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ABSTRACT

Catalyst-controlled asymmetric ring opening of a racemic oxabicyclic alkene leads to two readily separable regioisomeric products both in
excellent ee. A cationic Rh catalyst, with added NH4BF4 to modulate reactivity, was required to obtain synthetically useful yields. The utility
of each substituted aminotetralin product has been demonstrated by their conversion to different biologically relevant molecules in a highly
efficient and practical manner.

The Rh(I)-catalyzed asymmetric ring-opening (ARO) reaction
of strained oxabicyclic alkenes with heteroatom nucleophiles
has been well-studied and demonstrated to be a highly efficient
enantioselective process.1 Although this method affords con-
venient access to useful compounds of the bioactive dihy-
dronaphthalene class, until recently, the process was limited to
meso-substrates, i.e., a desymmetrization reaction.

The introduction of substitution at the bridgehead
(Scheme 1, R1 ) alkyl) not only results in a significant
decrease in reactivity but also removes the plane of
symmetry in the parent bicycle, rendering the substrate
chiral. Under asymmetric catalysis a complication arises
wherein steric and electronic effects could give rise to a
matched/mismatched scenario in which the best outcome
would be the kinetic resolution of a racemic substrate.2

However, we developed a powerful Rh-OTf catalyst
system which was able to override the inherent substrate
reactivity, transforming each enantiomer of a racemic
mixture into two different products in high yield and good
enantioselectivity3sa regiodivergent resolution (a subset
of parallel kinetic resolution).4
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When we surveyed the array of biologically privileged
2-aminotetralin compounds in the literature (several of which
are APIs currently marketed or under development, Figure 1),5

many of them possessed substituents on the aromatic ring. As
synthetic targets, they would require the ring opening of an
unsymmetrical oxabicyclic substrate with the symmetry-break-
ing substituent located on the aromatic ring (Scheme 1, R2 *
H). We have previously shown that the electronic character of

these substituents does have a significant effect on the reactivity
of these substrates,6 but despite this, we report here the
regiodivergent resolution of racemic unsymmetrical substrates
and have demonstrated the power of this process in the efficient
synthesis of two bioactive tetralin products.

We first investigated the effects of additive and temper-
ature on the regiodivergent ARO of (()-1 (Table 1). Rh-

halide-based catalysts gave low (Br) to modest (I) ee, but
this could be improved by using an ammonium halide
additive (Table 1, entries 1-3). The Rh-OTf catalyst (no
additive) gave excellent ee for both products; however, the
highly reactive metal species led to product decomposition,
even at 60 °C (Table 1, entries 4 and 5). Reasoning that a
cationic rhodium species was required for good ee, and that
the reaction proceeded better with a protic additive, we
investigated the use of NH4BF4 as an additive.

It was found that the catalyst activity was somewhat
attenuated with NH4BF4, which gave a combination of
excellent yield and enantioselectivity for each of the products
(Table 1, entry 6).

We specifically investigated this process because of the
vast array of bioactive aminotetralins, and we reasoned that
rather than discarding one of the products both could be used
in synthesis.7 To illustrate this approach, we selected
Rotigotine 48 and 8-(OH)-DPAT 59 as two APIs that we
envisaged could derive from the same racemic precursor
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Scheme 1. Regiodivergent Resolution of Unsymmetrical
Oxabenzonorbornadienes

Figure 1. Examples of 2-aminotetralin API structures.

