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ABSTRACT

0COCCls

chiral tin dibromide (5 mol %)

NaOEt (5 mol %) 0 HN’A(
R ™= Nal (10 mol %)
R? EIOH (10 oquiv), MS4A T =R
o THF, 60 °C R?
+ )I\ + ArNH, syn major
H COEt up to 98% ee (syn)

A catalytic enantioselective three-component Mannich-type reaction of alkenyl trichloroacetates, ethyl glyoxalate, and aniline derivatives was achieved
using an (S)-BINOL-derived chiral tin dibromide possessing a 4-trifluoromethylphenyl group at the 3- and 3'-positions as the chiral precatalyst in the
presence of sodium ethoxide, sodium iodide, and ethanol. Optically active -amino ketones with up to 98% ee were syn-selectively obtained in high
yields even from imines possessing a polar amino group under the influence of the in situ generated chiral tin bromide ethoxide.

The asymmetric Mannich-type reaction is a beneficid method
for preparing optically active 8-amino carbonyl compounds.*
Especidly, the three-component coupling procedure that uses
an enolate (or a ketone), an amine, and an adehyde is more
favorable than the two-component version that uses an enolate
(or aketone) and an imine because it does not require the tedious
preparation of imines and is applicable also to aliphatic imines,
which are difficult to isolate and purify.>”* The three-
component method does have a disadvantage in that a
moisture-sensitive Lewis acid cannot be used to catalyze the
reaction as a stoichiometric amount of water is generated
when an imine is formed from an amine and an aldehyde.
Furthermore, in the case of a strong Lewis acid catalyst, there
isanintrinsic problem that the catalytic activity is decreased
due to the coordination of the catalyst with the Mannich
product, which is more polar than the starting materias (i.e.,
product inhibition).'®> We found that an in situ generated
chiral tin bromide alkoxide possessing a binaphthyl structure
catalyzes the asymmetric three-component Mannich-type
reaction of akenyl trichloroacetate, amine, and adehyde
smoothly even in the presence of water or alcohol as well
as a polar substituent, such as an amino group or a phenolic
hydroxyl group, in the substrate (Scheme 1).° Reported herein are
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the preliminary results of a novel Mannich-type transforma-
tion.

Scheme 1. Chira Tin-Catalyzed Asymmetric Three-Component
Mannich-Type Reaction
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Firgt, using chird tin dibromide 1a’ as a chird precaayst, we
attempted to perform the reaction of 1-trichloroacetoxycyclohex-
ene® with ethyl glyoxdate and 4-methoxyaniline. When these
substrates were exposed to chird tin dibromide 1a (10 mal %),
NaOMe (10 mal %), and MeOH (10 equiv) in THF at 60 °C for
0.5 h, the targeted Mannich adduct was obtained in 83% yidd with
syn selectivity, dthough the enantiomeric excess was low (Table
1, entry 1). To improve the asymmetric induction, some drying
agents were tested as an additive, and consequently, Drierite and
MS 4A were found to effect higher enantiosdectivity (entries 2
and 3). Use of an NaOEt/EtOH combination further increased the



Table 1. Optimization of Catalytic Asymmetric Three-Component Mannich-Type Reaction of Alkenyl Trichloroacetates®

chiral tin (@ mol %)
NaOR (a mol %)

/©/OME
O HN

0OCOCCl3 OMe ROH (10 equiv)
/© additive
+ + _
H” SCOEt oy THF, 60°C N COE
(2 equiv) OO Ar
.Br
Sn_
SOl
Ar
chiral tin 1a-1d
entry Ar a R additive time, h yield, %° synlanti® ee, % (syn)?
1 4-t-BuCg¢H,4 (1a) 10 Me - 0.5 83 73127 4
2 4-t-BuCg¢H,4 (1a) 10 Me Drierite 0.25 91 70/30 59
3 4-t-BuCg¢H, (1a) 10 Me MS4A 0.25 90 70/30 62
4 4-t-BuCg¢H, (1a) 10 Et MS4A 0.25 >99 70/30 65
5 H (1b) 10 Et MS4A 0.25 97 84/16 22
6 Ph (1¢) 10 Et MS4A 0.25 99 71/29 73
7 4-CF3CeHy (1d) 10 Et MS4A 0.25 >99 70/30 78
8 4-CF3CeHy (1d) 5 Et MS4A 0.5 >99 70/30 78
9 4-CF3CeHy (1d) 5 Et MS4A, Nal (10 mol %) 0.5 >99 74/26 83

