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The potential of deuterated pharmaceuticals is being widely 

demonstrated. Here we describe the first trideuteromethylation 

under radical reaction conditions using deuterated dimethyl 

sulfoxide as reagent for the synthesis of labelled heterocycles and 

trideuteromethylated compounds. A broad scope of developed 

method for the synthesis of various scaffolds was demonstrated. 

Deuterium, the stable, non-radioactive isotope of hydrogen, is 

known to medicinal chemists for its widespread range of 

applications in pharmaceutical discovery and development.
1
 

Deuterium is broadly employed in organic and organometallic 

chemistry, spectroscopy and medicine.
2
 Recent emphasis on 

the incorporation of deuterium into small-molecule drugs 

underlined the potential benefits on the pharmacokinetic and 

toxicological properties of drugs.
3
 Indeed, one common reason 

for therapeutic failure in drug development is the metabolism 

of drugs.
4
 Although no deuterated compound has been 

approved as a human medicine yet, some of them have 

already reached clinical trials (Fig. 1).
3,5

  

Very notable is the introduction of deuterium atoms instead of 

hydrogen which improved the inhibition of gastric acid 

secretion while introduction of fluorine atoms at the same 

positions led to dramatic reduction in activity (Fig. 1).
6
 The 

introduction of the trideuteromethyl group in pyridine 

derivatives led to the development of a potent corticotropin 

releasing factor (CRF-1) receptor antagonist.
7
 The presence of 

trideuteromethyl groups in β-position to carbonyl groups is 

important for the development of drugs. In an extreme case, 

the development of a very potent azapeptide with antiviral 

activity by introduction of 3 trideuteromethyl groups in β- position to carbonyl groups was demonstrated (Fig 1).
8
 

Nowadays, the introduction of a methyl group is the subject of 

intense research, since the methyl group is one of the most 

commonly occurring functional groups in bioactive 

compounds.
9
 Methylation is important in medicinal chemistry, 

while biological and physical properties of drugs can be 

positively affected due to introduction of the methyl group. 

This effect is called a “magic methyl effect”.
10

 Therefore, the 

development of novel methods of introduction of 

trideuteromethyl groups is highly demanded. Traditionally, 

deuterated iodomethane is used as source of trideuteromethyl 

 

Fig. 1. Selected trideuteromethylated drugs. 
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groups.
11

 Furthermore, deutero exchange at acidic positions
12

 

and multistep methods based on application of deuterated 

reducing reagents
13

 were reported for installation of 

trideuteromethyl groups. Having continuous interest in 

synthesis and functionalization of heterocycles under oxidative 

reaction conditions
14

 we envisioned to develop a novel 

straightforward method for the introduction of 

trideuteromethyl groups using common chemicals. Based on 

the successful application of dimethyl sulfoxide in organic 

chemistry, herein we proposed deuterated dimethyl sulfoxide 

as source of trideuteromethyl radicals.
15

 Deuterated dimethyl 

sulfoxide is a stable, non-toxic, cheap and widely available 

chemical in laboratories. Here we demonstrated the 

development of the first and efficient methodology of radical 

trideuteromethylation in the synthesis of heterocycles and 

valuable synthetic blocks. 

As a preliminary experiment, isoquinoline in dimethylsulfoxide 

was treated with an aqueous solution of hydrogen peroxide in 

presence of trifluoroacetic acid as additive and various metal 

salts (Table 1). Only trace amounts of product 2a were 

obtained using Mn(OAc)3 (entry 1).
16

 The yield of 2a was 

dramatically improved using iron (II) salts, while the 

application of iron (III) chloride was not successful (entries 2-

8). The loading of trifluoroacetic acid is important for the high 

yield of desired product. The best result was obtained using 

1.5 equivalents of trifluoroacetic acid (entries 5 and 9). The 

amount of hydrogen peroxide can be reduced to 5 equivalents 

with no effect on the product yield. In result, it was found that 

the application of FeCl2 in presence of 1.5 equiv of TFA and 5 

equiv of H2O2 were the best reaction conditions leading to the 

formation of 2a in 90% yield. Desired product 2a was not 

formed in absence of CF3CO2H or FeCl2. 

With the optimized conditions in hand, we turned on to 

investigate the substrate scope of this method. First, we 

evaluated isoquinoline derivatives using deuterated dimethyl 

sulfoxide (Scheme 1). Various isoquinolines bearing electron-

donating and withdrawing groups as well as polysubstituted 

derivatives react smoothly under the developed reaction 

conditions (Scheme 1, 2b-2i). Trideuterated natural products 

(2b and 2h) and their derivatives were obtained in yields of 55-

83% for the first time. Quinaldine reacts selectively at position 

C4 giving 2j in 73% yield. Trideuteromethylation of lepidine led 

to C2-functionalizated product 2k in 53% yield. 

The mechanism of trideuteromethylation is described by 

equations 1-4. Initially, an iron (II) salt reacts with hydrogen 

peroxide which leads to the formation of iron (III) salt, 

hydroxide ion and hydroxyl radical (eqn (1)). In the next step, 

the hydroxyl radical is added to deuterated dimethyl sulfoxide 

(eqn (2)). The formed adduct is fragmented under the 

developed reaction conditions which leads to the formation of 

trideuteromethyl radical and deuterated methanesulfinic acid 

(eqn (3)). The trideuteromethyl radical possesses a 

nucleophilic character. In the following step, isoquinoline or 

quinoline are protonated and react with trideuteromethyl 

radicals under formation of radical cations (eqn (4)). The 

reaction occurs at the most electron deficient position which 

explains the selectivity of the trideuteromethylation. A similar 

regioselectivity was reported before.
16h,16j

 The radical cation is 

oxidized under the reaction conditions to give the deuterated 

product after deprotonation (eqn (4)). 

