the mixture, 

which was then stirred at 95 ºC for 17 h. The reaction was allowed to cool to room temperature and 

then concentrated. Purification of the crude material by gel permeation chromatography gave 

alkylarene 8 as a white solid in 37% yield (13.5 mg, 0.0381 mmol, dr 98:2): Mp 88-92°C; 1H NMR 

(391.78 MHz, CDCl3):  7.64-7.67 (m, 2H), 7.55-7.58 (m, 2H), 7.30-7.32 (m, 2H), 7.17 (d, J = 8.3 Hz, 

2H), 3.54 (dd, J = 9.9, 7.1 Hz, 1H), 3.26 (dd, J = 10.0, 7.1 Hz, 1H), 2.89 (dd, J = 9.9, 7.9 Hz, 1H), 

2.77-2.84 (m, 2H), 2.40-2.46 (m, 4H), 1.76-1.92 (m, 2H), 0.92 (d, J = 6.3 Hz, 3H); 13C{1H} NMR 

(98.52 MHz, CDCl3):  145.2, 143.5, 133.7, 132.4, 129.6, 129.4, 127.4, 118.7, 110.4, 54.5, 52.5, 46.8, 

38.6, 38.2, 21.5, 16.5; IR (KBr): 3088 w, 3065 w, 2984 w, 2960 w, 2932 w, 2877 w, 2850 w, 2226 m, 

1606 w, 1596 w, 1505 w, 1459 w, 1415 w, 1399 w, 1335 s, 1302 w, 1191 m, 1159 s, 1119 m, 1090 m, 

1040 m, 1016 m, 845 m, 820 m, 667 s, 584 s, 550 s cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C20H22N2NaO2S 377.1294; Found 377.1292. 
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Synthesis of 9 

 

Alcohol 9 was prepared from 6ea using a procedure similar to the one for the oxidation of alkylboronic 

acid pinacol ester.26  

To a vigorously stirred solution of 6ea (39.7 mg, 0.105 mmol) in THF/H2O (1 mL each) at room 

temperature was added sodium perborate tetrahydrate (46.3 mg, 0.301 mmol). After stirring for 4 h, 

the mixture was extracted three times with Et2O. The combined organic portions were washed with 

brine, quickly dried over Na2SO4, filtered, and concentrated. Purification of the crude material by silica 

gel column chromatography (hexane:EtOAc = 1:2) gave alcohol 9 as a colorless clear solid in 93% 

yield (26.3 mg, 0.0976 mmol, dr 98:2): Mp 56-60°C; 1H NMR (391.78 MHz, CDCl3):  7.70-7.73 (m, 

2H), 7.32 (d, J = 8.1 Hz, 2H), 3.59-3.62 (m, 1H), 3.49 (dd, J = 9.6, 7.4 Hz, 1H), 3.42-3.46 (m, 2H), 

3.12 (dd, J = 10.1, 7.2 Hz, 1H), 2.77 (dd, J = 9.6, 8.1 Hz, 1H), 2.44 (s, 3H), 1.79-1.98 (m, 2H), 1.36 

(br s, 1H), 0.95 (d, J = 6.5 Hz, 3H); 13C{1H} NMR (98.52 MHz, CDCl3):  143.4, 133.4, 129.6, 127.6, 

63.2, 54.8, 50.6, 47.8, 35.0, 21.5, 17.1; IR (KBr): 3559 m sh, 3054 w, 2968 w, 2937 w, 2882 w, 1597 

w, 1491 w, 1474 w, 1467 w, 1385 w, 1326 m, 1302 m, 1289 w, 1155 s, 1088 m, 1034 m, 1015 m, 817 

m, 804 m, 786 w, 663 s, 589 m, 549 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C13H19NNaO3S 292.0978; Found 292.0977. 
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3  
 
Preparation of Deuterium-Labeled Diboron 10a-d24. 

The titled diboron was prepared from pinacol-d12 following the procedure.61 Pinacol-d12 was 

prepared with the McMurry coupling under low temperature conditions40 using acetone-d6 as a ketone 

substrate: 

 
In a 500 mL three-necked flask charged with a magnetic stir bar, acetone-d6 (6.58 g, 102 mmol) 

was added via syringe and diluted with dry THF (200 mL). After cooling to –60 °C, TiCl4 (16.5 mL, 

152 mmol) was slowly added, and the solution was stirred at the same temperature for 30 min. Then, 

Zn dust (19.1 g, 298 mmol) was added, and the mixture was further stirred at 70 °C for 3 h. The 

reaction was quenched by slow addition of a saturated aqueous solution of K2CO3 with vigorous 

stirring at 0 °C, and the mixture was stirred further for 30 min at room temperature. The insoluble 

materials were removed by filtration and washed with Et2O. The filtrate was washed with brine, dried 

over NaSO4, filtered, and concentrated to give a yellow oil. The oil was dissolved in distilled water 

and cooled to 0 °C to afford a white solid. The solid was dried azeotropically by refluxing in benzene 

in a Dean-Stark trap, and evaporation of the volatile materials provided pinacol-d12 as a colorless oily 

solid (3.73 g, 56% yield). The analytic data were in accordance with the literature.61 

 
General Procedure for Preparation of 1,6-Dienes 5m, 5v, 5w, 5x. 

 

To a suspension of NaH (1.4 equiv) in THF (ca. 5 mL per 1 mmol of the allylbromide) was slowly 

added the monoallylated malonic ester S5 or S6 (1 equiv) at 0 °C. The solution was warmed up to 

room temperature, and the allylbromide (1.2 equiv) was added. The mixture was stirred for 12 h and 

was then quenched by addition of a saturated ammonium chloride solution. The resulting mixture was 

extracted three times with Et2O. The combined organic portions were washed twice with brine, dried 

over MgSO4, filtered, and concentrated. Purification of the crude material by column chromatography 

(hexane/EtOAc) gave the 1,6-dienes 5m, 5v, 5w, 5x. 
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Diene 5m. General Procedure was followed with 0.759 g of S5 (2.96 mmol) 

and 0.528 g of crotyl bromide (3.90 mmol), and diene 5m was obtained as a 

colorless oil in 97% yield (2.06 g, 8.57 mmol, E/Z = 85/15) after silica gel 

column chromatography (hexane/EtOAc = 40:1): 1H NMR (391.7 MHz, 

CDCl3):  1.43-1.46 (18H, m), 1.61-1.67 (3H, m), 2.46-2.58 (4H, m), 5.08-5.11 (2H, m), 5.21-5.30 

(1H, m), 5.47-5.71 (2H, m); 13C NMR (98.5 MHz, CDCl3, E-isomer):  18.0, 27.9, 35.2, 36.5, 57.9, 

81.1, 118.6, 124.9, 129.4, 132.8, 170.2; IR (neat): 3078 w, 3004 w, 2978 s, 2933 m, 1729 s, 1642 w, 

1455 m, 1392 m, 1368 s, 1294 s, 1249 s, 1222 s, 1171 s, 1144 s, 1050 w, 1031 w, 992 w, 968 m, 917 

m, 847 m, 745 m, 649 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C18H30NaO4+ 333.2036; 

Found 333.2036. 

 

Diene 5v. General Procedure was followed with S6 (2.72 mmol) and 0.378 

g of (E)-1-bromopent-2-ene (2.54 mmol), and diene 5v was obtained as a 

colorless oil in 21% yield (0.128 g, 0.533 mmol) after silica gel column 

chromatography (hexane/EtOAc = 25:1): 1H NMR (391.7 MHz, CDCl3):  

0.95 (3H, t, J = 7.5 Hz), 1.99 (2H, dq, J = 7.5, 7.5 Hz), 2.57 (2H, dd, J = 7.4, 0.8 Hz), 2.63 (2H, d, J = 

7.4 Hz), 3.71 (6H, s), 5.07-5.12 (2H, m), 5.18-5.27 (1H, m), 5.51-5.58 (1H, m), 5.59-5.70 (1H, m); 
13C NMR (98.5 MHz, CDCl3):  13.8, 25.7, 35.7, 36.8, 52.3, 57.9, 119.1, 122.2, 132.4, 137.2, 171.4; 

IR (neat): 3079 w, 3031 w, 2958 m, 2874 w, 1736 s, 1642 w, 1437 m, 1281 m, 1213 s, 1143 m, 1050 

w, 996 w, 971 m, 922 m, 857 w, 655 w, 560 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for 

C13H20NaO4+ 263.1254; Found 263.1254. 