2 Unless otherwise specified, the reaction was carried out using chiral tin 1a—1d (5 or 10 mol %), sodium alkoxide (5 or 10 mol %), alkeny! trichloroacetate
(2 equiv), ethyl glyoxalate (1 equiv), 4-methoxyaniline (1 equiv), alcohol (10 equiv), and additivesin THF at 60 °C for the specified reaction time. ° 1solated
yield. ¢ Determined by 'H NMR analysis. @ The value corresponds to the syn isomer. Determined by HPLC analysis.

enantiomeric excess of the syn isomer to 65% (entry 4). We here-
upon examined the cataytic ability of chird tinsother than 1laand
as a result found that 1d was superior to la with regard to
enantiosdlectivity (entries 4—7). Reducing the amount of the
precatayst to 5 mol % did not affect the chemicd yied or the
sereosdectivity (entry 8). The optica purity of the syn isomer
findly reached 83% ee when acatadytic amount of Nal was added
(entry 9).
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With the optimized reaction conditions in hand, we investi-
gated the catalytic asymmetric three-component Mannich-type
reaction using diverse anilines (Table 2). Noteworthy was the
fact that the existence of a phenolic OH group, adialkylamino

Table 2. Catalytic Asymmetric Three-Component
Mannich-Type Reaction Using Various Anilines®

chiral tin 1d (5 mol %)

1 2
NaQEt (5 mol %) R R
Nal (10 mol %}

EtOH (10 equiv), MS4A O HN

0COCCl,

+ + _—
THF, 60 °C -
“NCO,Et
(2 equiv)
entry R! R? time, h yield, %" syn/anti€ ee, % (syn)?
1 H OMe 0.5 >99 74126 83
2 H OH [ >99 7723 84
3 H NMe, 1.5 98 72128 93
4 H NHPh 2 >99 76/24 81
5 H NHCOCH; 1.5 >99 75125 67
6 H -N 0 1 86 67/33 86
/
7 OMe OMe 1 86 81/19 88

2 The reaction was carried out using chiral tin 1d (5 mol %), sodium
ethoxide (5 mol %), sodium iodide (10 mol %), alkenyl trichloroacetate (2
equiv), ethyl glyoxaate (1 equiv), an aniline derivative (1 equiv), ethanol
(10 equiv), and MS4A in THF at 60 °C for the g)ecified reaction time.
b |solated yield. © Determined by 'H NMR analysis. ¢ The value corresponds
to the syn isomer. Determined by HPLC analysis.

group, a phenylamino group, or an amide group on the aromatic
ring did not significantly lower the reaction rate, and indeed, every
reaction was completed within 2 h (entries 2—5). What was even
more sgnificant isthat an aniline derivative possessng a dimethy-
lamino group afforded the syn product with 93% ee (entry 3). These

5311



results proved thet chird tin akoxides were virtudly unaffected
by polar products, in marked contrast to dassica Lewis acids®
Theintroduction of an additiona MeO group to the o-position of
4-methoxyaniline resulted in a better syn/anti ratio as well as a
higher enantiomeric excess (compare entries 1 and 7).

The usefulness of the present asymmetric Mannich-type
reaction was further exemplified by employing various
alkeny! trichloroacetates of ketones as shown in Table 3.

Table 3. Catalytic Asymmetric Three-Component
Mannich-Type Reaction Using Various Alkenyl Esters®

o
O HN

chiral tin 1d (5 mol %)
NaOEt (5 mol %)

OCOCCly x Nal (10 mol %)
o E1OH (10 equiv), MS4A
ST S e
THF, 60 °C .
e Mo COE iy R' SCo,Et
{2 equiv) R2
entry alkenyl ester X time, h  yield, %® suwiani¢  ee, % (syn)?
OCOCCly
1 OMe 1 99 77123 88
2 NMe, 1 96 75125 94
ococc
3 OMe 20 60 57/43 94
ococog
4 OMe 20 89 57/43¢ 94
Ph)\r”ﬂ
E/Z=19/81
5 0COCCl, OMe 20 89 68/32¢ 97
6 )\,ﬁ\/ NMe, 20 73 71/29¢ 98
E/Z=27/73
) 0COCCl,
7 OMe 20 73 77/23¢ 98
Pr )\J,IPI'
E/Z=30/70
0COCCly
8 m OMe 20 63 73/27¢ 96
E/Z =70/30
0COCCl,
9 Ph N OMe 20 77 65/35¢ 97

