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Based on a chiron approach, sacubitril, a neprilysin inhibitor and API of Entresto, was 

synthesized in 7 steps with an overall yield of 40%. Two chiral centers of sacubitril are easily 

obtained from the starting material, one inherited and another inverted. Noteworthy steps are an 

efficient and mild preparation of epoxide from chiral vicinal diol using C4F9SO2F/DBU, and a 

one-flask preparation of succinic amide from azide. All the reactions are performed on 

multigram scales. 

2009 Elsevier Ltd. All rights reserved. 
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Sacubitril (1) is a neprilysin inhibitor developed by G. M. 

Ksander et al. in the early 1990s (Figure 1).
1
 Combining 

sacubitril (1) with the angiotensin II receptor-blocker valsartan 

(2) by co-crystallization, Novartis developed a first-in-class 

combination drug (trade name Entresto) for use in heart failure 

(HF). Entresto was granted approval in 2015 by FDA to reduce 
the risk of cardiovascular death and hospitalization for HF in 

patients with chronic HF (NYHA Class II–IV) and reduced 

ejection fraction.
2
  

 

Figure 1. Sacubitril (1) and valsartan (2) 
Sacubitril (1) is an α-methyl-γ-amino-δ-biphenyl valeric acid 

derivative with two stereocenters. The main synthetic challenge 

lies in the construction of the chiral intermediate 3, and there 

have been four routes reported (Scheme 1a). The eight-step 
discovery route by Ksander and coworkers started with the 

unnatural N-Boc-D-tyrosine methyl ester 4.
1
 Therein, the chiral 

amine was inherited from 4 and the chiral methyl group was 

created by a stereoselective hydrogenation of an internal double 

bond. An alternative approach, by Hook et al., starting from l-

pyroglutamic acid methyl ester, employed an alkylation of a 
chiral γ-lactam or a stereoselective hydrogenation of an α-

methylene-γ-lactam to establish the chiral methyl group.
3
 Ley et 

al. devised a flow chemistry methodology to enhance several 

steps in their synthesis which installed the chiral methyl group 

via a stereoselective hydrogenation of a N-sulfinyl protected 

acrylic acid and the chiral amine via a diastereoselective 
Reformatsky-type carbethoxyallylation of chiral N-sulfinyl 

imine.
4
 Xu presented a synthesis of 1 featuring a stereoselective 

addition of Grignard reagent to oxazolidine 9.
5
 Herein, we report 

a multigram-scale synthesis of sacubitril (1) based on a chiron 

approach. 

We have developed a series of chiral methyl-branched 
building blocks and used them in the syntheses of several 

commercially attractive compounds.
6
 As depicted in Scheme 1b, 

we envisioned that mono-protected triol 11, one of the chirons 

we developed, could be used as starting material to synthesize 

sacubitril (1). With an R-branched methyl group and an R-

configured hydroxyl group, 11 could be easily transformed to 1 
via an SN2 reaction of the (R)-OH to introduce the S-configured 

amide-containing side chain and an alkylation of the terminal 

hydroxyl group with biphenyl metallic reagent. 

 
Scheme 1. Previous and our work on the synthesis of 

sacubitril 

 
Scheme 2. Converting vicinal diol 11 to azido ester 17 

Our synthesis started with transforming 11 to chiral epoxide 

13, a good electrophile to react with metallic reagents (Scheme 

2). We first tried to selectively convert the primary hydroxyl 
group of the vicinal diol unit to toluenesulfonate, but isolated the 

desired product in low yield (12–17%). The generated 

hydrochloric acid, although buffered with Et3N (10 equiv) or 

pyridine (as solvent), removed the TBS group, thus making the 

reaction complex and low-yielding. After much experimentation, 

we found that treatment of 9 with C4F9SO2F and DBU in 
dichloromethane at 0 °C gave 13 in high yield on multigram 

scale.
7
 The lower reactivity of C4F9SO2F (the reaction does not 

occur in the absence of DBU) guarantees the excellent 

selectivity, and the high leaving tendency of the resultant 



  

 3 
sulfonate leads to the spontaneous formation of epoxide 13 under 

mild conditions. Belonging to a class of highly valuable 

surfactants (RFSO3M), the perfluorobutanosulfonic acid salt from 

C4F9SO2F is water soluble, thus making the workup procedure 

easy to handle. The crude epoxide 13 could be used in the next 

step without purification, and, if on large scale, the C4F9SO2M 
could be collected from the aqueous phase. 