 

Diene 5w. General Procedure was followed with 0.684 g of S6 (3.97 

mmol) and 0.719 g of (E)-1-bromohex-2-ene (4.41 mmol) and, diene 5w 

was obtained as a colorless oil in 29% yield (0.297 g, 1.17 mmol) after 

silica gel column chromatography (hexane/EtOAc = 15:1): 1H NMR (391.7 

MHz, CDCl3):  0.87 (3H, t, J = 7.3 Hz), 1.35 (2H, tq, J = 7.3, 7.3 Hz), 1.96 (2H, dt, J = 7.3, 7.3 Hz), 

2.58 (2H, dd, J = 7.3, 0.6 Hz), 2.63 (2H, d, J = 7.4 Hz), 3.71 (6H, s), 5.08-5.12 (2H, m), 5.19-5.27 

(1H, m), 5.46-5.54 (1H, m), 5.59-5.70 (1H, m); 13C NMR (98.5 MHz, CDCl3):  13.6, 22.5, 34.7, 35.7, 

36.8, 52.3, 57.9, 119.0, 123.4, 132.4, 135.5, 171.4; IR (neat): 3079 w, 2956 s, 2873 m, 1738 s, 1642 

w, 1437 s, 1325 m, 1284 s, 1210 s, 1143 s, 1056 m, 995 m, 971 m, 920 m, 856 w, 656 w, 561 w cm-1; 

HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C14H22NaO4+ 277.1410; Found 277.1411. 
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Diene 5x. General Procedure was followed with 0.610 g of 

S6 (3.54 mmol) and 0.908 g of (E)-1-bromodec-2-ene  (4.14 

mmol) and, diene 5x was obtained as a colorless oil in 59% yield 

(0.652 g, 2.10 mmol) after silica gel column chromatography (hexane/EtOAc = 20:1): 1H NMR (400.0 

MHz, CDCl3):  0.88 (3H, t, J = 6.9 Hz), 1.26-1.35 (10H, m), 1.97 (2H, dt, J = 6.8, 6.8 Hz), 2.58 (2H, 

d, J = 7.4 Hz), 2.62 (2H, d, J = 7.4 Hz), 3.71 (6H, s), 5.08-5.12 (2H, m), 5.18-5.25 (1H, m), 5.46-5.54 

(1H, m), 5.59-5.70 (1H, m); 13C NMR (100.0 MHz, CDCl3):  14.1, 22.6, 29.1, 29.1, 29.4, 31.8, 32.6, 

35.7, 36.8, 52.3, 57.9, 119.0, 123.1, 132.5, 135.8, 171.4; IR (neat): 3079 w, 2954 m, 2926 m, 2855 m, 

1737 s, 1642 w, 1436 m, 1323 w, 1284 m, 1213 m, 1142 w, 1035 w, 994 w, 970 w, 919 w, 858 w, 698 

w, 547 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C18H30NaO4 333.2036; Found 333.2037. 

 

Preparation of Diene 5n. 

 

Diene 5n was prepared from S7 using a procedure similar to the one for the allylation of 1,3-

diketone.42  

To a solution of S7 (0.483 g, 3.5 mmol) in DMF (6 mL) at 0 °C was added Cs2CO3 (1.72 g, 5.3 

mmol), and the mixture was stirred for 10 min. Crotylbromide (assay 85%, 0.667 g, 4.2 mmol) was 

added dropwise to the mixture, which was then stirred at room temperature for 12 h. After separating 

with the organic layer, the aqueous layer was extracted three times with Et2O. The combined organic 

portions were washed twice with water and with brine, dried over MgSO4, filtered, and concentrated. 

Purification of the crude material by column chromatography (hexane:EtOAc = 10:1) gave 0.458 g 

(68%, E/Z = 83/17) of the diene 5n as a colorless oil: 1H NMR (399.6 MHz, CDCl3):  1.64 (3H, dd, 

J = 6.6, 1.2 Hz), 2.09-2.10 (6H, m), 2.58-2.67 (4H, m), 5.08-5.17 (3H, m), 5.47-5.62 (2H, m); 13C 

NMR (98.5 MHz, CDCl3, E-isomer):  18.0, 27.2, 33.7, 34.9, 70.5, 119.1, 124.1, 130.0, 132.2, 206.0; 

IR (neat): 3078 m, 3024 m, 2980 m, 2920 m, 2857 m, 1698 s, 1640 m, 1438 s, 1357 s, 1186 s, 1165 s, 

1130 m, 997 m, 968 s, 620 w, 592 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C12H18NaO2 

217.1199; Found 217.1198. 

 

Preparation of Diene 5o. 
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Diene 5o was prepared from S8 using a procedure similar to the one for the allylation of 1,3-

diketone.42  

To a solution of S8 (1.31 g, 5 mmol) in DMF (10 mL) at 0 °C was added Cs2CO3 (2.44 g, 7.5 mmol), 

and the mixture was stirred for 10 min. Then, crotylbromide (assay 85%, 0.951 g, 6 mmol) was added 

dropwise to the mixture, which was then stirred at room temperature for 12 h. The organic layer was 

extracted three times with Et2O. The combined organic portions were washed twice with water and 

with brine, dried over MgSO4, filtered, and concentrated. Purification of the crude material by column 

chromatography (hexane:EtOAc = 20:1) gave 0.354 g (23%, E/Z = 89/11) of diene 5o as a colorless 

oil: 1H NMR (399.6 MHz, CDCl3):  1.30 (Z-isomer, 1H, dt, J = 6.7, 0.8 Hz), 1.58 (E-isomer, 2H, dd, 

J = 6.4, 1.2 Hz), 2.89-2.98 (4H, m), 4.95 (2H, tt, J = 34.4, 11.6 Hz), 5.06-5.14 (1H, m), 5.25-5.54 (2H, 

m), 7.31-7.35 (4H, m), 7.42-7.47 (2H, m), 7.82-7.86 (4H, m); 13C NMR (98.5 MHz, CDCl3, E-isomer): 

 18.1, 36.4, 37.5, 66.6, 119.4, 123.7, 128.6, 128.9, 130.3, 131.8, 133.0, 136.4, 198.8; IR (neat): 3072 

w, 3025 w, 2978 w, 2934 w, 2917 w, 2854 w, 1661 s, 1639 w, 1596 m, 1579 w, 1447 m, 1271 m, 1213 

m, 1182 m, 730 m, 690 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C22H22NaO2 341.1512; 

Found 341.1513. 

 

Preparation of Diene 5p. 

 

To a solution of 5i (0.272 g, 1.2 mmol) in EtOH (1.4 mL) was added NaOH aq (6 M, 10 mL), and 

the mixture was stirred for 18 h. After cooling to 0 °C, an aqueous HCl solution (6 M) was added to 

adjust the pH value to ca. 4. The organic layer was extracted three times with Et2O, and the combined 

organic portions were washed twice with water and with brine, dried over MgSO4, filtered, and 

concentrated. Further removal of the volatile materials in vacuo at 90 °C for 20 min afforded 0.244 g 

(quant., E/Z = 81/19) of diene 5p as a white solid: Mp 76-78°C; 1H NMR (398.5 MHz, CDCl3):  

1.62-1.67 (3H, m), 2.62-2.73 (4H, m), 5.13-5.19 (2H, m), 5.28-5.36 (1H, m), 5.56-5.77 (2H, m); 13C 

NMR (98.5 MHz, CDCl3, E-isomer):  18.0, 37.1, 38.0, 58.1, 119.9, 123.5, 131.0, 131.5, 176.0; IR 

(KBr): 3083 m, 2980 m, 1704 s, 1438 m, 1397 m, 1293 m, 1230 m, 967 m, 921 m, 681 w cm-1; HRMS 

(ESI-TOF) m/z: [M-H]- Calcd for C10H13O4 197.0819; Found 197.0820. 
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Preparation of Diene 5q. 

 

To a suspension of 0.63 g of LiAlH4 (15 mmol) in 60 mL of Et2O was added dropwise 2.35 g of 5i 
(10 mmol) at 0 °C for 10 min. The reaction mixture was warmed to room temperature and stirred for 

24 h. After cooled to 0 °C, a saturated aqueous solution of potassium tartrate and an aqueous KOH 

solution were added to the mixture, which was then stirred vigorously for 10 min. After collecting the 

organic layer, the aqueous layer was extracted three times with Et2O. The combined organic portions 

were washed with brine, dried over Na2SO4, filtered, and concentrated in vacuo. Purification of the 

crude material by column chromatography (hexane:Et2O = 1:2) gave 1.42 g (81%, E/Z = 79/21) of the 

diene 5q as a colorless oil: 1H NMR (399.6 MHz, CDCl3):  1.63-1.68 (3H, m), 1.99-2.11 (6H, m), 

3.57-3.60 (4H, m), 5.04-5.13 (2H, m), 5.40-5.65 (2H, m), 5.79-5.90 (1H, m); 13C NMR (98.5 MHz, 

CDCl3, E-isomer):  18.1, 34.8. 36.1, 42.2, 68.4, 118.0, 126.0, 128.7, 134.1; IR (neat): 3366 s br, 3074 

w, 2917 s, 2883 s, 2856 m, 1638 m, 1439 s, 1059 s, 1026 s, 970 m, 914 s, 654 w cm-1; HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C10H18NaO2 193.1199; Found 193.1198. 

 

Preparation of Diene 5r. 

 
The diene 5r was prepared from 5q using a procedure similar to the one for Bn protection of 2,2-

diallylpropane-1,3-diol.62 

To a suspension of NaH (0.62 g, 12 mmol) in THF (15 mL) at 0 °C was added 5r (0.388 g, 3 mmol). 

A solution of benzyl bromide (0.81 mL, 9 mmol) in THF (5 mL) was added, and the reaction mixture 

was stirred for 12 h. A solution of K2CO3 in MeOH was added to the reaction mixture, which was 

stirred for 3 h, with the aim of quenching excess BnBr. The resulting mixture was extracted three times 

with Et2O, and the combined organic layers were dried over MgSO4 and concentrated in vacuo. 

Purification of the crude material by column chromatography (hexane:EtOAc = 40:1) afforded 0.645 

g (81%, E/Z = 78/22) of the diene 5r as a colorless oil: 1H NMR (395.8 MHz, CDCl3):  1.59-1.64 

(3H, m), 2.02-2.14 (4H, m), 3.29-3.31 (4H, m), 4.47 (4H, s), 5.01-5.05 (2H, m), 5.33-5.59 (2H, m), 

5.74-5.86 (1H, m), 7.28-7.37 (10H, m); 13C NMR (99.5 MHz, CDCl3, E-isomer):  18.1, 35.0, 36.4, 

42.1, 72.5, 73.1, 117.4, 126.4, 127.3, 127.3, 128.0, 128.2, 134.6, 139.0; IR (neat): 3065 m, 3028 m, 

2913 m, 2856 s, 1638 w, 1496 m, 1453 m, 1363 m, 1100 s, 1027 w, 999 w, 970 m, 914 m, 734 s, 697 
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s cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H30NaO2 373.2138; Found 372.2137. 

