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L1: Ar = 2,6-i-Pr,CgH3
L6: Ar = 9-anthracenyl

A chiral catalyst prepared from N,N -dioxide and Co(BF,),-6H,0 was applied in the asymmetric hydride transfer initiated cyclization reaction,
giving optically active tetrahydroquinolines in good yields with high enantioselectivities under mild reaction conditions. Meanwhile, in light of the
absolute configuration of the product, a possible working model was proposed to explain the origin of the activation and asymmetric induction.

Optically pure tetrahydroquinoline derivatives are widely
used in organic synthesis and pharmaceutical chemistry due
to their significant building blocks and intriguing biological
activities." Traditional methodologies for the formation of
these lichipins mainly include the Povarov reaction® and
reduction of quinolines.® As an alternative straightforward
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approach to afford tetrahydroquinolines, the intramolecu-
lar tandem hydride transfer/cyclization® process (Scheme 1),
which undergoes a zwitterionic intermediate formed by a
1,5-hydride transfer, has been developed in recent years.
To the best of our knowledge, only two asymmetric exam-
ples have been described subsequently by the Seidel group
and Kim group. Bis(oxazoline)-Mg(OTf), catalyst® and
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Scheme 1. Mechanistic Concept for the a-Alkylation of Amines
via 1,5-Hydride Transfer/Cyclization
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organocatalyst® were used to promote the intramolecular
asymmetric tandem 1,5-hydride transfer/cyclization with
excellent enantioselectivities. However, high temperature
(80 °C) or a long reaction time (4—12 days) was involved
in these cases. Thus, searching for new catalyst systems that
could achieve high reactvity and enantioselectivity under
mild reaction conditions and extending the substrate scope
are still challenging and desirable. Herein, we wish to report
a highly enantioselective intramolecular tandem hydride
transfer/cyclization of o-dialkylamino-substituted alkyl-
idene malonates, which could be tolerated under a chiral
N,N'-dioxide-Co(II) complex catalyst system, delivering the
corresponding optically active tetrahydroquinolines in ex-
cellent yields (up to 99%) with high enantioselectivities (up
to 90% ee).

In view of the requirement of effective activation as well
as the proper stereoinduction of the substrate by coordi-
nating with a chiral N, N'-dioxide—metal complex,”® alkyl-
idene malonate derivative la was selected as a model
substrate which could bind to the central metal with
dicarbonyl groups. Initiatlly, various metal salts such as
Mg", Fe', Ni"", and Co" chelated with L-proline-derived
N,N'-dioxide L1 (Figure 1) were used to catalyze this
tandem 1,5-hydride transfer cyclization (Table 1, entries
1—4). Gratifyingly, moderate enantioselectivity (51% ece)
and high yield were obtained using cobalt(II) as the central
metal. Then, the influence of counterions was investigated
(Table 1, entries 5—7), and a better result was obtained
with Co(BF,),+-6H,0 (Table 1, entry 7). Next, a series of
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Figure 1. Chiral ligands used in this study.
Table 1. Evaluation of Reaction Parameters®
lll Ph |
N
N,N"-dioxide-M CENIP“
| CH,Cl, COzMe
CO,Me
MeO,C~ "CO,Me
1a 3a
yield ee
entry ligand metal (%)° (%)
1 L1 Mg(OTf), 86 35
2 L1 Fe(BFy)y-6H0 NR°® -
3 L1 Ni(ClOy),-6H50 63 50
4 L1 Co(Cl10y),-6H0 92 51
5 L1 Co(AcAc), NR* -
6 L1 Co(OAc), NR* -
7 L1 Co(BF,)5-6H,0 95 57
9 L3 Co(BFy)y-6H,0 80 37
1 L5 Co(BF),-6H;0 93 7
12 L6 Co(BFy)s:6H0 99 87
134 L6 Co(BFy)s-6H,0 35 90

“Unless otherwise noted, reactions were carried out with ligand
(10 mol %), metal (10 mol %), and 1a (0.1 mmol) in CH,Cl, (0.2 mL) at
35 °C for 30 h. “Isolated yield. ¢ Determined by HPLC using chiral IC
column. ¢ Reaction was performed at 20 °C. *NR = No reaction.

N,N'-dioxides were examined (Figure 1). It was found that
the chiral backbone strongly affected both yield and
enantioselectivity. L-Proline derived L1 could achieve bet-
ter results than L-pipecolic acid derived L2 and L-ramipril
derived L3 (Table 1, entry 7 vs 8 and 9). Moreover, the
steric effect of the amide moiety played a crucial role;
bulkier groups at the o-position of aniline were superior to
smaller ones (Table 1, entries 7 and 10—12). High enantio-
selectivity (87% ee) was achieved using the L6—Co(BFy),-
6H,0 complex (Table 1, entry 12). Lowering the reaction
temperature to 20 °C further enhanced the enantioselec-
tivity to 90% ee but led to an obvious loss in yield (Table 1,
entry 13). Therefore, the optimal conditions were as fol-
lows: the L6—Co(BF,),:6H,0 complex (10 mol %; molar
ratio L6/Co(BF,4),-6H,O = 1/1), alkylidene malonate (0.1
mmol) in CH,Cl, (0.2 mL) at 35 °C.
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Table 2. Substrate Scope for the Catalytic Asymmetric
Intramolecular 1,5-Hydride Transfer/Cyclization of Acyclic
Compounds”