Then, reacting with (1,1’-biphenyl)-4-ylmagnesium bromide 

(14) in the presence of a catalytic amount of CuBr•Me2S, the 

epoxide of 13 was opened with exclusive regioselectivity to give 

15 in high yield. The R-configured hydroxyl group was then 

converted into S-configured azide via a two-step process 
involving mesylation at 0 °C

8
 and substitution of the resulting 

mesylate with sodium azide in DMF, providing azide 16 in 92% 

yield. Jones reagent removed the acid-sensitive TBS group of 16 

and oxidized the newly exposed hydroxyl group in one flask; 

without purification, the resultant acid was treated with SOCl2 in 

ethanol to afford ethyl ester 17 in good yield on multigram scale. 
Slight epimerization was occasionally observed during this 

process; ca. 5% of 2-epi-17 was generated and could be readily 

separated via column chromatography on silica gel. 

We then tried to convert 17 to 3, which was reported to react 

with succinic anhydride to deliver sacubitril 1.
1,9

 Catalytic 

hydrogenation in the presence of Pd/C in MeOH, an efficient and 
clean method of reducing azide to primary amine, was first tried 

and gave exclusively lactam 18 in our hands. The NMR data of 

18 matched those reported.
10

 NOESY analysis confirmed the two 

substituents on the lactam ring to be trans, which should be 3R- 

and 5S-configured, according to the stereochemistry of the 

starting material. 

 
Scheme 3. Completion of the synthesis of 1 

Reducing azides with triphenylphosphine (PPh3), known as 

Staudinger reduction, is a standard process to yield primary 

amines. Interestingly, upon treating 17 with PPh3, no lactam 18 

was observed. The reaction system of 17 with PPh3 was, 

however, not clean, giving a mixture of 3, aza-ylide 19, PPh3, and 
triphenylphosphine oxide. But, even heating the reaction at reflux 

could not drive to completion the hydrolysis of 

iminophosphorane intermediate 19 to amine 3. Since aza-ylides 

also react with carboxyl electrophiles, as demonstrated in the 

well-known Staudinger ligation
11

, we assumed that treating the 

crude products with succinic anhydride would transform both 19 
and 3 to sacubitril 1, hence simplify the reaction outcome. 

Indeed, after running the reduction in THF, the solvent was 

switched to dichloromethane, to which succinic anhydride was 

added. After stirring at reflux for two days, both 3 and 19 were 

consumed to provide 1 in 82% yield. After optimization, the 

reaction proceeded in chloroform to give 1 in 76% yield on 

multigram scale. The analytical data of 1 matched those 

reported.
5
 

In summary, we developed an easy and scalable synthesis of 

sacubitril (1) from chiron 11. Key transformations include the 

one-step preparation of epoxide 13 from vicinal diol 11, and the 

one-flask Staudinger reduction/succinic amide formation process. 
The former process (C4F9SO2F/DBU system) provides an 

efficient method of preparing epoxides from chiral vicinal diols, 

and the latter process avoided the formation of lactam 18 and 

thus simplified the synthesis. All the reactions could proceed on 

multigram scales and only four purifications (15, 16, 17, and 1) 

are needed.  
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Highlights 
 A chiron-based synthesis of sacubitril was 

achieved on multigram scale. 
 C4F9SO2F/DBU converts terminal chiral vicinal 

diols to epoxides in high yields. 
 Staudinger reduction avoids the formation of 

lactam. 
 