 

Preparation of Diene 5s. 

 
The diene 5s was prepared from 5q using a procedure similar to the one for TBS protection of 2,2-

diallylpropane-1,3-diol63 with slight modifications.  

To a stirred solution of 5q (0.345 g, 2 mmol) in DCM (10 mL) at room temperature was added 

imidazole (0.6 g, 9 mmol) and tert-butyldimethylsilyl chloride (1.1 g, 7.5 mmol). After stirred for 18 

h, the mixture was diluted with hexane and washed with a saturated NaHCO3 solution. The organic 

layer was dried over MgSO4 and evaporated in vacuo. Purification of the crude material by column 

chromatography (hexane) gave 0.757 g (94%, E/Z = 81/19) of diene 5s as a colorless oil: 1H NMR 

(395.8 MHz, CDCl3):  0.01 (12H, s), 0.89 (18H, s), 1.59-1.66 (3H, m), 1.87-1.99 (4H, m), 3.30-3.35 

(4H, m), 5.01-5.06 (2H, m), 5.36-5.55 (2H, m), 5.75-5.85 (1H, m); 13C NMR (99.5 MHz, CDCl3, E-

isomer):  -5.6, 13.1, 18.1, 18.2, 25.9, 27.9, 33.7, 35.1, 35.4, 43.3, 63.9, 64.1, 117.1, 125.7, 126.0, 

126.7, 127.6, 134.8; IR (neat): 3075 w, 2955 s, 2929 s, 2899 s, 2857 s, 1471 m, 1255 s, 1091 s, 913 m, 

835 s, 669 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C22H46NaO2Si2 421.2929; Found 

421.2929. 

 

Preparation of Diene 5u. 

 

Deprotection was conducted by stirring a solution of S9 (1.39 g, 7.10 mmol) in DCM/TFA (2:1 v/v, 

19 mL) overnight at room temperature, which was made basic by addition of 1 M NaOH solution. The 

mixture was extracted three times with Et2O, and the combined organic portions were dried over 

MgSO4. The solvent was carefully evaporated, and the obtained product S10 was used in the next step 

without further purification. 
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To a solution of S10 (0.228 g, 2 mmol) and pyridine (0.174 g, 2.20 mmol) in DCM (10 mL) at 0 °C 

was carefully added TFAA (0.475 g, 2.2 mmol), and the mixture was stirred at room temperature for 

12 h. Then, the mixture was extracted with Et2O and washed with a saturated NaHCO3 solution. The 

organic layer was dried over MgSO4 and concentrated. Purification of the crude material by column 

chromatography (hexane:Et2O = 20:1) gave 0.182 g (43%, E/Z = 89/11) of diene 5u as a colorless oil: 
1H NMR (395.8 MHz, CDCl3):  1.67-1.74 (3H, m), 3.90-4.07 (4H, m), 5.15-5.31 (2H, m), 5.33-5.44 

(1H, m), 5.61-5.82 (2H, m); 13C NMR (98.5 MHz, CDCl3, a mixture of E/Z isomers and their 

rotamers):  12.9, 13.0, 17.6, 17.7, 42.2, 43.1, 47.5, 47.6, 47.9, 48.5 (q, 4JCF = 2.8 Hz), 48.7 (q, 4JCF = 

2.8 Hz), 49.0 (q, 4JCF = 3.8 Hz), 116.5 (q, 1JCF = 282.8 Hz), 118.5, 118.6, 119.0, 119.1, 123.3, 123.6, 

124.1, 124.5, 129.5, 129.6, 130.9, 131.0, 131.1, 131.3, 131.8, 131.9, 156.5 (q, 2JCF = 35.7 Hz), 156.6 

(q, 2JCF = 35.7 Hz) (The carbonyl carbons of the Z isomers were not detected); 19F NMR (368.6 MHz, 

CDCl3):  -102.8, -102.8, -102.7; IR (neat): 3088 w, 3019 w, 2971 w, 2924 w, 2888 w, 2860 w, 1695 

s, 1646 w, 1453 m, 1206 s, 1164 s, 1143 s, 986 m, 969 m, 932 w, 757 w, 710 w, 676 w cm-1; HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C9H12F3NNaO 230.0763; Found 230.0764. 
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General Procedure for Palladium-Catalyzed (Remote) Diborylative Cyclization of Dienes with 
Diborons. 

 

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with diene 5 or 

1 (0.2 mmol, 1 equiv), diboron 10 (0.8 mmol, 4 equiv), palladium complex 3b (0.005 mmol, 2.5 

mol %), and cyclohexane (0.5 mL). After stirring for 5 min, NaBArf4 (0.006 mmol, 3 mol %) was 

added and the mixture was stirred at 40 °C for 12 h. The reaction mixture was cooled to room 

temperature and passed through a short plug of silica gel (1:1 hexane/EtOAc). All the volatile materials 

of the eluate were removed by rotary evaporation. Removal of the remaining diboron by Kugelrohr 

distillation (25 pa, 120 °C, 30 min), followed by silica gel column chromatography afforded the desired 

(remote) diborylation/cyclization product 11, 12 or 13. 

 

 Remote diborylative cyclization product 11ia. General Procedure 

was followed with 45.0 mg of diene 5i (0.199 mmol) and 203 mg of 

diboron 10a (0.799 mmol). 86% GC yield. Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 11ia in 81% yield (77.5 mg, 0.161 

mmol, dr 99:1) as a colorless oil: 1H NMR (400.0 MHz, CDCl3):  0.61 

(1H, dd, J = 15.4, 9.1 Hz), 0.67-0.88 (2H, m), 1.03 (1H, dd, J = 15.4, 

4.5 Hz), 1.07-1.27 (25H, m), 1.38-1.43 (1H, m), 1.64-1.78 (4H, m), 

2.51-2.60 (2H, m), 3.69 (6H, s); 13C NMR (98.5 MHz, CDCl3):  24.8, 

24.8, 24.8, 24.9, 27.3, 40.0, 41.3, 42.4, 49.7, 52.5, 52.6, 58.0, 82.9, 83.0, 173.4, 173.5; 11B NMR (125.7 

MHz, CDCl3):  32.7 (brs); IR (neat): 2978 s, 2951 m, 2929 m, 1736 s, 1435 m, 1377 s, 1320 s, 1253 

s, 1210 s, 1145 s, 1109 m, 968 m, 884 w, 847 m, 673 w, 578 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ 

calcd for C24H42B2NaO8 503.2958; Found 503.2957. 

 

 Remote diborylative cyclization product 11la. General Procedure 

was followed with 45.0 mg of diene 11la (0.199 mmol) and 202 mg of 

diboron 10a (0.798 mmol). Silica gel chromatography (hexane:EtOAc = 

5:1) afforded 11la in 84% yield (84.9 mg, 0.167 mmol, dr 99:1) as a 

colorless oil: 1H NMR (391.7 MHz, CDCl3):  0.61 (1H, dd, J = 15.3, 9.2 

Hz), 0.66-0.74 (1H, m), 0.82-0.86 (1H, m), 1.04 (1H, dd, J = 15.5, 4.5 

Hz), 1.11-1.15 (1H, m), 1.20-1.28 (30H, m), 1.34-1.39 (1H, m), 1.63-
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1.69 (1H, m), 1.72-1.76 (3H, m), 2.51 (1H, dd, J = 13.5, 7.4 Hz), 2.56 (1H, dd, J = 12.9, 6.8 Hz), 4.10-

4.22 (4H, m); 13C NMR (98.5 MHz, CDCl3):  14.0 (1C x 2), 24.7, 24.8, 24.8, 24.9, 27.3, 39.8, 41.2, 

42.3, 49.7, 58.1 61.1, 61.1, 82.9, 83.0, 172.9, 173.0; 11B NMR (125.7 MHz, CDCl3):  32.4 (brs); IR 

(neat): 2978 s, 2931 m, 1732 s, 1447 m, 1375 s, 1320 s, 1252 s, 1209 m, 1147 s, 1109 m, 1047 w, 969 

m, 884 m, 847 m, 674 w, 577 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C26H46B2NaO8 

531.3271; Found 531.3271. 

 

 Remote diborylative cyclization product 11ma. General 

Procedure B was followed with 62.1 mg of diene 5m (0.200 mmol) and 

202 mg of diboron 10a (0.798 mmol). Silica gel chromatography 

(hexane:EtOAc = 3:1) afforded 11ma in 81% yield (91.4 mg, 0.162 

mmol, dr 97:3) as a white solid: Mp 92-94 °C; 1H NMR (391.7 MHz, 

CDCl3):  0.60 (1H, dd, J = 15.5, 9.0 Hz), 0.65-0.74 (1H, m), 0.79-0.87 

(1H, m), 1.02 (1H, dd, J = 15.4, 3.9 Hz), 1.09-1.18 (1H, m), 1.23 (12H, 

s), 1.23 (12H, s), 1.35-1.41 (19H, m), 1.61-1.75 (4H, m), 2.37 (1H, dd, 

J = 13.5, 7.4 Hz), 2.45-2.46 (1H, m); 13C NMR (98.5 MHz, CDCl3):  24.8 (2C x 2), 24.9, 24.9, 27.4, 

27.9 (3C x 2), 39.6, 41.0, 42.1, 49.7, 59.4, 80.4, 80.5, 82.8, 82.9, 172.1, 172.3; 11B NMR (125.7 MHz, 

CDCl3):  32.5 (brs); IR (KBr): 2981 m, 2938 m, 1722 s, 1474 m, 1370 s, 1328 s, 1277 s, 1215 m, 

1171 s, 1149 s, 969 m, 848 m, 744 w, 578 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for 

C30H54B2NaO8 587.3897; Found 587.3897. 

