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Scheme 1.1. Traditional radical reactions 
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Scheme 1.2. KOtBu-promoted biaryl coupling of nitrogen heterocycles and haloarenes 
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Scheme 1.3. NaOtBu-mediated intermolecular arylation of unactivated arenes 

 

− w w α w g
d r 2015 w Taillefer y DMF 々

KOtBu bts −t α-‒
g bt el Scheme 1.4 10 y DMF t KOtBu

s g ‒ w ‒
b el w g bts g  

  

X

R1 R2 NaOtBu
155 ºC

NN

PhPh

(cat.)

R1 R2

X = I, Br, Cl
R1 = H, Me, OMe etc.
R2 = H, CN or OMe

19 examples
13-82 % yield

N N
Na
OtBu

N N
Na
OtBu

N N
Na

Na

NaOtBu

Ar X

Ar

H
Ar

X

H
ArtBuO tBuOH Ar

Proposed mechanism

Ar X



 
Scheme 1.4. Transition-metal-free α-arylation of enolizable aryl ketones 
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Scheme 1.5. Transition-metal-free borylation of alkyl iodides via a radical mechanism 
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Scheme 1.6. Radical C–C coupling enabled by 2-azaallyls as super-electron-donors  
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Scheme 1.7. Visible light-mediated intermolecular C–H functionalization of heterocycles 
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Scheme 1.8. Intermolecular addition of glycosyl halides to alkenes mediated by visible light 
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Scheme 1.9. Intermolecular atom transfer radical addition mediated by photoredox catalysis 
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Scheme 1.10. Visible-light-induced iodoperfluoroalkylation 
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Scheme 1.11. Photochemical ATRA catalyzed by a simple organic molecule 
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Scheme 1.12. Eosin Y catalyzed direct C–H arylation of simple arenes 
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Scheme 1.13. Transition-metal-free borylation of aryl chlorides under visible light 
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Scheme 1.14. Visible-light-promoted C−S cross-coupling via intermolecular charge transfer 
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Scheme 1.15. Halogen-bond-promoted photoactivation of perfluoroalkyl iodides 
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Scheme 1.16. Photocatalytic iodo perfluoroalkylation of alkenes using tri-tert-butylphosphine 
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Scheme 2.1. Cu-based photoredox catalysis 
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Figure 2.1. Ligand effects of photoredox catalysts reduction potential  
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Figure 2.2. Ligand effects of photoredox catalysts oxidation potential  
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Scheme 2.2. Cu-based heteroleptic photoredox catalysis 
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Table 2.1. Optimization of the reaction condition a 

 

entry X (nm) Y (equiv) Z (mL) Base yield (%) 

1 380 1.0 1.0 - 51 

2 400 1.0 1.0 - (77) 

3 420 1.0 1.0 - 74 

4 400 2.0 1.0 - (64) 

5 400 3.0 1.0 - (67) 

6 400 1.0 0.5 - 10 

7 400 1.0 2.0 - 70 

8 400 1.0 3.0 - 15 

9 400 1.0 1.0 2,6-lutidine (90) 
a 1H NMR yields. Number in parenthesis is isolated yield. 
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Table 2.2. Scope of substrates a 

 
a Isolated yields. 
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Table 2.3. Evaluation of reaction mechanism a 

 

entry Condition yield (%) 

1 Dark 0 

2 Dark & 50 ºC 0 

3 Without catalyst 6 

4 Irradiation for 1 min, then dark in 14 min 8 

5 Irradiation for 1 min 6 

6 Irradiation for 15 min 74 
a 1H NMR yields. 

 

d Xw Scheme 2.4

h 。 BINAP 400nm w or d
d l。 g w l

CBr4

P

P

N

N

Me

Me

Cu

Ph
Ph

Ph
Ph

PF6

(1.0 mol%)

0.1 mmol1.0 equiv.

CH2Cl2 (1.0 mL), Ar, 20 h
 Conditions

Br

CBr3

2,6-lutidine (1.0 equiv.)

21a 3a

+

400 nm LED light
+



y t be b 2

。 w or bts 々 e d
w ‒ g bts −  

l bts −
g ３ d w

er bt w r Figure 

2.3 b bt ３ r y w 27,31 e
e (1) 。 々s 。 ‒

bt 27,31 (2) w 2

。 1 。 s bt (3) w −
d ol Table 2.3, entries 4–6 3 w r ３

y r t r Figure 2.3  

 

 
Scheme 2.4. Proposed mechanism  
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Figure 2.3. Reduction and oxidation potential of intermediates 
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Scheme 3.1. Preliminary results for the ATRA reaction between styrene and CBr4 
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Scheme 3.2. In situ-formed CT complex via halogen bonding interaction  
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Table 3.1. Optimization of the ATRA reaction between styrene and CBr4 a 

 

entry 1a (mol %) cat. LED (nm) yield (%) 

1 100 2,2-bipyridyl 450 1 

2 100 phenanthroline 450 42 

3 100 pyridine 450 42 

4 100 DMAP 450 23 

5 100 4-CN-pyridine 450 48 

6 100 4-Ac-pyridine 450 49 

7 100 2-Ph-pyridine 450 25 

8 100 4-Ph-pyridine 450 57 

9 100 4-Ph-pyridine 400 47 

10 

 

 

 

100 4-Ph-pyridine 410 51 

11 100 4-Ph-pyridine 420 53 

12 100 4-Ph-pyridine 470 20 

13 100 4-Ph-pyridine 500 2 

14 150 4-Ph-pyridine 450 70 (62) 

15 150 4-Ph-pyridine dark NR 

16 150 none 450 NR 
a Yields were determined via 1H NMR analysis of the crude reaction mixture using 1,1,2,2-

tetrachloroethane as an internal standard. The values in parentheses are the isolated yields. 
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Table 3.2. Substrate scope for the ATRA of styrenes and CBr4 
a 

 
a Isolated yields. The diastereomeric ratio was determined via 1H NMR analysis of the 

crude reaction mixture. 
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Table 3.3. Substrate scope for the ATRA of olefins and CBr4 
a 

 
a Isolated yields. The diastereomeric ratio was determined via 1H NMR analysis of the crude 

reaction mixture. b 4 mmol of 2 was used.  
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Figure 3.1. Study of the halogen bond adduct. UV–vis spectra of styrene (1a), CBr4 (2), 4-ph-py, and 

a 1:1 mixture of 2 with 4-ph-py. The concentration of 1a, 2, and 4-ph-py in DCM was 1.0 mM each, 

whereas the mixture of 2 and 4-ph-py was 0.1 M. 
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Figure 3.2. Study of the halogen bond adduct. UV–vis spectra of 4-ph-py (0.1 M in DCM) with 

different equivalents of CBr4 in DCM after irradiation at 450 nm for 1 h. 
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Scheme 3.3. Experiments for mechanistic studies 
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Scheme 3.4. Possible mechanism for the ATRA reaction of olefins 
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Scheme 3.5. Synthetic utility of the CBr4 adducts 
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Scheme 3.6. This work 
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Table 3.4. Optimization of ATRA reaction conditions a 

 

entry Solvent X (nm) 6a (%) 

1 CH2Cl2 380 77 

2 MeCN 380 38 

3 DMF 380 21 

4 THF 380 0 

5 CH2Cl2 370 65 

6 CH2Cl2 390 62 

7 CH2Cl2 400 61 

8b CH2Cl2 380 90 (78) 
a Yields were determined through 1H NMR analyses of the crude reaction  

mixture using 1,1,2,2-tetrachloroethane as an internal standard. The number in  

parenthesis is the isolated yield. b The reaction was performed using 175 mol%  

of 4a in CH2Cl2 (0.5 mL). 

Ph Br
CO2Me

CO2Me
X nm LED
4-Ph-pyridine 
(7a: 5.0 mol%)

solvent (1.0 mL)
Ar, 20 h
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Table 3.5. Screening of halogen-bonding acceptors a 

 
a Yields were determined through 1H NMR analyses of the crude reaction  

mixture using 1,1,2,2-tetrachloroethane as an internal standard. 
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Table 3.6. Photoinduced ATRA reaction using various types of 4 with 5a a 

 
a Isolated yields. 
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Table 3.7. Photoinduced ATRA using various 5 with 4a a 

 
a Isolated yields. 
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Scheme 3.7. Evaluation of the reaction mechanism 
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Scheme 3.8. Plausible reaction mechanism 
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Scheme 3.9. The developed photochemical ATRC reaction 
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Scheme 3.10. This work: ATRC reaction mediated by halogen bonding complex 
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Table 3.8. Optimization of reaction conditions 

 
Entry Catalyst Amine X (nm) Y (mL) Z (equiv) 10a (%)a 

1 4-Ph-pyridine  380 1.0 2.5 53 

2 4-Ph-pyridine  400 1.0 2.5 32 

3 4-Ph-pyridine  420 1.0 2.5 57 (50) 

4 4-Ph-pyridine  450 1.0 2.5 0 

5 4-Ph-pyridine  420 2.0 2.5 0 

6 4-Ph-pyridine  420 0.75 2.5 60 (62) 

7 4-Ph-pyridine  420 0.25 2.5 47 

8  DIPEA 420 0.75 2.5 89 (75) 

9 4-Ph-pyridine DIPEA 420 0.75 2.5 79 (71) 

10  DIPEA 420 0.75 2.0 69 

11  DIPEA 420 0.75 3.0 88 (79) 
a 1H NMR yields. Numbers in parentheses are isolated yields. 
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Table 3.9. Scope of alkynes a 

 
a Isolated yields. 
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Table 3.10. Scope of alkenes a 

 
a Isolated yields. The diastereomeric ratio was determined via 1H NMR analysis of the crude 

reaction mixture. 

 

d w - − 9 w er el Table 3.11 2-

‒ -2- 9b 2-‒ -2- 9c

el y s 13b 13c l l
g s 13d Å s l r 2-‒ -2-

9e ter di t 、 d
l 13e s l w 9a w 2-(2- ‒ )-

9f t 4 − 13f

bt s l d w ‒ g 9g t s
− 13g l w g 9h r e

ltb el y‒ w be g
13h s l − 13h y NMR w

E s bt or  

  

Br

CO2MeMeO2C

11
0.1 mmol

9a
3.0 equiv

420 nm 3W LED
DIPEA (1.0 equiv)

AcOEt (0.75 mL), Ar, 20 h Ar

Br
CO2Me
CO2Me

12

Me tBu

Me

F Cl

12a, 47%; 59 : 41 d.r. 12b, 33%; 74 : 26 d.r. 12d, 46%; 56 : 44 d.r.

N

Br

Ar

12c, 40%; 62 : 38 d.r.

Me

MeO
12e, quant.; 63 : 37 d.r. 12f, 52%; 58 : 42 d.r. 12g, 29%; 72 : 28 d.r. 12h, 43%; 56 : 44 d.r.

Ph

12i, 55%; 54 : 46 d.r. 12k, 67%; 70 : 30 d.r.12j, 38%; 57 : 43 d.r.

Ph

Br
CO2Me
CO2Me

Me
12l, 26%; 59 : 41 d.r.



Table 3.11. Scope of unsaturated α-halogenocarbonyls a 

 
a Isolated yields. The diastereomeric ratio was determined via 1H NMR analysis of the crude 

reaction mixture. 
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Scheme 3.11. Experiments for mechanistic studies 
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Scheme 3.12. Possible reaction mechanism 
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Table 4.1. Optimization study for C–I borylation reaction of 1a a 

 
Entry Changed from standard conditions 4a (%) 

1 - 95(92) 

2 Na2CO3 instead of K2CO3 10 

3 Cs2CO3 instead of K2CO3 87 

4 NaOH instead of K2CO3 94 

5 KOH instead of K2CO3 93 

6 THF instead of MeCN 10 

7 MeOH instead of MeCN 29 

8 DMF instead of MeCN 50 

9 w/o K2CO3 3 

10 w/o 2-NpOH (3a) 10 

11 dark or dark at 50 ºC trace 

12 under O2 64 

13 3a (0.1 equiv) 64 

a Yield was determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane 

as an internal standard. The number in parenthesis is isolated yield. 

 

w d l r ol Table 4.2

k w e s 4a tel w rÅ w
dil 1-NpOH 2-NpOH 2,6-Cl2-C6H3OH 4-Ph-

C6H4OH r Å s − l w el
g − ltb w h

Å s g 4a–4g bt s l d w
‒ g 4a 81% s l
1h 1i yÅ w e − 4h 4i s bt s l

− Å e g − 4j l d w
− 1j-Br bts s 4j bt

s l l 1k 1l 1m 1n d l w er
eltb ter g y g

I

MeO

1a

420 nm LED
K2CO3 (3.0 equiv)

2-NpOH (3a) (1.0 equiv)
MeCN (1.0 mL)

Ar, r.t., 20 h

B2(pin)2

0.1 mmol 3.0 equiv
4a

MeO

B O

O
Me Me

Me
Me

2a



4k Å s l s g w
ry e e y e el l

X g − 4o 4p yÅ
ter r syÅ btys o

l d w s ‒ ‒ u
g − 1q–1t ltb h w r

ihw 4q–4t bt s l s ‒
‒ ter e r g bt b

sy ２g s er bt d
l 53 

l y ‒ g w er e g
− 4u–4ai w Å d l b 1u–1ai y

g sy g bt g bt s l
l ‒ w s bty

t er bt er r t
1aj–1al g 1am–1au w er y

s ol d w s ‒ ‒ s
d l 1av 1aw w s Å s

g − 4av 4aw bt s l  

s y − w s bt ol
− 1ax d l − 1ay w

e s 、 g bt s l d w
2b 2c u wp

r el g − 5a 5b w s
bt s l e e l 5c y
e ol b y t ell t d  

  



Table 4.2. Substrate scope for C–I borylation reaction 
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Reaction conditions: 1 (0.1 mmol, 1.0 equiv), diboron reagents 2 (3.0 equiv), K2CO3 (3.0 equiv), 2-

NpOH 3a (1.0 equiv) in 1.0 mL of MeCN, irradiated under 420 nm LED at room temperature for 20 

h. Yields of isolated products are reported. a 1-NpOH (1.0 equiv) was used instead of 2-NpOH. b 
KOtBu (1.0 equiv) was used instead of K2CO3. 

c 2,6-Cl2-C6H3OH (1.0 equiv) was used instead of 2-

NpOH. d Without 2-NpOH. e After column chromatography, the deprotected product was isolated.24 f 
4-Ph-C6H4OH (1.0 equiv) was used instead of 2-NpOH. g Bis (neopentyl glycolato) diboron was 

used instead of bis (pinacolato) diboron. h Bis (hexylene glycolato) diboron was used instead of 
bis (pinacolato) diboron. i Tetrahydroxydiboron was used instead of bis (pinacolato) diboron.  
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Scheme 4.3. Experiments for mechanistic studies 
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Scheme 4.4. Experiments for mechanistic studies 

 

 
Figure 4.1. 1H NMR shift of mixture of 3b with 1a 

The binding stoichiometry between potassium 2-naphtoxide (3b) and 4-iodoanisole (1a) were 

evaluated using Job’s plot analysis. 1H NMR spectra of seven samples of mixtures of 3b and 1a in 

DMSO-d6 were recorded at 298 K. The total volume of the mixture was 0.5 mL, and the total 

amount of 3b and 1a was kept constant at 0.1 mmol (0.2 M), while the amount of 3b was varied 

from 0 to 0.1 mmol (0 - 0.2 M). The molar ratios of 3b/(3b + 1a) were 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 

0.7, 0.8, 0.9, 1.0. 1H NMR for each sample was recorded and the chemical shifts differences (Δδ) for 

α-position of 3b were used to draw the plot.  
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Figure 4.2. Job’s plot analysis 

y = -0.019x2 + 0.0188x – 3E – 05, xmax = 0.0188/(-2×(-0.019)) = 0.4947 

The stoichiometry was determined by plotting ratios of [3b] × Δδ against ratios of [3b]/[1a + 3b] to 

afford a maximum at ratio [3b]/[ 1a + 3b] ≈ 0.5, which meant a 1:1 complex ratio between 3b and 1a. 
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Figure 4.3. 1H NMR shift of mixture of 3b with 1a 

In an NMR tube, a DMSO-d6 solution of potassium naphtoxide (3b) (0.05 M, 0.6 mL, 0.03 mmol) 

was added at 298 K. To the tube, 4-iodoanisole 1a was added from 0.06 to 0.6 mmol. 1H NMR for 

each sample was recorded to measure the change in chemical shift for the α-position of 2-naphtoxide 

3b. DMSO was used as internal standard and δ = 2.50 ppm. 
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Figure 4.4. Association constant determination 

The association constant between of 3b and 1a was calculated to be 0.49 M–1 in DMSO-d6. 
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Figure 4.5. The optimized structure of 1a and 3b adduct; Optimization of the molecules was calculated 

at the M06-2X/def2-TZVP/LANL2DZ level. 
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Scheme 4.5. Miyake’s work and Melchiorre’s work 
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Scheme 4.6. Intermolecular and intramolecular radical trapping experiments for mechanistic studies 
a Isolated yield. 
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Scheme 4.7. Plausible reaction mechanism for photo-induced borylation reaction aryl halide 
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141.0 equiv, 0.1 mmol5. 941.0 equiv, 0.1 mmol5.[Cu(cup)(BINAP)]PF6

40.01 equiv, 0.001 mmol5 Pyrex® 412.5 cm71.6 cm5 . 41.0 

mL5 . 3 .
.LED4400 nm, 3 W5 4LED

0.5 cm5 20 . .
2 2

.1,1,2,2- .1H NMR C NMR
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. ATRA 3  

 

(1,3,3,3-Tetrabromopropyl)benzene (3a)27 (Table 2.2) 

93%, Rf = 0.54 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.49 (d, J = 7.5 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.31 (t, J = 7.5 Hz, 1H), 5.33 (dd, J = 8.0 Hz, 4.0 

Hz, 1H), 4.12 (dd, J = 15.5 Hz, 4.0 Hz, 1H), 4.06 (dd, J = 15.5 Hz, 8.0 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 140.7, 128.94, 128.87, 128.1, 66.4, 50.0, 35.0. 

 

1-Methyl-4-(1,3,3,3-tetrabromopropyl)benzene (3b)59a (Table 2.2) 

77%, Rf = 0.59 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.38 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 5.33 (dd, J = 4.0 Hz, 7.5 Hz, 1H), 4.11 (dd, J = 4.0 

Hz, 15.5 Hz, 1H), 4.05 (dd, J = 7.5 Hz, 15.5 Hz, 1H), 2.35 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 

139.0, 137.8, 129.6, 128.0, 66.4, 50.3, 35.2, 21.3. 

