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kinetic isotope effect (KIE):

Standard explanation for the KIE is due to the differing zero point 
energies of the isotopic nuclei.

A-H distance

B-H distance

The bond which is present in the transition state, and which contributes to its zero-point 
energy is one which does not exist in either the reactants or the products; it is a vibration 

peculiar to the activated complex.

deuterium:

J. Phys. Org. Chem. 2010, 23, 572.; Chem. Rev. 1961, 3, 61Gant, J. Med. Chem. 2014, 57, 3595.,

Deuterium was first discovered by Harold Urey in 1931, about a year 
before the identification of the neutron.
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abundance stability

Hydrogen

Deuterium

Tritium

physical properties 
of xH2O

mp = 0 °C
bp = 100 °C

d = 1.000 g/cm3

mp = 3.79 °C
bp = 101.4 °C

d = 1.105 g/cm3

mp = 4.49 °C
bp = 101.5 °C

d = 1.215 g/cm3

Introduction
deuterium
kinetic isotope effect
deuterium in the universe
deuterium in drugs

Methods of D/H Exchange

acid / base reactions
heterogenous catalysis
homogeneous catalysis
non-exchange methods (misc.)

Examples
telaprivir
tramadol
deutetrabenazine
apalutamide
plinabulin
BMT-052
paroxetine

Conclusion

Reviews:

Angew. Chem. Int. Ed. 2018, 57, 3022; J. Med. Chem. 2011, 54, 2529;
Biochemistry 2018, 57, 472; J. Med. Chem. 2014, 57, 3595; 

Med. Chem. News 2014, 2, 8.

The Last Decade of Deuterium in Drug Discovery and Development D. G. Dennis, October19, 2018
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D/H ratios in organic species outside the solar system

"The prevalence of deuterium appears to be fairly consistent throughout 
the universe, the majority of the universe extending far beyond the 

influence of the pharmaceutical industry." - Thomas Gant

Space Sci. Rev. 2000, 92, 201.

"...we are certain that expression levels of CYP3A4 can vary tremendously, within 
even one individual over time and not merely between individuals. This way of 
viewing the world of metabolism causes all oxidative clearance mechanisms to 

become opportunities for reducing variability of response." -Thomas Gant

EDR = effective dose range

 decreasing racial and gender differences in drug efficacy and toxicity

reducing interpatient variability

reduction of unwanted metabolites may lead to direct reduction of adverse events (AE's)

reducing genotoxicity

Targets for deuterium incorperation:

Gant, J. Med. Chem. 2014, 57, 3595.,

Deuterium Occurrence and Use



Acid / Base Mediated H / D Exhange
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conditionsexample product(s) referencemethod summary

N N
96 96

96 96
96 96

87
87

87 87

87

Pd/C (10 mol%), 
H2, D2O, 24 h,

110-180 °C

36 examples,
80-99% yield

Sajiki, Tetrahedron 
2006, 62, 10954.

CO2H
OH

H2N

99.7

99.8
99.8

[Pd/C+Pt/C] 
(10 mol% each), 
H2, D2O, 24 h,

145 °C

6 examples,
90-96% yield

Shah, Tet. Lett. 2015, 
56, 1211.

O OMe
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HO
HO

OH

100100

100100

Ru/C (10 mol%), 
H2, D2O, 24 h, 

80 °C

11 examples,
96-100% yield

Sajiki, Chem. Pharm. 
Bull. 2018, 66, 21.
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87
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H2N D

OHD90

86

Ru/ACC, 22.2 A/m2 
D2O, 60 °C, 2-15 h

17 examples,
16-87% yield

Jackson, Eur. J. Org. 
Chem. 2016, 4230.

OH

O

H2N D 99

H3C
Ru/C (10 mol%),
NaOH, D2O, H2
70-90 °C, 12 h

12 examples,
90-96% yield

Roche, Org. Process. 
Res. Dev. 2017, 1741.

CD2 96
Rh/C+Pt/C (15 mol% each)

iPrOD-d8 / D2O
120 °C, 24 h

9 examples,
69-100% yield

Sajki, RSC Adv. 
2015, 13727.