 

 Remote diborylative cyclization product 11na. General Procedure 

B was followed with 39.8 mg of diene 5n (0.204 mmol) and 203 mg of 

diboron 10a (0.799 mmol). Silica gel chromatography (hexane:EtOAc = 

4:1) afforded 11na in 70% yield (64.3 mg, 0.143 mmol, dr 97:3) as a 

colorless oil: 1H NMR (395.8 MHz, CDCl3):  0.60 (1H, dd, J = 15.4, 8.6 

Hz), 0.66-0.75 (1H, m), 0.80-0.88 (1H, m), 1.02 (1H, dd, J = 15.4, 4.1 

Hz), 1.07-1.15 (1H, m), 1.21-1.28 (25H, m), 1.48-1.59 (3H, m), 1.66-

1.75 (1H, m), 2.07 (6H, s), 2.51-2.61 (2H, m); 13C NMR (99.5 MHz, 

CDCl3):  24.7, 24.8, 24.9, 24.9, 26.3 (1C x 2), 27.2, 36.7, 39.2, 41.2, 49.5, 73.1, 82.9, 83.0, 205.6 (1C 

x 2); 11B NMR (125.7 MHz, CDCl3):  32.8 (brs); IR (neat): 2977 s, 2928 m, 1719 m, 1698 s, 1446 m, 

1378 s, 1319 s, 1214 m, 1163 s, 1145 s, 1109 m, 968 m, 884 m, 847 m, 673 w cm-1; HRMS (ESI-TOF) 

m/z: [M+Na]+ Calcd for C24H42B2NaO6 471.3060; Found 471.3060. 
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 Remote diborylative cyclization product 11oa. General Procedure B 

was followed with 64.1 mg of diene 5o (0.201 mmol) and 202 mg of 

diboron 10a (0.201 mmol). Silica gel chromatography (hexane:EtOAc = 

6:1) afforded 11oa in 64% yield (73.5 mg, 0.128 mmol, dr 97:3) as a 

colorless solid: Mp 50-53 °C; 1H NMR (399.6 MHz, CDCl3):  0.67 (1H, 

dd, J = 15.4, 8.6 Hz), 0.71-0.89 (2H, m), 1.05 (1H, dd, J = 15.4, 5.0 Hz), 

1.10-1.29 (25H, m), 1.44-1.54 (1H, m), 1.69-1.82 (2H, m), 1.95-2.06 (2H, 

m), 2.90-3.00 (2H, m), 7.26-7.29 (4H, m), 7.35-7.39 (2H, m), 7.73-7.84 (4H, m); 13C NMR (98.5 MHz, 

CDCl3):  24.7, 24.8, 24.8 (2C x 2), 27.1, 40.9, 41.4, 43.3, 49.8, 68.0, 82.9, 83.0, 128.4, 129.3, 132.7, 

132.7, 135.9, 136.0, 198.4, 198.4; 11B NMR (125.7 MHz, CDCl3):  32.7 (brs); IR (KBr): 3061 m, 

2977 s, 2928 s, 1666 s, 1597 s, 1580 s, 1448 s, 1378 s, 1318 s, 1248 s, 1145 s, 1107 m, 968 s, 730 m, 

700 s cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C34H46B2NaO6 595.3372; Found 595.3373. 
 
Reaction of diene 5p and conversion to 11ia for isolation 

 
General Procedure B was followed with 39.3 mg of diene 5p (0.198 mmol) and 201 mg of diboron 

10a (0.793 mmol), and remote diborylative cyclization product 11pa was obtained in 69% NMR yield. 

Compound 11pa could not be isolated in a pure form and was obtained as a mixture with other 

(cyclo)isomerization or/and borylation products. With the aim of isolation by derivatization, 

methylation of carboxylic acid moieties was conducted following the literature procedure.64 The crude 

material containing 11pa was dissolved in DMF (5 mL), and K2CO3 (0.283 g, 2.04 mmol) and MeI 

(0.172 g, 1.21 mmol) was added to the solution. After stirring at room temperature for 18 h, the organic 

layer was collected, and the aqueous layer was extracted three times with Et2O. The combined organic 

portions were washed three times with water and brine, dried over MgSO4, filtered, and concentrated. 

Purification of the crude material by column chromatography (hexane:EtOAc = 5:1) gave 

esterification product 11ia as a colorless oil in 53% yield (50.5 mg, 0.105 mmol, dr 99:1). 
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Reaction of diene 5q and conversion to 11sa for isolation 

 
General Procedure was followed with 34.4 mg of diene 5q (0.202 mmol) and 202 mg of diboron 

10a (0.795 mmol), and remote diborylative cyclization product 11qa was obtained in ca. 30% NMR 

yield. Compound 11qa could not be isolated in a pure form and was obtained as a mixture with other 

(cyclo)isomerization or/and borylation products. With the aim of isolation by derivatization, TBS 

protection of hydroxyl moieties was conducted following the literature procedure.63 The crude mixture 

containing 11qa was dissolved in DCM (5 mL), and imidazole (94.6 mg, 1.38 mmol), and tert-

butyldimethylsilyl chloride (218 mg, 1.44 mmol) was added to the solution. After stirring at room 

temperature for 18 h, the mixture was diluted with hexane and washed with a saturated NaHCO3 

solution. The organic layer was dried over MgSO4 and concentrated in vacuo. Purification of the crude 

material by column chromatography (hexane) gave TBS-protected product 11sa as a colorless oil in 

23% yield (29.8 mg, 0.0456 mmol, dr 98:2). 

 
 Remote diborylative cyclization product 11ra. General Procedure 

was followed with 71.0 mg of diene 5r (0.202 mmol) and 202.2 mg of 

diboron 10a (0.796 mmol). Silica gel chromatography (hexane:EtOAc 

= 7:1) afforded 11ra in 51% yield (62.0 mg, 0.103 mmol, dr was not 

determined) as a colorless oil: 1H NMR (399.6 MHz, CDCl3):  0.54 

(1H, dd, J = 15.4, 9.5 Hz), 0.61-0.69 (1H, m), 0.76-0.84 (1H, m), 1.00-

1.06 (4H, m), 1.19-1.25 (25H, m), 1.53-1.56 (1H, m), 1.65-1.73 (1H, m), 

1.81-1.86 (2H, m), 3.30-3.36 (4H, m), 4.50 (4H, s), 7.25-7.31 (10H, m); 
13C NMR (99.5 MHz, CDCl3):  24.8, 24.8, 24.9, 25.0, 27.7, 38.9, 40.9, 41.6, 45.2, 49.6, 73.0, 73.1, 

75.2, 75.3, 82.8, 82.8, 127.1, 127.2, 127.2, 127.3, 128.2 (2C x 2), 139.1, 139.1; 11B NMR (125.7 MHz, 

CDCl3):  33.1 (brs); IR (neat): 3087 w, 3063 w, 3029 w, 2977 m, 2925 m, 2855 m, 1453 m, 1372 s, 

1318 s, 1145 s, 1101 s, 968 m, 847 s, 735 m, 697 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C36H54B2NaO6 627.3999; Found 627.4000. 
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 Remote diborylative cyclization product 11sa. General Procedure 

B was followed with 79.3 mg of diene 5s (0.198 mmol) and 203 mg of 

diboron 10a (0.800 mmol). Silica gel chromatography (hexane:EtOAc 

= 20:1) afforded 11sa in 57% yield (73.7 mg, 0.113 mmol, dr 97:3) as 

a colorless oil: 1H NMR (395.8 MHz, CDCl3):  0.00 (6H, s), 0.01 (6H, 

s), 0.48 (1H, dd, J = 15.0, 10.0 Hz), 0.64-0.68 (1H, m), 0.74-0.83 (3H, 

m), 0.86 (18H, s), 1.01-1.07 (2H, m), 1.23 (25H, s), 1.49-1.52 (1H, m), 

1.69-1.74 (3H, m), 3.27 (2H, d, J = 9.1 Hz), 3.37 (2H, d, J = 9.1 Hz); 
13C NMR (99.5 MHz, CDCl3):  -5.5 (2C x 2), 18.3 (1C x 2), 24.8, 24.8, 24.9 (2C x 2), 25.9 (3C x 2), 

27.7, 37.6, 40.3, 40.7, 47.1, 49.8, 66.8, 66.8, 82.8 (2C x 2); 11B NMR (125.7 MHz, CDCl3):  32.9 

(brs); IR (neat): 2977 s, 2954 s, 2929 s, 2899 s, 2856 s, 1470 m, 1372 s, 1317 s, 1254 s, 1146 s, 1090 

s, 969 m, 848 s, 836 s, 775 s, 669 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C34H70B2NaO6Si2 

675.4789; Found 675.4790. 
 

