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Silver Salt Enabled H/D Exchange at β Position of 
Thiophene Rings: Synthesis of Fully Deuterated 
Thiophene derivatives
Fei-Fei Sheng, En-Ci Li, Jing-Wen Bai, Cai-Xia Wang, Guang-Qi Hu, Kai-Hui Liu, Zheng-Yi Sun, Kang 
Shen and Hong-Hai Zhang*a

We disclose a silver catalyzed H/D exchange reaction, which can 
introduce deuterium atom at β position of thiophene rings 
without the assisstance of any coordinating groups. The 
advantages of this reaction include operation in the open air, 
usage of D2O as deuterium source, good tolerance to a range of 
functional groups and obtaining high atom% deuterium 
incorporation. In addition, this H/D exchange reaction is employed 
for direct deuteration of thiophene based monomer, which is 
usually prepared in multistep synthesis from expensive 
deuterated starting materials.  

   Selective hydrogen isotope exchange (HIE) is one of the most 
desirable methods for preparation of deuterium labeled molecules 
to eliminate additional steps associated with the traditional 
methodologies and recently attracted much more attentions.1 
During the past decades, the strategy with the use of directing 
groups containing N or O atoms to coordinate with a metal catalyst 
was commonly required to facilitate H/D exchange process.2 Thus, 
many transition metal complexes, including Ir,3 Pd,4 Ru,5 Rh,6 were 
adopted for HIE and became the prevalent catalyst for synthesis of 
deuterated compounds. However, the extra synthetic steps to 
incorporate the directing groups limited the source of starting 
materials and their further applications. Achieving selective HIE of 
substrates without directing groups is one of the approaches to 
solve this problem, thus, many efforts have been made in this field. 
Pioneering studies from Chirik and coworkers described an iron 
complex catalyzed HIE reaction to afford deuterated arenes with 
steric controlled site-selectivity, which enabled selective 
deuteration of many arenes without directing groups.7 Then, 
selective H/D exchange of N-containing arenes has been separately 
achieved with ruthenium or nickel complex as catalyst in Chirik and 

Pieters group.8 The H/D exchange of five-menbered heteroarenes 
at the most active position with silver and ruthenium complex as 
catalyst has also been disclosed by several groups including us.9 In 
addition, halogenated arenes are also demonstrated to be good 
substrates for selective H/D exchange process with silver complex 
as catalyst in our group.10 While significant progress has been made 
in this field, the development of H/D exchange on (hetero)arenes 
without directing groups is still at an infant stage. 
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Scheme 1. Transition metal catalyzed H/D exchange reaction for 
synthesis of deuterated thiophene derivatives

Thiophene is one of the most common structure motifs in drug 
molecules and functional materials.11 Thus, developing novel 
methods for selective H/D exchange of thiophene derivatives 
become increasingly important, which are applied to modulate the 
properties of thiophene-containing functional molecules. The 
reported H/D exchange reaction of thiophenes always provides α-
deuterated thiophenes, due to its higher reactivity of C-H bond.10,12 
However, the thiophene structures in drug molecules and 
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functional materials commonly contain functional groups at α 
position and are unable to be deuterated.13 Accordingly, the 
methods which can incorporate deuterium at β position of 
thiophenes should be more attractive, albeit rarely reported. In 
2011, Grubbs and coworkers reported one example of H/D 
exchange reaction for synthesis of fully deuterated thiophenes with 
iridium complex as catalyst and C6D6 as deuterium source.14 
Synthesis of fully deuterated thiophene is also achieved by a 
platinum catalyzed H/D exchange process.15 However, the 
unsubstituted thiophene is the only example in these cases. Herein, 
following our research interest on developing novel methods for 
synthesis of deuterated compounds,16 we disclose a general 
method to incorporate deuterium atoms at β position of 
thiophenes via a silver catalyzed H/D exchange reaction with D2O as 
deuterium source.17

Table 1. Reaction Optimization

S D2O,Temp.