Table 1. Effect of Additive and Temperature

yield [%] (% ee)b

entrya temp [°C] additive 3a 3b

1 60 n-Bu4NBrc 61 (18) 37 (23)
2 60 n-Bu4NIc 50 (72) 48 (71)
3 60 NH4Ic 51 (85) 45 (88)
4 60 none 9 (97)e 42 (97)
5 80 none -e -e

6 60 NH4BF4
d 47 (97) 41 (97)

7 80 NH4BF4
d 45 (95) 30 (97)

a Reagents and conditions: [Rh(cod)2OTf] (5 mol %), (S,R)-2 (6 mol
%), THF, 1 h. b Yield determined by 1H NMR using an internal standard;
% ee determined by chiral HPLC. c 15 mol %. d 100 mol %. e Starting
material was completely consumed.
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(()-1 (Scheme 2). To this end, diimide reduction of the ARO
products 3a/b proceeded without incident, but subsequent
removal of the benzylic alcohol (from 10/13) proved chal-
lenging. None of the standard conditions tried were success-
ful (catalytic hydrogenation in the presence of Lewis/
Brønsted acids, trifluoroacetic acid/triethylsilane, hydride
reduction of benzylic tosylate or halide, radical methods) and
instead resulted in elimination, over-reduction, and decom-
position. We speculated that poor alignment of the C-O
bond was responsible for the recalcitrant deoxygenation, so
we developed an efficient deoxygenation protocol from cis-
oxazolidinones 11/14 which were generated by using a
catalytic amount of FeCl3 to mediate an intramolecular “SN1-
type” cyclization of the carbamate with concomitant loss of
isobutene.

Catalytic hydrogenolysis in the presence of HCl liber-
ated CO2 to form compounds 12 and 15, respectively.10

A known two-step demethylation/alkylation sequence from
11 then gave Rotigotine in a total of 7 steps and 79%
overall yield from 1a (using only two chromatographic
purifications).11 Reductive amination of 15 with propi-
onaldehyde followed by demethylation furnished (S)-8-
(OH)-DPAT 5 in 7 steps and 92% overall yield from 3b
without recourse to a single chromatographic purification.
To the best of our knowledge, this constitutes the first
time a regiodivergent resolution has been successfully
applied in target-oriented synthesis.

A variety of amine and alcohol nucleophiles were investigated
and found to participate very well in the reaction (Table 2).
Using this new catalytic system, both regioisomers are generally
obtained in high ee and close to the theoretical maximum yield,
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Scheme 2. Regiodivergent Synthesis of Rotigotine 3 and (S)-8-OH-DPAT 4 from a Common Racemic Precursor

Table 2. Nucleophile Scope

a % isolated yield following column chromatography; % ee in
parentheses determined by chiral HPLC. b Reaction performed on a 5 g
scale of 1 with [Rh(cod)2OTf] (1 mol %) and (S,R)-2 (1.5 mol %). c DMF
added for solubility, reaction performed at 95 °C. d n-Bu4NI (20 mol %) in
place of NH4BF4.
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which is in contrast to our earlier report.3 Furthermore, the
reaction conditions were also highly compliant to scale-up and
could be run on a multigram scale with low catalyst loading (1
mol %) with no loss of yield or enantioselectivity (Table 2,
entry 2). Notably, phthalimide did not give either of the desired
products with NH4BF4 as an additive, but excellent results were
achieved with n-Bu4NI (Table 2, entries 7 and 8). Interestingly,
lower ee was observed when the reaction medium was an

alcoholic solvent (Table 2, entries 10-15), but this problem
could be solved by simply decreasing the amount of alcohol
present.

To demonstrate the power of this reaction further, the
optically pure oxabicyclic alkene 24 was subjected to each
enantiomer of the catalyst to give two regioisomeric products
in excellent yield and optical purity (Scheme 3).

In summary, a practical regiodivergent resolution was
developed using a novel cationic Rh(I)-2 catalyst complex
with protic additive. To illustrate the utility of the method,
Rotigotine 4 and (S)-8-OH-DPAT 5 were both synthesized
from oxabicycle (()-1 in 80% combined overall yield (39%
and 41%, respectively). We are currently investigating
catalytic methods to access enantiomerically pure oxabicyclic
alkenes which in combination with this chemistry will open
up a new realm of efficiency in the synthesis of many
valuable bioactive aminotetralins.
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Scheme 3. Regiodivergent Reaction of an Optically Pure
Oxabicyclic Alkene
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