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Abstract—Two racemic isomeric dihydronaphthalenes 1 and 2 were prepared from commercially available 5-hydroxytetralone in
five linear steps. A key palladium-catalyzed double bond migration led to the synthesis of both isomers from the same starting mate-
rial. Preparative chiral HPLC separation provided the enantiomerically pure materials. An asymmetric synthesis employing CBS

reduction to furnish 1 was also developed.
© 2004 Elsevier Ltd. All rights reserved.

During the late phase manufacturing studies of Cinacal-
cet,! low levels (<0.1%) of two new isomeric dihydro-
naphthalene related substances 1 and 2 were
discovered (Scheme 1). Their structures have been
assigned based on NMR spectroscopic studies of a small
sample isolated by preparative HPLC from the original
drug substance. To further establish the structural
assignment, we prepared these two impurities via an
unambiguous total synthesis approach.

Based on retro-synthetic analysis, we decided to take
advantage of the commercially available 5-hydroxytetra-
lone? (3). Our first approach relies on a key carbon—
carbon bond formation as reported by Vogl and
Buchwald,? in which monoarylation of nitroalkane
was catalyzed by palladium (Scheme 2). Although this
reference reported alkylation with aryl bromide sub-
strates, our aryl triflate was unfortunately not a suitable
partner for this type of coupling. We observed no
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desired product 5 under the reported Buchwald reaction
conditions or slight variations. Through subsequent
communication with Professor Buchwald, it was con-
firmed that similar observations were reported in their
laboratories.

Our second approach also utilized 5-hydroxytetralone
(3), which was first reduced with NaBH, to the alcohol
6 in 93% yield (Scheme 3). Formation of the bis-triflate
and the elimination step were carried out in one pot
using 2equiv of triflic anhydride and Et;N in CH,Cl,
to give the triflate 7 in overall 46% yield. The reaction
conversions were nearly quantitative, but the low iso-
lated yield is attributed to partial decomposition of the
triflate 7* during silica gel chromatography purification.
The triflate 7 was converted to a mixture of two isomeric
enol vinyl ethers 8a/b via a Heck coupling protocol.’
The partial double bond shift is not entirely surprising
and similar examples have been precedented.® The Heck
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reaction required 16h to complete, at which time the
ratio of two isomers (8a:8b) was 6:1. This mixture was
treated with HCI to afford the ketones 9a and 9b. The
isolated yield for the ketone 9a was 67% after prepara-
tive HPLC isolation. However, when the Heck reaction
time was increased to 48h, we believe the thermody-
namic equilibrium ratio of two isomers (8a:8b) was
terminal at 1.7:1. After the hydrolysis with HCI and
the preparative HPLC separation, the ketone 9b was
obtained in 30% yield over two steps.’

The amino component was accessed via commercially
available trans-3-(trifluoromethyl)-cinnamoyl chloride
(10), which was treated with NH4OH/dioxane to give
the desired amide 11 in 92% yield (Scheme 4). The
double bond was hydrogenated in 89% yield, and
LAH reduced the amide 12 to afford the amine 13 in
65% yield. The direct reductive amination of 9 with 13
was sluggish due to the low reactivity of aryl methyl
ketone 9. Therefore, a stepwise reductive amination
was employed. The amine 13 and the ketone 9 were
mixed in neat Ti(OiPr), overnight and the resulting
imine was reduced by NaBH4 in MeOH to give the
desired products racemic 1 and racemic 2 from 9a and
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9b, respectively, in 56% isolated yield. Finally, prepara-
tive chiral HPLC separation of 1 and 2 furnished the
desired enantiomerically pure (R)-isomers, of the same
configuration as Cinacalcet. Their spectroscopic data®
was identical with the compounds isolated from drug
substance in every aspect.

An alternative asymmetric synthesis of 1 was also devel-
oped to avoid the chiral HPLC purification (Scheme 5).
The triflate 4 was subjected to the Heck conditions to
afford 14. HCI hydrolysis of the vinyl ether and ketone
reduction followed by elimination produced the ketone
8a. After much experimental effort with different chiral
reducing agents, we found that methyl oxazaborol-
idine-catalyzed borane reduction’® (Me-CBS/BH; or
Me-CBS/catecholborane) was effective for the chiral
reduction. Under optimal conditions [(R)-Me-CBS
(1equiv), BH3/THF (1equiv), toluene], the alcohol 17
was obtained in 92% yield and 91.5% ee.!! The alcohol
17 was converted to the azide 18 using (PhO),PON;!°
in 88% yield, which was then reduced to amine 19 using
the conventional Ph;P conditions in 92% yield and 92%
ee. Reductive amination with the aldehyde 20'? afforded
1 in 90% yield and 92% ee.!!
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In summary, we discovered a novel palladium catalyzed
double bond migration to afford a mixture of dihydro-
naphthalene isomers that was conducted in tandem with
the key Heck coupling reaction in a single operation.
Subsequent reductive amination was developed to afford
the target isomers. In parallel, we established an asym-
metric synthesis of the desired (R)-isomer, to unambigu-
ously correlate the stereochemical assignment.
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