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Abstract 
 

Several benzo[b]thienyldehydroamino acids were prepared by one pot palladium-catalyzed 
borylation and Suzuki coupling (BSC) from bromobenzo[b]thiophenes containing EDG (OMe or 
Me), as the component to be borylated with pinacolborane, and pure stereoisomers of β-
bromodehydroamino acid derivatives. To our knowledge it is the first time that the BSC reaction 
involves a non aromatic system. 
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1. Introduction 
 
In the last few years we have been interested in the synthesis of non-proteinogenic 

amino acids, 1 in  particular in the preparation of benzo[b]thienyldehydroamino acids 

for biological and/or photochemical applications.2 

Recently we have described the successful application of the BSC reaction3  to the 
synthesis of 2-methyl-2’-nitro diaryl compounds in the benzo[b]thiophene series.4 
Here we describe the use of the same methodology to synthesize 
benzo[b]thienyldehydroamino acids from ortho-methylated or methoxylated 
bromobenzo[b]thiophenes, as the component to be borylated, and  pure 
stereoisomers of β−bromodehydroamino acid derivatives. To our knowledge it is the 
first time that this BSC reaction involves a non aromatic system. 
 

2. Results and discussion 
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The β−bromodehydroamino acid derivatives were prepared according to a 
procedure already described by us and when necessary the stereoisomers were 
separated by column chromatography.2a The bromobenzo[b]thiophenes were 
obtained by bromination (using Br2) of the corresponding methylated5 or 
methoxylated6 benzo[b]thiophenes. These were used as the component to be 
borylated with pinacolborane and the other Suzuki component was a 
β−bromodehydroamino acid derivative (Scheme 1). 
 The benzo[b]thienyldehydroamino acid derivatives 1-5 were obtained in moderate 
to good yields (Table 1), with maintenance of the stereochemistry, which was 
determined by NOE difference experiments. In all cases debrominated  methoxy or 
methylbenzo[b]thiophenes were isolated as by-products in 25-35% yield. When 
β−bromodehydroalanine was used, addition of water in the Suzuki coupling gave 
the products in lower yields. In fact compound 1 was obtained only in 22 % yield 
when water was added in the second step and in 44 % yield without water. With the 
other dehydroamino acid derivatives the addition of a small amount of water 
increased the product yields. For instance, the yield in the synthesis of compound 3 
was increased from 40 % to 61 % (see ref. 7). 
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Scheme 1.  
 
As postulated by others for aromatic systems3 the component to be borylated needs 
an EDG and the Suzuki coupling component requires an EWG. In our case 
experiments using bromobenzo[b]thiophenes without an EDG were unsuccessful 
confirming the importance of the presence of such a group. The dehydroaminoacid 
derivative acts as the coupling component having an EWG. However the carbamate 
group has a slight electron donating effect which can have some influence in the 
product yields.  
 



3. Conclusion 
 

With these results the scope of the BSC reaction was extended to non aromatic 
Suzuki coupling components. Despite the moderate to good yields obtained, this 
reaction allows the palladium catalyzed borylation and Suzuki coupling in a one pot 
procedure avoiding the lithiation step and transmetalation to boron. 
The benzo[b]thienyldehydroamino acids obtained are non-proteinogenic amino 
acids that can be used either as conformational constrains when inserted into 
peptides or in the development of peptidomimetics. They can also have biological 
activity as sulfur analogues of dehydrotryptophan. 
 
Table 1. Brominated starting materials and product yields of the BSC reaction. 

Benzo[b]thiophene Dehydroamino acid Product / yield 
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Boc-(E)-∆Ala(β-Br)-OMe2a 

SMeO

NHBoc

CO2Et

 
                        1, 44 %7 

  
 
 
Boc-(E)-∆Phe(β-Br)-OMe SMeO

NHBoc

CO2Me

 
                 2, 40 % 

SBr  
 

 
 
 
 
Boc-(Z)-∆Phe(β-Br)-OMe 
 

S

MeO2C NHBoc  
                     3, 61 % 

SBr

 

 
 
 
Boc-(Z)-∆Abu(β-Br)-OMe2a 
 

S

MeO2C NHBoc   
                           4, 43 %7      



 
 
 
 
 
 
 
 

 
 