 

1-Methyl-3-(1,3,3,3-tetrabromopropyl)benzene (3c) (Table 2.2) 

80%, Rf = 0.59 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.29-7.23 (m, 3H), 7.12 (d, J = 7.5 Hz, 1H), 5.29 (dd, J = 4.0 Hz, 7.5 Hz, 1H), 4.11 (dd, J = 4.0 Hz, 

15.5 Hz, 1H), 4.05 (dd, J = 7.5 Hz, 15.5 Hz, 1H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 140.7, 

138.6, 129.7, 128.74, 128.72, 125.2, 66.4, 50.2, 35.2, 21.4. HRMS m/z (DART) calcd for C10H10Br3 

[M-Br]+ 366.8327, found 366.8336. FTIR (ATR): 3023, 2921, 1724, 1606, 1489, 1456, 1416, 1378, 

1314, 1241, 1206, 1162, 1095, 1047, 1000, 965, 904, 881, 790, 746, 723, 695 (cm-1). 

 

1-Methyl-2-(1,3,3,3-tetrabromopropyl)benzene (3d) (Table 2.2) 

72%, Rf = 0.57 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.53 (d, J = 8.0 Hz, 1H), 7.26 (t, J = 7.5 Hz, 1H), 7.20 (dt, J = 7.5 Hz, 14.9 Hz, 1H), 7.15 (d, J = 7.5 

Hz, 1H), 5.59 (dd, J = 4.6 Hz, 6.9 Hz, 1H), 4.19 (dd, J = 6.9 Hz, 15.5 Hz, 1H), 4.14 (dd, J = 4.6 Hz, 



15.5 Hz, 1H), 2.50 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 139.2, 135.4, 130.9, 128.7, 128.1, 126.9, 

66.2, 35.3. HRMS m/z (DART) calcd for C10H10Br3 [M-Br]+ 366.8327, found 366.8330. FTIR (ATR): 

3066, 3022, 2923, 2852, 1918, 1724, 1605, 1491, 1463, 1417, 1380, 1307, 1291, 1206, 1184, 1159, 

1108, 1047, 1001, 958, 863, 843, 821, 780, 760, 746, 730, 714, 624 (cm-1). 

 

1-(1,1-Dimethylethyl)-4-(1,3,3,3-tetrabromopropyl)benzene (3e) (Table 2.2) 

61%, Rf = 0.61 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.41 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 5.32 (dd, J = 4.0 Hz, 7.5 Hz, 1H), 4.12 (dd, J = 4.0 

Hz, 15.5 Hz, 1H), 4.04 (dd, J = 7.5 Hz, 15.5 Hz, 1H), 1.31 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 

152.2, 137.8, 127.7, 125.8, 66.6, 50.2, 35.2, 34.7, 31.2. HRMS m/z (DART) calcd for C13H16Br3 [M-

Br]+ 408.8797, found 408.8811. FTIR (ATR): 2963, 2904, 2868, 1611, 1509, 1464, 1417, 1363, 1269, 

1207, 1159, 1109, 1051, 1018, 1001, 961, 836, 760, 727, 655 (cm-1). m.p.: 99.4–101.4 ºC. 

 

1-Fluoro-4-(1,3,3,3-tetrabromopropyl)benzene (3f) (Table 2.2) 

84%, Rf = 0.56 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.43 (d, J = 6.3 Hz, 2H), 7.34 (d, J = 6.3 Hz, 2H), 5.31 (dd, J = 3.7 Hz, 8.6 Hz, 1H), 4.10 (dd, J = 3.7 

Hz, 15.5 Hz, 1H), 4.01 (dd, J = 8.6 Hz, 15.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 163.7, 161.8, 

136.54, 136.51, 130.1, 130.0, 116.0, 115.8, 66.4, 49.1, 34.7. 19F NMR (470 MHz, CDCl3) δ -111.8. 

HRMS m/z (DART) calcd for C9H7Br3F [M-Br]+ 370.8076, found 370.8070. FTIR (ATR): 2924, 2851, 

1887, 1738, 1648, 1603, 1509, 1417, 1358, 1297, 1228, 1156, 1099, 1049, 1014, 999, 960, 835, 787, 

756, 728, 707, 652 (cm-1). 

 

1-Chloro-4-(1,3,3,3-tetrabromopropyl)benzene (3g) (Table 2.2) 

72%, Rf = 0.61 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.48 (dd, J = 5.2 Hz, 8.6 Hz, 2H), 7.06 (t, J = 8.6 Hz, 2H), 5.34 (dd, J = 8.6 Hz, 12.3 Hz, 1H), 4.10 

(dd, J = 12.3 Hz, 15.5 Hz, 1H), 4.01 (dd, J = 8.6 Hz, 15.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 

139.2, 134.8, 129.5, 129.1, 66.2, 48.9, 34.6. HRMS m/z (DART) calcd for C9H7Br3Cl [M-Br]+ 

386.7781, found 386.7797. FTIR (ATR): 3030, 2927, 1896, 1774, 1650, 1596, 1492, 1413, 1358, 1313, 

1284, 1209, 1198, 1180, 1160, 1092, 1048, 1014, 1000, 959, 831, 749, 707, 655 (cm-1). m.p.: 69.6–

71.8 ºC. 

 

1-Bromo-4-(1,3,3,3-tetrabromopropyl)benzene (3h) (Table 2.2) 

79%, Rf = 0.57 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.50 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 5.29 (dd, J = 4.0 Hz, 8.0 Hz, 1H), 4.10 (dd, J = 4.0 

Hz, 15.5 Hz, 1H), 4.01 (dd, J = 8.0 Hz, 15.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 139.7, 132.1, 

129.8, 122.9, 66.2, 48.9, 34.6. HRMS m/z (DART) calcd for C9H7Br4 [M-Br]+ 430.7276, found 

430.7283. FTIR (ATR): 3027, 2971, 2927, 1896, 1739, 1648, 1591, 1489, 1409, 1356, 1311, 1283, 



1209, 1198, 1160, 1116, 1104, 1072, 1049, 1011, 959, 828, 783, 747, 706 (cm-1). m.p.: 95.0–97.0 ºC. 

 

1-Cyano-4-(1,3,3,3-tetrabromopropyl)benzene (3i)59b (Table 2.2) 

71%, Rf = 0.10 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.68 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.3 Hz, 2H), 5.33 (dd, J = 4.0 Hz, 8.6 Hz, 1H), 4.12 (dd, J = 4.0 

Hz, 15.5 Hz, 1H), 4.02 (dd, J = 8.0 Hz, 15.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 145.6, 132.7, 

129.0, 118.2, 112.7, 65.9, 47.9, 34.1. 

 

1-Chloromethyl-4-(1,3,3,3-tetrabromopropyl)benzene (3l) (Table 2.2) 

63%, Rf = 0.26 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.49 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 5.32 (dd, J = 4.0 Hz, 8.0 Hz, 1H), 4.57 (s, 2H), 4.12 

(dd, J = 4.0 Hz, 15.5 Hz, 1H), 4.04 (dd, J = 8.0 Hz, 15.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 

140.9, 138.2, 129.0, 128.5, 66.3, 49.3, 45.5, 34.8. HRMS m/z (DART) calcd for C10H10Br4Cl [M+H]+ 

480.7199, found 480.7191. FTIR (ATR): 3397, 2925, 1708, 1513, 1417, 1360, 1318, 1266, 1220, 1159, 

1113, 1090, 1049, 1020, 1000, 960, 830, 791, 763, 722, 675 (cm-1). 

 

1-Bromo-2-tetrabromomethyl-2,3-dihydro-1H-inden (3m) (Table 2.2) 

61% (d.r. >18 : 1), Rf = 0.55 (n-hexane), 1H NMR (500 MHz, 

CDCl3) δ 7.44 (dd, J = 3.4 Hz, 8.6 Hz, 1H), 7.30 (dd, J = 5.7 Hz, 8.6 Hz, 2H), 7.23 (dd, J = 3.4 Hz, 

5.7 Hz, 2H), 5.65 (d, J = 3.4 Hz, 1H), 5.65 (d, J = 3.4 Hz, 1H), 4.20 (ddd, J = 3.2 Hz, 4.0 Hz, 9.2 Hz, 

1H), 3.60 (dd, J = 9.2 Hz, 17.8 Hz, 1H), 3.25 (dd, J = 4.0 Hz, 17.8 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 142.0, 140.6, 129.5, 127.9, 126.0, 124.5, 71.7, 55.1, 45.5, 38.3. HRMS m/z (DART) calcd 

for C10H8Br3 [M-Br]+ 364.8171, found 364.8181. FTIR (ATR): 3030, 2923, 1607, 1482, 1463, 1433, 

1301, 1263, 1204, 1183, 1153, 1035, 962, 877, 861, 811, 784, 747, 725, 696, 667 (cm-1). 

 

(1,3,3,3-Tetrabromo-2-methylpropyl)benzene (3n)27 (Table 2.2) 

76% (d.r. >18 : 1), Rf = 0.59 (n-hexane), 1H NMR (500 MHz, 

CDCl3) δ 7.51-7.49 (m, 2H), 7.39-7.29 (m, 3H), 5.87 (d, J = 1.7 Hz, 1H), 2.93 (qd, J = 1.7 Hz, 6.3 Hz, 

1H), 1.61 (d, J = 6.3 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 141.6, 128.8, 128.3, 127.6, 61.5, 55.8, 

48.7, 16.9. 

 

1,3,3,3-Tetrabromoundecane (3o) (Table 2.2) 

76%, Rf = 0.64 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

4.21 (dt, J = 4.6 Hz, 9.2 Hz, 1H), 3.84 (dd, J = 4.6 Hz, 16.0 Hz, 1H), 3.55 (dd, J = 4.6 Hz, 16.0 Hz, 

1H), 2.11-1.93 (m, 2H), 1.63-1.47 (m, 2H), 1.35-1.26 (m, 11H), 0.89 (t, J = 6.9 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) δ 66.9, 52.1, 39.7, 36.3, 31.8, 29.4, 29.2, 28.7, 27.3, 22.6, 14.1. HRMS m/z (DART) 

calcd for C11H20Br3 [M-Br]+ 388.9110, found 388.9125. FTIR (ATR): 2954, 2923, 2854, 1465, 1418, 



1377, 1183, 1113, 1047, 940, 720 (cm-1). 

 

1,1,1,3-Tetrabromo-4,4-bis(carboxymethoxy)butane (3p) (Table 2.2) 

67%, Rf = 0.24 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.27-4.22 (m, 1H), 3.91 (dd, J = 4.0 Hz, 12.0 Hz, 1H), 3.86 (dd, J = 4.0 Hz, 6.9 Hz, 

1H), 3.80 (s, 1H), 3.77 (s, 1H), 3.59 (dd, J = 5.2 Hz, 1H), 2.89-2.83 (m, 1H), 2.44-2.38 (m, 1H); 13C 

NMR (125 MHz, CDCl3) δ 168.9, 168.3, 67.0, 52.94, 52.88, 50.3, 48.7, 38.4, 35.0. HRMS m/z 

(DART) calcd for C9H13Br4O4 [M+H]+ 500.7542, found 500.7546. FTIR (ATR): 2954, 1734, 1436, 

1349, 1267, 1199, 1151, 1070, 1018, 979, 922, 843, 719 (cm-1). 

 

1,1,1,3-Tetrabromo-4-acetoxybutane (3q) (Table 2.2) 

56%, Rf = 0.06 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

4.55 (dd, J = 4.5 Hz, 11.5 Hz, 1H), 4.41 (dd, J = 5.7 Hz, 6.3 Hz, 1H), 4.37-4.33 (m, 1H), 3.76 (dd, J 

= 4.6 Hz, 5.2 Hz, 1H), 3.71 (dd, J = 4.6 Hz, 12.0 Hz, 1H), 2.15 (s, 3H); 13C NMR (125 MHz, CDCl3) 

δ 170.3, 66.8, 63.1, 45.5, 35.1, 20.8. HRMS m/z (DART) calcd for C6H9Br4O2 [M+H]+ 428.7331, 

found 428.7331. FTIR (ATR): 2962, 1744, 1420, 1382, 1365, 1219, 1183, 1033, 977, 948, 902, 731 

(cm-1). 

 

Cu[(cup)(rac-BINAP)]PF6 (Cat-1) 28 

( ) (I) 2 40.3 mmol5 rac-BINAP40.3 

mmol5 410 mL5 . 43.0 mL5
10 . 43.0 mL5

40.3 mmol5
.10 .
. .

. . 6 6BINAP

Cat-1 65%, 1H NMR (500 MHz, CDCl3) δ 8.64 (d, J = 8.0 Hz, 2H), 8.16 

(s, 2H), 7.91 (d, J = 8.0 Hz, 2H), 7.69 (dd, J = 4.0 Hz, 8.0 Hz, 4H), 7.48-7.43 (m, 4H), 7.30-7.27 (m, 

2H), 7.24-7.21 (m, 4H), 7.17-7.14 (m, 4H), 7.04-6.99 (m, 8H), 6.74 (t, J = 7.5 Hz, 2H), 6.52 (t, J = 

8.0 Hz, 4H), 2.76 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 159.6, 157.7, 143.2, 143.0, 139.7, 138.8, 

137.2, 134.4, 134.3, 134.2, 133.7, 133.6, 133.4, 132.0, 131.92, 131.85, 131.5, 130.8, 129.1, 129.0, 

128.9, 128.6, 128.5, 128.3, 128.2, 127.6, 127.2, 127.1, 126.8, 126.5, 126.1, 125.6, 30.4. max 

(CH2Cl2) 392 nm. 
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141.5 equiv, 0.15 mmol5. 941.0 equiv, 0.1 mmol5.4-
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(1,3,3,3-Tetrabromopropyl)benzene (3a) (Table 3.2) 

62%, . 2 1 .Table 2.2, 3a  

 

1-Methyl-4-(1,3,3,3-tetrabromopropyl)benzene (3b) (Table 3.2) 

42%, . 2 1 .Table 2.2, 3b  

 

1-Methyl-3-(1,3,3,3-tetrabromopropyl)benzene (3c) (Table 3.2) 

34%, . 2 1 .Table 2.2, 3c  

 

1-Methyl-2-(1,3,3,3-tetrabromopropyl)benzene (3d) (Table 3.2) 

29%, . 2 1 .Table 2.2, 3d  

 

1-(1,1-Dimethylethyl)-4-(1,3,3,3-tetrabromopropyl)benzene (3e) (Table 3.2) 

61%, . 2 1 .Table 2.2, 3e  

 

1-Fluoro-4-(1,3,3,3-tetrabromopropyl)benzene (3f) (Table 3.2) 

33%, . 2 1 .Table 2.2, 3f  

 

1-Chloro-4-(1,3,3,3-tetrabromopropyl)benzene (3g) (Table 3.2) 

66%, . 2 1 .Table 2.2, 3g  

 

1-Bromo-4-(1,3,3,3-tetrabromopropyl)benzene (3h) (Table 3.2) 

30%, . 2 1 .Table 2.2, 3h  

 



1-Cyano-4-(1,3,3,3-tetrabromopropyl)benzene (3k) (Table 3.2) 

36%, . 2 1 .Table 2.2, 3i  

 

1-Chloromethyl-4-(1,3,3,3-tetrabromopropyl)benzene (3l) (Table 3.2) 

45%, . 2 1 .Table 2.2, 3l  

 

2-(1,3,3,3-tetrabromopropyl)naphthalene (3m) (Table 3.2) 

37%, Rf = 0.51 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.90-7.88 (m, 2H), 7.85-7.82 (m, 2H), 7.63 (d, J = 8.6 Hz, 1H), 7.53-7.50 (m, 2H), 5.54 (t, J = 5.2 Hz, 

1H), 4.18 (d, J = 5.2 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ 137.7, 133.3, 132.9, 129.1, 128.2, 127.7, 

127.3, 126.9, 126.7, 125.4, 66.1, 50.7, 35.0. HRMS m/z (DART) calcd for C13H11Br4
+ (M+H)+, 

482.7589, found 482.7612. FTIR (ATR): 3391, 3054, 3024, 2928, 2163, 1913, 1709, 1632, 1600, 1509, 

1470, 1440, 1416, 1371, 1271, 1220, 1201, 1174, 1158, 1126, 1089, 1050, 1018, 1002, 986, 964, 942, 

907, 892, 857, 816, 772, 756, 737, 703, 660 (cm-1). m.p.: 84.2–86.2 ºC. 

 

1-Bromo-2-tetrabromomethyl-2,3-dihydro-1H-inden (3n) (Table 3.2) 

58% (d.r. = 15 : 1), . 2 1 .Table 2.2, 

3m  

 

(1,3,3,3-Tetrabromo-2-phenylpropyl)benzene (3p) (Table 3.2) 

23% (d.r. = 79 : 21, from the Z isomer), Rf = 0.19 (n-hexane), 
1H NMR (500 MHz, CDCl3) δ 7.59 (br, 1H), 7.47-7.37 (m, 5H), 7.32-7.21 (m, 4H), 5.94 (d, J = 5.8 

Hz, 1H), 4.38 (d, J = 5.8 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 140.7, 138.1, 128.9, 128.71, 128.68, 

128.4, 127.7, 71.9, 55.0, 42.9. HRMS m/z (DART) calcd for C15H12Br3 (M-Br)+, 428.8484, found 

428.8479. FTIR (ATR): 3062, 3030, 1601, 1496, 1453, 1339, 1185, 1157, 177, 1033, 977, 915, 853, 

825, 778, 761, 725, 698 (cm-1). 

 

1,3,3,3-Tetrabromoundecane (3q) (Table 3.2) 

82%, . 2 1 .Table 2.2, 3o  

 

1,1,1,3-Tetrabromotridecane (3r)60a (Table 3.2) 

83%, Rf = 0.64 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

4.20 (dt, J = 4.6 Hz, 4.0 Hz, 1H), 3.84 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.55 (dd, J = 16.0 Hz, 4.6 Hz, 

1H), 2.11-1.93 (m, 2H), 1.63-1.56 (m, 1H), 1.54-1.47 (m, 1H), 1.37-1.27 (m, 14H), 0.88 (t, J = 5.7 Hz, 

3H); 13C NMR (125 MHz, CDCl3) δ 66.9, 52.1, 39.7, 36.4, 31.9, 29.6, 29.5, 29.4, 29.3, 28.7, 27.3, 

22.7, 14.1. 

 



5,7,7,7-Tetrabromoheptan-1-ol (3s)60b (Table 3.2) 

84%, Rf = 0.40 (n-hexane : EtOAc = 2 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.22 (dq, J = 4.6 Hz, 4.0 Hz, 1H), 3.85 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.70 (t, J = 5.2 

Hz, 2H), 3.56 (dd, J = 16.0 Hz, 4.6 Hz, 1H), 2.16-1.99 (m, 2H), 1.75-1.60 (m, 4H), 1.40 (s, 1H); 13C 

NMR (125 MHz, CDCl3) δ 66.8, 62.6, 51.7, 39.4, 36.2, 31.7, 23.7. 