 Remote diborylative cyclization product 11ta. General Procedure B was 

followed with 52.9 mg of diene 5t (0.199 mmol) and 203 mg of diboron 10a 

(0.800 mmol). Silica gel chromatography (hexane:EtOAc = 3:1) afforded 

11ta  in 27% yield (28.1 mg, 0.0541 mmol, dr 97:3) as a colorless oil : 1H 

NMR (391.7 MHz, CDCl3):  0.54 (1H, dd, J = 15.8, 9.5 Hz), 0.59-0.75 (2H, 

m), 0.93 (1H, dd, J = 15.8, 4.8 Hz), 1.05-1.24 (25H, m), 1.43-1.51 (1H, m), 

1.56-1.65 (1H, m), 1.68-1.78 (1H, m), 2.43 (3H, s), 2.79 (2H, q, J = 9.1 Hz), 

3.48 (1H, dd, J = 9.8, 7.5 Hz), 3.57 (1H, dd, J = 9.8, 7.5 Hz), 7.30 (2H, d, J = 7.9 Hz), 7.70 (2H, d, J 

= 8.1 Hz); 13C NMR (98.5 MHz, CDCl3):  21.5, 24.8 (2C x 2), 24.8 (2C x 2), 25.9, 40.0, 48.5, 53.2, 

54.9, 83.1, 83.2, 127.5, 129.5, 134.0, 143.1; 11B NMR (125.7 MHz, CDCl3):  32.6 (brs); IR (neat): 

2977 m, 2928 m, 2887 m, 1734 w, 1597 w, 1468 w, 1344 s, 1214 m, 1160 s, 1030 w, 968 m, 883 w, 

846 m, 814 m, 664 s, 589 m, 548 m cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C26H43B2NNaO6S 

542.2889; Found 542.2890. 
 

 Remote diborylative cyclization product 11ua. General Procedure B 

was followed with 41.2 mg of diene 5u (0.198 mmol) and 201 mg of 

diboron 10a (0.794 mmol) except that 3.31 mg of 3b (0.00981 mmol) and 

10.6 mg of NaBArf4 (0.0120 mmol) was used and reaction time was 66 h. 

Silica gel chromatography (hexane:EtOAc = 4:1) afforded 11ua in 66% 

yield (60.6 mg, 0.131 mmol dr 94:6) as a colorless oil: 1H NMR (399.6 

MHz, CDCl3, 20 °C):  0.63-0.85 (3H, m), 1.06-1.12 (1H, m), 1.19-1.31 
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(25H, m), 1.62-2.01 (3H, m), 2.99-3.17 (2H, m), 3.80-3.95 (2H, m); 13C NMR (99.5 MHz, CDCl3, a 

mixture of rotamers):  9.5, 13.1, 24.7, 24.8, 24.8, 25.3, 25.6, 38.0, 40.5, 46.3, 48.9, 51.8 (q, 4JCF = 2.8 

Hz), 52.7, 53.3 (q, 4JCF = 2.8 Hz), 54.3, 83.1, 83.2, 83.4, 83.4, 116.3 (q, 1JCF = 287.1 Hz), 155.2 (q, 
2JCF = 38.1 Hz); 11B NMR (125.7 MHz, CDCl3):  32.5 (brs); 19F NMR (372.5 MHz, CDCl3, a mixture 

of rotamers):  –72.29, -72.23; IR (neat): 2979 m, 2932 m, 1694 s, 1458 m, 1380 s, 1325 s, 1246 m, 

1204 m, 1143 s, 968 w, 846 m, 714 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C21H36B2F3NNaO5 484.2624; Found 484.2625. 
 

 Remote diborylative cyclization product 11va. General 

Procedure was followed with 49.1 mg of diene 5v (0.204 mmol) and 

202 mg of diboron 10a (0.798 mmol). Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 11va in 79% yield (79.8 mg, 0.161 

mmol, dr 98:2) as a colorless oil: 1H NMR (391.7 MHz, CDCl3):  

0.61 (1H, dd, J = 15.4, 9.1 Hz), 0.68-0.82 (2H, m), 0.95-1.10 (2H, 

m), 1.24-1.36 (25H, m), 1.40-1.49 (2H, m), 1.52-1.78 (4H, m), 2.52-2.60 (2H, m), 3.70 (6H, s); 13C 

NMR (98.5 MHz, CDCl3, 40 °C):  22.7, 24.8, 24.8 (2C x 2), 24.9, 36.2, 40.5, 41.5, 42.3, 47.6, 52.5, 

52.5, 58.3, 82.9, 83.0, 173.4, 173.5; 11B NMR (125.7 MHz, CDCl3):  33.0 (brs); IR (neat): 2978 s, 

2929 s, 1736 s, 1435 s, 1372 s, 1321 s, 1251 s, 1211 s, 1145 s, 1110 m, 968 m, 884 m, 847 m, 674 w, 

578 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C25H44B2NaO8 517.3115; Found 517.3114. 
 

 Remote diborylative cyclization product 11wa. General 

Procedure B was followed with 50.8 mg of diene 5w (0.200 mmol) 

and 203 mg of diboron 10a (0.800 mmol). Silica gel 

chromatography (hexane:EtOAc = 5:1) afforded 11wa in 74% 

yield (73.7 mg, 0.145 mmol, dr 99:1) as a colorless oil: 1H NMR 

(391.7 MHz, CDCl3):  0.61 (1H, dd, J = 15.5, 9.2 Hz), 0.76 (2H, 

t, J = 7.5 Hz), 0.99-1.09 (2H, m), 1.19-1.29 (25H, m), 1.30-1.48 

(4H, m), 1.52-1.78 (4H, m), 2.50-2.61 (2H, m), 3.70 (6H, s); 13C NMR (98.5 MHz, CDCl3):  24.3, 

24.7, 24.8 (2C x 2), 24.9, 30.9, 32.9, 40.4, 41.5, 42.2, 47.4, 52.6 (1C x 2), 58.1, 82.8, 83.0, 173.4, 

173.5; 11B NMR (125.7 MHz, CDCl3):  33.2 (brs); IR (neat): 2879 s, 2927 s, 2858 m, 1734 s, 1435 s, 

1378 s, 1320 s, 1254 s, 1210 s, 1145 s, 1110 m, 968 m 882 w, 846 m, 673 w, 546 w cm-1; HRMS (ESI-

TOF) m/z: [M+Na]+ calcd for C26H46B2NaO8 531.3271; Found 531.3270. 
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 Remote diborylative cyclization product 11xa. 
General Procedure B was followed with 61.3 mg of 

diene 5x (0.197 mmol) and 203 mg of diboron 10a 

(0.800 mmol). Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 11xa in 59% yield (65.6 

mg, 0.116 mmol, dr 99:1) as a colorless oil: 1H NMR 

(391.7 MHz, CDCl3):  0.63 (1H, dd, J = 15.4, 8.9 Hz), 

0.76 (2H, t, J = 7.7 Hz), 0.96-1.08 (2H, m), 1.26-1.31 (34H, m), 1.33-1.47 (3H, m), 1.52-1.78 (4H, m), 

2.53 (1H, dd, J = 13.5, 7.4 Hz), 2.59 (1H, dd, J = 13.1, 6.9 Hz), 3.71 (6H, s); 13C NMR (98.5 MHz, 

CDCl3):  24.0. 24.7, 24.8 (2C x 2), 24.9, 28.3, 29.4, 29.5, 30.0, 32.4, 33.2, 40.4, 41.5, 42.3, 47.6, 52.6 

(1C x 2), 58.1, 82.8, 83.0, 173.4, 173.5; 11B NMR (125.7 MHz, CDCl3):  33.0 (brs); IR (neat): 2977 

s, 2925 s, 2855 m, 1736 s, 1435 m, 1378 s, 1320 s, 1253 s, 1211 m, 1164 s, 1145 s, 1110 w, 968 m, 

883 w, 846 m, 673 w, 578 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C30H54B2NaO8 

587.3897; Found 587.3897. 

 
 Remote diborylative cyclization product 11ba. General Procedure B 

was followed with 51.2 mg of diene 5b (0.203 mmol) and 203 mg of 

diboron 10a (0.800 mmol) except that 0.81 mg of 3b (0.0024 mmol), 2.77 

mg of NaBArf4 (0.00312 mmol), and xylene was used as a solvent. Silica 

gel chromatography (hexane:EtOAc = 5:1) afforded 11ba in 41% yield 

(ca. 93% regioisomeric/diastereomeric purity) as a colorless solid: Mp 49-

52 °C; 1H NMR (391.7 MHz, CDCl3):  0.52 (1H, dd, J = 15.4, 10.0 Hz), 

0.86 (1H, tt, J = 12.9, 2.5 Hz), 0.95 (1H, dd, J = 15.4, 4.2 Hz), 1.03 (1H, ddd, J = 12.9, 12.6, 12.6 Hz), 

1.20-1.29 (26H, m), 1.47-1.50 (1H, m), 1.53-1.61 (2H, m), 1.68-1.71 (1H, m), 1.77-1.83 (1H, m), 

2.15-2.26 (1H, m), 2.62 (1H, dt, J = 12.6, 5.4 Hz), 3.00 (1H, dd, J = 14.6, 9.6 Hz), 3.68 (3H, s), 3.69 

(3H, s); 13C NMR (98.5 MHz, CDCl3):  21.8, 24.7, 24.7 (2C x 2), 24.7, 24.9 (2C x 2), 25.1, 33.2, 

39.2, 46.0, 46.7, 52.2, 52.5, 63.1, 82.8, 83.0, 171.3, 173.5; 11B NMR (125.7 MHz, CDCl3):  32.4 (brs); 

IR (KBr): 2978 s, 2930 s, 2860 m, 1736 s, 1434 s, 1382 s, 1321 s, 1255 s, 1223 s, 1144 s, 1110 m, 

1061 m, 1009 w, 967 m, 883 m, 850 m, 705 w, 671 w, 578 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ 

calcd for C26H44B2NaO8 529.3115; Found 529.3115. 
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 Remote diborylative cyclization product 11ib. General 