N._R? |
L6-Co(BF,),-H20 N_» R2
(1:1, 2-10 mol %)
| CH,Cl,, 35 °C @LLCOQT
R%0,C” “CO,R3 20-48 h COR
1a-p 3a-p
time yield ee
entry R? R® prod. () (%)’ (%F

1 Ph Me 3a 30 99 87
2 Ph Et 3b 48 60 84
3 Ph Bn 3¢ 24 93 86
4 2-MeCgH, Me 3d 32 95 90
5 3-MeCgH, Me 3e 48 83 87
6 4-MeCgH, Me 3f 40 84 83
7 2-MeOCgH, Me 3g 24 97 82
8¢ 2-MeOCgH, Me 3g 28 95 82
9 3-MeOCgH, Me 3h 40 85 85
10 4-MeOCgH, Me 3i 24 96 83
11 4-FCgH, Me  3j 48 86 86
12 4-C1CeH, Me 3k 48 81 86
13 4-BrCgH, Me 31 48 73 84
14 2,3-(Me0);C¢H; Me  3m 40 89 83
15°¢ 1-naphthyl Me 3n 24 97 87(S)
16 2-naphthyl Me 3o 20 97 86
17 2-thienyl Me 3p 48 90 79

“Unless otherwise noted, reactions were carried out with L6 (10 mol
%), Co(BF4),+-6H,0 (10 mol %), and 1 (0.1 mmol) in CH,Cl, (0.2 mL)
at 35°C. * Isolated yield.  Determined by HPLC using chiral IC column.
92 mol % catalyst was used. “ The absolute configuration was deter-
mined to be S by X-ray crystallographic analysis.

Under the optimized reaction conditions, a series of
substrates (la—p) were investigated. As summarized in
Table 2, the ester group of malonate derivatives had little
influence on the enantioselectivity (Table 2, entries 1—3).
Regardless of the electronic properties or steric hindrance
of the substituents on the aromatic ring, the corresponding
ring-fused tetrahydroquinolines were obtained in good
yields (73—99%) with high enantioselectivities (82—90%
ec; Table 2, entries 4—7 and 9—13) within less than 48 h.
The electrodonating groups on aromatic substrates exhib-
ited higher reactivity (Table 2, entries4—10vs 11—13), and
for the o-methoxy substrate 1g, the enantioselectivity was
still maintained even as the catalyst loading was decreased
to 2 mol % (Table 2, entry 8). Furthermore, disubstituted,
condensed-ring, and heteroaromatic substrates were also
well tolerated (Table 2, entries 14—17).

To extend the application of this protocol, further
examination of the substrates was focused on forming
polycyclic compounds. Under the same reaction condi-
tions (Table 2, entry 1), the desired product 3q was
obtained in 70% ee. To our delight, after a slight modifica-
tion of ligand, by altering the ligand L6 to L1 and
decreasing the reaction temperature to 0 °C, a higher ee
value (88% ee) of 3q was obtained (Table 3, entry 1).
Moreover, products incorporating five- and six-membered
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Table 3. Substrate Scope for the Catalytic Asymmetric Intra-
molecular 1,5-Hydride Transfer/Cyclization of Polycyclic
Compounds”

n |/ ’:‘\q Lo
N Ao DO
27 L1-Co(BF4),H20 Lo

(1:1, 10 mol %)

| CH,Cl,, 0°C
COzMe
MeO,C~ "COMe
19-s 3g-s
entry substrate product yiel(hi e
(%) (%)°
Lo ~5 »
1 COMe 90 88
| CO;VIe
MeO,C”COMe 1q 3q
{2 d
2 CO;Me 93 80
| CO,Me
MeO,C” COMe 1y 3r
O {
3 COMe 90 82
CO,Me
MeO,C” COMe 1 g 3s

“Reactions were carried out with L1 (10 mol %), Co(BF,),-6H,O
(10 mol %), and 1 (0.1 mmol) in CH,Cl, (1.0 mL) at 0 °C for 48 h.
b Isolated yield. ¢ Determined by HPLC using chiral OJ-H column.

Figure 2. Proposed transition-state model and the absolute con-
figuration of 3n determined by X-ray crystallographic analysis.

azacycles were also gained with promising yields and
enantioselectivities (Table 3, entries 2—3).

To gain insight into the mechanism, the relationship
between the enantiomeric excess of the product 3q and
N,N'-dioxide L1 was studied under the optimal condi-
tions (Table 3). A linear effect’ was observed, which mani-
fested that the monomeric catalyst may be the main
catalytically active species.'® On the basis of the absolute
configuration of product 3n,'" a possible transition-state
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model was proposed (Figure 2), in which the oxygens of N,
N'-dioxide, amide oxygens, and the alkylidene malonate
coordinated to cobalt(Il) in a hexadentate manner. The
carbanion prefers to attack the Re face rather than the
Si face of the imine because the latter is strongly shielded
by the nearby anthracenyl ring, which results in the
S-configured product.

In summary, we have developed a highly enantioselective
intramolecular 1,5-hydride transfer/cyclization of o-dialkyl-
amino-substituted alkylidene malonates using a 10 mol %
N,N'-dioxide—Co(II) complex, which facilitated the asym-
metric synthesis of biologically interesting tetrahydroqui-
nolines. Various tetrahydroquinolines were obtained in
good yields with high enantioselectivities (up to 90% ee)
under mild conditions. Meanwhile, a transition-state
model was proposed to explain the origin of the asym-
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metric induction. This catalyst system may provide a
new entry for other asymmetric hydride transfer cycli-
zation reactions. Further application of the current
method is currently underway.
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