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ABSTRACT

A scalable synthesis of a potent renin inhibitor (1) is described. The absolute stereochemistry is set via an unprecedented diastereoselective
Dieckmann cyclization directed by a remote chiral protecting group. This transformation enables preparation of chiral 1,3-[3.3.1]-
diazabicyclononenes by desymmetrization of alkyl-esters, with selectivities ranging from 4 to 17:1.

The renin-angiotensin system (RAS) is known to play an
important role in cardiovascular diseases, renal diseases, and
metabolic disorders.1,2 Renin is an aspartyl protease that
cleaves angiotensinogen to a decapeptide angiotensin I. This
substrate is then further cleaved by the angiotensin-converting
enzyme (ACE) to an octapeptide angiotensin II, a substance
identified as a powerful vasoconstricting peptide. Recently,
renin has been validated as a target in the regulation of high
blood pressure and heart failure.3

MK-8141 (1) is a potent and selective, orally bioavailable
renin inhibitor.4 To support further development of this
compound, we needed to develop a scalable synthesis suitable

for the preparation of multigram to kilogram quantities.
While a racemic synthesis of 1 has been reported,4 there are
no reports of a stereoselective approach to the chiral 1,3-
[3.3.1]-diazabicyclononene core. We describe herein a practi-
cal stereoselective synthesis of 1 via an unprecedented
diastereoselective Dieckmann cyclization, directed by a
remote protecting group.5

Our retrosynthetic approach is outlined in Scheme 1. We
envisioned that 1 could be assembled via an amide coupling
between benzyl amine 2 and bicyclic acid 3, followed by
deprotection of both amines. Acid 3 could be obtained from
the Suzuki cross-coupling between tosylate 4 and aryl
boronate ester 5 to allow for a convergent approach. Finally,
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we imagined that the absolute stereochemistry of the bicyclic
core could be installed via an unprecedented diastereoselec-
tive Dieckmann cyclization of piperazine 6. To do so, we
hypothesized that using a remote chiral protecting group on
the bridged amine could direct the base-mediated cyclization.
The piperazine 6 could be formed from a double 1,4-addition
of a chiral amine 7 to the R,�-unsaturated ester 8.

In the reported racemic synthesis of 1,4 piperazine 6 (R
) Boc, R* ) Me) was prepared by double-Michael addition
of methyl amine to readily available dieneoate 8 (R ) Bn)
affording a 1.5:1 mixture of trans and cis (desired) 6 isomers.

Treatment of 6 with tBuOK in toluene at 100 °C afforded
complete conversion to the racemic Dieckmann cyclization
product. We postulated that this strategy could be used with
control of the absolute stereochemistry if a chiral amine
replaced methylamine. Ideally, this amine would be easily
installed and deprotected while being effective at inducing
stereoselectivity in the subsequent base-mediated Dieckmann
cyclization. Given the unprecedented nature of its potential
enantiocontrol, this amine would have to be readily available
in either antipode to maximize our probability of aquiring
either diastereomer. On the basis of these criteria, we initially
turned our attention to R-methylbenzyl amine which is
available in bulk quantities at <$50/kg for either the S or R
enantiomers and should be susceptible to straightforward
removal by hydrogenolysis.

Prior to the evaluation of the diastereoselective Dieckmann
cyclization, we needed to develop an efficient synthesis of
piperazines 6. The reported conditions used to prepare 6a
(R ) Me) afforded <10% of the desired adduct 6c after 24 h
upon direct replacement of methylamine with an excess of
(R)-methylbenzyl amine. Performing the reaction neat at 80
°C improved the yield of 6c to 30% with modest selectivity
(4:1) for the desired cis isomer. After an extensive solvent
screen, we were pleased to find that running the reaction in
a minimal amount of 1,1,1-trifluoroethanol (3 mL/g) in the
presence of only 3 equiv of (R)-methylbenzyl amine allowed
for the piperazine to be isolated in 80% yield as a 20:1
mixture of cis:trans isomers.6 This protocol was also
successful for the preparation of a series of analogous chiral
alkyl aryl protected piperazines 6a-f (Table 1).

Table 1. Double-Michael Addition of Chiral Amines and Diastereoselective Dieckmann Cyclization Results

a All reactions were performed at 20 °C in 1,4-dioxane. b dr measured by HPLC. c Reaction performed using tAmOK at -25 °C in DMF. The use of
tBuOK in 1,4-dioxane lead to a 6:1 dr, 78% yield.

Scheme 1. Retrosynthic Approach to Renin Inhibitor 1
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With a reasonable synthesis of the piperazines in hand,
efforts were undertaken to identify effective conditions for
stereoselective Dieckmann cyclization using 6c as a model
substrate. The initial reaction conditions evaluated were those
used in the racemic synthesis of 1 (NaH, in THF at 45 °C).4

We were pleased that under these conditions a promising
3:1 diastereoselectivity of the desired bicycle 4c was
obtained. In constrast to the reactivity of 6a which required
5 h to obtain complete conversion at 45 °C in THF, complete
conversion with 6c was achieved after only 30 min. Perform-
ing the reaction at ambient temperature improved the
diastereoselectivity to 6:1, when tBuOK was used as base.
An evaluation of solvent, base, and temperature revealed that
performing the Dieckmann cyclization at -25 °C in DMF
improved the diastereoselectivity up to 8.5:1 in the presence
of 2.1 equiv of tAmOK (allowing the internal temperature
to reach -5 °C over 2 h to achieved complete conversion),
with an HPLC assay yield of 90%. Conveniently, the keto-
ester was immediately trapped with tosyl anhydride to afford
the tosylate required for the next step.