 

1,1,1,3-Tetrabromo-4-acetoxybutane (3t) (Table 3.2) 

72%, . 2 1 .Table 2.2, 3q  

 

1,1,1,3-Tetrabromo-4-acetoxy-4-methylbutane (3u) (Table 3.2) 

42% (d.r. = 55 : 45), Rf = 0.25 (n-hexane : EtOAc = 10 : 1), 
1H NMR (500 MHz, CDCl3) δ 5.20 (dq, J = 9.2 Hz, 6.3 Hz, 1H), 4.23 (ddd, J = 9.2 Hz, 5.5 Hz, 3.7 

Hz, 1H), 3.68 (dd, J = 16.3 Hz, 3.7 Hz, 1H), 3.63 (dd, J = 16.3 Hz, 5.5 Hz, 1H), 2.11 (s, 3H), 1.43 (d, 

3H); 13C NMR (125 MHz, CDCl3) δ 170.1, 71.7, 62.3, 51.1, 35.9, 21.2, 17.2. HRMS m/z (DART) 

calcd for C7H11Br4O2
+ (M+H)+, 442.7487, found 442.7471. FTIR (ATR): 2927, 2847, 1742, 1372, 

1231, 1058, 946 (cm-1). 

 

1,1,1,3-Tetrabromo-4-[(triisopropylsilyl)oxy]butane (3v) (Table 3.2) 

32%, Rf = 0.60 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

4.23-4.19 (m, 1H), 4.10 (dd, J = 10.9 Hz, 5.7 Hz, 1H), 3.95 (dd, J = 10.9 Hz, 5.7 Hz, 1H), 3.91 (dd, J 

= 10.9 Hz, 2.9 Hz, 1H), 3.58 (dd, J = 10.9 Hz, 5.7 Hz, 1H), 1.13-1.07 (m, 21H); 13C NMR (125 MHz, 

CDCl3) δ 67.2, 62.6, 50.2, 36.4, 18.0, 12.0. HRMS m/z (DART) calcd for C13H27Br4OSi+ (M+H)+, 

542.8559, found 542.8555. FTIR (ATR): 2943, 2866, 1740, 1462, 1370, 1229, 1217, 1111, 1065, 999, 

945, 882, 791, 685 (cm-1). 

 

1,1,1,3-Tetrabromo-4-{(tert-butoxycarbonyl)amino}butane (3w) (Table 3.2) 

52%, Rf = 0.22 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 5.03 (br, 1H), 4.29-4.28 (m, 1H), 3.78-3.57 (m, 1H), 1.46 (s, 9H); 13C NMR (125 

MHz, CDCl3) δ 155.6, 80.2, 63.9, 50.4, 47.5, 35.5, 28.3. HRMS m/z (DART) calcd for C9H16Br4NO2
+ 

(M+H)+, 485.7909, found 485.7923. FTIR (ATR): 3348, 2977, 1694, 1511, 1392, 1367, 1252, 1166, 

1076, 942, 720 (cm-1). 

 

1,1,1,3,7-Pentabromoheptane (3x) (Table 3.2) 

88%, Rf = 0.35 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

4.21 (dq, J = 4.6 Hz, 4.0 Hz, 1H), 3.85 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.55 (dd, J = 16.0 Hz, 4.6 Hz, 

1H), 3.44 (t, J = 6.3 Hz, 2H), 2.17-2.10 (m, 1H), 2.05-1.87 (m, 3H), 1.84-1.76 (m, 1H), 1.73-1.64 (m, 

1H); 13C NMR (125 MHz, CDCl3) δ 66.7, 51.3, 38.7, 36.0, 33.1, 31.7, 26.0. HRMS m/z (DART) calcd 



for C7H11Br4
+ (M-Br)+, 410.7589, found 410.7574. FTIR (ATR): 2940, 2864, 1733, 1455, 1430, 1248, 

1187, 1005, 939, 721 (cm-1). 

 

(2,4,4,4-Tetrabromobutyl)benzene (3y)60b (Table 3.2) 

30%, Rf = 0.38 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.34-7.26 (m, 5H), 4.39-4.35 (m, 1H), 3.85 (dd, J = 4.6 Hz, 4.0 Hz, 1H), 3.67 (dd, J = 11.5 Hz, 4.6 

Hz, 1H), 3.53 (dd, J = 9.2 Hz, 5.2 Hz, 1H), 3.23 (dd, J = 9.2 Hz, 5.2 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) δ 137.4, 129.4, 128.6, 127.3, 65.8, 51.5, 46.0, 35.9. 

 

(3,5,5,5-Tetrabromopentyl)benzene (3z)60b (Table 3.2) 

84%, Rf = 0.40 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

7.32-7.20 (m, 5H), 4.18 (ddt, J = 9.7 Hz, 4.6 Hz, 4.0 Hz, 1H), 3.88 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.57 

(dd, J = 16.0 Hz, 4.6 Hz, 1H), 2.98 (ddd, J = 13.8 Hz, 9.2 Hz, 4.6 Hz, 1H), 2.82 (ddd, J = 13.8 Hz, 8.0 

Hz, 5.7 Hz, 1H), 2.44 (dddd, J = 13.8 Hz, 9.2 Hz, 6.9 Hz, 4.0 Hz, 1H), 2.28 (dddd, J = 14.3 Hz, 9.7 

Hz, 5.2 Hz, 4.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 140.2, 128.6, 126.3, 66.8, 51.3, 41.1, 35.9, 

33.6. 

 

1,1,1,3-Tetrabromo-4,4-bis(carboxymethoxy)butane (3aa) (Table 3.2) 

43%, . 2 1 .Table 2.2, 3p  

 

2-Bromo-3-(tribromomethyl)bicyclo[2.2.1]heptane (3ab)27 (Table 3.2) 

90%, Rf = 0.50 (n-hexane), 1H NMR (500 MHz, CDCl3) δ 

4.11 (ddd, J = 9.7 Hz, 5.7 Hz, 1.2 Hz, 1H), 2.88 (d, J = 5.7 Hz, 1H), 2.67 (d, J = 1.2 Hz, 2H), 2.34 (d,   

= 10.9 Hz, 1H), 2.09 (dd, J = 12.6 Hz, 10.9 Hz, 1H), 1.63 (dd, J = 12.6 Hz, 9.2 Hz, 2H), 1.44 (t, J = 

10.9 Hz, 1H), 1.34 (d, J = 10.9 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 74.0, 56.7, 46.0, 44.2, 44.1, 

35.3, 30.2, 24.2. 

 

1-Bromo-4-(tribromomethyl)cyclooctane (3ac)33b (Table 3.2) 

64% (d.r. = 58 : 42, from 1-octene), Rf = 0.49 (n-hexane), 
1H NMR (500 MHz, CDCl3) δ 4.49-4.44 [m, 1H, H2 (trans)], 4.42-4.37 [m, 1H, H1 (cis)], 2.75-2.70 

(m, 1H), 2.66-2.54 (m, 2H), 2.49-2.32 (m, 5H), 2.25-2.12 (m, 4H), 2.09-1.96 (m, 3H), 1.93-1.88 (m, 

1H), 1.86-1.56 (m, 8H), 1.53-1.38 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 60.4, 60.2, 55.8, 55.7, 55.3, 

54.9, 37.9, 36.5, 34.8, 33.0, 32.13, 32.07, 31.3, 29.8, 28.3, 27.8, 25.6, 23.0. HRMS m/z (DART) calcd 

for C9H14Br3
+ (M-Br)+ 358.8640, found 358.8627. FTIR (ATR): 3412, 2963, 2921, 2849, 2695, 2163, 

1981, 1721, 1460, 1443, 1436, 1423, 1373, 1361, 1347, 1328, 1281, 1245, 1229, 1208, 1175, 1155, 

1119, 1099, 1073, 1043, 1005, 975, 944, 913, 856, 833, 820, 774, 762, 697, 673 (cm-1). 

 



1,1,1,5-Tetrabromo-3-methyl-3-pentene (3ad, 3ad’) (Table 3.2) 

48% (3ad : 3ad’ = 88 : 12, from isoprene), Rf = 0.44 (n-

hexane), 1H NMR (500 MHz, CDCl3) δ 5.97 (t, J = 8.6 Hz, 1H), 4.04 (d, J = 8.6 Hz, 2H), 3.82 (s, 2H), 

2.08 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 137.1, 130.3, 67.0, 39.2, 27.5, 17.8. HRMS m/z (DART) 

calcd for C6H9Br+ (M+H)+ 396.7432, found 396.7443. FTIR (ATR): 2922, 2853, 1736, 1650, 1437, 

1377, 1306, 1229, 1203, 1090, 1020, 981, 935, 871, 788, 700 (cm-1). 

 

3-(Bromomethyl)-4-(2,2,2-tribromoethyl)-dimethylcyclopentene-1,1-carboxylate (3ae) 

(Table 3.2) 

75% (d.r. = 92 : 8, from 1ae), Rf = 0.11 (n-hexane : EtOAc 

= 10 : 1), 1H NMR (500 MHz, CDCl3) δ 3.77 (s, 6H), 3.57 (dd, J = 5.7 Hz, 4.6 Hz, 1H), 3.35 (dd, J = 

10.9 Hz, 4.6 Hz, 1H), 3.30 (dd, J = 10.3 Hz, 9.5 Hz, 1H), 3.09 (dd, J = 9.5 Hz, 6.3 Hz, 1H), 2.80-2.74 

(m, 2H), 2.61 (dd, J = 7.5 Hz, 6.9 Hz, 1H), 2.57-2.51 (m, 1H), 2.40 (dd, J = 14.3 Hz, 9.2 Hz, 1H), 2.37 

(dd, J = 14.3 Hz, 5.7 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 172.6, 172.5, 58.6, 57.8, 53.1, 44.4, 

43.3, 39.5, 39.4, 38.3, 33.6. HRMS m/z (DART) calcd for C12H17Br4O4
+ (M+H)+ 540.7855, found 

540.7861. FTIR (ATR): 3461, 3001, 2952, 2844, 1727, 1434, 1369, 1257, 1244, 1199, 1165, 1111, 

1068, 1028, 964, 937, 912, 875, 854, 822, 722, 690, 669 (cm-1). 
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Dimethyl 2-(2-Bromo-3-phenylpropyl)malonate (6a) (Table 3.6) 

78%, Rf = 0.47 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.33 (t, J = 7.5 Hz, 2H), 7.27 (t, J = 7.5 Hz, 1H), 7.21 (d, J = 6.9 Hz, 2H), 4.24-4.18 

(m, 1H), 3.87-3.82 (dd, J = 6.3, 4.0Hz, 1H), 3.741 (s, 3H), 3.738 (s, 3H), 3.25-3.17 (m, 2H), 2.53 (td, 

J = 7.5, 3.7, 2.9 Hz, 1H), 2.24 (td, J = 6.9, 4.0, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 169.3, 

169.0, 137.6, 129.2, 128.5, 127.0, 54.0, 52.8, 52.7, 50.2, 45.7, 37.2. HRMS m/z (DART) calcd for 

C14H18BrO4
+ (M+H)+ 329.0383, found 329.0379. FTIR (ATR): 3030, 2954, 2848, 1750, 1735, 1603, 

1497, 1455, 1436, 1347, 1274, 1257, 1201, 1152, 1104, 1082, 1059, 1030, 1008, 975, 911, 845, 752, 

701 (cm-1). 

 

Dimethyl 2-(2-Bromo-4-phenylbutyl)malonate (6b) (Table 3.6) 

90%, Rf = 0.21 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.33 (t, J = 7.7 Hz, 2H), 7.22-7.19 (m, 3H), 3.97-3.92 (m, 1H), 3.85–3.83 (dd, J = 5.7, 

4.6 Hz, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 2.94-2.88 (m, 1H), 2.79-2.73 (m, 1H), 2.50 (td, J = 8.0, 6.9, 

4.0 Hz, 1H), 2.33 (td, J = 6.3, 4.6, 4.0 Hz, 1H), 2.20-2.11 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 

169.3, 169.1, 140.5, 128.50, 128.46, 126.2, 53.9, 52.8, 52.7, 50.2, 40.9, 37.9, 33.6. HRMS m/z 

(DART) calcd for C15H20BrO4
+ (M+H)+ 343.0540, found 343.0537. FTIR (ATR): 3063, 3028, 3004, 

2954, 2857, 1949, 1750, 1734, 1603, 1584, 1497, 1454, 1435, 1342, 1260, 1242, 1201, 1151, 1069, 

1016, 963, 906, 846, 749, 700, 655 (cm-1). 

 

Dimethyl 2-[2-bromo-3-(4-methoxyphenyl)propyl]malonate (6c) (Table 3.6) 

32%, Rf = 0.23 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.13 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.19-4.14 (m, 1H), 3.85 (dd, J = 

6.9, 4.0 Hz, 1H), 3.80 (s, 3H), 3.74 (s, 6H), 3.19-3.11 (m, 2H), 2.79-2.71 (m, 1H), 2.52 (td, J = 8.0, 



6.9, 4.0, Hz, 1H), 2.22 (td, J = 8.0, 6.9, 4.0 Hz, 1H), 2.18-2.11 (m, 2H); 13C NMR (125 MHz, CDCl3) 

δ 169.3, 169.0, 158.5, 130.2, 129.7, 113.8, 55.2, 54.6, 52.8, 52.7, 50.2, 44.9, 37.1. HRMS m/z (DART) 

calcd for C15H20BrO5 (M+H)+ 359.0489, found 359.0494. FTIR (ATR): 3003, 2955, 2838, 1750, 1736, 

1613, 1585, 1514, 1437, 1302, 1249, 1202, 1179, 1152, 1111, 1034, 975, 906, 832, 819, 759 (cm-1). 

 

Dimethyl 2-(2-bromodecyl)malonate (6d) (Table 3.6) 

79%, Rf = 0.64 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.00-3.95 (m, 1H), 3.84 (dd, J = 6.3, 4.0 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 2.48 (td, 

J = 7.5, 4.6, 2.9 Hz, 1H), 2.26 (td, J = 8.0, 6.9, 4.0 Hz, 1H), 1.89-1.80 (m, 2H), 1.55-1.51 (m, 1H), 

1.49-1.38 (m, 1H), 1.31-1.25 (m, 10H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 169.4, 

169.2, 55.0, 52.8, 52.7, 50.2, 39.4, 37.9, 31.8, 29.4, 29.2, 28.9, 27.4, 22.6, 14.1. HRMS m/z (DART) 

calcd for C15H27O+ (M-Br)+ 271.1904, found 271.1909. FTIR (ATR): 3299, 2127, 1640, 1452, 1111, 

1016 (cm-1). 

 

Dimethyl 2-(2-bromododecyl)malonate (6e) (Table 3.6) 

73%, Rf = 0.64 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.00-3.95 (m, 1H), 3.85 (dd, J = 6.3, 4.0 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 2.48 (td, 

J = 7.5, 4.6, 3.4 Hz, 1H), 2.26 (td, J = 8.6, 6.3, 4.6 Hz, 1H), 1.89-1.80 (m, 2H), 1.55-1.50 (m, 1H), 

1.47-1.38 (m, 1H), 1.30-1.26 (m, 14H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 169.4, 

169.2, 55.0, 52.8, 52.7, 50.2, 39.4, 37.9, 31.9, 29.54, 29.51, 29.4, 29.3, 28.9, 27.4, 22.7, 14.1. HRMS 

m/z (DART) calcd for C17H32BrO4
+ (M+H)+ 379.1479, found 379.1490. FTIR (ATR): 2924, 2854, 

1743, 1463 (cm-1). 

 

Tetramethyl-1,1,5,5-(3-bromopentane)tetracarboxylate (6f) (Table 3.6) 

80%, Rf = 0.24 (n-hexane : EtOAc = 5 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.04-3.99 (m, 1H), 3.80 (dd, J = 5.2, 4.6 Hz, 2H), 3.77 (s, 6H), 3.76 (s, 6H), 2.51 (td, 

J = 9.2, 5.7, 4.0 Hz, 2H), 2.33 (td, J = 9.2, 5.7, 4.6 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ 169.1, 

168.8, 52.9, 52.8, 51.1, 50.0, 37.9. HRMS m/z (DART) calcd for C13H19O8 (M-Br)+ 303.1074, found 

303.1076. FTIR (ATR): 3306, 2952, 2840, 2523, 2147, 1649, 1450, 1410, 1113, 1014 (cm-1). 

 

Dimethyl 2-(2,4-dibromobutyl)malonate (6g) (Table 3.6) 

55%, Rf = 0.56 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.22-4.14 (m, 1H), 3.84 (dd, J = 5.7, 4.0Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.62-3.54 

(m, 2H), 2.51 (td, J = 6.9, 5.2, 2.9 Hz, 1H), 2.37-2.29 (m, 3H); 13C NMR (125 MHz, CDCl3) δ 169.1, 

168.9, 52.9, 51.8, 50.0, 41.5, 37.6, 30.5. HRMS m/z (DART) calcd for C9H15Br2O4 (M+H)+ 344.9332, 

found 344.9336. FTIR (ATR): 2955, 1736, 1436, 1270, 1249, 1207, 1156, 1019, 844 (cm-1). 

 



Dimethyl 2-(2,5-dibromopentyl)malonate (6h) (Table 3.6) 

81%, Rf = 0.53 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.03-3.98 (m, 1H), 3.84 (dd, J = 6.3, 4.0 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.44 (t, J  

= 5.7 Hz, 2H), 2.49 (td, J = 8.0, 6.9, 3.4 Hz, 1H), 2.29 (td, J = 8.6, 6.3, 4.6 Hz, 1H), 2.22-2.14 (m, 1H), 

2.09-1.96 (m, 3H); 13C NMR (125 MHz, CDCl3) δ 169.2, 169.1, 53.3, 52.9, 52.8, 50.1, 37.9, 37.7, 

32.6, 30.4. HRMS m/z (DART) calcd for C10H17Br2O4
+ (M+H)+ 358.9488, found 358.9488. FTIR 

(ATR): 2955, 1736, 1437, 1263, 1242, 1205, 1155, 1016 (cm-1). 

 

Dimethyl 2-(2-bromo-3-hydroxypropyl)malonate (6i) (Table 3.6) 

18%, Rf = 0.30 (n-hexane : EtOAc = 2 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.19-4.14 (m, 1H), 3.87-3.80 (m, 3H), 3.78 (s, 3H), 3.77 (s, 3H), 2.52 (td, J = 9.2, 5.7, 

4.0 Hz, 1H), 2.37 (td, J = 9.7, 5.2, 5.2 Hz, 1H), 2.27 (t, J = 6.9 Hz, 1H); 13C NMR (125 MHz, CDCl3) 

δ 169.3, 169.0, 66.9, 55.4, 52.92, 52.86, 49.6, 33.7. HRMS m/z (DART) calcd for C8H14BrO5 (M+H)+ 

269.0019, found 269.0025. FTIR (ATR): 3479, 2956, 2051, 1730, 1436, 1342, 1258, 1201, 1152, 1114, 

1068, 1022, 921, 844, 702 (cm-1). 

 

Dimethyl 2-(3-acetyloxy-2-bromo-propyl)malonate (6j) (Table 3.6) 

20%, Rf = 0.21 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.41-4.37 (m, 1H), 4.29-4.25 (m, 1H), 4.17-4.12 (m, 1H), 3.82-3.80 (m, 1H), 3.78 (s, 

3H), 3.77 (s, 3H), 2.57 (td, J = 6.9, 3.4, 2.9 Hz, 1H), 2.26 (td, J = 8.0, 4.0, 4.0 Hz, 1H), 2.12 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ 170.3, 169.0, 168.8, 67.4, 52.94, 52.89, 49.7, 48.0, 34.3, 29.7, 20.7. 