CO2H
4

89

88 92

88

Pt/C (8 mol%)
iPrOH/D2O

120 °C, 24 h

11 examples,
95-100% yield

Sajki, Adv. Synth. Catal. 
2016, 358, 3277.
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Sajki, Adv. Synth. Catal. 
2018, 360, 2303.

Pt/C (10 mol%),
hydroquinone (10 mol%)
iPrOH/D2O, 120 °C, 24 h

13 examples,
30-91% yield

Sajki, Chem. Eur. J. 
2007, 13, 4052.

Pd/C (10 mol%),
H2, D2O

110-160 °C, 24 h

18 examples,
51-100% yieldPh
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Sp2 and Sp3 
C-H / C-D 
exchange

Sp3 α-
heteroatom 
C-H / C-D 
exchange

Sp2 C-H / C-
D exchange

gereralization
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example product catalyst referencemethod summary

N

D

D

conditions

RuH PPh3

Et3Si H

Ph

catalyst (2 mol%), D2O
110 °C, 16 h

9 examples
50-100% yield

Nolan, Org. Biomol. Chem. 
2014, 12, 8683.

D
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D

D
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D
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N

N
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iPr

iPr
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iPr
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50 °C, 24 h

27 examples
23-90% yield

enantioretentive

Chirik, ACS Catal. 
2017, 7, 5674.
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isopropyl acetate
80 °C, 8 h

28 examples
up to 99%

Derdau and Atzrodt,
Angew. Chem. Int. Ed. 

2018, 57, 8159.
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N

N

H3C
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TfO

catalyst (2 mol%), D2O
MeTHF, 110 °C, 20 h

14 examples
38-78% yield

enantioretentive

Szymczak,
J. Am. Chem. Soc. 
2016, 138, 13489.

SO2NHMe
D

D Ir
PR3

N
N

Mes

Mes
catalyst (10 mol%)

PhCl, D2, 120 °C, 1 h 25 examples
70-96% yield

Derdau and Atzrodt,
Eur. J. Org. Chem. 2017, 1418.

HN O
8-quinolinyl

93 93 Pd(OAc)2 D2O, 140 °C, 48 h
8 aromatic examples
8 aliphatic examples

80-99% yield

Yu, J. Org. Chem.
2018, 83, 7860.

aryl 
C–H/C–D
exchange

aliphatic
C–H/C–D
exchange
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blue LED, 24 h; HCl

12 examples
59-88% yield

MacMillan
Science, 2017, 358, 1182.
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example product catalyst referencemethod summaryconditions
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Prakash
Green Chem. 2018, 20, 2706
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Rosales, 

Beilstein J. Org. Chem.
2016, 12, 1585.
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aliphatic
C–H/C–D
exchange
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 H / D Exhange by Homogeneous Catalysis
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Cl cat. Pd-NHC
Ph2CDOH (1.2 eq)
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D

99%, 99% D

Kuriyama, J. Org. Chem. 2016, 81, 8934
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Renaud, J. Am. Chem. Soc. 2018, 140, 155.
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CH3Stoltz and Liu, J. Am. Chem. Soc. 2018, 140, 10970
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Zhang, Angew. Chem. Int. Ed. 2018, 57, 5590.
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An, Tet. Lett. 2017, 58, 2757.;
Org. Lett. 2018, 20, 3010.
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Procter, Org. Lett. 2014, 16, 5052.
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Sajiki, Adv. Synth. Catal. 2018, 360, 637.

from aryl halides:

NO2
R+

from unactivated alkenes:

via reduction:
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background:
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synthesis:

d-telaprevir

ratio of d-telaprevir to 
telaprevir in blood 

samples after 
administering a 10mg/

kg dose of 50:50 d-
telaprevir:telaprevir to 
six Sprague–Dawley 

rats

effect of plasma on the epimerization 
of d-telaprevir and telaprevir

biological studies:

J. Med. Chem. 2009, 52, 7995.

[Pinnick oxidation]

[resolution]

originally developed by Johnson & 
Johnson and Vertex for the 

treatment of hepatitis C. Deuterium 
studies conducted by Vertex and 

Sirtris, a GSK company.
