 

Scheme 1. Substrate Scope for Trideuteromethylation of Isoquinoline and 

Quinoline Derivatives. Reaction conditions: 1 (0.5 mmol) in CD3SOCD3 (0.5 M) at 

rt for 12 h. Yields are given for isolated products.  

Table 1. Screening of reaction conditionsa 

 

entry CF3CO2H (equiv) MX (equiv) yield (%)b 

1 2 Mn(OAc)3 (0.3) 10 

2 1 FeCl2 (1) 72 

3c 1 FeS (0.5) 0 

4 1 FeS (1) 70 

5 2 FeCl2 (0.5) 50 

6 2 FeS (0.25) 60 

7 2 FeSO4 (0.5) 40 

8 1.5 FeCl3 (0.5) traces 

9 1.5 FeCl2 (0.5) 88c 

10 1.5 FeCl2 (0.5) 90d,e 
aReaction conditions: 1a (0.5 mmol) in DMSO (0.25 M) at rt for 24 h. bGC yield. 
cAt 0°C. dIsolated yield after column chromatography. eReaction performed using 

5 equiv of H2O2. 

 

Scheme 1. Substrate Scope for Trideuteromethylation of Isoquinoline and 

Quinoline Derivatives.
 
Reaction conditions: 1 (0.5 mmol) in CD3SOCD3 (0.5 M) at 

rt for 12 h. Yields are given for isolated products.  
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Encouraged by the successful application of this strategy in 

preparing trideuteromethylated quinoline and isoquinoline 

derivatives, we investigated the possibility to access different 

scaffolds. We decided to test a variety of N-methyl-N-

arylmethacrylamides in order to obtain a product of 

difunctionalization of alkenes that would lead to 

trideuteromethylated oxindole derivatives (Scheme 2).
17

 

Deuterated 7-aza-2-oxidole derivative 4a was obtained in 91% 

yield from the corresponding methacrylamide. A variety of 

substitutions were tolerated in the aniline part of 

methacrylamide giving desired products in 61-90% yields (4b-

4f). However, electron donating groups gave products in lower 

yields in comparison to electron withdrawing groups. 

Functional groups in ortho-, para- and meta-position of the N-

aryl moiety were tolerated (4a-4f). Gratifyingly, various 

substituents on the nitrogen atom as well as in α-position to 

the carbonyl group were allowed and led to the corresponding 

products in 79-89% yields (4g-4j). The reaction is initiated by 

addition of trideuteromethyl radical to methacrylamide 

derivative (3) at the β-position. The formed carbon centred 

radical undergoes cyclization and afterwards rearomatization 

to provide product 4.
17e

 

Afterwards, we examined the functionalization of acrylamides 

for the synthesis of α-haloamides which are valuable building 

blocks in the synthesis of various complex products (Scheme 

3).
18

 In this case, iron(II) salts promote the formation of 

trideuteromethyl radicals and provide halogen anions which 

are incorporated in the final products. Various acrylamides 

were converted to α-chloroamides using the developed 

reaction conditions (Scheme 3, 6a-6c). Furthermore, using 

FeBr2, α-bromoamide 6d was obtained regioselectively in 91% 

yield. The addition of trideuteromethyl radical to acrylamide 

led to the formation of a carbon centred radical. The oxidation 

of formed radical by iron (III) salt provided a carbocation 

intermediate. An attack of the halide anion on carbocation led 

to formation of product 6. 

Recently, Nevado and co-workers reported an arene-migration 

incorporation strategy to build α-aryl-β-trifluoromethyl amides 

bearing a α-quaternary stereocenter in a regioselective 

manner by means of Togni’s reagent through a copper-

catalyzed aryl migration process.
19

 To investigate the 

limitations of our method, we tested this reaction using N-

(arylsulfonyl)acrylamide (Scheme 4, 7). α-Aryl-β-functionalized 

amide bearing a quaternary stereocenter was obtained in 

moderate yield (8, 67%) through a tandem process that 

 

Scheme 2. Substrate Scope for N-Arylmethacrylamides. Reaction conditions: 3 

(0.2 mmol) in CD3SOCD3 (0.2 M) at rt for 2h. Yields are given for isolated 

products. aMajor isomer is shown, minor is indicated with star, and the yield was 

reported for mixture of isomers. 

 

Scheme 4. Trideuteromethylation/Arylmigration/ Desulfonylation of N-

(Arylsulfonyl)acrylamide 

 

Scheme 3. Substrate Scope for Acrylamides. Reaction conditions: 5 (0.2 mmol) in 

CD3SOCD3 (0.2 M) at rt for 10 min. Yields are given for isolated products after 

column chromatography. 
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involves radical addition, 1,4-aryl migration and 

desulfonylation.
19

 

In conclusion, the first method of trideuteromethylation for 

the synthesis of labelled heterocycles and building blocks was 

developed. Using deuterodimethyl sulfoxide as source of 

radicals, various labelled products were obtained. The 

transformations occur under radical reaction conditions which 

are also suitable for cascade and tandem processes initiated by 

trideuteromethyl radicals. The developed strategy allows 

convenient and selective access to a wide range of deuterated 

heterocycles. 
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