HRMS m/z (DART) calcd for C10H16BrO6
+ (M+H)+ 311.0125, found 311.0121. FTIR (ATR): 2956, 

1730, 1436, 1368, 1345, 1214, 1151, 1061, 1030, 897, 844, 733, 702 (cm-1). 

 

Dimethyl 2-(3-acetyloxy-2-bromo-propyl)malonate (6k)60b (Table 3.6) 

95%, Rf = 0.21 (n-hexane : EtOAc = 2 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.02-3.98 (m, 1H), 3.84 (dd, J = 5.7, 4.6 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.66 (t, J 

= 6.3 Hz, 2H), 2.49 (td, J = 7.5, 4.6, 3.4 Hz, 1H), 2.27 (td, J = 8.0, 6.9, 4.6 Hz, 1H), 1.94-1.86 (m, 2H), 

1.69-1.49 (m, 5H); 13C NMR (125 MHz, CDCl3) δ 169.3, 169.2, 62.5, 54.6, 52.82, 52.76, 50.2, 39.1, 

37.8, 31.8, 23.7. 

 

Diethyl 2-(2-bromo-3-phenylpropyl)malonate (6l)61a (Table 3.7) 

54%, Rf = 0.50 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.34-7.31 (m, 2H), 7.29-7.28 (m, 1H), 7.22-7.21 (m, 2H), 4.25-4.15 (m, 5H), 3.81 (dd, 

J = 6.3, 4.0 Hz, 1H), 3.25-3.17 (m, 2H), 2.52 (td, J = 6.9, 4.0, 2.9 Hz, 1H), 2.24 (td, J = 8.0, 4.0, 4.0 

Hz, 1H), 1.28-1.23 (m, 6H); 13C NMR (125 MHz, CDCl3) δ 168.9, 168.6, 137.7, 129.2, 128.5, 127.0, 

61.7, 61.6, 54.1, 50.6, 45.8, 37.1, 14.0. 



1,3-Diphenyl-2-(2-bromo-3-phenylpropyl)-1,3-propanedione (6m) (Table 3.7) 

22%, Rf = 0.41 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 8.13 (d, J = 7.5 Hz, 2H), 7.91 (d, J = 7.5 Hz, 2H), 7.64 (t, J = 6.3 Hz, 1H), 7.53 (t, J 

= 7.5 Hz, 3H), 7.40 (t, J = 7.5 Hz, 2H), 7.32-7.29 (m, 2H), 7.26-7.25 (m, 1H), 7.23-7.21 (m, 2H), 5.83 

(d, J = 10.9 Hz 1H), 4.41-4.37 (m, 1H), 3.31-3.19 (m, 2H), 2.88 (td, J = 10.9, 4.0, 2.3 Hz, 1H), 2.27-

2.22 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 195.9, 195.0, 137.6, 136.1, 134.8, 134.0, 133.5, 129.2, 

129.1, 128.9, 128.8, 128.4, 128.3, 127.0, 56.8, 54.9, 46.0, 37.9. HRMS m/z (DART) calcd for 

C24H22BrO2
+ (M+H)+ 421.0798, found 421.0801. FTIR (ATR): 3086, 3062, 3029, 2921, 2253, 1965, 

1814, 1693, 1673, 1596, 1580, 1495, 1448, 1432, 1344, 1321, 1304, 1257, 1219, 1194, 1181, 1158, 

1102, 1076, 1054, 1029, 990, 969, 943, 911, 887, 857, 822, 809, 786, 749, 734, 694, 652 (cm-1). 

 

1,3-Di-tert-butyl-2-(2-bromo-3-phenylpropyl)-1,3-propanedione (6n) (Table 3.7) 

25%, Rf = 0.44 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.32 (t, J = 6.9 Hz, 2H), 7.273-7.271 (m, 1H), 7.20 (d, J = 6.9 Hz, 1H), 4.94 (dd, J = 

8.6, 2.3 Hz, 1H), 3.95-3.90 (m, 1H), 3.23-3.11 (m, 2H), 2.52 (td, J = 5.7, 3.4, 2.3 Hz, 1H), 2.01 (td, J 

= 9.6, 5.2, 2.3 Hz, 1H), 1.28 (s, 9H), 1.11 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 211.7, 209.8, 137.5, 

129.2, 128.4, 127.0, 56.4, 54.7, 45.9, 44.9, 44.4, 37.9, 28.3, 26.6. HRMS m/z (DART) calcd for 

C20H30BrO2
+ (M+H)+ 381.1424, found 382.1478. FTIR (ATR): 3778, 3064, 3030, 2966, 2910, 2872, 

1715, 1692, 1604, 1497, 1479, 1456, 1421, 1395, 1367, 1338, 1286, 1227, 1193, 1156, 1098, 1057, 

1006, 975, 942, 914, 864, 830, 801, 749, 699 (cm-1). 

 

Dimethyl 2-(2-bromo-3-phenylpropyl)-2-methylmalonate (6o) (Table 3.7) 

9%, Rf = 0.18 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.34-7.31 (t, J = 6.9 Hz, 2H), 7.28-7.26 (m, 1H), 7.22-7.20 (d, J = 7.8 Hz, 2H), 4.25-

4.16 (m, 1H), 3.70 (s, 3H), 3.67 (s, 3H), 3.23-3.13 (m, 2H), 2.60 (d, J = 5.5 Hz, 2H), 1.46 (s, 3H); 13C 

NMR (125 MHz, CDCl3) δ 172.11, 172.06, 138.0, 129.3, 128.5, 127.0, 52.9, 52.8, 52.7, 50.7, 46.8, 

43.5, 19.9. HRMS m/z (DART) calcd for C15H20BrO4
+ (M+H)+ 343.0540, found 343.0556. FTIR 

(ATR): 3029, 3000, 2953, 1733, 1603, 1497, 1455, 1435, 1381, 1315, 1257, 1201, 1167, 1116, 1030, 

982, 928, 887, 850, 749, 701 (cm-1). 

 

Dimethyl 2-(2-bromo-3-phenylpropyl)-2-propylmalonate (6p) (Table 3.7) 

22%, Rf = 0.18 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.32 (t, J = 6.9 Hz, 2H), 7.29-7.27 (m, 1H), 7.20 (d, J = 7.5 Hz, 2H), 4.13-4.08 (m, 

1H), 3.72 (s, 3H), 3.64 (s, 3H), 3.25-3.10 (m, 2H), 2.63-2.53 (m, 2H), 1.97 (td, J = 8.0, 4.6, 2.9 Hz, 

1H), 1.79 (td, J = 9.7, 4.6, 4.0 Hz, 1H), 1.08-0.98 (m, 1H), 0.83 (t, J = 6.9 Hz, 3H), 0.78-0.68 (m, 1H); 
13C NMR (125 MHz, CDCl3) δ 171.6, 171.5, 138.0, 129.3, 128.5, 127.0, 56.6, 52.6, 52.5, 50.0, 47.0, 

40.1, 34.3, 17.1, 14.2. HRMS m/z (DART) calcd for C17H24BrO4 (M+H)+ 371.0853, found 371.0857. 



FTIR (ATR): 3029, 2958, 2875, 1734, 1497, 1455, 1435, 1284, 1231, 1213, 1162, 1124, 1044, 937, 

846, 750, 702 (cm-1). 

 

Dimethyl 2-(2-bromo-3-phenylpropyl)-2-cyanoethylmalonate (6q) (Table 3.7) 

18%, Rf = 0.46 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.38-7.34 (m, 2H), 7.30-7.29 (m, 1H), 7.21 (d, J = 7.5 Hz, 2H), 4.07-4.00 (m, 1H), 

3.75 (s, 3H), 3.65 (s, 3H), 3.31-3.25 (m, 1H), 3.14-3.08 (m, 1H), 2.62-2.54 (m, 2H), 2.42-2.40 (m, 

1H), 2.26-2.14 (m, 2H), 2.01-1.94 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 170.1, 170.0, 137.6, 129.3, 

128.8, 127.3, 118.6, 55.6, 53.1, 53.0, 48.7, 47.0, 40.1, 28.2, 12.6. HRMS m/z (DART) calcd for 

C17H21BrNO4 (M+H)+ 382.0649, found 382.0661. FTIR (ATR): 2956, 2254, 1732, 1437, 1378, 1206, 

1093, 904, 726 (cm-1). 

 

Dimethyl 2-[(2,2,6,6-Tetramethylpiperidin-1-yl)oxy]malonate (7a)61b (Scheme 3.7) 

20%, Rf = 0.40 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 

MHz, CDCl3) δ 4.97 (s, 1H), 3.79 (s, 6H), 1.51-1.25 (m, 6H), 1.20 (s, 6H), 1.06 (s, 6H); 13C NMR 

(125 MHz, CDCl3) δ 167.7, 86.5, 60.4, 52.6, 40.1, 32.5, 20.1, 17.0. 
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Dimethyl 4-(bromomethyl)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (10a) (Table 3.9) 

79%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.42-7.32 (m, 5H), 6.19 (s, 1H), 3.80-3.75 (m, 7H), 3.59 (dd, J = 10.3, 2.9 Hz, 1H), 

3.31 (dd, J = 10.3, 9.2 Hz, 1H), 2.93 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H); 13C 

NMR (125 MHz, CDCl3) δ 171.26, 171.20, 147.8, 133.7, 128.8, 128.5, 126.6, 125.8, 65.1, 53.0, 47.4, 

36.7, 36.4. HRMS m/z (DART) calcd for C16H18BrO4
+ (M+H)+ 353.0383, found 353.0390. FTIR 

(ATR): 2954, 2924, 2851, 1734, 1599, 1576, 1496, 1447, 1434, 1247, 1205, 1141, 1080, 1047, 1013, 

947, 849, 766, 697 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(p-tolyl)cyclopent-2-ene-1,1-dicarboxylate (10b)62a (Table 3.9) 

84%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.42-7.32 (m, 5H), 6.19 (s, 1H), 3.80-3.75 (m, 7H), 3.59 (dd, J = 10.3, 2.9 Hz, 1H), 

3.31 (dd, J = 10.3, 9.2 Hz, 1H), 2.93 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H); 13C 

NMR (125 MHz, CDCl3) δ 171.4, 171.3, 147.7, 138.5, 130.8, 129.4, 126.5, 124.8, 65.0, 52.98, 52.95, 

47.4, 36.7, 36.6, 21.2. 

 

Dimethyl 4-(bromomethyl)-3-(m-tolyl)cyclopent-2-ene-1,1-dicarboxylate (10c) (Table 3.9) 

65%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.27-7.22 (m, 2H), 7.19 (d, J = 7.5 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H), 6.16 (d, J = 1.2 

Hz, 1H), 3.80-3.74 (m ,7H), 3.60 (dd, J = 10.3, 2.9 Hz, 1H), 3.30 (t, J = 9.7 Hz, 1H), 2.93 (dd, J = 

13.8, 8.6 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H), 2.26 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 171.3, 

171.2, 147.9, 138.4, 133.7, 129.3, 128.6, 127.2, 125.6, 123.6, 65.0, 52.98, 52.95, 47.4, 36.7, 36.6, 21.4. 

HRMS m/z (DART) calcd for C17H20BrO4
+ (M+H)+ 367.0540, found 367.0542. FTIR (ATR): 2954, 

1735, 1435, 1251, 1141, 1081, 846, 788, 701 (cm-1). 



Dimethyl 4-(bromomethyl)-3-[4-(tert-butyl)phenyl]cyclopent-2-ene-1,1-dicarboxylate (10d) 

(Table 3.9) 

81%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.39-7.33 (m, 4H), 6.15 (d, J = 1.1 Hz, 1H), 3.83-3.73 (m, 7H), 3.62 (dd, J = 10.3, 2.9 

Hz, 1H), 3.30 (t, J = 9.7 Hz, 1H), 2.91 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H), 1.32 

(s, 9H); 13C NMR (125 MHz, CDCl3) δ 171.4, 171.3, 151.7, 147.5, 130.8, 126.2, 125.7, 124.9, 65.0, 

52.96, 52.92, 47.4, 36.71, 36.66, 34.6, 31.2. HRMS m/z (DART) calcd for C20H26BrO4
+ (M+H)+, 

409.1009, found 409.1000. FTIR (ATR): 3484, 2957, 2869, 1734, 1608, 1513, 1434, 1407, 1365, 1250, 

1205, 1142, 1080, 1022, 948, 838, 744, 671 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-fluorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10e) 

(Table 3.9) 

78%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.39-7.37 (m, 2H), 7.08-7.04 (m, 2H), 6.13 (s, 1H), 3.80-3.75 (m ,7H), 3.54 (d, J = 

9.2 Hz, 1H), 3.30 (dd, J = 9.7, 9.2 Hz, 1H), 2.92 (dd, J = 14.3, 8.6 Hz, 1H), 2.63 (dd, J = 14.3, 3.4 Hz, 

1H); 13C NMR (125 MHz, CDCl3) δ 171.2, 171.1, 162.7 (d, JC–F = 249.5 Hz), 146.7, 129.9, 128.3 (d, 

JC–F = 7.2 Hz), 125.7, 115.7 (d, JC–F = 21.6 Hz), 65.0, 53.0, 47.4, 36.7, 36.2. 19F NMR (470 MHz, 

CDCl3) δ -112.5. HRMS m/z (DART) calcd for C16H17BrFO4
+ (M+H)+ 371.0289, found 371.0276. 

FTIR (ATR): 3002, 2954, 2923, 2850, 2031, 1732, 1602, 1509, 1434, 1339, 1298, 1236, 1206, 1161, 

1141, 1080, 1047, 1013, 947, 834, 756, 719, 667 (cm-1). m.p.: 89.7-91.0 ºC. 

 

Dimethyl 4-(bromomethyl)-3-(4-chlorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10f) 

(Table 3.9) 

57%, Rf = 0.30 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.39-7.34 (m, 4H), 6.18 (d, J = 1.7 Hz, 1H), 3.80-3.74 (m, 7H), 3.53 (dd, J = 10.3, 2.9 

Hz, 1H), 3.30 (dd, J = 10.3, 9.2 Hz, 1H), 2.90 (dd, J = 14.3, 8.6 Hz, 1H), 2.63 (dd, J = 14.3, 4.0 Hz, 

1H); 13C NMR (125 MHz, CDCl3) δ 171.1, 171.0, 146.7, 134.3, 132.2, 128.9, 127.9, 126.4, 65.0, 53.0, 

47.3, 36.6, 36.0. HRMS m/z (DART) calcd for C16H17BrClO4
+ (M+H)+ 386.9993, found 387.0008. 

FTIR (ATR): 3631, 3597, 3579, 3023, 2955, 2923, 2852, 1979, 1890, 1731, 1595, 1492, 1434, 1403, 

1339, 1297, 1236, 1216, 1141, 1093, 1080, 1046, 1013, 973, 946, 929, 908, 894, 857, 826 (cm-1). m.p.: 

74.0-75.3 ºC. 

 

Dimethyl 4-(bromomethyl)-3-(3-chlorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10g) 

(Table 3.9) 

35%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.39 (s ,1H), 7.30-7.26 (m, 3H), 6.20 (d, J = 1.7 Hz, 1H), 3.80-3.74 (m, 7H), 3.54 (dd, 

J = 10.3, 2.9 Hz, 1H), 3.31 (dd, J = 10.3, 9.2 Hz, 1H), 2.92 (dd, J = 14.3, 8.6 Hz, 1H), 2.63 (dd, J = 



14.3, 4.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.0, 170.9, 146.6, 135.7, 134.7, 130.0, 128.5, 

127.3, 126.7, 124.7, 65.1, 53.1, 47.2, 36.6, 36.0. HRMS m/z (DART) calcd for C16H17BrClO4
+ (M+H)+ 

386.9993, found 386.9985. FTIR (ATR): 2954, 2923, 2852, 1734, 1594, 1564, 1434, 1248, 1206, 1143, 

1079, 1048, 1019, 948, 849, 788, 734, 695, 671 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(2-chlorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10h) 

(Table 3.9) 

54%, Rf = 0.30 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.39-7.25 (m, 4H), 6.07 (s, 1H), 4.02-3.99 (m, 1H), 3.81-3.76 (m, 6H), 3.40 (dd, J = 

10.3, 2.9 Hz, 1H), 3.27 (dd, J = 9.7, 9.2 Hz, 1H), 2.98 (dd, J = 13.8, 8.0 Hz, 1H), 2.47 (dd, J = 13.8, 

6.3 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.1, 170.8, 147.1, 133.7, 132.3, 131.0, 130.4, 129.9, 

129.4, 126.8, 65.0, 53.0, 52.9, 48.1, 36.7, 36.3. HRMS m/z (DART) calcd for C16H17BrClO4
+ (M+H)+ 

386.9993, found 386.9988. FTIR (ATR): 3020, 2874, 2401, 1732, 1436, 1215, 1141, 929, 852, 750, 

669 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-bromophenyl)cyclopent-2-ene-1,1-dicarboxylate (10i)62a 

(Table 3.9) 

71%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.19 (s, 1H), 3.80-3.73 (m, 7H), 

3.53 (dd, J = 9.7, 2.9 Hz, 1H), 3.30 (t, J = 9.7 Hz, 1H), 2.92 (dd, J = 14.3, 8.6 Hz, 1H), 2.62 (dd, J = 

14.3, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.02, 170.99, 146.7, 132.7, 131.9, 128.2, 126.6, 

122.5, 65.1, 53.0, 47.2, 36.6, 36.0. 

 

Dimethyl 4-(bromomethyl)-3-[4-(trifluoromethyl)phenyl]cyclopent-2-ene-1,1-dicarboxylate 

(10j) (Table 3.9) 

51%, Rf = 0.30 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.62 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 6.28 (s, 1H), 3.85-3.74 (m ,7H), 

3.53 (dd, J = 10.3, 2.3 Hz, 1H), 3.32 (dd, J = 9.7, 9.2 Hz, 1H), 2.97 (dd, J = 14.3, 8.6 Hz, 1H), 2.64 

(dd, J = 14.3, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 170.89, 170.85, 146.6, 137.4, 130.4 (q, JC–

F = 31.8 Hz), 128.2, 126.9, 125.7 (q, JC–F = 3.9 Hz), 123.9 (q, JC–F = 272.6 Hz), 65.1, 53.1, 47.2, 36.6, 

35.8. 19F NMR (470 MHz, CDCl3) δ -62.6. HRMS m/z (DART) calcd for C17H17BrF3O4
+ (M+H)+ 

421.0257, found, 421.0269. FTIR (ATR): 2956, 2923, 2851, 1735, 1617, 1575, 1435, 1412, 1326, 

1250, 1207, 1167, 1125, 1082, 1067, 1016, 948, 839, 684 (cm-1). m.p.:82.0–84.0. 

