
The Small Molecules of Life
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Sites available for the inhibition of the 
renin angiotensin system (RAS)renin‐angiotensin system (RAS)

KidneyInhibition of renin release

Renin
Inhibition of renin action

Asp-Arg-Val-Tyr-lleu-His-Pro-Phe-His-Leu-Val-lleu-His------
(Angiotensinogen) 8 9 10 11 12 13(Angiotensinogen) 8 9 10 11 12

Angiotensin converting enzyme (A.C.E.)

Inhibition of A C E action

13

Asp-Arg-Val-Tyr-lleu-His-Pro-Phe-His-Leu
(Angiotensin-I) 8 9 10

Inhibition of A.C.E. action

(Angiotensin I) 8 9 10

Asp-Arg-Val-Tyr-lleu-His-Pro-Phe
(Angiotensin-II) Design of A-II receptor antagonists

Biological activityA-II receptor

Structure‐based design of renin inhibitors

Rahuel, J. Chem. & Biol. 2001, 7, 493.



The First Marketed Renin Inhibitor for Hypertension
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ex. Speedel process to Tekturna (aliskiren)
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Synthesis of (R)- 2-isopropyl-3- phenylpropionic acid
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Process for the preparation of substituted carboxylic ester
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Coupling and bromolactonization reaction
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ex.Speedel synthetic route towards Tekturna
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Summary of the Novartis Patent 2006/131304
Mickel, Sedelmeier, Hirt, Schäfer, Foulkes
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Formal syntheses of Tekturna (aliskiren)
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The ex.Ciba‐Geigy Pharma Hanessian collaboration gy
story (ca.1996‐2000)

• Target molecule: CGP‐60536

• Conditions: no azide; no chiral auxiliaries, no 
toxic reagents; amenable to scale‐up; low costtoxic reagents; amenable to scale up; low cost
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Synthetic route towards a Tekturna prototype: Dieckmann cyclization
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Synthetic route towards a Tekturna prototype:
alternative substrate for the Dieckmann cyclization
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Synthetic route towards a Tekturna prototype: Beta-ketophosphonate route
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(2S)-Isopropyl-4-pentenoic acid: a diastereoselective approach

O OO n-BuLi, THF
78°C 15 min

LDA, THF
- 78°C 1 h

O NO NH
O
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O O H2O2 LiOH

O N HO2C
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THF:H2O (4:1), v/v)
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%

Gage; J R Evans; D A Org Synth Coll Vol VIII 1991 339

Bn 75%

- Gage; J.R., Evans; D. A. Org. Synth., Coll. Vol. VIII 1991, 339.
- Hodgson, D. M. and all. J. Chem. Soc. Perkin Trans 1 1999, 2911. 

(2S)-Isopropyl-4-pentenoic acid: a catalytic enantioselective approach
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Synthesis of the alcohol moiety
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Ar Ar
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Ring closing metathesis reaction

OTi(i-PrO)4
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OMe OMe OMe

OO OO+ O
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O O O

MeO MeO
inseparable

MeO
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Cl
Cl2:1 50%S,R,S S,S,S

PhPCy3
Cl
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1st generation

7:1 76%S,R,S S,S,S

8:1 81%S R S S S S8:1 81%S,R,S S,S,S

O 0 oC to RT O/N O

Dihydroxylation reaction: confirmation of the stereochemistry
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O
HO

3)KCN, MeOH
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HO

H2N NHn-Bu

O
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Du Bois catalytic olefin aziridination
1 2%
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R2 R3
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Rh2(tfacam)4

PhI(OAc)2, MgO
O CCl3S

H2N O

O
+
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R2 R3
NSO3CH2CCl3

R R ( )2 g
C6H6

O

1 eq. 1.1 eq.
Substrate Product Yield

Ph Ph
NSO3CH2CCl3 85%

NSO CH CCl
Ph Ph
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NSO3CH2CCl3 82%

O O
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O O
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S
O

NH2
O N

S
O O

84%

Guthikonda, K.; Du Bois, J. J. Am. Chem. Soc. 2002, 124, 13673

Du Bois aziridination reaction
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Rh2(tfacam)4, PhI(OAc)2

O O
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One-step ring contraction !!!
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(R = SO3CH2CCl3)

Amide formation: lactone opening and
confirmation of the stereochemistryy

HO
H2N NHn-Bu

2

O

MeO

A bioactive Tekturna prototype

1) Z (C )

OH
Boc
N NHn-Bu

OH
R
N NHn-Bu

1) Zn(Cu)
AcOH:MeOH (1:1; v/v), O/N

then HCl in MeOH
6 h, 45 oC N

OMeO
2) Boc2O, sat. K2CO3

DCM, 0 oC to RT O/N, 52%.

N

OMeO
6 h, 45 C

R = SO3CH2CCl3

OH
BocHN

O

NHn-BuH2, 10% Pd/C 4 N HCl

OH
HCl.H2N

O

NHn-Bu

O

MeO

MeOH, 3 days
60%

Dioxane, 0oC O

MeO

with Claridge, S.; Johnstone, S. J. Org. Chem. 2002, 67, 4261.



Onward to Tekturna

OH
NHn Bu

O S O
O

O
Cl3CMeO

N
O

NHn-Bu
MeO

RT, O/N
90%

AlMe3, n-BuNH2, DCM

Ha
Hb

O

[]D  + 10.0 (c = 0.5, CHCl3)

O

O

S
OO

Cl3C

O

MeO

OADPA, 2-OH-Pyr
MeO O

Cl3C

O

N
MeO

SOO

NMeO

O OH H
N

O O

NH2

ADPA, 2 OH Pyr
Et3N S OO

[]D  + 11.0 (c = 0.7, CHCl3)[]D + 24.0 (c = 0.7, CHCl3)

Boc
NMeO

O OH H
N NH2

MeO
1) Zn(Cu)

AcOH:MeOH (1:1; v/v), O/N
then 1N HCl in MeOH

O/N, RT
BocHN

O

OH H
N

O O

NH2

MeO
Na, NH3(l)

t-BuOH
MeO

O O
2) Boc2O, K2CO3

DCM:H2O (1:1, v/v)
0 oC to RT O/N, 50%. MeO

O O OTHF, -78°C
2 h

70%

[]D  - 20.0 (c = 1.0, CHCl3)
[ ] 40 0 ( 0 2 CHCl )[]D  - 40.0  (c = 0.2 , CHCl3)

Completion of the total synthesis of Tekturna 
(The Montreal route)

Tekturna

Less than 12 steps 10 overall yieldLess than 12 steps, 10 overall yield

with Guesné, S.; Chénard, E. Org.Lett. 2010, 12, 1816