Ph
E/Z = 55/45

2The reaction was carried out using chiral tin 1d (5 mol %), sodium
ethoxide (5 mol %), sodium iodide (10 mol %), alkenyl trichloroacetate (2
equiv), ethyl glyoxalate (1 equiv), an aniline derivative (1 equiv), ethanol
(10 equiv), and MSS4A in THF at 60 °C for the sdpecified reaction time.
b |solated yield. © Determined by *H NMR analysis. ¢ The value corresponds
to the syn or major diastereomer. Determined by HPLC analysis. € The
diastereomeric ratio.  Chiral tin 1d (10 mol %), sodium ethoxide (10 mol
%), and sodium iodide (20 mol %) were used.

Not only cyclic alkenyl esters but also acyclic ones
underwent the three-component coupling, although pro-
longed reaction times were necessary to obtain satisfactory
isolated yields (entries 4—9). As for cyclohexanone
derivatives, the inclusion of bulky substituents at the
appropriate position seemed to contribute to effective
enantioface discrimination (entries 1—3). In contrast,
acyclic alkenyl esters generally showed superior enanti-
oselectivity of up to 98% ee despite the fact that a mixture
of E/Z stereoisomers was used (entries 4—9). Dimethy-
lamino-substituted aniline furnished the corresponding
optically active Mannich products with enantiosel ectivities
that were much higher than those furnished by 4-meth-
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oxyaniline without significant loss of the chemical yield
(compare entries 1, 2, 5, and 6).

The proposed catalytic mechanism is shown in Figure 1.
First, an in situ generated chiral tin bromide ethoxide,
R*,SnBr(OEt), reacts with alkenyl trichloroacetate 2 to yield
chiral tin enolate 3 accompanied by ethyl trichloroacetate.

Ar\
OSnR%:Br co Et NSnR*gBr
R1)\, > Mcoza
3 R?
EtOCOCCI, EtOH

oc:oc:m3

j\ R*,SnBr(OEY)

2R2

JH/*KCOZEt
R2
5

Figure 1. Plausible catalytic cycle for the asymmetric Mannich-
type reaction catalyzed by chiral tin bromide ethoxide.

Chiral tin enolate 3 then undergoes addition reaction with
an imine that is generated from ethyl glyoxalate and an
aromatic amine, affording chiral tin amide of Mannich adduct
4. Finally, protonation of tin amide 4 with ethanol resultsin
the formation of targeted nonracemic f3-amino ketone 5 along
with the regeneration of chira tin bromide ethoxide. The
rapid alcoholysis of tin amide 4 makes the catalytic cycle
possible.

In summary, we have demonstrated a catalytic enantiose-
lective three-component Mannich-type reaction of alkenyl
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trichloroacetates, ethyl glyoxalate, and aniline derivatives.
The main characteristics of this reaction are as follows: (1)
optically active 3-amino ketones with up to 98% ee are syn-
selectively obtained in high yields even from imines pos-
sessing a polar amino group under the influence of the in
situ generated chiral tin bromide ethoxide; (2) this method
is environmentally friendly because the amount of toxic
organotin compound is reduced to a catalytic amount; (3) in
the present three-component system no aldol reaction occurs
and corresponding /3-hydroxy ketones are not formed; and
(4) no p-elimination of the product takes place under
conventional reaction conditions. This is a novel example
of a catalytic asymmetric Mannich-type reaction that pro-
ceeds via a chiral tin enolate according to a catalytic
mechanism different from those of conventional Mannich

(7) Yanagisawa, A.; Satou, T.; lzumiseki, A.; Tanaka, Y.; Miyagi, M.;
Aral, T.; Yoshida, K., Chem.—Eur. J. 2009, 15, 11450.
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processes. Further studies on the extension of the present
catalytic system to other asymmetric reactions are underway.
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