 

Dimethyl 4-(bromomethyl)-3-[3,5-bis(trifluoromethyl)phenyl]cyclopent-2-ene-1,1- 

dicarboxylate (10k) (Table 3.9) 

31%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 



MHz, CDCl3) δ 7.83 (s, 1H), 7.81 (s, 2H), 6.34 (d, J = 1.7 Hz, 1H), 3.86-3.77 (m, 7H), 3.50 (dd, J = 

10.3, 2.9 Hz, 1H), 3.35 (dd, J = 10.3, 9.5 Hz, 1H), 2.98 (dd, J = 14.3, 8.6 Hz, 1H), 2.66 (dd, J = 14.3, 

5.2 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 170.6, 145.4, 136.2, 132.2 (q, JC–F = 31.8 Hz), 130.0, 

126.6, 123.1 (q, JC–F = 272.6 Hz), 122.1 (m), 65.2, 53.2, 47.0, 36.5, 35.3. 19F NMR (470 MHz, CDCl3) 

δ -62.8. HRMS m/z (DART) calcd for C18H16BrF6O4
+ (M+H)+ 489.0131, found 489.0148. FTIR 

(ATR): 2930, 2255, 2020, 1734, 1436, 1384, 1280, 1184, 1143, 1088, 904, 846, 805, 726, 683 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-cyanophenyl)cyclopent-2-ene-1,1-dicarboxylate (10l) 

(Table 3.9) 

34%, Rf = 0.10 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 6.31 (d, J = 1.7 Hz, 1H), 3.81-3.76 

(m, 7H), 3.51 (dd, J = 10.3, 2.9 Hz, 1H), 3.32 (dd, J = 10.9, 8.6 Hz, 1H), 2.95 (dd, J = 14.3, 8.6 Hz, 

1H), 2.64 (dd, J = 14.3, 4.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 170.7, 146.3, 138.4, 132.6, 129.4, 

127.2, 118.5, 112.0, 65.2, 53.2, 47.0, 36.5, 35.6. HRMS m/z (DART) calcd for C17H17BrNO4
+ (M+H)+ 

378.0335, found 378.0321. FTIR (ATR): 2956, 2229, 1734, 1607, 1435, 1368, 1248, 1144, 1081, 838 

(cm-1). 

 

Dimethyl 3-(4-acetylphenyl)-4-(bromomethyl)-cyclopent-2-ene-1,1-dicarboxylate (10m) 

(Table 3.9) 

65%, Rf = 0.10 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.96 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 6.30 (d, J = 1.2 Hz, 1H), 3.81-3.74 

(m, 7H), 3.54 (dd, J = 10.3, 2.9 Hz, 1H), 3.33 (dd, J = 10.3, 9.2 Hz, 1H), 2.95 (dd, J = 14.3, 8.6 Hz, 

1H), 2.63 (dd, J = 14.3, 4.6 Hz, 1H), 2.61 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 197.4, 170.9, 170.8, 

146.9, 138.4, 136.8, 128.8, 128.4, 126.7, 65.2, 53.1, 47.2, 36.6, 36.0, 26.6. HRMS m/z (DART) calcd 

for C18H20BrO5
+ (M+H)+ 395.0489, found 395.0507. FTIR (ATR): 3003, 2955, 2923, 2852, 1733, 

1682, 1604, 1561, 1434, 1407, 1359, 1258, 1206, 1143, 1074, 1048, 1014, 958, 834, 720, 668 (cm-1). 

m.p.: 116.0–118.7 ºC. 

 

Dimethyl 4-(bromomethyl)-3-[4-(methoxycarbonyl)phenyl]cyclopent-2-ene-1,1-dicarboxylate 

(10n) (Table 3.9) 

56%, Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 8.03 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 6.30 (d, J = 1.7 Hz, 1H), 3.93 

(s ,3H), 3.85-3.73 (m, 7H), 3.55 (dd, J = 10.3, 2.9 Hz, 1H), 3.32 (dd, J = 10.3, 9.2 Hz, 1H), 2.94 (dd, 

J = 14.3, 8.6 Hz, 1H), 2.64 (dd, J = 14.3, 4.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 170.91, 170.89, 

166.5, 147.0, 138.2, 130.0, 129.9, 128.0, 126.5, 65.2, 53.1, 52.2, 47.2, 36.6, 36.0. HRMS m/z (DART) 

calcd for C18H20BrO5
+ (M+H)+ 395.0489, found 395.0507. FTIR (ATR): 3001, 2954, 2848, 1935, 1725, 

1609, 1567, 1434, 1409, 1279, 1253, 1206, 1191, 1142, 1110, 1080, 1048, 1017, 966, 948, 847, 827, 



774, 707, 666 (cm-1). 

 

Dimethyl 3-[4-(acetamide)phenyl]-4-(bromomethyl)-cyclopent-2-ene-1,1-dicarboxylate (10o) 

(Table 3.9) 

88%, Rf = 0.20 (n-hexane : EtOAc = 1 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.74 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 6.12 (d, J = 1.2 Hz, 

1H), 3.80-3.73 (m, 7H), 3.55 (dd, J = 10.3, 2.9 Hz, 1H), 3.30 (dd, J = 9.7, 9.2 Hz, 1H), 2.89 (dd, J = 

14.3, 8.6 Hz, 1H), 2.65 (dd, J = 14.3, 4.6 Hz, 1H), 2.19 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 171.3, 

168.5, 147.1, 138.2, 129.4, 127.2, 124.8, 119.8, 65.1, 53.0, 47.3, 36.6, 36.4, 36.4, 24.5. HRMS m/z 

(DART) calcd for C18H21BrNO5
+ (M+H)+ 410.0598, found 410.0578. FTIR (ATR): 3308, 3182, 3108, 

3014, 2956, 2848, 2433, 2028, 1729, 1673, 1595, 1520, 1434, 1408, 1371, 1318, 1296, 1253, 1217, 

1142, 1080, 1045, 1010, 965, 947, 833, 753, 667 (cm-1). 

 

Dimethyl 3-[4-(N-tert-butoxycarbonyl)aminophenyl]-4-(bromomethyl)-cyclopent-2-ene-1,1-

dicarboxylate (10p) (Table 3.9) 

91%, Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.38-7.32 (m, 4H), 6.57 (brs, 1H), 6.11 (d, J = 1.7 Hz, 1H), 3.79-3.73 (m, 7H), 3.57 

(dd, J = 10.3, 2.9 Hz, 1H), 3.30 (t, J = 9.7 Hz, 1H), 2.88 (dd, J = 14.3, 8.6 Hz, 1H), 2.64 (dd, J = 13.8, 

4.0 Hz, 1H), 1.52 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 171.4, 171.3, 152.5, 147.1, 138.6, 128.3, 

127.3, 124.4, 118.4, 80.8, 65.0, 53.0, 47.4, 36.6, 36.5, 28.3. HRMS m/z (DART) calcd for 

C21H27BrNO6
+ (M+H)+ 468.1017, found 468.1001. FTIR (ATR): 3436, 3020, 2957, 2929, 2401, 1729, 

1611, 1586, 1520, 1502, 1435, 1410, 1317, 1215, 1156, 1082, 1053, 1028, 929, 903, 834, 749, 668 

(cm-1). m.p.: 52.7–55.7 ºC. 

 

Dimethyl-3-[(1,1'-biphenyl)-4-yl]4-(bromomethyl)-cyclopent-2-ene-1,1-dicarboxylate  

(10q) (Table 3.9) 

70%, Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.60-7.59 (m, 4H), 7.49-7.43 (m, 4H), 7.36 (t, J = 13.8 Hz, 1H), 6.24 (s, 1H), 3.81-

3.75 (m, 7H), 3.63 (d, J = 9.2 Hz, 1H), 3.35 (dd, J = 9.7, 9.2 Hz, 1H), 2.94 (dd, J = 13.8, 8.6 Hz, 1H), 

2.66 (dd, J = 14.3, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.25, 171.17, 147.3, 141.3, 140.3, 

132.6, 128.8, 127.5, 127.4, 126.97, 126.95, 125.8, 65.1, 53.0, 47.4, 36.7, 36.4. HRMS m/z (DART) 

calcd for C22H22BrO4
+ (M+H)+ 429.0696, found 429.0714. FTIR (ATR): 3030, 2953, 2924, 2853, 1732, 

1599, 1580, 1510, 1488, 1433, 1405, 1339, 1300, 1247, 1205, 1141, 1080, 1046, 1007, 970, 836, 767, 

731, 698, 670 (cm-1). m.p.: 205.3–210.0 ºC. 

 

Dimethyl 4-(bromomethyl)-3-(naphthalen-2-yl)cyclopent-2-ene-1,1-dicarboxylate (10r) 

(Table 3.9) 



64%, Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.85-7.80 (m, 4H), 7.57 (dd, J = 6.9, 1.7 Hz, 1H), 7.50-7.48 (m, 2H), 6.32 (d, J = 1.2 

Hz, 1H), 3.94-3.88 (m, 1H), 3.82 (s, 3H), 3.76 (s, 3H), 3.66 (dd, J = 10.3, 2.9 Hz, 1H), 3.38 (t, J = 9.7 

Hz, 1H), 2.96 (dd, J = 13.8, 8.0 Hz, 1H), 2.70 (dd, J = 14.3, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) 

δ 171.3, 171.2, 147.7, 133.25, 133.19, 131.1, 128.5, 128.2, 127.7, 126.6, 126.5, 126.3, 125.6, 124.5, 

65.2, 53.05, 53.01, 47.5, 36.7, 36.5. HRMS m/z (DART) calcd for C20H20BrO4
+ (M+H)+ 403.0539, 

found 403.0535. FTIR (ATR): 3650, 3021, 2954, 2925, 2852, 2345, 1731, 1626, 1597, 1504, 1434, 

1356, 1249, 1216, 1140, 1078, 1046, 1020, 948, 930, 897, 845, 819, 751, 684, 688 (cm-1). m.p.: 92.3–

94.3 ºC. 

 

Dimethyl 4-(bromomethyl)-3-[(6-methoxy)naphthalen-2-yl]cyclopent-2-ene-1,1-dicarboxylate 

(10s) (Table 3.9) 

50%, Rf = 0.10 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.74-7.71 (m, 3H), 7.53 (dd, J = 6.9, 1.7 Hz, 1H), 7.16 (dd, J = 6.3, 2.3 Hz, 1H), 7.12 

(d, J = 2.3 Hz, 1H), 6.27 (d, J = 1.7 Hz, 1H), 3.93 (s, 3H), 3.93-3.87 (m, 1H), 3.82 (s ,3H), 3.76 (s ,3H), 

3.66 (dd, J = 10.3, 3.4 Hz, 1H), 3.37 (dd, J = 10.3, 9.7 Hz, 1H), 2.96 (dd, J = 14.3, 8.6 Hz, 1H), 2.70 

(dd, J = 14.3, 4.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.4, 171.3, 158.2, 147.7, 134.4, 129.7, 

128.9, 128.6, 127.3, 125.4, 125.2, 125.0, 119.3, 105.7, 65.1, 55.3, 53.02, 52.97, 47.5, 36.7, 36.6. 

HRMS m/z (DART) calcd for C21H22BrO5
+ (M+H)+ 433.0645, found 433.0667. FTIR (ATR): 3003, 

2954, 2849, 1918, 1732, 1629, 1601, 1506, 1485, 1434, 1391, 1346, 1235, 1201, 1165, 1140, 1124, 

1079, 1032, 947, 895, 848, 809, 756, 721, 699, 653 (cm-1). m.p.: 139.7–141.7 ºC. 

 

Dimethyl 4-(bromomethyl)-3-(pyridine-3-yl)cyclopent-2-ene-1,1-dicarboxylate (10t) (Table 3.9) 

68%, Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 8.67 (s, 1H), 8.57 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.32 (brs, 1H), 6.27 (d, J = 1.8 Hz, 

1H), 3.81-3.74 (m, 7H), 3.54 (dd, J = 10.3, 2.9 Hz, 1H), 3.34 (dd, J = 10.3, 8.0 Hz, 1H), 2.94 (dd, J = 

14.3, 8.6 Hz, 1H), 2.65 (dd, J = 14.3, 4.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 170.8, 149.5, 147.7, 

144.8, 133.9, 129.7, 127.9, 123.6, 65.2, 53.1, 47.1, 36.5, 35.7. HRMS m/z (DART) calcd for 

C15H17BrNO4
+ (M+H)+ 354.0335, found 354.0331. FTIR (ATR): 3004, 2954, 2921, 2850, 1958, 1730, 

1587, 1568, 1475, 1434, 1415, 1248, 1142, 1083, 1047, 1025, 1013, 969, 946, 852, 809, 756, 711, 666 

(cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(thiophen-3-yl)cyclopent-2-ene-1,1-dicarboxylate (10u)62a 

(Table 3.9) 

64%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.32 (dd, J = 2.9, 2.3 Hz, 1H), 7.26 (s, 1H), 7.22-7.21 (m, 1H), 6.12 (d, J = 1.2 Hz, 

1H), 3.79 (s ,3H), 3.75 (s ,3H), 3.68-3.64 (m ,2H), 3.36 (t, J = 9.7 Hz, 1H), 2.84 (dd, J = 14.3, 9.2 Hz, 



1H), 2.68 (dd, J = 14.3, 3.4 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.3, 171.2, 142.6, 135.4, 126.4, 

126.2, 124.8, 122.4, 65.0, 53.01, 52.98, 48.5, 36.7, 36.5. 

 

Dimethyl 4-(bromomethyl)-3-(p-tolyl)-1,1-cyclopentanedicarboxylate (12a) (Table 3.10) 

47% (d.r. = 59 : 41), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.13-7.06 (m, 4H), 3.80-3.77 (m, 6H), 3.49-3.39 (m, 1H), 3.21 (dd, J 

= 10.4, 7.5 Hz, 0.41H), 2.95-2.86 (m, 1.50H), 2.78-2.70 (m, 2.49H), 2.58 (dd, J = 13.8, 10.9 Hz, 

0.56H), 2.40-2.32 (m, 4.43H), 2.24 (dd, J = 13.8, 10.9 Hz, 0.41H); 13C NMR (125 MHz, CDCl3) δ 

172.86, 172.71, 172.66, 172.58, 137.5, 136.7, 136.5, 136.1, 129.4, 129.2, 128.0, 127.3, 58.6, 57.6, 

53.09, 52.96, 52.93, 52.92, 49.0, 48.4, 46.7, 45.6, 42.4, 38.93, 38.87, 38.1, 35.6, 35.5, 21.01, 20.97. 

HRMS m/z (DART) calcd for C17H22BrO4
+ (M+H)+ 369.0696, found 369.0698. FTIR (ATR): 2953, 

1905, 1730, 1516, 1434, 1350, 1252, 1197, 1164, 1095, 1067, 1027, 1005, 936, 865, 844, 812, 759, 

720, 699, 674 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(m-tolyl)-1,1-cyclopentanedicarboxylate (12b) (Table 3.10) 

33% (d.r. = 74 : 26), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.23-7.19 (m, 1H), 7.06-6.99 (m, 3H), 3.79-3.77 (m, 6 H), 3.47-3.40 

(m, 1H), 3.22 (dd, J = 10.3, 7.5 Hz, 0.74H), 2.95-2.85 (m, 1H), 2.81-2.71 (m, 2H), 2.63-2.59 (m, 

0.22H), 2.45-2.18 (m, 6H); 13C NMR (125 MHz, CDCl3) δ 172.85, 172.75, 172.65, 172.59, 140.5, 

139.1, 138.4, 138.1, 128.9, 128.6, 128.4, 128.2, 127.8, 127.6, 125.1, 124.5, 58.5, 57.6, 52.9 (4C), 49.4, 

48.4, 47.1, 45.5, 42.4, 38.91, 38.85, 37.8, 35.6, 35.5, 21.44, 21.36. HRMS m/z (DART) calcd for 

C17H22BrO4
+ (M+H)+ 369.0696, found 369.0698. FTIR (ATR): 2953, 2924, 2853, 1733, 1607, 1589, 

1491, 1435, 1259, 1200, 1163, 1096, 937, 866, 786, 704 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(o-tolyl)-1,1-cyclopentanedicarboxylate (12c) (Table 3.10) 

40% (d.r. = 62 : 38), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.24-7.11 (m, 4H), 3.80-3.76 (m, 6H), 3.56-3.53 (m, 0.60H), 3.45- 3.42 

(m, 0.34H), 3.25-3.21 (m, 0.63H), 2.91-2.58 (m, 5H), 2.37-2.32 (m, 3.60H), 2.24-2.14 (m, 0.61H); 
13C NMR (125 MHz, CDCl3) δ 172.8, 172.7, 172.6, 172.5, 138.8, 136.8, 136.7, 136.5, 130.7 (2C), 

130.5, 126.8, 126.6, 126.5, 126.0, 125.4, 58.2, 53.0, 52.9, 47.4, 44.5, 43.6, 42.6, 42.4, 39.1, 38.8, 37.6, 

36.4, 35.5, 19.9, 19.8. HRMS m/z (DART) calcd for C17H22BrO4
+ (M+H)+ 369.0696, found 369.0705. 

