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ABSTRACT: The first asymmetric synthesis of oo
disubstituted allylic N-arylamines based on a palladium-catalyzed
allylic amination has been developed. The protocol uses highly
modular vinyl cyclic carbonates and unactivated aromatic amine
nucleophiles as substrates. The catalytic process features minimal
waste production, ample scope in reaction partners, high asym-
metric induction up to 97% ee and operational simplicity.

Building chiral quaternary and/or tetra-substituted tertiary car-
bons from simple and readily available starting materials under
mild reaction conditions continues to be one of the most challeng-
ing and attractive research goals in modern synthetic chemistry.'
Chiral allylic amines are fundamental building blocks in organic
synthesis and their preparation is of high synthetic and industrial
interest.? Transition metal catalyzed allylic amination has up to
now been used as the most powerful and convenient tool for
construction of a-mono-functionalized chiral allyl amines,’ with
iridium based catalysts representing privileged systems in this
domain "

Despite significant progress in this area, the catalytic formation
of chiral ¢ o~disubstituted allylic amines incorporating tetra-
substituted tertiary carbons attained through allylic amination has
proven to be very challenging and remains a largely unexplored
field of science.*’ In this respect, Nguyen et al. recently reported
the first general allylic amination towards chiral ¢, a-disubstituted
allylic amines based on rhodium catalysis (Scheme 1a).” Howev-
er, the use of economically more attractive palladium catalysis in
the context of allylic amination providing products with chiral
tetra-substituted tertiary carbons, continues to be an unsolved
problem.* A key challenge is that nucleophilic attack on the steri-
cally more crowded internal carbon center of the Pd-allyl species
is much more challenging than the attack on the terminal carbon
resulting preferably in linear rather than branched allylic amine
formation.** New methodologies that can invert this selectivity
bias should undoubtedly trigger general interest in the synthetic
communities and revive the use of alternative strategies towards
these important chiral allylic scaffolds. In a wider context, the
asymmetric synthesis of ¢, a-disubstituted trifluoroacetimidates
via intramolecular rearrangement® and the transition metal cata-
lyzed synthesis of (rac)-a, a-disubstituted allylic amines’ further
show the limited progress and challenging nature of the asymmet-
ric synthesis of ¢, a-disubstituted allylic amines.

Previous success in the palladium-catalyzed transformation of
vinyl carbonates with various electrophiles showed wide potential
towards the construction of enantio-enriched compounds such as
furans, tertiary vinyl glycols and oxazolidinones.® A key to this
success was the in situ formation of postulated zwitterionic n-allyl
palladium intermediates B and B” that result from a Pd-catalyzed
decarboxylation of vinyl cyclic carbonate A (Scheme 1b).

Scheme 1. Methodological Approach towards Chiral Al-
lylic Amines from Vinyl Carbonates and Amine Nucleo-
philes using Pd-Catalysis
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We hypothesized that, in the presence of a suitable chiral ligand
and amine nucleophile,” a dynamic kinetic asymmetric transfor-
mation (DYKAT) would be feasible if the isomerization of inter-
mediates B and B” through n—c—n interconversion occurs faster
than subsequent nucleophilic attack.?’ The asymmetric environ-
ment around the Pd center would then kinetically favor the for-
mation of one of the possible allylic amine enantiomers C or C”
(Scheme 1b) upon nucleophilic attack by amines. Herein we
disclose the first regio- and enantioselective synthesis of o a-
disubstituted branched allylic arylamines based on a Pd-catalyzed
allylic amination using substituted vinyl cyclic carbonates A and
unactivated aryl amine nucleophiles as reaction partners.

To challenge our mechanistic hypothesis, the reaction of phe-
nyl-substituted vinyl cyclic carbonate D and aniline was selected
as a model reaction (Table 1). Preliminary investigations (see SI,

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

Journal of the American Chemical Society

Table S1) suggested that a reaction temperature of 0°C and a
combination of Pd,(dba);-CHCI;/L1 (Table 1) is key to obtain an
appreciable yield of 1 (67%).'° At this temperature the formation
of a 1,4-but-2-ene diol by-product'’ is significantly suppressed.
Upon further decreasing the reaction temperature, very low con-
version was noted.