As outlined in Table 1, additional chiral R-alkyl-aryl
amines were investigated to explore the effect of the chiral
substituent on the selectivity of the Dieckmann cyclization.
Increasing the size of the aryl versus the alkyl substituent
had an opposite effect on the selectivity. The presence of a
bulkier aryl group (2-naphtyl, 6d, entry 4) improved the
diastereoselectivity of the Dieckmann (17:1 ratio),7 while
the use of a more hindered alkyl group (R-ethylbenzyl, 6e,
entry 5) led to lower selectivities (4:1).

Interestingly, the use of methyl-protected S-phenylglyci-
nols (entry 6, 6f) lead to a slightly higher selectivity (11:1).
Although these chiral amine substituents did afford higher
levels of selectivity, weighing these modest improvements
against the lower yields and higher cost of these amines made
the use of R-(R)-methylbenzyl amine a superior selection. It
is noteworthy that the addition of 2 equiv of methane sulfonic
acid to the crude workup stream allowed for the bismesylate
salt of 4c which was isolated in 63% yield from 6c and
greater than 99:1 dr.

The unexpectedly high rate of reaction observed for the
R-methylbenzyl-substituted compounds can be explained if
the ester groups were fixed in a diaxial orientation. This is
plausible if one invokes strain akin to the A1,3 allylic strain
observed with analogous 2,6-disubstituted N-Boc protected
piperidines which are well-known to adopt such a conforma-
tion.8 In support of this assertion, both computational and
crystallographic studies show the preference for diaxial
orientation of the ester functionalities of 6c (Figure 1).9

Interestingly, the unsubstituted benzyl-protected compound

6b failed to undergo cyclization even under forcing condi-
tions (refluxing toluene).10

These studies shed some light on the observed sense
of diastereoselectivity. In particular, the computational
studies suggest hindered rotation about the N1 (bridged-
nitrogen)-C5 (carbon of the chiral center) bond of 3.5 kcal
with the C5-bound proton being oriented to minimize gauche
interactions between the bulkier C5 substituents and the
axially oriented acetate groups (Figure 1). This orientation
results in a preferential shielding of one of the methylene
groups by the bulkier phenyl group with the other methylene
proximal to the methyl group and thus more exposed. While
it is tempting to suggest that the sense of selectivity derives
from the selective deprotonation of the more accessible
proton, attack of this enolate on the more hindered ester
would lead to the minor diastereomer. Further studies are
required to determine the mechanism of this transformation
and will be conducted in due course.11

The end game of the synthesis required cross coupling of
tosylate 4c with a suitable coupling partner derived from aryl
bromide 9. Following extensive investigation, it was deter-
mined that Suzuki-type cross coupling was optimal. Aryl
boronate 5 was accessed via trans-metalation of the aryl
bromide 912 to the corresponding triaryl lithium magnesiate13

followed by quenching of this intermediate with trimethyl
borate. Treatment of the resulting boronate ester 5 with 2
mol % PdCl2, dppb, and the bismesylate salt of 4c yielded
10 in 92% yield, isolated as its bis-HCl salt (Scheme 2).
The ester moiety of 10 proved difficult to hydrolyze under
standard saponification conditions.14 Although the use of
excess potassium trimethylsilanolate did give a high yield
of 3a, a cheaper alternative was desired. An investigation
of hydrolysis conditions revealed that treatment of 10 with
excess potassium tert-butoxide (7 equiv) in tert-butanol at
50 °C gave 3a in 93% yield. Activation of this acid using
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Figure 1. Preferential configuration of 6c as observed by X-ray
crystallography.

5148 Org. Lett., Vol. 12, No. 22, 2010



oxalyl chloride and catalytic DMF followed by amidation
with amine 2 afforded 11 in 73% yield. The synthesis was
completed by a global deprotection of the benzyl groups

using Pd(OH)2 under hydrogen atmosphere (200 psi). In this
reaction, the presence of zinc bromide was key to avoid
proto-dechlorination.15 Following workup, 1 was isolated as
its bis-MsOH salt in 71% yield with high purity, with
spectroscopic properties and specific rotation matching those
of an authentic sample.16

In conclusion, we have developed a practical stereoselec-
tive synthesis of renin inhibitor MK-8141 in 9 steps and
23% overall yield from benzyl amine, without silica gel
chromatography. The absolute stereochemistry is introduced
by the use of a remote chiral auxiliary which directs an
unprecedented diastereoselective Dieckmann cyclization.
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Scheme 2. Completion of the Synthesis of 1
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