FTIR (ATR): 3021, 2953, 2924, 2850, 1918, 1730, 1604, 1492, 1458, 1434, 1380, 1257, 1198, 1170, 

1122, 1095, 1048, 1031, 1004, 938, 865, 946, 820, 903, 758, 727, 705, 676 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-[4-(tert-butyl)phenyl]-1,1-cyclopentanedicarboxylate (12d) 

(Table 3.10) 

46% (d.r. = 56 : 44), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 



1H NMR (500 MHz, CDCl3) δ 7.34-7.32 (m, 2H), 7.16 (d, J = 8.0 Hz, 1.1H), 7.11 (d, J = 8.6 Hz, 0.9H), 

3.79-3.73 (m, 6H), 3.46-3.41 (m, 1H), 3.22 (dd, J =10.5, 7.5 Hz, 0.41H), 2.97-2.68 (m, 4H), 2.61 (dd, 

J = 13.8, 10.9 Hz, 0.51H), 2.41-2.36 (m, 1.45H), 2.24 (dd, J = 13.8, 10.9 Hz, 0.43H), 1.30 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 172.9, 172.72, 172.67, 172.6, 149.9, 149.7, 137.4, 136.1, 127.8, 127.1, 

125.6, 125.4, 58.6, 57.6, 53.0, 52.9, 52.8, 48.9, 48.4, 46.7, 45.6, 42.3, 39.0, 38.8, 38.0, 35.7, 35.6, 34.4, 

31.3. *Carbon signal of tBu was overlapped with each diastereomers. HRMS m/z (DART) calcd for 

C20H28BrO4
+ (M+H)+ 411.1165, found 411.1168. FTIR (ATR): 2955, 2905, 2869, 1910, 1731, 1511, 

1458, 1434, 1394, 1363, 1254, 1199, 1165, 1096, 1067, 1023, 937, 866, 832, 802, 761, 745, 703, 680 

(cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-methoxyphenyl)-1,1-cyclopentanedicarboxylate (12e) 

(Table 3.10) 

Qunat. (d.r. = 63 : 37), Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.34-7.32 (m, 2H), 7.16 (d, J = 8.0 Hz, 1.1H), 7.11 (d, J = 8.6 Hz, 0.9H), 

3.79-3.73 (m, 6H), 3.46-3.41 (m, 1H), 3.22 (dd, J =10.5, 7.5 Hz, 0.41H), 2.97-2.68 (m, 4H), 2.61 (dd, 

J = 13.8, 10.9 Hz, 0.51H), 2.41-2.36 (m, 1.45H), 2.24 (dd, J = 13.8, 10.9 Hz, 0.43H), 1.30 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 172.9, 172.72, 172.67, 172.6, 149.9, 149.7, 137.4, 136.1, 127.8, 127.1, 

125.6, 125.4, 58.6, 57.6, 53.0, 52.9, 52.8, 48.9, 48.4, 46.7, 45.6, 42.3, 39.0, 38.8, 38.0, 35.7, 35.6, 34.4, 

31.3. *Carbon signal of tBu was overlapped with each diastereomers. HRMS m/z (DART) calcd for 

C20H28BrO4
+ (M+H)+ 411.1165, found 411.1168. FTIR (ATR): 2955, 2905, 2869, 1910, 1731, 1511, 

1458, 1434, 1394, 1363, 1254, 1199, 1165, 1096, 1067, 1023, 937, 866, 832, 802, 761, 745, 703, 680 

(cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-fluorophenyl)-1,1-cyclopentanedicarboxylate (12f) 

(Table 3.10) 

52% (d.r. = 58 : 42), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.22-7.15 (m, 2H), 7.03-6.97 (m, 2H), 3.81-3.73 (m, 6H), 3.47 (ddd, J 

= 10.3, 8.0, 7.5 Hz, 0.58H), 3.40 (dd, J = 10.3, 3.4 Hz, 0.42H), 3.20 (dd, J = 10.3, 6.9 Hz, 0.42H), 

2.96-2.868 (m, 4H), 2.57 (dd, J = 13.8, 10.3 Hz, 0.60H), 2.38-2.23 (m, 1.83H); 13C NMR (125 MHz, 

CDCl3) δ 172.8, 172.6, 172.50, 172.47, 161.8 (d, JC–F = 245.6 Hz), 161.7 (d, JC–F = 245.6 Hz), 136.3, 

135.0, 129.6 (d, JC–F = 7.7 Hz), 128.9 (d, JC–F = 6.7 Hz), 115.6 (d, JC–F = 22.2 Hz), 115.4 (d, JC–F = 

22.2 Hz), 58.5, 57.5, 53.1, 53.0, 52.9, 52.8, 48.52, 48.46, 46.3, 45.6, 42.3, 38.8, 38.2, 35.2, 34.8. *One 

carbon signal was overlapped. HRMS m/z (DART) calcd for C16H19BrFO4
+ (M+H)+ 373.0445, found 

373.0445. FTIR (ATR): 2955, 2851, 1731, 1606, 1512, 1435, 1261, 1226, 1200, 1162, 1094, 1067, 

1027, 1016, 939, 866, 837, 817, 762 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-chlorophenyl)-1,1-cyclopentanedicarboxylate (12g) 



(Table 3.10) 

29% (d.r. = 72 : 28), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.30-7.28 (m, 2H), 7.19-7.13 (m, 2H), 3.82-3.73 (m, 6H), 3.46 (ddd, J 

= 10.3, 8.0, 7.5 Hz, 0.72H), 3.40 (dd, J = 10.3, 2.9 Hz, 0.26H), 3.20 (dd, J = 10.3, 6.9 Hz, 0.27H), 

2.96-2.53 (m, 5H), 2.38-2.33 (m, 1.32H), 2.26 (dd, J = 14.3, 10.9 Hz, 0.28H); 13C NMR (125 MHz, 

CDCl3) δ 172.8, 172.6, 172.5, 172.4, 139.2, 137.9, 132.8, 132.7, 129.5, 128.92, 128.86, 128.7, 58.6, 

57.6, 53.08, 53.05, 53.02, 52.97, 48.6, 48.4, 46.4, 45.6, 42.2, 38.8, 38.1, 35.1, 34.7. *One carbon 

signal was overlapped. HRMS m/z (DART) calcd for C16H19BrClO4
+ (M+H)+ 389.0150, found 

389.0158. FTIR (ATR): 2954, 2850, 1731, 1597, 1494, 1435, 1414, 1347, 1266, 1200, 1168, 1093, 

1066, 1027, 1014, 937, 866, 830, 801, 762, 719 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-(4-bromophenyl)-1,1-cyclopentanedicarboxylate (12h) 

(Table 3.10) 

43% (d.r. = 56 : 44), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.45-7.44 (m, 2H), 7.14-7.07 (m, 2H), 3.81-3.73 (m, 6H), 3.43 (ddd, J 

= 10.3, 8.0, 7.5 Hz, 0.56H), 3.38 (dd, J = 10.3, 2.9 Hz, 0.42H), 3.20 (dd, J = 10.3, 6.9 Hz, 0.44H), 

2.96-2.67 (m, 4H), 2.55 (dd, J = 13.8, 10.3 Hz, 0.63H), 2.38-2.33 (m, 1.41H), 2.25 (dd, J = 10.3, 3.4 

Hz, 0.47H); 13C NMR (125 MHz, CDCl3) δ 172.7, 172.5, 172.43, 172.39, 139.7, 138.4, 131.9, 131.6, 

129.9, 129.2, 120.81, 120.76, 58.5, 57.6, 53.1, 53.04, 53.00, 52.96, 48.7, 48.3, 46.5, 45.5, 42.1, 38.8, 

38.0, 35.1, 34.6. *One carbon signal was overlapped. HRMS m/z (DART) calcd for C16H19Br2O4
+ 

(M+H)+ 432.9645, found 432.9661. FTIR (ATR): 2952, 2924, 2849, 1905, 1730, 1591, 1490, 1434, 

1410, 1347, 1259, 1200, 1166, 1096, 1073, 1027, 1010, 936, 865, 825, 759, 717, 676 (cm-1). 

 

Dimethyl-3-[(1,1'-biphenyl)-4-yl]-4-(bromomethyl)-1,1-cyclopentanedicarboxylate (12i) 

(Table 3.10) 

55% (d.r. = 54 : 46), Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.59-7.54 (m, 4H), 7.45-7.42 (m, 2H), 7.36-7.27 (m, 3H), 3.83-3.74 

(m, 6H), 3.53 (ddd, J = 10.3, 8.0, 7.5 Hz, 0.58H), 3.46 (dd, J = 10.3, 7.5 Hz, 0.42H), 3.26 (dd, J = 

10.3, 6.9 Hz, 0.44H), 3.02-2.96 (m, 1.58H), 2.86-2.65 (m, 3.10H), 2.49- 2.39 (m, 1.34H), 2.28 (dd, J 

= 13.8, 10.3 Hz, 0.44H); 13C NMR (125 MHz, CDCl3) δ 172.8, 172.7, 172.61, 172.56, 140.7, 140.6, 

140.0, 139.8, 139.7, 138.4, 128.8, 128.6, 127.9, 127.5, 127.3, 127.25, 127.19, 127.0, 126.9, 58.6, 57.6, 

53.05, 53.02, 52.98, 52.95, 49.0, 48.4, 46.8, 45.7, 42.3, 38.94, 38.88, 38.1, 35.5, 35.3. *One carbon 

signal was overlapped. HRMS m/z (DART) calcd for C22H24BrO4
+ (M+H)+ 431.0852, found 431.0874. 

FTIR (ATR): 3029, 2953, 2925, 2852, 1732, 1600, 1522, 1488, 1435, 1263, 1200, 1167, 1097, 1008, 

937, 839, 766, 736, 699 (cm-1). 

 

Dimethyl-4-(bromomethyl)-3-(naphthalen-2-yl)-1,1-cyclopentanedicarboxylate (12j) 



(Table 3.10) 

38% (d.r. = 57 : 43), Rf = 0.50 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.83-7.79 (m, 3H), 7.68-7.63 (m, 1H), 7.49-7.45 (m, 2H), 7.39-7.31 

(m, 1H), 3.84-3.74 (m, 6H), 3.68-3.63 (m, 0.58H), 3.44 (dd, J = 10.3, 3.4 Hz, 0.41H), 3.25 (dd, J = 

10.3, 6.9 Hz, 0.42H), 3.14-3.08 (m, 0.47H), 2.96-2.44 (m, 5.39H), 2.31 (dd, J = 13.8, 10.9 Hz, 0.43H); 
13C NMR (125 MHz, CDCl3) δ 172.9, 172.7, 172.62, 172.60, 138.0, 136.7, 133.5, 133.3, 132.6, 132.3, 

128.6, 128.2, 127.7, 127.62, 127.58, 126.6, 126.5, 126.4, 126.30, 126.28, 125.8, 125.7, 125.2, 58.6, 

57.7, 53.07, 53.05, 53.01, 52.97, 49.5, 48.3, 47.2, 45.5, 42.3, 39.0, 38.9, 37.8, 35.5, 35.4. *One carbon 

signal was overlapped. HRMS m/z (DART) calcd for C20H22BrO4
+ (M+H)+ 405.0696, found 405.0704. 

FTIR (ATR): 3054, 2953, 4731, 1633, 1601, 1508, 1435, 1377, 1260, 1227, 1200, 1166, 1127, 1097, 

1069, 1027, 959, 892, 858, 820, 751, 703 (cm-1). 

 

Dimethyl-4-(bromomethyl)-3-(pyridine-2-yl)-1,1-cyclopentanedicarboxylate (12k) 

(Table 3.10) 

67% (d.r. = 70 : 30), Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 8.56-8.55 (m, 1H), 7.64-7.60 (m, 1H), 7.21-7.14 (m, 2H), 3.82-3.76 

(m, 6H), 3.48 (dd, J = 10.3, 3.4 Hz, 0.72H), 3.30 (dd, J = 10.3, 6.3 Hz, 0.71H), 3.18-3.12 (m, 0.73H), 

3.04-2.53 (m, 4.23H), 2.25-2.05 (m, 1.59H); 13C NMR (125 MHz, CDCl3) δ (Major diastereomer) 

172.8, 172.4, 160.1, 149.7, 136.5, 123.2, 122.0, 58.0, 53.85, 52.89, 50.9, 46.9, 41.1, 38.6, 36.0. HRMS 

m/z (DART) calcd for C15H19BrNO4
+ (M+H)+ 356.0492, found 356.0494. FTIR (ATR): 3458, 3004, 

2955, 2894, 2844, 1730, 1591, 1571, 1435, 1254, 1202, 1166, 964, 864, 753, 729 (cm-1). 

 

Dimethyl 4-(bromomethyl)-2-methyl-3-phenyl-1,1-cyclopentanedicarboxylate (12l) 

(Table 3.10) 

26% (d.r. = 59 : 41), Rf = 0.60 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) (Major) δ 7.34-7.31 (m, 2H), 7.26-7.23 (m, 1H), 7.16 (d, J = 7.5 Hz, 2H), 

3.80 (s, 3H), 3.77 (s, 3H), 3.18 (dd, J = 12.6, 7.5 Hz, 1H), 3.11 (dd, J = 12.6, 6.9 Hz, 1H), 2.96-2.85 

(m, 2H), 2.58-2.49 (m, 2H), 2.09-2.04 (m, 1H), 0.98 (d, J = 6.3 Hz, 3H); (Minor)  7.34-7.31 (m, 

2H), 7.26-7.23 (m, 1H), 7.20 (d, J = 7.5 Hz, 2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.36 (dd, J = 10.3, 3.4 Hz, 

1H), 3.30 (dd, J = 10.3, 8.6 Hz, 1H), 2.96-2.85 (m, 4H), 2.43-2.37 (m, 1H), 0.86 (d, J = 6.9 Hz, 3H); 
13C NMR (125 MHz, CDCl3) δ (Major) 172.5, 171.9, 138.0, 128.7, 128.6, 127.0, 62.0, 54.0, 52.7, 52.3, 

47.6, 43.5, 40.0, 37.7, 30.9. (Minor) 172.8, 172.1, 140.1, 128.8, 127.9, 127.2, 61.6, 56.6, 52.7, 52.3, 

47.9, 43.0, 38.7, 35.9, 29.7. HRMS m/z (DART) calcd for C17H22BrO4
+ (M+H)+ 369.0696, found 

369.0709. FTIR (ATR): 2954, 1729, 1602, 1497, 1455, 1435, 1380, 1261, 1206, 1157, 1157, 1071, 

1013, 803, 778, 749, 702 (cm-1). 

 

Diethyl 4-(bromomethyl)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13b)62a (Table 3.11) 



51%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.42-7.30 (m, 5H), 6.20 (d, J = 1.2 Hz, 1H), 4.27-4.19 (m ,4H), 3.80-3.72 (m, 1H), 

3.58 (d, J = 10.3 Hz, 1H), 3.31 (dd, J = 10.3, 9.7 Hz, 1H), 2.89 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J 

= 13.8, 4.0 Hz, 1H), 1.32-1.25 (m, 6H); 13C NMR (125 MHz, CDCl3) δ 170.84, 170.77, 147.6, 133.8, 

128.7, 128.5, 126.6, 126.0, 65.3, 61.8, 47.5, 36.5, 14.1, 14.0. 

 

Dimethyl-4-(bromomethyl)-3-(naphthalen-2-yl)-1,1-cyclopentanedicarboxylate (13c) 

(Table 3.11) 

65%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.42-7.29 (m, 5H), 6.18 (d, J = 1.8 Hz, 1H), 5.11-5.02 (m ,2H), 3.77-3.75 (m, 1H), 

3.57 (dd, J = 10.3, 3.4 Hz, 1H), 3.32 (dd, J = 10.3, 9.7 Hz, 1H), 2.85 (dd, J = 13.8, 8.6 Hz, 1H), 2.63 

(dd, J = 13.8, 3.4 Hz, 1H), 1.29-1.21 (m, 12H); 13C NMR (125 MHz, CDCl3) δ 170.4, 170.3, 147.5, 

133.9, 128.7, 128.4, 126.6, 126.2, 69.2, 65.4, 47.6, 36.5, 36.3, 47.6, 36.5, 36.3, 21.6, 21.5. HRMS m/z 

(DART) calcd for C20H26BrO4
+ (M+H)+ 409.1009, found 409.1007. FTIR (ATR): 3 3059, 2981, 2935, 

1724, 1600, 1576, 1497, 1467, 1448, 1387, 1375, 1348, 1298, 1248, 1204, 1182, 1145, 1103, 1076, 

1040, 1002, 962, 913, 855, 828, 765, 696, 673 (cm-1). 

 

Ethyl 1-acetyl-4-(bromomethyl)-3-phenylcyclopent-2-enecarboxylate (13d)62a (Table 3.11) 

51% (d.r. = 57 : 43), Rf = 0.20 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.41-7.32 (m, 5H), 6.23-6.22 (m, 1H), 4.20-4.19 (m, 2H), 3.78-3.72 

(m, 1H), 3.60-3.54 (m, 1H), 3.31-3.23 (m, 1H), 2.92 (dd, J = 14.3, 8.6 Hz, 0.44H), 2.80 (dd, J = 14.3, 

8.6 Hz, 0.54H), 2.61 (dd, J = 14.3, 4.6 Hz, 0.53H), 2.53 (dd, J = 14.3, 4.6 Hz, 0.43H), 2.31 (s, 1.30H), 

2.27 (s, 1.58H), 1.32 (t, J = 13.8 Hz, 1.71H), 1.26 (t, J = 13.8 Hz, 1.29H); 13C NMR (125 MHz, CDCl3) 

δ 203.5, 202.8, 171.2, 171.1, 148.1, 148.0, 133.9, 133.8, 128.7, 128.5, 126.51, 126.48, 126.0, 125.8, 

72.1 (2C), 61.9 (2C), 47.3, 47.1, 36.5 (2C), 35.1, 35.0, 27.0, 26.5, 14.1, 14.0. *Two carbon signals 

were overlapped. 

 

Dimethyl 4-(iodomethyl)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13e) (Table 3.11) 

38%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.41-7.32 (m, 5H), 6.23 (d, J = 1.2 Hz, 1H), 3.80 (s ,3H), 3.74 (s ,3H), 3.70-3.65 (m, 

1H), 3.42 (dd, J = 9.5, 2.9 Hz, 1H), 3.10 (t, J = 9.5 Hz, 1H), 2.94 (dd, J = 14.3, 8.0 Hz, 1H), 2.51 (dd, 

J = 14.3, 4.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 171.13, 171.10, 148.8, 133.8, 128.7, 128.5, 

126.6, 125.3, 64.8, 52.99, 52.97, 47.4, 38.5, 11.3. HRMS m/z (DART) calcd for C16H18IO4
+ (M+H)+ 

401.0244, found 401.0236. FTIR (ATR): 3026, 2953, 2923, 2850, 1733, 1599, 1576, 1495, 1446, 1444, 

1247, 1209, 1176, 1134, 1076, 1042, 1007, 966, 947, 922, 850, 765, 697 (cm-1). 

 

Dimethyl 4-(bromomethyl)-4-methyl-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13f) 



(Table 3.11) 

18%, Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.37-7.29 (m, 5H), 5.90 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.45 (s, 2H), 2.88 (d, J = 

13.8 Hz, 1H), 2.53 (d, J = 13.8 Hz, 1H), 1.41 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 171.4, 171.3, 

152.2, 135.0, 128.2, 128.0, 127.3, 63.6, 53.0, 52.9, 52.3, 44.0, 43.1, 25.6. *One carbon signal was 

overlapped. HRMS m/z (DART) calcd for C17H20BrO4
+ (M+H)+ 367.0539, found 367.0535. FTIR 

(ATR): 2955, 2926, 2852, 1734, 1494, 1434, 1376, 1288, 1243, 1146, 1107, 1072, 1032, 960, 848, 766, 

700 (cm-1). 

 

Dimethyl 4-(bromomethyl)-3-phenylcyclohex-2-ene-1,1-dicarboxylate (13g) (Table 3.11) 

23%, Rf = 0.30 (n-hexane : EtOAc = 4 : 1), 1H NMR (500 

MHz, CDCl3) δ 7.36-7.30 (m, 5H), 6.18 (d, J = 1.2 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 3.34 (dd, J = 

10.3, 2.9 Hz, 1H), 3.19 (dd, J = 10.3, 9.7 Hz, 1H), 3.17-3.10 (m, 1H), 2.32- 2.27 (m, 1H), 2.16-2.10 

(m, 2H), 2.06-2.00 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 171.1, 170.7, 142.1, 139.8, 128.6, 128.0, 

126.6, 124.7, 55.5, 53.0, 52.9, 38.0, 35.5, 24.9, 23.2. HRMS m/z (DART) calcd for C17H20BrO4
+ 

(M+H)+ 367.0539, found 367.0533. FTIR (ATR): 2954, 2926, 2853, 1734, 1600, 1576, 1493, 1446, 

1434, 1362, 1264, 1236, 1218, 1172, 1146, 1079, 1062, 1015, 967, 917, 865, 762, 700, 676 (cm-1). 