Table 1. Selected Screening Data towards the Formation of
Chiral Allylic Amine 1 using Vinyl Cyclic Carbonate D
and Aniline as Substrates”

[Pd], L*
OYO P Ph-NH, (1.5 equiv)
0] = solvent, 0°C, 12 h

L5 L6
Entry L Solvent Yield® [%] ee [%]
1 L1 CHCh 67 64(S)
2 L1 Toluene 52 59 (S)
3 L1 CH;CN 52 76 ()
4 L1 Et,0 67 75 (S)
5 L1 THF 76 95 (S)
6 L1 DMF 37 84.(S)
7 L2 THF 39 68 (S)
8 L3 THF 60 73 ()
9 L4 THF < ;
10 L5 THF ) )
11 L6 THF ) ]
12 L7 THF ) ]
13 L1 THF 73 95 ()
14¢ L1 THF 38 91 (S)
15 L1 THF 59 71(S)
16% L1 THF <15 ;
17" L1 THF 63 71(S)

“Reaction conditions unless stated otherwise: 0.2 mmol (1
equiv) of carbonate, aniline (1.5 equiv), Pdy(dba);-CHCI;
(1.25 mol%), L (5.0 mol%), 0.20 mL of solvent, 0°C, open
to air, 12 h. ’Isolated yield. “Determined by HPLC (see SI
for details). “Using Pd(dba), (2.5 mol%) as catalyst. “Reac-
tion at rt. /0.10 mL of THF. %0.30 mL of THF. #5 equiv of
aniline used.

Then the solvent and ligand effect was systematically opti-
mized at 0°C, and we were pleased to find that the yield of the
branched allylic amine 1 further increased to 76% with excellent
enantiocontrol (95% ee) using THF as solvent (Table 1, entries
1-6). The other phosphoramidite ligands L2-L7 gave inferior

results compared to the use of L1 under similar conditions (entries
7-12). The use of Pd(dba), was also productive (entry 13) but
showed poor reproducibility. The room temperature conversion
gave lower ee (91%, entry 14) and a significantly lower isolated
yield (38%). Similar erosion of the asymmetric induction was
noted when the reaction was performed at higher concentration
(entry 15, 71% ee). Lowering the concentration of the reactants
resulted in rather low conversions (entry 16). The use of a large
excess of aniline also led to a decrease of the enantioselectivity
(entry 17). The experimental observations reported in entries 14,
15 and 17 align well with the mechanistic hypothesis that the
asymmetric induction would be less efficient if the nucleophilic
attack by the amine is accelerated.'? Notably, base additives are
not required in this catalytic process which is crucial to control the
chemoselectivity of this transformation.'?
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Figure 1. Scope in aryl amine reaction partners. Reaction condi-
tions: 0.2 mmol carbonate, 0.3 mmol of arylamine, [Pd] =
Pd,(dba);-CHCL; (1.25 mol%), L1 (5.0 mol%), 0.20 mL THF,
0°C, open to air, 12 h. All reported yields are isolated ones after
column purification. “Pd,(dba);-CHCl; (2.5 mol%), L1 (10
mol%). 24 h. Note that in the X-ray structure for 1 (insert at the
top) only the alcohol-H is shown.

With the optimized conditions in hand, we then investigated the
scope in aryl amines towards the formation of the branched allylic
amines 1-15 (Figure 1)."* In general, the formation of these prod-
ucts proceeds with excellent enantioselectivity of up to 97%
(except for allylic amine 15). The absolute configuration of allylic
amine 1 (S) was unambiguously confirmed by X-ray diffraction
studies (Figure 1)."* The protocol is quite efficient for various aryl
amine reaction partners, including those having aryl groups with
para- (2-5, 8, 9 and 12), meta- (6 and 11) and ortho- (7 and 13)
substitutions. Both electron-donating (3, 5-7 and 12) and —with-
drawing groups (2, 4 and 9) are tolerated. The meta-nitro substi-
tuted aniline was also tolerated affording allylic amine 11 in 63%
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yield and 93% ee. The installation of indole (15) and 1,3-
benzodioxole (14) fragments, which are frequently observed in
relevant pharmaceutical compounds,'® is also possible. The reac-
tion with the ortho-methoxy-aniline gave a lower yield (7: 37%)
indicating some steric limitations of present methodology. The
use of sterically demanding N-methyl aniline resulted in quantita-
tive linear product formation, while no reaction was observed
under the optimal conditions utilizing indole or pyrrole nucleo-
philes. Further attempts to improve the enantioselectivity of prod-
ucts 15 and 25 using chloride additives failed."” Also, a linear
carbonate analogue was tested but gave as major product the
linear allylic amine under the optimized conditions (yield: 51%;
see the SI for details). This shows that vinyl cyclic carbonate
substrates have different intrinsic reactivity.
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Tt 1z /N
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OH

/ / /
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Figure 2. Scope in vinyl carbonate reaction partners. Reaction
conditions: 0.2 mmol carbonate, 0.3 mmol of aniline, [Pd] =
Pd,(dba);-CHCl; (1.25 mol%), L1 (5.0 mol%), 0.20 mL THF,
0°C, open to air, 12 h. All reported yields are isolated ones after
column purification. “Pdy(dba);-CHCl; (2.5 mol%), L1 (10
mol%). *Pd,(dba);-CHCl; (5 mol%), L7 (20 mol%).

