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Abstract

A new type of Pd-catalyzed alkene carboamination reaction that provides direct access to
enantioenriched 2-aminoindanes from 2-allylphenyltriflate derivatives and aliphatic amines is
described. A catalyst generated /n situ from Pd(OAc), and (S)-tertButylPHOX provides the
functionalized carbocycles in good yield with up to >99:1 er. The transformations occur via a key
antf-aminopalladation that involves intermolecular attack of an amine nucleophile on an
arylpalladium alkene complex.
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Over the past several years our group has developed an efficient and practical protocol for
the generation of heterocycles via Pd-catalyzed alkene carboamination reactions between
aryl or alkenyl-X species (X = Br, 1, Cl, OTf) and alkenes bearing pendant nucleophiles.!
This method has been used to prepare a number of heterocyclic motifs, and has been applied
to enantioselective syntheses of pyrrolidines?, imidazoldin-2-ones3, tetrahydroquinolines,
tetrahydroquinoxalines, and tetrahydroisoquinolines* with excellent yields and
stereoselectivity. Although the scope of these transformations is quite broad, in all cases the
reactions involve the coupling of an alkene bearing a tethered nucleophile with an exogenous
electrophile such as an aryl bromide or triflate. To date, no examples of Pd-catalyzed alkene
carboamination reactions have been described in which the coupling partners are reversed
such that a free amine nucleophile is coupled with an alkene bearing a pendant electrophile.
In this communication we describe the first examples of Pd-catalyzed alkene carboamination
reactions between amine nucleophiles and 2-allylphenyltriflate derivatives, which afford
substituted carbocycles in good yield with excellent enantioselectivity.
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Experimental procedures, compound characterization data, and copies of 1H and 13c NMR spectra. “This material is available free of
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We envisioned that a new synthesis of amino-substituted carbocycles could potentially be
achieved through a Pd-catalyzed carboamination reaction between an aryl electrophile
bearing a pendant alkene and a free amine nucleophile (Scheme 1b). Most known alkene
carboamination reactions between aminoalkenes and aryl/alkenyl electrophiles proceed via
intramolecular syr-aminopalladation of an intermediate palladium amido complex, and
provide products resulting from an exocyclization process.> However, it seemed un-likely
that the syn-aminopalladation pathway would provide access to the desired carbocycles, as
this pathway would require an endocyclization through a highly strained transition state.

We recently reported a new synthesis of cyclic sulfamides via Pd-catalyzed alkene
carboamination reactions.® During the course of those studies we discovered that
transformations could be induced to proceed via anti-aminopalladation® under appropriate
reaction conditions (Scheme 1a, 1 — 3). In general, conditions leading to a more
electrophilic metal center (aryl triflate substrates and relatively polar PhCF3 solvent) favored
the formation of ant/-addition products. It seemed that the anti-aminopalladation pathway
could provide access to the desired carbocycles in this new type of alkene carboamination
reaction. As shown in Scheme 1b, oxidative addition of aryl triflate 4 to Pd(0) followed by
alkene coordination would afford 5, which could undergo intermolecular antr-
aminopalladation followed by reductive elimination to generate the desired product 6.

In our initial studies we elected to explore intermolecular carboamination reactions between
2-allylphenyltriflate derivatives 4 and amine nucleophiles. These transformations would give
rise to 2-aminoindane derivatives 6, which have not only attracted attention due to their
pronounced CNS activities,” but also appear as motifs in pharmaceutically relevant
molecules including autotaxin inhibitors,® and cathepsin d inhibitors.® In addition, the
required substrates could be prepared from readily available phenols in three steps via G-
allylation, aromatic Claisen rearrangement, and installation of the triflate moiety.
Optimization was initiated by employing conditions similar to those used in our prior
syntheses of cyclic sulfamides (which proceed via anti-aminopalladation). Efforts to couple
relatively electron-poor nitrogen nucleophiles such as sulfonamides, amides or imides with
4a were unsuccessful, and unreacted starting material was recovered (Table 1, entries 1-3).
However, we were delighted to see that the coupling of pyrrolidine with 4a led to the
formation of significant amounts of desired product 7 (entry 4). To further improve reactivity
a series of Buchwald-type biarylphosphines were surveyed,10 and we found BrettPhos
outperformed other ligands and provided a 68% isolated yield of the desired product (entry
7). Efforts to improve yield by decreasing reaction temperature were unsuccessful (entries 8
and 9). After continued experimentation we found that performing the reaction with slight
excess of pyrrolidine led to a cleaner reaction with no observed by-products by crude H
NMR (entry 10), and provide the desired product in essentially quantitative yield.
Interestingly, despite the utility of the Buchwald ligands for Pd-catalyzed N-arylation
reactions, in this system side products resulting from N-arylation were not observed.