Procedure B was followed with 44.7 mg of diene 5i (0.197 mmol) 

and 132 mg of diboron 10b (0.360 mmol). Silica gel chromatography 

(hexane:Et2O = 5:1) afforded 11ib in 85% yield (100 mg, 0.169 mmol 

dr 98:2) as a colorless oil: 1H NMR (399.6 MHz, CDCl3):  0.51 (1H, 

dd, J = 15.9, 10.0 Hz), 0.59-0.67 (1H, m), 0.72-0.77 (1H, m), 0.82-

0.84 (24H, m), 1.01 (1H, dd, J = 15.9, 4.3 Hz), 1.06-1.10 (1H, m), 

1.30-1.40 (1H, m), 1.52-1.73 (20H, m), 2.45 (1H, dd, J = 13.6, 7.2 

Hz), 2.52 (1H, dd, J = 13.6, 6.8 Hz), 3.63 (6H, s); 13C NMR (98.5 MHz, CDCl3):  8.7, 8.8 (2C x 3), 

9.4 (C–CH2–B), 14.7 (C–CH2–B), 26.1, 26.3 (2C x 3), 27.3, 40.0, 41.3, 42.4, 49.7, 52.5 (1C x 2), 58.0, 

87.9, 88.0, 173.5 (1C x 2); 11B NMR (125.7 MHz, CDCl3):  32.0 (brs); IR (neat): 2977 s, 2947 s, 

2884 s, 1736 s, 1457 m, 1435 m, 1384 s, 1349 s, 1252 s, 1206 m, 1113 m, 1026 w, 972 w, 929 m, 858 

w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C32H58B2NaO8 615.4210; Found 615.4210. 

 

 Remote diborylative cyclization product 11ic. General Procedure 

B was followed with 45.0 mg of diene 5i (0.199 mmol) and 179 mg of 

diboron 10c (0.795 mmol). 65% NMR yield. Silica gel 

chromatography (hexane:EtOAc = 1:1) afforded 11ic in 44% yield 

(39.1 mg, 0.0865 mmol, dr 99:1) as a colorless oil: 1H NMR (391.7 

MHz, CDCl3):  0.50 (1H, dd, J = 15.4, 9.8 Hz), 0.58-0.66 (1H, m), 

0.72-0.80 (1H, m), 0.86-1.15 (14H, m), 1.32-1.43 (1H, m), 1.58-1.77 

(4H, m), 2.50-2.62 (2H, m), 3.57 (8H, s), 3.69 (6H, s); 13C NMR (98.5 

MHz, CDCl3):  21.8, 21.9, 27.4, 31.5, 31.6, 40.1, 41.3, 42.6, 49.7, 52.5, 52.5, 58.1, 71.9, 71.9, 173.6, 

173.6; 11B NMR (125.7 MHz, CDCl3):  29.6 (brs); IR (neat): 2959 s, 2931 s, 2885 s, 1734 s, 1479 s, 

1433 s, 1417 s, 1377 s, 1308 s, 1251 s, 1197 s, 1161 s, 1080 m, 1009 m, 931 w, 858 w, 813 m, 742 w, 

665 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C22H38B2NaO8 475.2645; Found 475.2645. 

 

 Remote diborylative cyclization product 11id. General Procedure B 

was followed with 44.4 mg of diene 5i (0.196 mmol) and 201 mg of 

diboron 10d (0.792 mmol). 74% GC yield. Silica gel chromatography 

(hexane:EtOAc = 12:1) afforded 11id in 46% yield (43.4 mg, 0.0904 

mmol, dr (anti:syn) 98:2) as a colorless oil: 1H NMR (395.8 MHz, 

CDCl3):  0.47-0.62 (2H, m), 0.65-0.74 (1H, m), 0.85-0.92 (1H, m), 1.03-

1.12 (1H, m), 1.22 (3H, d, J = 3.6 Hz), 1.23 (3H, d, J = 3.6 Hz), 1.25 (6H, 

s), 1.26 (6H, s), 1.33-1.40 (1H, m), 1.40-1.50 (2H, m), 1.57-1.67 (2H, m), 1.69-1.76 (4H, m), 2.48-

2.58 (2H, m), 3.69 (3H, s), 3.70 (3H, s), 4.10-4.19 (2H, m); 13C NMR (98.5 MHz, CDCl3, many signals 
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appeared due to the presence of a stereocenter in two dioxaborinane moieties):  23.2, 23.2, 27.5, 27.5, 

27.5, 28.1, 28.1, 31.2, 31.3, 31.3, 40.1, 40.2, 41.5, 42.7, 42.7, 42.8, 45.8, 45.9, 49.6, 49.6, 49.7, 49.7, 

52.4, 52.5, 58.0, 64.4, 64.4, 64.5, 70.3, 70.4, 70.5, 173.7; 11B NMR (125.7 MHz, CDCl3):  29.1 (brs); 

IR (neat): 2973 s, 2931 m, 1735 s, 1433 m, 1390 s, 1302 s, 1250 s, 1208 s, 1161 m, 1091 w, 943 w, 

891 w, 799 w, 767 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C24H42B2NaO8 503.2958; Found 

503.2958. 

 
 Remote diborylative cyclization product 12ba. General Procedure 

B was followed with 47.5 mg of diene 1b (0.197 mmol) and 203 mg of 

diboron 10a (0.800 mmol) except that xylene (10 mL) was used as a 

solvent and the reaction time was 6 h. Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 12ba in 44% yield (43.4 mg, 0.0878 

mmol, dr 98:2) as a white solid: Mp 53-56 °C; 1H NMR (391.7 MHz, 

CDCl3):  0.65-0.89 (4H, m), 1.12-1.28 (26H, m), 1.42-1.53 (2H, m), 1.68-1.82 (4H, m), 2.52 (2H, dd, 

J = 13.5, 7.0 Hz), 3.69 (6H, s); 13C NMR (98.5 MHz, CDCl3):  24.8, 24.8, 27.7, 40.2, 47.2, 52.5, 58.1, 

82.9, 173.4; 11B NMR (125.7 MHz, CDCl3):  32.5 (brs); IR (KBr): 2978 s, 2930 s, 1735 s, 1435 s, 

1374 s, 1318 s, 1249 s, 1201 s, 1144 s, 1109 m, 968 m, 884 m, 848 m, 741 w, 673 w, 578 w cm-1; 

HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C25H44B2NaO8 517.3115; Found 517.3115. 
 

 Remote diborylative cyclization product 12aa. General Procedure 

B was followed with 52.1 mg of diene 1a (0.204 mmol) and 202 mg of 

diboron 10a (0.795 mmol) except that xylene (10 mL) was used as a 

solvent and the reaction time was 6 h. Silica gel chromatography 

(hexane:EtOAc = 5:1) afforded 12aa in 48% yield (49.7 mg, 0.0977 

mmol, dr 99:1) as a colorless oil: 1H NMR (395.8 MHz, CDCl3):  0.66-

0.89 (4H, m), 1.03-1.35 (27H, m), 1.37-1.70 (5H, m), 1.76 (2H, dd, J = 

13.8, 9.5 Hz), 2.48-2.54 (2H, m), 3.70 (6H, s); 13C NMR (99.5 MHz, CDCl3):  22.6, 24.8, 24.8, 24.8, 

24.8, 27.7, 36.6, 40.0, 40.6, 45.0, 47.4, 52.6 (1C x 2), 58.2, 82.8, 82.9, 173.4, 173.4; 11B NMR (125.7 

MHz, CDCl3):  32.9 (brs); IR (neat): 2977 s, 2928 m, 2862 m, 1735 s, 1435 m, 1372 s, 1319 s, 1250 

s, 1199 m, 1146 s, 1110 m, 968 m, 848 m, 672 w, 578 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd 

for C26H46B2NaO8 531.3271; Found 531.3270. 

 
 Remote diborylative cyclization product 12ca. General 

Procedure B was followed with 53.6 mg of diene 1c (0.199 mmol) 

and 200 mg of diboron 10a (0.788 mmol) except that xylene (10 

mL) was used as solvent and the reaction time was 6 h. Silica gel 
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chromatography (hexane:EtOAc = 5:1) afforded 12ca in 37% yield (38.7 mg, 0.0741 mmol, 99:1 dr) 

as a colorless oil: 1H NMR (399.6 MHz, CDCl3):  0.66-0.89 (4H, m), 1.02-1.10 (1H, m), 1.19-1.23 

(26H, m), 1.30-1.51 (5H, m), 1.53-1.58 (1H, m), 1.64-1.70 (1H, m), 1.72-1.79 (2H, m), 2.48-2.54 (2H, 

m), 3.70 (6H, s); 13C NMR (98.5 MHz, CDCl3):  24.3, 24.8, 24.8 (2C x 2), 24.8, 27.7, 30.9, 33.5, 

40.1, 40.5, 45.0, 47.5, 52.6 (1C x 2), 58.2, 82.8, 82.9, 173.4, 173.4; 11B NMR (125.7 MHz, CDCl3):  

33.2 (brs); IR (neat): 2977 s, 2927 s, 2857 s, 1735 s, 1435 s, 1372 s, 1318 s, 1253 s, 1199 s, 1145 s, 

1005 m, 968 s, 848 s, 740 w, 673 m, 578 w, 545 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for 

C27H48B2NaO8 545.3428; Found 545.3427. 
 