 

(E)-Dimethyl 4-(bromomethylene)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13h) 

(Table 3.11) 

34% (E / Z = 95 : 5), Rf = 0.30 (n-hexane : EtOAc = 4 : 1), 
1H NMR (500 MHz, CDCl3) δ 7.39-7.33 (m, 5H), 6.29 (s, 1H), 6.25 (t, J = 2.3 Hz, 1H), 3.79 (s, 6H), 

3.39 (d, J = 2.3 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 170.3, 147.2, 147.0, 133.2, 133.1, 128.63, 

128.57, 128.1, 101.5, 63.1, 53.2, 39.4. HRMS m/z (DART) calcd for C16H16BrO4
+ (M+H)+ 351.0226, 

found 351.0214. FTIR (ATR): 3084, 2954, 2847, 1736, 1672, 1622, 1494, 1435, 1259, 1198, 1170, 

1119, 1064, 956, 845, 802, 759, 700 (cm-1). NMR41H-1H NOESY5 .δ 
3.79 (s, 6H) 6.29 (s, 1H) .6.29 (s, 1H) 7.39-7.33 (m, 5H) .6.25 (t, J = 2.3 Hz, 

1H) 7.39-7.33 (m, 5H)  

 

Dimethyl 2-allylidene malonate (14a)63b (Scheme 3.11) 

TEMPO43.0 5 Trace, Rf = 0.50 (n-hexane : EtOAc 

= 4 : 1), 1H NMR (500 MHz, CDCl3) δ 7.36 (d, J = 11.5 Hz, 1H), 6.80-6.73 (m, 1H), 5.80 (d, J = 17.2 

Hz, 1H), 5.69 (d, J = 10.9 Hz, 1H), 3.86 (s, 3H), 3.81 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 165.4, 

164.8, 145.2, 131.7, 130.0, 125.8, 52.5, 52.4. 
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2-(4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4a)63a (Table 4.2) 

92% (X = I), Rf = 0.51 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 3.82 (s, 3H), 1.33 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 162.1, 136.5, 113.3, 83.5, 55.1, 24.8. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 25.7–27.1 

ºC. 

 

2-(3-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4b)63c (Table 4.2) 

71% (X = I), Rf = 0.47 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.40 (d, J = 7.5 Hz, 1H), 7.33-7.28 (m, 2H), 7.02-7.00 (m, 1H), 3.84 (s, 

3H), 1.35 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 159.0, 128.9, 127.1, 118.6, 117.9, 83.8, 55.2, 24.8. 

The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b 

 

2-(2-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4c)63c (Table 4.2) 

39% (X = I), Rf = 0.28 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.68-7.67 (m, 1H), 7.41-7.38 (m, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.86 (d, J 

= 8.0 Hz, 1H), 3.83 (s, 3H), 1.35 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 164.1, 136.7, 132.4, 120.2, 

110.4, 83.4, 55.8, 24.8. The carbon directly attached to the boron atom was not detected, likely due to 

quadrupolar relaxation.63b m.p.: 82.2–83.8 ºC. 

 

4,4,5,5-tetramethyl-2-{2-(methylthio)phenyl}-1,3,2-dioxaborolane (4d)63d (Table 4.2) 

33% (X = I), Rf = 0.50 (n-hexane : EtOAc = 10 : 1), 1H 



NMR (500 MHz, CDCl3) δ 7.69 (d, J = 7.5 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 

7.10 (t, J = 7.5 Hz, 1H), 2.45 (s, 3H), 1.37 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 145.2, 135.9, 

131.2, 123.7, 123.6, 84.0, 24.8, 15.6. The carbon directly attached to the boron atom was not detected, 

likely due to quadrupolar relaxation.63b  

 

4,4,5,5-Tetramethyl-2-p-tolyl-1,3,2-dioxaborolane (4e)63c (Table 4.2) 

81% (X = I), Rf = 0.53 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.70 (d, J = 7.8 Hz, 2H), 7.19 (d, J = 7.8 Hz, 2H), 2.37 (s, 3H), 1.34 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 141.4, 134.8, 128.5, 83.6, 24.8, 21.7. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 44.8–46.3 

ºC. 

 

4,4,5,5-Tetramethyl-2-m-tolyl-1,3,2-dioxaborolane (4f)63c (Table 4.2) 

79% (X = I), Rf = 0.53 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.64 (s, 1H), 7.62-7.59 (m, 1H), 7.29-7.27 (m, 2H), 2.36 (s, 3H), 1.35 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 141.4, 134.8, 128.5, 83.6, 24.8, 21.7. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b  

 

4,4,5,5-Tetramethyl-2-o-tolyl-1,3,2-dioxaborolane (4g)63c (Table 4.2) 

86% (X = I), Rf = 0.56 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.76 (d, J = 6.9 Hz, 1H), 7.32 (d, J = 7.5 Hz, 1H), 7.17-7.15 (m, 2H), 2.54 

(s, 3H), 1.34 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 144.8, 135.8, 130.8, 129.8, 124.7, 83.4, 24.9, 

22.2. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b  

 

4,4,5,5-Tetramethyl-2-(2,6-dimethylphenyl)-1,3,2-dioxaborolane (4h)63c (Table 4.2) 

40% (X = I), Rf = 0.50 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.12 (t, J = 8.0 Hz, 1H), 6.94 (d, J = 7.5 Hz, 2H), 2.40 (s, 6H), 1.39 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 141.7, 129.1, 126.4, 83.6, 24.9, 22.2. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 48.9–50.1 

ºC. 

 

2-Mesityl-4,4,5,5-tetramethyl-2-phenyl-1,3,2-dioxaborolane (4i)63c (Table 4.2) 

41% (X = I), Rf = 0.47 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 6.77 (s, 2H), 2.36 (s, 6H), 2.24 (s, 3H), 1.37 (s, 12H); 13C NMR (125 MHz, 

CDCl3) δ 142.1, 138.9, 127.4, 83.4, 24.9, 22.2, 21.2. The carbon directly attached to the boron atom 

was not detected, likely due to quadrupolar relaxation.63b  



 

4,4,5,5-Tetramethyl-2-phenyl-1,3,2-dioxaborolane (4j)63c (Table 4.2) 

96% (X = I); 12% (X = Br), Rf = 0.51 (n-hexane : EtOAc 

= 10 : 1), 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 7.2 Hz, 2H), 7.47 (t, J = 7.5 Hz, 1H), 7.35-7.38 

(m, 2H), 1.35 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 134.7, 131.2, 127.7, 83.7, 24.8. The carbon 

directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 

26.6–27.5 ºC. 

 

2-(4-Fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4k)63a (Table 4.2) 

87% (X = I), Rf = 0.45 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.81-7.78 (m, 2H), 7.07-7.03 (m, 2H), 1.34 (s, 12H); 13C NMR (125 MHz, 

CDCl3) δ 166.1, 164.1, 137.0, 136.9, 114.9, 114.8, 83.9, 24.8. 19F NMR (470 MHz, CDCl3) δ -108.3. 

The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b   

 

2-(4-Chlorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4l)63a (Table 4.2) 

46% (X = I), Rf = 0.68 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.6 Hz, 2H), 7.35 (d, J = 6.3, 2H), 1.34 (s, 12H); 13C NMR 

(125 MHz, CDCl3) δ 137.5, 136.1, 128.0, 84.0, 24.8. The carbon directly attached to the boron atom 

was not detected, likely due to quadrupolar relaxation.63b m.p.: 32.1–34.0 ºC. 

 

2-(4-Bromophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4m)63a (Table 4.2) 

30% (X = I), Rf = 0.64 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0, 2H), 1.34 (s, 12H); 13C NMR 

(125 MHz, CDCl3) δ 136.3, 130.9, 126.2, 84.0, 24.8. The carbon directly attached to the boron atom 

was not detected, likely due to quadrupolar relaxation.63b m.p.: 82.1–83.8 ºC. 

 

2-(4-Iodophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4n)63e (Table 4.2) 

23% (X = I), Rf = 0.64 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0, 2H), 1.33 (s, 12H); 13C NMR 

(125 MHz, CDCl3) δ 136.9, 136.3, 98.8, 84.0, 24.8. The carbon directly attached to the boron atom 

was not detected, likely due to quadrupolar relaxation.63b m.p.: 99.4–101.2 ºC. 

 

4,4,5,5-Tetramethyl-2-{4-(trifluoromethyl)phenyl}-1,3,2-dioxaborolane (4o)63e (Table 4.2) 

23% (X = Br); 15% (X = Cl), Rf = 0.55 (n-hexane : 

EtOAc = 10 : 1), 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 7.5 Hz, 2H), 7.61 (d, J = 8.0, 2H), 1.36 

(s, 12H); 13C NMR (125 MHz, CDCl3) δ 135.0, 132.8 (q, J = 32.4 Hz), 124.3 (q, J = 4.8 Hz), 84.3, 



24.8. 19F NMR (470 MHz, CDCl3) δ -62.9. The carbon directly attached to the boron atom was not 

detected, likely due to quadrupolar relaxation.63b m.p.: 71.6–73.3 ºC. 

 

1,3-Ditrifluoromethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (4p)63f (Table 4.2) 

22% (X = Br), Rf = 0.51 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.24 (s, 2H), 7.95 (s, 1H), 1.37 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 

134.6, 130.9 (q, J = 33.6 Hz), 124.7 (q, J = 3.6 Hz), 123.4 (q, J = 273.5 Hz), 84.8, 24.8. 19F NMR (470 

MHz, CDCl3) δ -62.7. The carbon directly attached to the boron atom was not detected, likely due to 

quadrupolar relaxation.63b m.p.: 71.4–72.9 ºC. 

 

Methyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (4q)63g (Table 4.2) 

75% (X = I), Rf = 0.35 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.02 (d, J = 8.2 Hz, 2H), 7.87 (d, J = 8.2 Hz, 2H), 3.92 (s, 3H), 1.36 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 167.1, 134.6, 132.2, 128.6, 84.2, 52.2, 24.9. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 76.0–77.9 

ºC. 

 

1-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}ethanone (4r)63a (Table 4.2) 

80% (X = I), 81% (X = Br), Rf = 0.35 (n-hexane : EtOAc 

= 10 : 1), 1H NMR (500 MHz, CDCl3) δ 7.95-7.89 (m, 4H), 2.62 (s, 3H), 1.36 (s, 12H); 13C NMR (125 

MHz, CDCl3) δ 158.4, 136.7, 114.8, 83.6, 24.8. The carbon directly attached to the boron atom was 

not detected, likely due to quadrupolar relaxation.63b m.p.: 70.1–71.7 ºC. 

 

1-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}ethanone (4s)63h (Table 4.2) 

84% (X = I); 77% (X = Br), Rf = 0.33 (n-hexane : EtOAc 

= 10 : 1), 1H NMR (500 MHz, CDCl3) δ 10.07 (s, 1H), 7.99 (d, J = 8.2 Hz, 2H), 7.89 (d, J = 8.2 Hz, 

2H), 1.39 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 192.7, 138.0, 135.2, 128.7, 84.3, 24.8. The carbon 

directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 

58.0–59.5 ºC. 

 

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (4t)63a (Table 4.2) 

79% (X = I); 37% (X = Br), Rf = 0.22 (n-hexane : EtOAc 

= 10 : 1), 1H NMR (500 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 2H), 7.64 (d, J = 8.0 Hz, 2H), 1.35 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 135.1, 131.1, 118.9, 114.5, 84.5, 24.8. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 98.7–100.3 

ºC. 

 



4,4,5,5-Tetramethyl-2-[4-{(trimethylsilyl)oxy}phenyl]-1,3,2-dioxaborolane (4u)63i (Table 4.2) 

95% (NMR yield, ArO–TMS) 8 91% (Isolated yield, 

ArO–H) (X = I), Rf = 0.18 (n-hexane : EtOAc = 10 : 1), 1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 

8.3 Hz, 2H), 6.83 (d, J = 8.3 Hz, 2H), 4.85 (s, 1H), 1.33 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 

158.4, 136.7, 114.8, 83.6, 24.8. The carbon directly attached to the boron atom was not detected, likely 

due to quadrupolar relaxation.63b m.p.: 109.8–110.7 ºC. 4u was deprotected via column 

chromatography. Eventually, phenol derivative was obtained.63j 

 

1-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-4-{(triisopropylsilyl)oxy}benzene (4v)63k 

(Table 4.2) 

91% (X = I), Rf = 0.52 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 7.5 Hz, 2H), 1.33 (s, 12H), 1.29-1.22 

(m, 3H), 1.09 (d, J = 7.5 Hz, 18H); 13C NMR (125 MHz, CDCl3) δ 158.9, 136.4, 119.4, 83.5, 24.9, 

17.9, 12.7. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b  

 

2-{4-(allyloxy)phenyl}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4w)63l (Table 4.2) 

86% (X = I), Rf = 0.49 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.74 (d, J = 8.6 Hz, 2H), 6.91 (d, J = 9.2 Hz, 2H) ,6.06 (ddt, J = 16.0, 6.9, 

4.0 Hz, 1H), 5.41 (dd, J = 15.5, 1.7 Hz, 1H), 5.29 (dd, J = 9.2, 1.7 Hz, 1H), 4.56 (dt, J = 6.3, 1.7 Hz. 

2H), 1.33 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 161.1, 136.5, 133.0, 117.7, 114.0, 83.5, 68.5, 24.8. 

The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b  

 

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl acetate (4x)63k (Table 4.2) 

50% (X = I), Rf = 0.46 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.83 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.6 Hz, 2H), 2.29 (s, 3H), 1.33 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 169.2, 153.2, 136.2, 120.9, 83.9, 24.8, 21.1. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 61.1–62.8 

ºC. 

 

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)phenol (4y)63i (Table 4.2) 

87% (X = I), Rf = 0.17 (CHCl3), 1H NMR (500 MHz, CDCl3) 

δ 7.71 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 5.43 (s, 1H), 1.33 (s, 12H); 13C NMR (125 MHz, 

CDCl3) δ 158.3, 136.8, 114.8, 83.7, 24.8. The carbon directly attached to the boron atom was not 

detected, likely due to quadrupolar relaxation.63b m.p.: 107.5–108.2 ºC. 

 



3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)phenol (4z)63m (Table 4.2) 

74% (X = I), Rf = 0.23 (CHCl3), 1H NMR (500 MHz, CDCl3) 

δ 7.38 (d, J = 6.9 Hz, 1H), 7.29-7.25 (m, 2H), 6.96 (d, J = 8.0 Hz, 1H), 4.98 (s, 1H), 1.34 (s, 12H); 
13C NMR (125 MHz, CDCl3) δ 155.0, 129.3, 127.1, 121.0, 118.3, 83.9, 24.8. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b  

 

3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)phenol (4aa) (Table 4.2) 

43% (X = I), Rf = 0.57 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 4.72 (s, 2H), 1.34 (s, 

12H), 0.15 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 144.2, 134.8, 125.7, 83.7, 64.6, 24.8, -0.39. The 

carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b 

HRMS m/z (DART) calcd for C16H28BO3Si+ (M+H)+ 307.18953, found 307.19057. FTIR (ATR): 3402, 

2978, 2925, 1614, 1517, 1456, 1400, 1361, 1320, 1273, 1214, 1145, 1088, 1019, 963, 859, 726, 657. 

(cm-1). 

 

4,4,5,5-Tetramethyl-2-(4-[{(triisopropylsilyl)oxy}methyl]phenyl)-1,3,2-dioxaborolane  

(4ab) (Table 4.2) 

61% (X = I), Rf = 0.78 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.78 (d, J = 7.5 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.85 (s, 2H), 1.34 (s, 

12H), 1.21-1.13 (m, 3H), 1.08 (d, J = 6.9 Hz, 18H); 13C NMR (125 MHz, CDCl3) δ 144.9, 134.7, 

125.0, 83.6, 65.0, 24.8, 18.0, 12.0. The carbon directly attached to the boron atom was not detected, 

likely due to quadrupolar relaxation.63b HRMS m/z (DART) calcd for C22H40BO3Si+ (M+H)+ 

391.28343, found 391.28525. FTIR (ATR): 2942, 2892, 2866, 2723, 1927, 1613, 1565, 1517, 1463, 

1400, 1390, 1359, 1319, 1301, 1270, 1210, 1145, 1113, 1090, 1069, 1021, 996, 963, 919, 882, 860, 

821, 800, 725, 683, 672, 657. (cm-1). 

 

N-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}acetamide (4ac)63a (Table 4.2) 

70% (X = I), Rf = 0.45 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.77 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 8.3 Hz, 2H), 7.21 (s, 1H), 2.19 (s, 

3H), 1.34 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 168.2, 140.5, 135.8, 118.4, 83.7, 24.8, 24.8. The 

carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b 

m.p.: 137.1–138.7 ºC. 

 

tert-Butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylcarbamate (4ad)63a (Table 4.2) 

91% (X = I), Rf = 0.35 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.6 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 6.53 (s, 1H), 1.52 (s, 

9H), 1.33 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 152.4, 141.0, 135.8, 117.1, 83.6, 80.7, 28.3, 24.8. 



The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b m.p.: 163.8–165.6 ºC. 

 

N-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}methanesulfonamide (4ae)63n  

(Table 4.2) 

47% (X = I), Rf = 0.52 (n-hexane : EtOAc = 1 : 1), 1H NMR 

(500 MHz, CDCl3) δ 7.79 (d, J = 8.6 Hz, 2H), 7.20 (d, J = 8.6 Hz, 2H), 6.91 (brs, 1H), 3.03 (s, 9H), 

1.34 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 139.4, 136.4, 118.5, 83.9, 39.4, 24.8. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 197.3–199.2 

ºC. 

 

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (4af)63o (Table 4.2) 

82% (X = I), Rf = 0.29 (CHCl3), 1H NMR (500 MHz, CDCl3) 

δ 7.62 (d, J = 8.6 Hz, 2H), 6.66 (d, J = 8.6 Hz, 2H), 3.84 (brs, 2H), 1.32 (s, 12H); 13C NMR (125 MHz, 

CDCl3) δ 149.3, 136.4, 114.0, 83.3, 24.8. The carbon directly attached to the boron atom was not 

detected, likely due to quadrupolar relaxation.63b m.p.: 174.9–175.5 ºC. 

 

N-tert-butoxycarbonyl-4-aminomethylphenylboronic acid pinacol ester (4ag)63p (Table 4.2) 

85% (X = I), Rf = 0.40 (n-hexane : EtOAc = 4 : 1), 1H NMR 

(500 MHz, CDCl3) δ 7.78 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 4.85 (bs, 1H), 4.33 (d, J = 5.7 

Hz, 2H), 1.46 (s, 9H), 1.34 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 155.8, 142.0, 135.1, 126.7, 83.8, 

79.5, 44.7, 28.4, 24.8. The carbon directly attached to the boron atom was not detected, likely due to 

quadrupolar relaxation.63b  

 

N-[{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}methyl]methanesulfonamide  

(4ah) (Table 4.2) 

85% (X = I), Rf = 0.44 (n-hexane : EtOAc = 2 : 1), 1H NMR 

(500 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.95-4.92 (m, 1H), 4.33 (d, J 

= 6.3 Hz, 2H), 2.83 (s, 3H), 1.35 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 139.7, 135.3, 127.1, 83.9, 

47.1, 41.1, 24.8. The carbon directly attached to the boron atom was not detected, likely due to 

quadrupolar relaxation.63b HRMS m/z (DART) calcd for C14H23BNO4S+ (M+H)+ 312.14354, found 

312.14282. FTIR (ATR): 3280, 2979, 2932, 1937, 1613, 1565, 1519, 1436, 1398, 1358, 1319, 1272, 

1214, 1142, 1107, 1088, 1021, 995, 963, 858, 831, 788, 755, 700, 658. (cm-1). 