Ag2CO3 / Ligand

ToluenePh

1a 2aa

P(t-Bu3)2

JohnPhos: MePhos:

PCy2

SPhos:

MeO

MeOCy2P

DavePhos:

PCy2

N

Ph

H H

SPh Ph

D D

Entrya

2
1

a. The reaction was conducted on 1 mmol of 1a, D2O, 0.5 mmol of Ag2CO3, 0.5
mmol of ligand in toluene, 12 hours. b.Determined by GC-MS. c. 0.1 mmol of
Ag2CO3 and 0.1 mmol of MePhos was used

Temp. D incorporation (%)b

D2O (20 eq.) 14
o-tol3P D2O (20 eq.) 16

Ligand Deuterium Source

Ph3P 60oC
60oC

3 D2O (20 eq.) 1860oC
4 D2O (20 eq.) 1860oC
5 D2O (20 eq.) 2660oC
6 D2O (20 eq.) 3760oCCy3P
7 D2O (20 eq.) 4460oCMePhos
8
9

D2O (20 eq.) 4060oCDavePhos

10
D2O (20 eq.) 2260oCSPhos

11
D2O (20 eq.) 4580oCMePhos

12
D2O (20 eq.) 73100oCMePhos

13
D2O (10 eq.) 70100oCMePhos

14
D2O (30 eq.) 85100oCMePhos

16

D2O (40 eq.) 92100oCMePhos

DMSO-d6 (40 eq.) 33100oCMePhos17
CDCl3 (40 eq.) 20100oCMePhos

p-tol3P

JohnPhos
t-Bu3P

15c D2O (40 eq.) 10100oCMePhos

     H/D exchange at β position of thiophenes was examined with 
2,5-diphenylthiophene as model substrate, because it is a common 
structure motif in many functional materials. As shown in Table 1, 
we first investigated the influence of ligands, which have been 
demonstrated to play an important role in silver mediated H/D 
process.10 After thoroughly screening the ligands, we found several 
of them have positive effect on H/D exchange process, affording 
products with moderate level of deuterium incorporation (entries 
1-9, Table 1). Among all the ligands, MePhos showed the best 

result, giving the product with 44% deuterium incorporation (entry 
7, Table 1). The 1H NMR spectrum analysis of isolated products 
showed deuterium were selectively introduced at β position of 
thiophene ring and no deuteration was observed at phenyl rings. 
The atom% of deuterium incorporation can be further increased by 
conducting the reaction at higher temperature (entries 10-11, Table 
1). When the reaction was conducted at 100oC, the product with 
73% deuterium incorporation was observed. The attempt to further 
increase the atom% of deuterium incorporation was made by 
varying the amount of heavy water (entries 12-14, Table 1). The 
products with higher level of deuterium incorporation were 
obtained by using more heavy water. The best result of 92% 
deuterium incorporation was achieved with the use of 40 
equivalent of heavy water. When 0.1 equivalent of Ag2CO3 and 
MePhos was used, the reaction afforded products with only 10% 
deuterium incorporation (entry 15, Table 1). Other deuterium 
source like CDCl3 and DMSO-d6 failed to give the product with high 
level of deuterium incorporation (entries 16-17, Table 1). These 
results indicated the β position of thiophene can be activated by 
silver salt, when α position of thiophene was blocked. Therefore, 
the optimal condition was established with Ag2CO3/MePhos as 
catalyst and 40 equivalent of heavy water as deuterium source at 
100oC.  

Table 2. H/D exchange of α-substituted thiophenes a

a. The reaction was conducted on 1 mmol of 1, 40 mmol of D2O, 0.5 mmol of
Ag2CO3, 0.5 mmol of MePhos in toluene ( 5 mL) at 100oC, 12 hours.

S

D2O
Ag2CO3/MePhos

2

toulene
in air100oC

H

S
O

D D
[93%] [97%]

S

S

Br

Br
D

D

[95%]

S Br

D D

[88%] [96%]

S
CD3

D
[98%]

S

D D
[92%]

O [95%]

2ac:80%

2ag:99%

2aa:92%

2ai:88%

2ab:92%

R

S

DR

+

1

Sn-C6H13 Br

D D

[88%] [96%]

2ad:87%

SBr Br

D D

[97%] [97%]

2ae:78%

SCl Cl

D D

[97%] [97%]

2af:70%

S Br

D
[98%]

2ah:90%

[92%]

With the optimized condition in hand, the substrate scope for HIE 
was next explored (Table 2). The reaction performed smoothly with 
α-substituted thiophenes as starting materials (2aa–2af), giving the 
products with high level of deuterium incorporation (88% - 97%). It 
is worthy to note C-Br and C-Cl bond were compatible with the 
reaction condition, which can be easily converted to other 
functional groups. The deuterium labeled bromothiophene or 
chlorothiophene were difficult to access by other transition metal 
catalyzed H/D exchange reaction, due to their high potential for 
oxidative addition reaction. In addition, deuterated 2,5-dibromo-
1,4-dithiapenatlene, which is a common structure motif in many 
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functional materials, can be easily prepared with high atom% 
deuterium incorporation under the optimized condition (2ag). 
Moreover, H/D exchange of benzothiophene was also tested and 
deuterium atom was selectively introduced at β position of 
thiophene ring (2ah, 2ai). In the case of 2ai, over 95% deuterium 
incorporation at methyl group of 2-acetylbenzothiophene was 
observed, which indicated that Ag2CO3 is able to promote H/D 
exchange of the activated C(sp3)-H bonds next to carbonyl group.