 Diborylative cyclization product 13aa. General Procedure B was 

followed with 41.7 mg of diene 5a (0.197 mmol) and 203 mg of diboron 

10a (0.800 mmol). Silica gel chromatography (hexane:EtOAc = 5:1) 

afforded 13aa in 59% yield (46.4 mg, 0.0995 mmol, dr > 99:1) as a white 

solid: Mp 89-91 °C; 1H NMR (391.7 MHz, CDCl3):  0.55 (2H, dd, J = 

15.3, 9.6 Hz), 1.06 (2H, dd, J = 15.3, 3.4 Hz), 1.24 (24H, d, J = 1.1 Hz), 

1.53-1.65 (2H, m), 1.71 (2H, dd, J = 13.1, 11.1 Hz), 2.61 (2H, dd, J = 13.1, 6.4 Hz), 3.70 (6H, s); 13C 

NMR (98.5 MHz, CDCl3):  24.7, 24.9, 42.0, 43.9, 52.6, 57.9, 83.0, 173.4; 11B NMR (125.7 MHz, 

CDCl3):  32.6 (brs); IR (KBr): 2978 s, 2924 m, 1745 s, 1728 s, 1439 m, 1412 s, 1375 s, 1318 s, 1265 

s, 1208 s, 1159 s, 1144 s, 1107 m, 1071 m, 1025 m, 968 m, 881 m, 846 s, 807 m, 676 w, 578 w, 548 w 

cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C23H40B2NaO8 489.2802; Found 489.2801. 
 

 Diborylative cyclization product 13da. General Procedure B was 

followed with 48.0 mg of diene 5d (0.199 mmol) and 201 mg of diboron 

10a (0.795 mmol). Silica gel chromatography (hexane:EtOAc = 3:1) 

afforded 13da in 35% yield (34.5 mg, 0.0698 mmol, dr 99:1) as a colorless 

oil: 1H NMR (395.8 MHz, CDCl3):  0.52 (2H, dd, J = 15.2, 8.8 Hz), 1.04-

1.11 (4H, m), 1.20-1.27 (26H, m), 1.78 (2H, dd, J = 13.1, 5.9 Hz), 2.04 (6H, 

s), 3.93 (4H, s); 13C NMR (99.5 MHz, CDCl3):  20.9, 24.7, 24.9, 40.6, 42.8, 43.3, 68.4, 82.9, 171.3; 

11B NMR (125.7 MHz, CDCl3):  33.0 (brs); IR (neat): 2977 s, 2931 s, 1742 s, 1468 m, 1371 s, 1317 

s, 1242 s, 1144 s, 1107 m, 1036 s, 969 s, 883 m, 846 s, 674 w, 604 w cm-1; HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C25H44B2NaO8 517.3115; Found 517.3115. 
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 Diborylative cyclization product 13ga. General Procedure B was 

followed with 38.9 mg of diene 5g (0.201 mmol) and 202.9 mg of diboron 

10a (0.799 mmol) except that 6.69 mg of 3b (0.0198 mmol) and 21.4 mg of 

NaBArf4 (0.0241 mmol) was used and the reaction time was 48 h. Silica gel 

chromatography (hexane:EtOAc = 3:1) afforded 13ga in 52% yield (47.1 mg, 

0.105 mmol, dr 96:4) as a white solid: Mp 113-115 °C; 1H NMR (399.6 MHz, 

CDCl3):  0.64 (2H, ddd, J = 16.0, 10.1, 2.6 Hz), 1.10-1.15 (2H, m), 1.21-1.26 (24H, m), 1.77-1.95 

(2H, m), 3.01 (1H, t, J = 11.5 Hz), 3.12 (1H, t, J = 10.5 Hz), 3.90-3.98 (2H, m); 13C NMR (98.5 MHz, 

CDCl3):  12.4 (C–CH2–B), 24.6, 24.7, 24.8 (2C x 2), 40.4, 42.9, 53.0, 53.9, 83.4 (2C x 2), 116.3 (q, 
1JCF = 286.5 Hz), 155.1 (q, 2JCF = 37.5 Hz); 11B NMR (125.7 MHz, CDCl3):  32.6 (brs); 19F NMR 

(368.6 MHz, CDCl3):  –72.2; IR (KBr): 2980 m, 2919 m, 2892 m, 1697 s, 1461 m, 1408 m, 1375 s, 

1323 s, 1255 s, 1209 s, 1168 s, 1134 s, 968 m, 883 m, 846 m, 757 w, 714 m, 676 w, 578 w cm-1; HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C20H34B2F3NNaO5 470.2467; Found 470.2468. 
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Transformation of Remote Diborylative Cyclization Products. 
Synthesis of 14 

 
Diol 14 was prepared from 12ba using a procedure similar to the one for the oxidation of 

alkylboronic acid pinacol ester.26 To a vigorously stirred solution of 12ba (48.9 mg, 0.0989 mmol) in 

THF/H2O (0.75 mL each) at room temperature was added sodium perborate tetrahydrate (45.8 mg, 

0.297 mmol). After stirring for 4 h, the mixture was extracted three times with Et2O. The combined 

organic portions were washed with brine, quickly dried over Na2SO4, filtered, and concentrated. 

Purification of the crude material by silica gel column chromatography (hexane:acetone = 10:1) gave 

diol 14 as a colorless oil in 81% yield (22.1 mg, 0.0805 mmol, dr 98:2): 1H NMR (399.6 MHz, CDCl3): 

 1.37-1.46 (2H, m), 1.65-1.76 (2H, m), 1.78-1.88 (4H, m), 2.18 (2H, br s), 2.54 (2H, dd, J = 13.2, 6.8 

Hz), 3.60-3.74 (10H, m); 13C NMR (98.5 MHz, CDCl3):  36.5, 40.1, 42.0, 52.8, 58.6, 61.6, 173.1; IR 

(neat): 3375 s br, 2929 s, 2879 s, 1730 s, 1435 s, 1263 s, 1199 s, 1168 s, 1116 m, 1048 s, 999 m, 957 

w, 862 w, 707 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C13H22NaO6 297.1309; Found 

297.1308. 

 

Synthesis of 15 

 

Dibromide 15 was prepared from 12ba via oxidation with sodium perborate followed by Appel 

reaction.35 To a well stirred solution of 12ba (45.0 mg, 0.0910 mol) in THF/H2O (0.75 mL each) at 

room temperature was added sodium perborate tetrahydrate (46.1 mg, 0.299 mmol). After stirring for 

4 h, the mixture was extracted three times with Et2O. The combined organic portions were washed 

with brine, quickly dried over Na2SO4, filtered, and concentrated. DCM (1 mL) and CBr4 (116 mg, 

0.349 mmol) were added to the resulting material, and the mixture was stirred at 0 °C for 5 min. Then, 

PPh3 (59 mg, 0.22 mmol) was added to the reaction mixture, which was then stirred at room 

temperature for 4 h. All the volatile materials were removed by rotary evaporation, and purification of 

the crude material by column chromatography (hexane:EtOAc = 7:1) gave dibromide 15 as a colorless 

oil in 73% yield (26.4 mg, 0.0659 mmol, dr 98:2): 1H NMR (395.8 MHz, CDCl3):  1.72-1.92 (6H, 

m), 2.07-2.14 (2H, m), 2.55 (2H, dd, J = 11.6, 4.8 Hz), 3.31-3.37 (2H, m), 3.45-3.50 (2H, m), 3.73 
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(6H, s); 13C NMR (99.5 MHz, CDCl3):  31.8, 36.9, 39.3, 43.4, 52.9, 58.5, 172.6; IR (neat): 2998 m, 

2952 s, 2898 m, 2842 m, 1732 s, 1434 s, 1256 s, 1200 s, 1155 s, 1105 m, 1053 m, 1008 w, 940 w, 861 

w, 752 w, 645 w, 563 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C13H20Br2NaO4 422.9600; 

Found 422.9600. 

 

Synthesis of 16 

 
Monoarylation product 16 was prepared from 11ra using a procedure similar to the one for Suzuki-

Miyaura cross-coupling reaction of alkylboronic acid pinacol ester.36  

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with remote 

diboryltive cyclization product 11ra (56.0 mg, 0.0970 mmol), Pd2(dba)3 (3.7 mg, 0.004 mmol), 

RuPhos (3.8 mg, 0.008 mmol), and NaOtBu (77.2 mg, 0.8 mmol). Toluene (1 mL), H2O (60 L), and 

1-bromo-4-(trifluoromethyl) benzene (90 L, 0.6 mmol) was added to the mixture, which was then 

stirred at 80 ºC for 24 h. The reaction was allowed to cool to room temperature and diluted with Et2O. 