 

4-Methyl-N-[{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}methyl]benzene- 

sulfonamide (4ai) (Table 4.2) 

53% (X = I), Rf = 0.23 (n-hexane : EtOAc = 4 : 1), 1H NMR 



(500 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 6.06 (d, J = 8.0 Hz, 2H), 7.19 

(d, J = 8.0 Hz, 2H), 4.63 (t, J = 6.3 Hz, 1H), 4.14 (d, J = 6.3 Hz. 2H), 2.44 (s, 3H), 1.33 (s, 12H); 13C 

NMR (125 MHz, CDCl3) δ 143.6, 139.2, 136.7, 135.1, 129.8, 127.2, 127.1, 83.7, 47.3, 24.8, 21.5. The 

carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b 

HRMS m/z (DART) calcd for C20H27BNO4S+ (M+H)+ 388.17484, found 388.17534. FTIR (ATR): 

3299, 2977, 2928, 1613, 1519, 1448, 1399, 1361, 1326, 1304, 1273, 1215, 1184, 1158, 1145, 1090, 

1021, 962, 858, 811, 731, 703, 660. (cm-1). m.p.: 157.5–159.0 ºC. 

 

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)biphenyl (4aj)63g (Table 4.2) 

81% (X = I), Rf = 0.55 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 2H), 7.63-7.61 (m, 4H), 7.46-7.43 (m, 2H), 7.38-7.34 

(m, 1H), 1.37 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 143.9, 141.0, 135.2, 128.7, 127.5, 127.2, 126.4, 

83.8, 24.9. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b m.p.: 122.8–124.4 ºC. 

 

4,4,5,5-Tetramethyl-2-naphthalen-1-yl-[1,3,2]dioxaborolane (4ak)63i (Table 4.2) 

95% (X = I), Rf = 0.40 (n-hexane : EtOAc = 40 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.76 (d, J = 8.7 Hz, 1H), 8.07 (d, J = 6.9 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 

7.83 (d, J = 8.2 Hz, 1H), 7.53 (dd, J = 8.7, 6.9 Hz, 1H), 7.45-7.49 (m, 2H), 1.42 (s, 12H); 13C NMR 

(125 MHz, CDCl3) δ 136.9, 135.6, 133.2, 131.6, 128.4, 128.3, 126.3, 125.5, 125.0, 83.7, 25.0. The 

carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b 

m.p.: 56.6–57.9 ºC. 

 

4,4,5,5-Tetramethyl-2-naphthalen-2-yl-[1,3,2]dioxaborolane (4al)63q (Table 4.2) 

89% (X = I), Rf = 0.40 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.37 (s, 1H), 7.89-7.82 (m, 4H), 7.53-7.45 (m, 2H), 1.39 (s, 12H); 13C 

NMR (125 MHz, CDCl3) δ 136.2, 135.0, 132.8, 130.4, 128.6, 127.7, 127.0, 127.0, 125.8, 83.9, 24.9. 

The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b m.p.: 49.0–50.3 ºC. 

 

3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (4am)63r (Table 4.2) 

60% (X = I), Rf = 0.10 (n-hexane : EtOAc = 5 : 1), 1H NMR 

(500 MHz, CDCl3) δ 8.98 (brs, 1H), 8.71 (brs, 1H), 8.10 (d, J = 7.5 Hz, 2H), 7.33 (brs, 1H), 1.36 (s, 

12H); 13C NMR (125 MHz, CDCl3) δ 154.8, 151.3, 142.6, 123.3, 84.2, 24.8. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 102.8–103.8 

ºC. 

 



4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (4an)63s (Table 4.2) 

55% (X = Br), Rf = 0.10 (n-hexane : EtOAc = 5 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.63 (brs, 2H), 7.64 (d, J = 4.0 Hz, 2H), 1.35 (s, 12H); 13C NMR (125 

MHz, CDCl3) δ 149.0, 128.7, 84.5, 24.8. The carbon directly attached to the boron atom was not 

detected, likely due to quadrupolar relaxation.63b m.p.: 121.9–123.7 ºC. 

 

3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)quinoline (4ao)63e (Table 4.2) 

61% (X = Br), Rf = 0.10 (n-hexane : EtOAc = 4 : 1), 1H 

NMR (500 MHz, CDCl3) δ 9.21 (d, J = 1.2 Hz, 1H), 8.67 (s, 1H), 8.17 (d, J = 8.0 Hz, 1H), 7.87 (d, J 

= 8.0 Hz, 1H), 7.79 (t, J = 6.9 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 1.41 (s, 12H); 13C NMR (125 MHz, 

CDCl3) δ 154.3, 148.6, 144.8, 130.9, 128.8, 128.4, 127.6, 126.7, 84.4, 24.9. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b  

 

5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (4ap)63r (Table 4.2) 

75% (X = I), Rf = 0.18 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.27 (brs, 1H), 8.19 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 

1H), 7.13 (t, J = 5.7 Hz, 1H), 6.55-6.54 (m, 1H), 1.36 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 137.8, 

128.6, 128.0, 127.6, 124.2, 110.5, 103.0, 83.4, 24.8. The carbon directly attached to the boron atom 

was not detected, likely due to quadrupolar relaxation.63b m.p.: 97.8–98.7 ºC. 

 

4,4,5,5-Tetramethyl-2-(2-thienyl)-1,3,2-dioxaborolane (4aq)63r (Table 4.2) 

43% (X = I), Rf = 0.16 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.66 (d, J = 3.4 Hz, 1H), 7.63 (d, J = 4.0 Hz, 1H), 7.19 (t, J = 3.4 Hz, 1H), 

1.35 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 137.1, 132.4, 128.2, 84.0, 24.7. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 66.8–68.5 

ºC. 

 

4,4,5,5-Tetramethyl-2-(3-thienyl)-1,3,2-dioxaborolane (4ar)50c (Table 4.2) 

27% (X = I), Rf = 0.16 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.93 (d, J = 1.7 Hz, 1H), 7.41 (d, J = 4.6 Hz, 1H), 7.35-7.34 (m, 1H), 1.34 

(s, 12H); 13C NMR (125 MHz, CDCl3) δ 136.4, 132.0, 125.3, 83.6, 24.8. The carbon directly attached 

to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 51.2–53.0 ºC. 

 

2-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}-1H-benzimidazole (4as) (Table 4.2) 

52% (X = Br), Rf = 0.22 (n-hexane : EtOAc = 4 : 1), 1H 

NMR (500 MHz, CDCl3) δ 9.56 (brs, 1H), 8.06 (d, J = 8.0 Hz, 2H), 7.95 (d, J = 8.0 Hz, 2H), 7.84 (brs, 

1H), 7.51-7.46 (m, 1H), 7.30-7.28 (m, 2H), 1.37 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 151.4, 135.4, 



132.0, 130.2, 129.7, 129.1, 126.6, 125.6, 123.1, 123.0, 84.1, 24.9. The carbon directly attached to the 

boron atom was not detected, likely due to quadrupolar relaxation.63b HRMS m/z (DART) calcd for 

C19H22BN2O2
+ (M+H)+ 321.17688, found 321.17825. FTIR (ATR): 3055, 2980, 2924, 2855, 2755, 

1722, 1615, 1592, 1549, 1448, 1430, 1396, 1360, 1328, 1317, 1269, 1229, 1215, 1167, 1145, 1112, 

1086, 1019, 966, 930, 858, 826, 753, 742, 702, 667, 652. (cm-1). m.p.: 233.1–234.0 ºC. 

 

2-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}-1H-benzoxazole (4at) (Table 4.2) 

95% (X = Br), Rf = 0.54 (n-hexane : EtOAc = 4 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.26 (d, J = 7.5 Hz, 2H), 7.97 (d, J = 7.5 Hz, 2H), 7.80-7.77 (m, 1H), 7.62-

7.59 (m, 1H), 7.39-7.35 (m, 2H), 1.39 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 163.0, 150.7, 142.1, 

135.2, 129.3, 126.7, 125.3, 124.6, 120.1, 110.6, 84.2, 24.9. The carbon directly attached to the boron 

atom was not detected, likely due to quadrupolar relaxation.63b HRMS m/z (DART) calcd for 

C19H21BNO3
+ (M+H)+ 322.16090, found 322.15967. FTIR (ATR): 2983, 1606, 1570, 1547, 1453, 

1400, 1360, 1330, 1269, 1244, 1141, 1093, 1049, 1016, 964, 923, 858, 845, 824, 762, 746, 708, 668, 

653. (cm-1). m.p.: 185.9–187.5 ºC. 

 

2-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}-1H-benzthiazole (4au) (Table 4.2) 

91% (X = Br), Rf = 0.57 (n-hexane : EtOAc = 4 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.11-8.08 (m, 3H), 7.94-7.91 (m, 3H), 7.50 (t, J = 7.7 Hz, 1H), 7.40 (t, J 

= 8.0 Hz, 1H), 1.38 (s, 12H); 13C NMR (125 MHz, CDCl3) δ 168.0, 154.1, 135.8, 135.4, 135.1, 126.6, 

126.4, 125.3, 123.3, 121.6, 84.1, 24.9. The carbon directly attached to the boron atom was not detected, 

likely due to quadrupolar relaxation.63b HRMS m/z (DART) calcd for C19H21BNO2S+ (M+H)+ 

338.13806, found 338.13747. FTIR (ATR): 2979, 2925, 1608, 1521, 1484, 1456, 1435, 1395, 1361, 

1326, 1313, 1272, 1251, 1224, 1146, 1104, 1092, 1019, 964, 857, 842, 759, 726, 706, 681, 670, 654, 

613, 570, 555, 532, 526, 520. (cm-1). m.p.: 162.8–163.7 ºC. 

 

2,2'-(1,4-Phenylene)-bis[4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4av)63r (Table 4.2) 

92% (X = I), Rf = 0.79 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.80 (s, 4H), 1.35 (s, 24H); 13C NMR (125 MHz, CDCl3) δ 133.9, 83.8, 

24.8. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b m.p.: 227.1–228.0 ºC. 

 

2,3-Dihydro-1H-naphtho[1,8-de]-1,3,2-diazaborinyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 

2-yl)benzene (4aw)63t (Table 4.2) 

60% (X = I), Rf = 0.25 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.88 (d, J = 6.3 Hz, 2H), 7.66 (d, J = 6.9 Hz, 2H), 7.14 (t, J = 8.0 Hz, 2H), 

7.06 (d, J = 8.0 Hz, 2H), 6.43 (d, J = 6.9 Hz, 2H), 6.06 (brs, 2H), 1.37 (s, 12H); 13C NMR (125 MHz, 



 

CDCl3) δ 141.0, 136.3, 134.4, 130.6, 127.6, 119.9, 117.8, 106.0, 83.9, 24.9. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 224.4–225.6 

ºC. 

 

(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 

benzoate (4ax) (Table 4.2) 

1 0- 94% (X = I), Rf = 0.54 (n-hexane : EtOAc = 2 : 1), 1H NMR 

(500 MHz, CDCl3) δ 8.02 (d, J = 8.6 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H), 4.94 (td, J = 6.9, 4.0 Hz, 1H), 

2.14-2.10 (m, 1H), 1.99-1.90 (m, 1H), 1.75-1.71 (m, 2H), 1.60-1.52 (m, 2H), 1.36 (s, 12H), 1.18-1.08 

(m, 2H), 0.94-0.90 (m, 7H), 0.79 (d, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 166.1, 134.6, 

133.0, 128.6, 84.1, 74.9, 47.2, 40.9, 34.3, 31.4, 26.5, 24.9, 24.8, 23.6, 22.0, 20.7, 16.5. The carbon 

directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b HRMS 

m/z (DART) calcd for C23H36BO4
+ (M+H)+ 387.27012, found 387.26930. FTIR (ATR): 2956, 2930, 

2870, 1949, 1713, 1615, 1563, 1510, 1456, 1399, 1359, 1326, 1309, 1286, 1266, 1214, 1177, 1167, 

1145, 1112, 1095, 1039, 1021, 982, 962, 917, 888, 859, 830, 815, 772, 758, 710, 667, 651, 605, 596, 

579, 536, 526, 521. (cm-1). m.p.: 126.5–128.1 ºC. 

 

4’-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolane-2-yl)-phenyl 2,3,4,6-tetra-O-acetyl-b-D- 

glucopyranoside (4ay)63u (Table 4.2) 

1 0- 66% (X = I), Rf = 0.53 (n-hexane : EtOAc = 1 : 1), 1H NMR 

(500 MHz, CDCl3) δ 7.75 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 5.33-5.26 (m, 2H), 5.18-5.12 

(m, 2H), 4.28 (dd, J = 6.9, 5.7 Hz, 1H), 4.17 (dd, J = 9.7, 2.3 Hz, 1H), 3.89 (ddd, J = 5.7, 3.4, 2.3 Hz, 

1H), 2.08 (s, 3H), 2.052 (s, 3H), 2.049 (s, 3H), 2.038 (s, 3H), 1.33 (s, 12H); 13C NMR (125 MHz, 

CDCl3) δ 170.2, 169.4, 169.3, 159.2, 136.5, 115.9, 98.6, 83.8, 72.7, 72.1, 71.1, 68.2, 61.9, 24.82, 25.80, 

20.7, 20.6. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar 

relaxation.63b m.p.: 161.0–162.6 ºC. 

 

2-(4-Methoxyphenyl)-5,5-dimethyl-[1,3,2]dioxaborinane (5a)63v (Table 4.2) 

1 0- 97% (X = I), Rf = 0.49 (n-hexane : EtOAc = 4 : 1), 1H NMR 

(500 MHz, CDCl3) δ 7.74 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 9.2 Hz, 2H), 3.82 (s, 3H), 3.75 (s, 4H), 1.01 

(s, 6H); 13C NMR (125 MHz, CDCl3) δ 161.7, 135.5, 113.1, 72.2, 55.0, 31.9, 21.9. The carbon directly 

attached to the boron atom was not detected, likely due to quadrupolar relaxation.63b m.p.: 61.6–62.7 

ºC. 

 

2-(4-Methoxyphenyl)-4,4,6-trimethyl-1,3,2-dioxaborinane (5b)63w (Table 4.2) 

1 0- 94% (X = I), Rf = 0.47 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.75 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.32 (dqd, J = 8.6, 6.3, 



2.9 Hz, 1H), 3.81 (s, 3H), 1.84 (dd, J = 3.4, 2.9 Hz, 1H), 1.59-1.57 (m, 1H), 1.35 (d, J = 6.3 Hz, 6H), 

1.33 (d, J = 6.3 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 161.4, 135.4, 113.0, 70.8, 64.8, 55.0, 46.0, 

31.3, 28.1, 23.3. The carbon directly attached to the boron atom was not detected, likely due to 

quadrupolar relaxation.63b m.p.: 59.8–60.9 ºC. 

 

2,3-Dihydro-3-{(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl}benzofuran (4az)63r  

(Scheme 4.3) 

39% (X = I), Rf = 0.75 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 7.20 (d, J = 7.5 Hz, 1H), 7.09 (t, J = 8.0 Hz, 1H), 6.84 (t, J = 7.5 Hz, 1H), 

6.76 (d, J = 8.0 Hz, 1H), 4.70 (t, J = 8.6 Hz, 1H), 4.10 (t, J = 8.0 Hz, 1H), 3.67-3.61 (m, 1H), 1.35-

1.34 (m, 1H), 1.24 (s, 12H), 1.13-1.08 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 159.7, 132.7, 127.8, 

124.0, 120.3, 109.3, 83.4, 78.6, 37.6, 24.9, 24.7. The carbon directly attached to the boron atom was 

not detected, likely due to quadrupolar relaxation.63b  

 

5H-dibenzo[c,f]chromen-5-one (6)63x (Scheme 4.3) 

11% (X = I), Rf = 0.51 (n-hexane : EtOAc = 10 : 1), 1H 

NMR (500 MHz, CDCl3) δ 8.79 (d, J = 8.6 Hz, 1H), 8.67 (d, J = 8.0 Hz, 1H), 8.51 (d, J = 8.0 Hz, 1H), 

7.97-7.89 (m, 3H), 7.70-7.63 (m, 2H), 7.58-7.56 (m, 1H), 7.50 (d, J = 8.6 Hz, 1H); 13C NMR (125 

MHz, CDCl3) δ 161.4, 150.2, 135.4, 134.4, 131.60, 131.55, 130.7, 129.5, 129.3, 128.2, 127.8, 126.4, 

125.4, 125.0, 122.3, 117.6, 112.6. m.p.: 166.7–168.4 ºC. 

 

Methyl 4-{(2,2,6,6-tetramethylpiperidin-1-yl)oxy}benzoate (7a)63y (Scheme 4.3) 

36% (X = I), Rf = 0.76 (CHCl3), 1H NMR (500 MHz, CDCl3) 

δ 7.92 (d, J = 6.9 Hz, 2H), 7.22 (brs, 2H), 3.87 (s, 3H), 1.72-1.58 (m, 5H), 1.47-1.41 (m, 1H), 1.23 (s, 

6H), 0.99 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 167.4, 167.0, 131.0, 121.9, 113.7, 60.5, 51.7, 39.7, 

32.3, 20.4, 16.9. HRMS m/z (DART) calcd for C17H26NO3
+ (M+H)+ 292.19072, found 292.19152. 

FTIR (ATR): 2976, 2933, 2873, 1719, 1602, 1502, 1456, 1435, 1416, 1379, 1365, 1349, 1313, 1275, 

1252, 1224, 1184, 1151, 1132, 1111, 1096, 1047, 1008, 995, 971, 955, 928, 875, 855, 810, 791, 771, 

726, 698, 649, 631, 601, 576, 561, 551, 531, 525, 520. (cm-1). m.p.: 72.7–73.8 ºC. 

 

2-{(2,2,6,6-Tetramethyl-1-piperidinyl)oxy}acetonitrile (7b)63z (Scheme 4.3) 

57% (X = I), Rf = 0.80 (CHCl3), 1H NMR (500 MHz, CDCl3) 

δ 4.52 (s, 2H), 1.60-1.46 (m, 4H), 1.43-1.30 (m, 2H), 1.20 (s, 6H), 1.10 (s, 6H); 13C NMR (125 MHz, 

CDCl3) δ 116.0, 62.6, 60.3, 39.5, 32.9, 19.9, 16.8. 
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