Having successfully optimized the coupling of pyrrolidine with 2-allylphenyl triflate to
generate the achiral 2-aminoindane derivative 7, we turned our attention to the development
of an asymmetric variant of this reaction to generate chiral aminoindane products. In our
optimization studies we examined the coupling of 2-allyl-1-naphthy!l triflate 4b with
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pyrrolidine. A series of chiral phosphine ligands were examined that have similar steric and
electronic properties as the BrettPhos ligand, which provided good results in our achiral
aminoindane synthesis. Initial studies with MOP-type ligands (L1-L5) did provide some
asymmetric induction, but efforts to improve enantioselectivity by modifying the alkoxy
substituent, the phosphine moiety, or use of a partially hydrogenated backbone did not lead
to satisfactory results. We subsequently turned our attention to PHOX-type ligands L8-
10,11 as these ligands have previously shown utility in other asymmetric Pd-catalyzed
reactions.11:12 Ligand L8 afforded the product in 86:14 er, which was improved to 88:12 er
by conducting the reaction in toluene. Replacement of the diphenylphosphino group with a
dicyclohexylphosphino group (L9) provided lower selectivity. However, use of a bulky fert
butyl group rather than an isopropy! group on the oxazoline (L10) led to significant
improvement, and the desired product (/)-8a was generated with >99:1 er in 98% isolated
yield.13

With optimized conditions in hand we proceeded to explore the scope of this transformation.
The coupling reactions of 2-allylnaphthy! triflate 4b with several different amines proceeded
in good to excellent yield and enantioselectivity. The best results were obtained with cyclic
amines (entries 1-4), however, the use of an acyclic secondary amine (diethylamine)
proceeded in lower yield and selectivity (entry 5). Both linear and a-branched 1° amines
(entries 6 and 7) afforded the desired product in good to excellent yields with
enantioselectivities of >99:1 and 97:3 er respectively. Transformations of 4-substituted 2-
allyphenyltriflate derivatives were also successful. The coupling of electron-rich 2-allyl-4-
methoxyphenyl triflate 4c with pyrrolidine afforded a moderate yield of 56% but excellent
97:3 er (entry 8). Similar results were obtained with 7-octylamine, (entry 9). The coupling of
the less-electron-rich 2-allyl-4-fluorophenyl triflate 4d with pyrrolidine proceeded in 77%
yield and 98:2 er. The modest yields obtained with electron-rich substrate 4c could be due to
the reduced electrophilicity of cationic Pd-intermediate 5 (Scheme 1b), which could inhibit
alkene coordination and decrease the facility of nucleophilic attack on the alkene. The
coupling of 4b with pyrrolidine on a 1.0 mmol scale provided essentially identical results to
the small scale (0.1 mmol) coupling reaction (entry 2).

To further probe the mechanism of this transformation we examined the coupling of
deuterated substrate d-4a with pyrrolidine. As shown in equation 1, this reaction provided
d-7 with a c/s-relationship between the D-atom and the proton adjacent to the amino group.
This outcome confirmed the anti-addition pathway by way of intermediate Pd-alkene

complex 9.
oTf _ . " OTf D
D =, 3 | .,
e ‘NR,
d-4a 9 KN(H)RQ d-7

)]

The stereochemical outcome of these reactions is likely determined in the C-N bond-
forming aminopalladation step. As shown in Scheme 2, attack of the amine nucleophile on
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the Pd-bound alkene in complex 10 leads to the observed major enantiomer. In contrast,
nucleophilic addition to complex 11 is likely disfavored due to steric repulsion between the
bulky zert-butyl substituent on the ligand and both the alkene and the incoming
nucleophile.14

In conclusion, we have developed a new class of alkene carboamination reactions that
generate carbocyclic products bearing amino groups via coupling of amine nucleophiles
with 2-allylphenyltriflate derivatives. These are the first examples of Pd-catalyzed alkene
carboamination reactions in which the key aminopalladation step is an intermolecular
process. These reactions illustrate the potential to employ Pd-catalyzed alkene
carboamination reactions for the generation of carbocycles rather than heterocycles, and
provide straightforward access to potentially useful 2-aminoindane derivatives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(a) Previous work: Intramolecular anti-aminopalladation
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(b) This work: Intermolecular anti-aminopalladation
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Scheme 1.
anti-Aminopalladation Mechanisms
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Optimization of Asymmetric Reactions?

Table 2

4b
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Pd(OAC); (4 mol %)
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88:12 er?

oo
I . OMe

L3
52:48 er

PCYZ
! [ NMEQ

L6
13:87 er

(o] '3
sl
PCYQ'BHg

L9
7327 er.

PCY?
I ! OMe
L4

51:49 er

E \PPh2
" PPh,
7

L
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>89:1 er
98% yield®

aConditions: 1.0 equiv 4b, 1.2 equiv amine, 1.4 equiv Lio®Bu, 4 mol % Pd(OACc)2, 10 mol % ligand, PhCF3 (0.1 M), 95 °C, 16 h.

b . .
The reaction was conducted in toluene solvent.
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Table 3
Asymmetric Synthesis of Aminoindanes?
Pd(OAC), (4 mol %)

AOT (S)-+-BUPHOX (10 mol % (& H

| + amine 9 | NR'R?
ES N LiOBu, toluene, 95°C R~

R 4 Ba-i
entry substrate amine % yieldP er
1 CNH 98 >99:1
2¢ 95 99:1
N\
3 4b o__MH 88 95:5
4 ab AH 90 95:5
—/\
5 4b M 47 8ol
6 4b <:>_N”2 63 >99:1
7 4b M TNH, 82 97:3
oTf
8 MeO/CL/‘\ CNH 56 97:3
4c
9 4c M NH, 59 >99:1
oTt
10 g/\\ CNH 7 98:2
4d

aConditions: Reactions were conducted on a 0.1 mmol scale using 1.0 equiv 4, 1.2 equiv amine, 1.4 equiv Lio%Bu, 4 mol % Pd(OAc)2, 10 mol %

(S)—tBu—PHOX, toluene (0.1 M), 95 °C, 3-16 h.
blsolated yields (average of two or more experiments).

c .
The reaction was conducted on a 1.0 mmol scale.
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