The resulting mixture was filtered through a plug of Celite, and the filtrate was concentrated. Silica 

gel column chromatography (hexane:EtOAc = 10:1) of the crude material gave monoarylation product 

16 in 65% yield (37.7 mg, 0.0634 mmol) as a yellow oil: 1H NMR (399.6 MHz, CDCl3):  0.49 (1H, 

dd, J = 15.2, 9.1 Hz), 0.90 (1H, dd, J = 15.2, 4.5 Hz), 0.99-1.02 (2H, m), 1.11 (12H, s), 1.21-1.29 (2H, 

m), 1.55-1.57 (1H, m), 1.77-1.87 (3H, m), 2.41-2.49 (1H, m), 2.62-2.67 (1H, m), 3.28 (4H, d, J = 11.5 

Hz), 4.41-4.48 (4H, m), 7.19-7.23 (12H, m), 7.42 (2H, d, J = 8.0 Hz); 13C NMR (98.5 MHz, CDCl3): 

 15.2 (C–CH2–B), 24.7, 24.9, 34.6, 35.3, 39.2, 41.1, 41.3, 45.3, 46.7, 73.1, 73.2, 75.2, 75.2, 82.9, 

124.4 (q, 1JCF = 272.8 Hz), 125.1 (q, 3JCF = 3.7 Hz), 127.3, 127.3, 127.3, 127.4, 127.8 (q, 2JCF = 31.9 

Hz), 128.2 (2C x 2), 128.5, 138.9, 139.0, 147.1; 11B NMR (125.7 MHz, CDCl3):  32.2 (brs); 19F NMR 

(368.6 MHz, CDCl3):  –62.1; IR (neat): 3088 w, 3064 w, 3030 w, 2977 s, 2925 s, 2856 s, 2786 w, 

1617 m, 1496 w, 1454 s, 1416 m, 1371 s, 1325 s, 1249 m, 1206 m, 1163 s, 1121 s, 1067 s, 1018 m, 

968 m, 884 w, 846 m, 826 m, 735 m, 698 m, 612 w, 596 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C37H46BF3NaO4 645.3334; Found 645.3334. 
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Synthesis of 17 

 
Alcohol 17 was prepared from 16 using a procedure similar to the one for the oxidation of 

alkylboronic acid pinacol ester.26 To a vigorously stirred solution of 16 (30.9 mg, 0.0519 mmol) in 

THF/H2O (1 mL each) at room temperature was added sodium perborate tetrahydrate (23.7 mg, 0.154 

mmol). After stirring for 4 h, the mixture was extracted three times with Et2O. The combined organic 

portions were washed with brine, quickly dried over Na2SO4, filtered, and concentrated. Purification 

of the crude material by column chromatography (hexane:AcOEt = 3:1) gave the alcohol 17 in 94% 

yield (25.0 mg, 0.0488 mmol) as a colorless oil: 1H NMR (391.7 MHz, CDCl3):  1.15 (1H, dd, J = 

13.2, 10.3 Hz), 1.25 (1H, dd, J = 12.7, 9.3 Hz), 1.29-1.38 (1H, m), 1.55-1.73 (2H, m), 1.75-1.87 (2H, 

m), 1.91 (1H, dd, J = 12.9, 7.3 Hz), 2.44-2.52 (1H, m), 2.60-2.68 (1H, m), 3.29 (2H, s), 3.30 (2H, s), 

3.41 (1H, dd, J = 10.5, 6.1 Hz), 3.59 (1H, dd, J = 10.7, 4.2 Hz), 4.44 (2H, s), 4.45 (2H, s), 7.17-7.28 

(12H, m), 7.43 (2H, d, J = 8.3 Hz); 13C NMR (98.5 MHz, CDCl3):  34.5, 36.2, 36.4, 39.5, 41.0, 45.9, 

47.5, 65.5, 73.2 (1C x 2), 75.0, 75.2, 124.3 (q, 1JCF = 272.4 Hz), 125.2 (q, 3JCF = 3.7 Hz), 127.4 (3 

signals, 2C x 2 + 1C x 2), 127.8 (q, 2JCF = 31.9 Hz), 128.3 (2C x 2), 128.5, 138.7, 138.7, 146.8; 19F 

NMR (368.6 MHz, CDCl3):  –62.1; IR (neat): 3409 m br, 3087 w, 3064 w, 3030 w, 2923 s, 2857 s, 

2788 w, 1617 m, 1496 m, 1454 s, 1416 m, 1361 m, 1325 s, 1251 w, 1162 s, 1220 s, 1067 s, 1018 m, 

907 w, 825 m, 735 s, 698 s, 596 w cm-1; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C31H35F3NaO3 

535.2431; Found 535.2431. 
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Mechanistic Considerations. 
Reaction of palladium complex 3b with NaBArf4 

 
To an oven-dried NMR tube, palladium complex 3b (3.35 mg, 0.00993 mmol) was charged and the 

tube was purged with N2. Then, degassed CDCl3 (0.7 mL) was added via syringe, and NaBArf4 (10.6 

mg, 0.0120 mmol, 1.2 equiv) was added, sealed and subjected to NMR analysis (Figure S1). Complete 

disappearance of 3b along with formation of the palladium species F was observed: 1H NMR (391.8 

MHz, CDCl3):  1.39 (3H, s), 7.46-7.48 (3H, m), 7.70-7.71 (6H, m), 7.83 (1H, dd, J = 8.2, 5.3 Hz), 

7.88 (1H, dd, J = 8.1, 4.9 Hz), 7.92 (1H, d, J = 9.0 Hz), 7.95 (1H, d, J = 9.0 Hz), 8.47 (1H, dd, J = 8.3, 

1.1 Hz), 8.52 (1H, dd, J = 8.3, 0.9 Hz), 8.92 (1H, d, J = 4.9 Hz), 9.38 (1H, dd, J = 4.6, 1.0 Hz); HRMS 

(ESI-TOF) m/z: [M-BArf4]+ Calcd for C13H11N2Pd 300.9952; Found 300.9952. The analytic data for 

F are in good agreement with those for similar cationic phenanthroline methyl palladium complexes.65 

 

Reaction of F with diboron 10a 

 

In an NMR tube purged with N2, cationic methyl palladium complex F was generated following the 

above-mentioned procedure. To this solution was added B2pin2 (2.74 mg, 0.0108 mmol, 1.1 equiv) at 

room temperature, and the color of the yellow solution immediately changed to red, then dark brown 

within 2-3 second with the concomitant formation of MeBpin in 83% NMR yield (1,3,5-

trimethoxybenzene was used as an internal standard): 1H NMR (391.8 MHz, CDCl3):  0.26 (3H, brs), 

1.25 (12H, s). The analytic data was in accordance with the literature.66 GC/MS analysis also supported 

the formation of MeBpin (Figure S1). 
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Figure S1. Formation of MeBpin detected by GC/MS 
  

[M]+ 

[M – CH3]+ 
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Formation of MeBpin in remote diborylative cyclization of diene 5i with diboron 10a 

 
The reaction was conducted following General procedure in a 0.5 mmol scale expect that CDCl3 

was used as a solvent. An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was 

charged with diene 5i (113 mg, 0.499 mmol), diboron 10a (505 mg, 1.99 mmol), palladium complex 

3b (4.16 mg, 0.0123 mmol,), 1,3,5-trimethoxybenzene (internal standard) and CDCl3 (1.25 mL). After 

stirring for 5 min, NaBArf4 (13.5 mg, 0.0152 mmol) was added, and the mixture was stirred at 40 °C 

for 12 h. The crude mixture was directly subjected to NMR analysis, which indicated the formation of 

MeBpin in 79% yield. 

 

Competition experiment using diboron 10a and 10a-d24 

 

The general procedure was followed with 44.8 mg of diene 5i (0.198 mmol), 101 mg of diboron 

10a (0.397 mmol, 2 equiv), and 111 mg of diboron 10a-d24 (0.399 mmol, 2 equiv). Purification of the 

crude mixture by silica gel column chromatography furnished 77.4 mg of a colorless oil as a mixture 

of 11ia, 11ia-d12 and 11ia-d24 (1:2:1 GC area ratio, total 79% isolated yield). The existence of the 

crossover product 11ia-d12, which accounts for half of all the products, supports that the C–B bond 

formation proceeds via formal sigma bond metathesis (Figure S2, S3 and S4).  
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Figure S2. GC analysis on the products obtained from the reaction using 10a and 10a-d24 
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Figure S3. GC/MS analysis on the products obtained from the reaction using 10a and 10a-d24 
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Figure S4. GC/MS analysis on the products obtained from the reaction using 10a and 10a-d24 (same 

as Figure S3, m/z region 400-500 expanded) 
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4  
 
General Procedure for Palladium-Catalyzed Remote Diborylation of Allylbenzenes. 

 
An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with alkene 18 

(0.2 mmol, 1 equiv), diboron 10a (0.8 mmol, 4 equiv), palladium complex 3g (0.005 mmol, 2.5 mol %), 

and CH2ClCH2 (0.5 mL). After stirring for 5 min, NaBArf4 (0.006 mmol, 3 mol %) was added and the 

mixture was stirred at room temperature for 12 h. The reaction mixture was diluted with Et2OAc (4 

mL) and hexane (4 mL) and passed through a short plug of silica gel (4:1 hexane/EtOAc). All the 

volatile materials of the eluate were removed by rotary evaporation. The crude material was subjected 

to NMR analysis with fluorene as an internal standard. 

 

 Remote diborylation product 19aa. General Procedure was followed 

with 24.4 mg of alkene 18a (0.206 mmol) and 203 mg of diboron 10a 

(0.798 mmol). Product 19aa was obtained in 72% NMR yield.  

In a separate experiment, product 19aa was isolated as follows. After the 

reaction completed, all the volatile materials of the eluate were removed 

by rotary evaporation. Removal of the remaining diboron by Kugelrohr 

distillation (25 pa, 120 °C, 30 min), followed by silica gel column 

chromatography afforded 19aa as a colorless oil: 1H NMR (391.78 MHz, CDCl3):  7.26-7.09 (m, 5H), 

2.25 (t, J = 7.9 Hz, 1H), 1.99-1.89 (m, 1H), 1.79-1.69 (m, 1H), 1.21 (s, 12H), 1.20 (s, 6H), 1.18 (s, 

6H), 0.79-0.73 (m, 2H); 13C NMR (98.5 MHz, CDCl3):  143.3, 128.6, 128.1, 125.1, 83.2, 82.8, 27.1, 

24.8, 24.6, 24.6. 

 

 

 Remote diborylation product 19ba. General Procedure was 

followed with 26.5 mg of alkene 18b (0.200 mmol) and 204 mg of 

diboron 10a (0.802 mmol). Product 19ba was obtained in 70% NMR 

yield.  
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 Remote diborylation product 19ca. General Procedure was 

followed with 27.2 mg of alkene 18c (0.200 mmol) and 204 mg of 

diboron 10a (0.802 mmol). Product 19ca was obtained in 70% NMR 

yield.  
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