We then focused on the investigation of the scope in vinyl car-
bonates (Figure 2). We gratifyingly noted that a wide range of
aryl-substituted vinyl cyclic carbonates were tolerated under the
reaction conditions giving access to the corresponding enantioen-
riched allylic amines 16-27 in appreciable yields and good to
excellent levels of enantioselectivity. It is worth noting that com-
pounds 1-27 also represent chiral vicinal amino alcohols which
are of high synthetic interest and have important applications in
biology.'®

The presence of substituents with different steric and electronic
effects in the vinyl carbonate proved to be useful reaction part-
ners. Generally, vinyl carbonates equipped with electron-donating
aryl groups gave more productive catalysis with high levels of
enantioselectivity (16-17, 20-24; > 88% ee). The carbonate
substrate having an ortho-Br substituent did not show any reactiv-
ity under the optimized conditions, while the meta-substituted
isomer gave the allylic amine product in 88% ee (see Supporting
information) though in low yield. Installation of thiophene moiety
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in the allylic amine is feasible (25; 80% yield, 76% ee) albeit with
a lower degree of enantiocontrol. This may be explained by the
presence of an additional hetero-atom that could interact with the
Pd catalyst during the enantiodetermining stage of the reaction.
Similar effects were noted when other reaction partners (aryl
amines or carbonates) incorporating heteroatoms were utilized
(cf., preparation of 15 and 27). Under the optimized conditions
using ligand L1, the use of a furyl-substituted carbonate afforded
allylic amine 27 with only 12% ee. The enantioselectivity could
be improved to 41% when bulkier ligand L7 was utilized at higher
catalyst/ligand loading. It is worth noting that in some cases the
linear product was observed and this resulted in a lower isolated
yield of the branched product (cf., syntheses of 7, 15, 22 and 26).

In order to further challenge the catalytic protocol, the enantio-
selective synthesis of methyl- and non-substituted (R = H) allylic
amines 28 and 29 was probed (Figure 3). Both allylic amine prod-
ucts were isolated in good yields (71-77%) with moderate enan-
tio-selectivity (46—60% ee); the use of ligand L7 did not improve
the enantioselectivity (see the SI). The introduction of a bulkier
cyclohexyl group (30: R = Cy) was not feasible.

aniline (1.5 equiv)
Pd(dba), (1.25 mol%) N 28: R = Me, 71%, 46% ee

R
L1 (5.0 mol%) NHPh 29 R = H, 77%, 60% ee
L TT%,
MO THE 12n Ho/\l‘ 30: R = Cy, 0% yield

Figure 3. Preparation of methyl- and non-substituted chiral allylic
amines 28 and 29, and attempted synthesis of 30.

In addition to the application potential of (chiral) allylic amines
reported previously,” a further synthetic use of these branched
allylic amines was exemplified by the preparation of chiral ether
31, oxazolidinone 32, diamine 33 and carbamate 34 from allylic
amine 1 retaining the original chirality (Figure 4).

N N
Bn0” y—=NHPh L 1) (i) PhHN/\I-:‘NHPh
Ph AN Ph
31: 90%, 93% ee Ho/\";NHPh 33: 52%, 93% ee
F’h \\ Ph o
1: 95% ee (iv)

PhHN o/\rNHPh

34: 93%, 93% ee

OS\ /\" (i)

32; 96% 95% ee

Figure 4. Conversion of allylic amine 1. Reaction conditions: (i)
BnBr (1.1 equiv), NaH (2.0 equiv), THF (1 mL), 0-rt, 15 h; (ii)
pyridine (4.0 equiv), triphosgene (0.50 equiv), CH,Cl,, 0-1t, 3 h;
(iii) See SI for experimental details and further comments; (iv)
phenylisocyanate (1.3 equiv), EzN (10 equiv), CH,Cl,, rt, 10 min.

In summary, we herein present the first regio- and enantioselec-
tive synthesis of ¢, a~disubstituted allylic N-arylamines based on a
palladium-catalyzed allylic amination protocol. This procedure
utilizes readily available and modular substituted cyclic vinyl
carbonates and unactivated aryl amines as reactants, can be oper-
ated without any special precautions and does not require any
additives. Therefore, this user-friendly and efficient methodology
marks a significant step forward in the challenging synthesis of
these chiral allylic amine scaffolds.

B ASSOCIATED CONTENT

Supporting Information

Complete experimental details, spectral data and HPLC analysis
for all new compounds. This material is available free of charge
via the Internet at http://pubs.acs.org.
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