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ABSTRACT

Diastereomerically and enantiomerically pure decahydro-6-isoquinolone derivative 7 (>99% de, 97% ee) was obtained from the Michael addition
product 3. Interestingly, aldehyde 7 reacted with a number of different Grignard reagents to give the secondary alcohols 9 in good yields as
single diastereomers. This result can be explained by taking the Felkin−Anh model into account.

Piperidines and 4-piperidones are very important structural
motifs in medicinal chemistry.1,2 The trans-decahydro-6-
isoquinolone scaffold, as is present in compound7 (Scheme
1), may be regarded as an extended 4-piperidone derivative
with enhanced conformational rigidity due to thetrans-fusion
of two six-membered rings. This type of bicyclic system is
rarely reported and, moreover, known only in racemic form
so far.3 Herein we report on the first optically active
decahydro-6-isoquinolone derivative with a quaternary ste-
reocenter.

The synthesis of aldehyde7 is based on the copper-
catalyzed Michael reaction of chiral enamine1 with methyl

vinyl ketone2 as the key step.4 The chiral auxiliaryL-valine
diethylamide thereby guarantees near-quantitative enantio-
selectivity in the construction of the quaternary stereocenter.5

Piperidone carboxylate3 with (S)-configuration at the
stereogenic center6 was cyclized by Robinson annulation
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to give the octahydro-6-isoquinolone derivative4.4c Hydro-
genation of the C-C double bond proceeded with hightrans-
selectivity (>95%) by applying Pd/C and 1 atm H2 in
2-propanol as the solvent. With EtOH as the solvent,
acetalization of the ketone moiety to afford the diethyl ketal
was observed as a side reaction.

The minorcis-diastereomer was removed upon purification
all along the subsequent operations. Protection of the ketone
as 1,3-dioxolane derivative5 was achieved with ethylene
glycol using standard conditions. Reduction of the ester
function with LiAlH4 afforded isoquinolone derivative6.
Finally, the aldehyde moiety was installed by selective
reoxidation of the primary alcohol following the Ley
procedure.7 The (R)-configured compound7 was obtained
as a diastereomerically pure material (>99% de) with an
optical purity of 97% ee. Analogously, racemic7 was isolated
in diastereomerically pure form.

During our project to utilize scaffold7 as an optically
active building block which allows for transformations at
the ketone, the piperidine NH and the aldehyde functions,
we first envisioned the Grignard reaction with the carbal-
dehyde group resulting in a number of secondary alcohols9
as the addition products (Table 1).

A series of various Grignard reagents8a-j was converted
with racemic aldehyde7 at 23°C.8 Apart from allylmagne-
sium bromide (8d) and isopropylmagnesium bromide (8e),
the yields of Grignard addition are generally in the range of
70-84%. More interestingly, in all cases only a single
diastereomer of alcohol9 is observed in the NMR spectra.
We would like to point out that Grignard addition to
aldehydes in a neopentyl environment has been reported so
far without any stereoselectivity at all.9

We succeeded to obtain single crystals of alcohol9b which
are suitable for X-ray single-crystal analysis (Figure 1).10

As can be seen in Figure 1, the relative configuration of the
racemic material9b is 4aR*,8aS*,9R*.

According to the Felkin-Anh model11 we assume the most
reactive conformation with the bridging C4a-C8a bond as
the largest group (RL), which is perpendicular to the aldehyde
moiety as shown in Scheme 2.
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Scheme 1. Synthesis of the Decahydro-6-isoquinolone
Scaffold 7

Table 1. Grignard Addition Reaction of Scaffold 7

a With 26% of alcohol6 as byproduct.
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Due to the shielding effect of the Boc protecting group,
the piperidine ring defines the medium-sized residue (RM).
From the crystal structure in Figure 1 it becomes apparent
that the dioxolane moiety does not have a significant
influence on the Grignard addition to the carbaldehyde
function. Thus, as shown in Scheme 2, the nucleophilic
Grignard reagent reacts preferentially along the Bu¨rgi-
Dunitz trajectory12 from the Re face of the aldehyde.
Consequently, a single diastereomer is formed, as is presented

by the relative configuration in Figure 1. As already
mentioned, high diastereoselectivity for the addition of
nucleophiles to carbaldehyde groups in a neopentyl environ-
ment has not been reported so far.
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Figure 1. ORTEP view of Grignard addition product9b. The
depicted enantiomer has a (4aR,8aS,9R)-configuration.

Scheme 2. Diastereoselectivity of the Grignard Addition
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