 
Boc-(E)-∆Ala(β-Br)-OMe2a 
 
 
 

S

BocHN CO2Me  
                           5, 40 % 
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7. Boc-(E)-∆Ala-[β-(2,3-dimethyl-6-methoxybenzo[b]thien-7-yl)]-OMe (1): A dry Schlenck tube was 

charged under Ar with 7-bromo-2,3-dimethyl-6-methoxybenzo[b]thiophene (0.5 mmol) in dioxane (2 

mL), Et3N (4 equiv.), Pd(OAc)2 (5 mol%), 2-(dicyclohexylphosphino)biphenyl (20 mol%) and 

pinacolborane (3 equiv.) and the mixture was heated at 80 ºC for 1 h. After cooling Boc-(E)-∆Ala(β-Br)-

OMe (1 equiv.) and Ba(OH)2.8H2O (3 equiv.) were added, and the solution was heated at 100 ºC for 1 h 

30 min. After cooling, water and ethyl acetate were added. The phases were separated, the aqueous phase 

was extracted with more ethyl acetate and the organic phase was dried (MgSO4) and filtered. Removal of 

the solvent gave a brown solid which was submitted to column chromatography using solvent gradient 

from neat petroleum ether 40-60 oC to 30% ether/ petroleum ether 40-60 oC to give the product as a beije 

solid (86 mg, 44 %) which was recrystallized from ether/petroleum ether 40-60 oC to give colourless 

crystals m.p. 132.5-133 oC; found C, 61.34; H, 6.53; N, 3.55; S, 8.22%, calcd for C20H25NO5S C, 61.36; 

H, 6.44; N, 3.58; S, 8.19%; δH (300MHz, CDCl3) 1.36 (s, 9H, CH3 Boc), 2.27 (s, 3H, ArCH3), 2.45 (s, 3H, 



ArCH3), 3.90 (s, 3H, OCH3),  3.96 (s, 3H, OCH3), 6.76 (s, 1H, NH), 7.06 (d, 1H, ArH, J 8.7 Hz), 7.08 (s, 

1H, βCH) 7.54 (d, 1H, ArH, J 8.7 Hz); δC (75.4MHz, CDCl3) 11.38 (CH3), 13.65 (CH3), 28.00 (CH3 Boc), 

52.50 (OCH3), 56.89 (OCH3), 80.57 (C) 109.54 (CH), 116.39 (C), 119.29 (CH), 122.09 (CH), 126.58 (C), 

128.46 (C), 132.26 (C), 135.56 (C), 139.03 (C), 152.49 (C), 153.57 (C=O), 165.62 (C=O). 

 

Boc-(Z)-∆Abu-[β-(2,3,7-trimethylbenzo[b]thien-6-yl)]-OMe (4): Following the same procedure 

described above with 6-bromo-2,3,7-trimethylbenzo[b]thiophene (0.5 mmol) but adding  water (200 µL) 

and Boc-(Z)-∆Abu(β-Br)-OMe in the second step, the product was isolated as a white solid, after column 

chromatography  (84 mg, 43%) and was recrystallized from petroleum ether 40-60 oC to give colourless 

crystals m.p. 87-88 oC; found C, 64.69; H, 7.03; N, 3.53; S, 8.23%, calcd for C21H27NO4S C, 64.76; H, 

6.99; N, 3.60; S, 8.23%; δH (300MHz, CDCl3) 1.38 (s, 9H, CH3 Boc), 2.20 (s, 3H, CH3), 2.31 (s, 3H, 

ArCH3), 2.38 (s, 3H, ArCH3),  2.52 (s, 3H, ArCH3), 3.88 (s, 3H, OCH3), 5.53 (s, 1H, NH), 7.07 (broad d, 

1H, ArH, J 8 Hz), 7.49 (d, 1H, ArH, J 8 Hz); δC (75.4MHz, CDCl3) 11.40 (CH3), 13.78 (CH3), 17.05 

(CH3), 20.80 (CH3), 28.00 (CH3 Boc), 51.94 (OCH3), 80.66 (C) 119.51 (CH), 123.77 (CH), 125.15 (C), 

127.17 (C), 128.09 (C), 132.22 (C), 133.53 (C), 134.22 (C), 139.28 (C), 140.27 (C), 152.91 (C=O), 

155.57 (C=O). 

 