Table 3. Synthesis of Fully Deuterated Thiophenes Derivativesa

     
a. The reaction was conducted on 1 mmol of 1, 40 mmol of D2O, 0.5 mmol of Ag2CO3, 0.5 mmol of
MePhos in toluene ( 5 mL) at 100oC, 12 hours.

S
[86%]

[82%]c

S

S

D

D
D

D

[94%]

[95%]
S

S

O

O

D

D D

D
[99%]

[97%]SSD

D

D

DD D

[93.5%]
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[98.5%]
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S

D
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O

D D
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S

D

D

D
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[99%]
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D
[87%]
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S H
D2O

Ag2CO3/MePhos

2
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HR

S D
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+

1

D D

CD3

D

D
Ph

D

[97%]

[96%]

2bm:55%

S
D

D

N

O

    As shown in Table 3, when thiophenes containing one substitute 
at α position were employed as starting materials, fully deuterated 
thiophenes can be obtained with moderate to high atom% of 
deuterium incorporation. The reaction was tolerant to a good range 
of functional groups including halogen, amide, carbonyl, methoxyl 
and alkyl groups. The H/D exchange process of compounds 2bc-2be 
obviously showed site selectivity towards α position, indicating the 
higher reactivity of C-H bond at α position of thiophenes. 
Thiophenes with substitute at β position are also good substrates 
for HIE, affording products with 66%-98% deuterium incorporation. 
The use of multisubstituted thiophenes 2bl and 2bj as starting 
materials led to deuteration occurring at all C-H bonds of thiophene 
ring. In addition, H/D exchange of benzothiophene derivatives was 
performed smoothly under the optimized condition, affording 
products with high atom% deuterium incorporation at both α and β 
positions of thiophene rings. It is worthy to note that deuteration of 
1,4-thiophthene, 4H-cyclopenta[2,1-b:3,4-b’]dithiophene and 
benzo[1,2-b:4,5-b’]dithiophene-4,8-dione, some important  
structure motifs in conjugated polymers for high performance 
organic solar cells, afforded fully deuterated products with 94% to 
99% deuterium incorporation (2bn-2bp). These deuterated 
thiophene derivatives may serve as novel building blocks for 
synthesis of functional materials. 

Scheme 2. Direct deuteration of monomer 

SBr Br

n-C6H6

SBr Br

n-C6H6DAg2CO3/MePhos

toulene/D2O
in air100oC

[97%]

S

n-C6H6D

n
d-P3HT

ref.18

To further demonstrate the utility of this H/D exchange reaction, 
direct deuteration of 2,5-dibromo-3-hexylthiophene has been 
performed under the optimized condition. 2,5-dibromo-3-
hexylthiophene is the monomer for polythiophene, which is 
recognized as an important photoelectronic material. The reported 
method for preparation of deuterated 2,5-dibomo-3-
hexylthiophene contains alkylation and bromination of commercial 
expensive fully deuterated 3-bromothiophene.18 By using our 
method, deuterated 2,5-dibromo-3-hexylthiophene can be 
prepared in just one step from the corresponding none deuterated 
monomer. We also proposed a mechanistic pathway for this H/D 
exchange process. The phosphine ligand coordinated silver salt 
promoted C-H bond cleavage of 1aa, which was followed by H/D 
exchange between intermediate T2 and heavy water to produce 
deuterated intermediate T3. Finally, deuterated thiophene (2aa) 
will generate from transformation of deuterium to aryl ring and 
release of silver salt.  
Scheme 3. Proposed mechanistic pathway
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     In summary, we have developed an efficient method to 
incorporate deuterium atoms into β position of thiophene 
rings. The combination of silver carbonate and MePhos was 
identified as the catalyst for this H/D exchange reaction. A 
good range of functional groups were compatible to the 
reaction condition. The fully deuterated thiophene derivatives 
with high atom% deuterium incorporation could be easily 
prepared following the optimized condition. Furthermore, this 
protocol can be applied in the late-stage deuteration of 
complicated thiophene derivatives, which may find application 
at developing novel functional materials and exploring 
deuterium effect. Further extension of the substrate scope 
beyond thiophene derivatives is now under investigation in 
our laboratory. 
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