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High pressure is one of the factors that can effectively accelerate Table 1. Mannich Reaction of Various Aldehydes, p-Anisidine,
many organic transformatioAslthough its use in organic synthesis ~and Acetone Catalyzed by L-Proline under Ambient Pressure and
. L . . h . High Pressure Induced by Water-Freezing?
is rather limited owing to the necessity for special high-pressure
apparatus. A new and easy method for generating high pressure is®"Y aldehyde MPa  °C h %  %ee

desirable. We have been investigating the novel method of high 1°  p-nitrobenzaldehyde 01 23 $0 94
pressure induced by water-freezing, in which the high pressure (ca. g B:R:ggggg;g:gg%gg 8% _2023 1212 ;,20 gg
200 MPa) is easily achieved simply by freezing wate2Q °C) in 4 p-nitrobenzaldehyde 200 -20 12 58 o1f
a sealed autoclaveThe Michael reaction of alcohols with,3- 5 p-BromOBenza:geEyge 01 23 28 %25 8%
e i i N &b ; 6 p-bromobenzaldehyde 200 —20 28 5P 959
enone¥and the B_ayll.&Hlllmann reactiof” have been effectively - benzaldehyde 01 23 72 42 79
accelerated by this high pressure. 8 benzaldehyde 200 -20 72 9% 9
The Mannich reaction, on the other hand, is synthetically useful 9 1-naphthaldehyde 0.1 23 48 %14 8d
for the construction of nitrogen-containing moleculeRecently 10 l-naphthaldehyde 200 -20 48 67 93
o . 11¢  2-naphthaldehyde 0.1 23 85 96
many excellent results have appeared describing catalytic asym- 15 2_paphthaldehyde 01 23 24 95 89
metric variants of this reactiohl® among which is an elegant, 13 2-naphthaldehyde 200 —20 24 64  off
asymmetric, three-component Mannich reaction catalyzed by proline 14  o-anisaldehyde 0.1 23 24 25 92
Y ! p alyzed by p 15  o-anisaldehyde 200 —20 24 6F 97
reported independently by Lisand Barba$. Despite the high 16  mranisaldehyde 01 23 96 94 63
enantioselectivity, there are limitations to List's reaction: Yields 17 m-anisaldehyde 200 —20 96 83 97
are generally insufficient when acetone is used as the Mannich 18 p—an!sa:geﬂyge 8-1 ‘213 92 28 s
. . - p-anisaldehyde .
donor, while the Mannich acceptor should be electron-deficientand 5 p-anisaldehyde 200 —-20 96 98 949

highly reactive. 21 3,4-dimethoxybenzaldehyde 0.1 23 9% 0
In this communication, we describe how our newly developed, 22  3,4-dimethoxybenzaldehyde 200 —20 96 65 95

. : 23  N-acetyl-(4-formyl)aniline 0.1 23 24 O
high pressure_met_hod has been_ applied to the—Bsirbas- _ 24 N-acetyl-(4-formyhaniine 200 —20 24 82 9
Mannich reaction, in the expectation that the effects of both high 25  2-furalaldehyde 0.1 23 41 ©5 95
pressure and low temperature would play pivotal roles; i.e. that g? 2-fu|ra;\|ald?hyc:3e dehvd 20% 1—2023414095;23>gg
; ; . ; cyclohexylcarbaldehyde .
the yield and enantioselectivity would be improved due to the cyclohexylcarbaldehyde 200 —20° 40 9@ a4

negative activation volume of the three-component coupling reaction
and the lower temperature, respectively. aThe molar ratio of aldehydp:anisidiner-proline= 1:1.1:0.3, DMSO
The Mannich reaction gf-bromobenzaldehyde;anisidine, and was used as solverftisolated yield.° Data of ref 4b.d The yield of the
acetone was investigated under high-pressure induced by water-Mannich adduct®The two-step yield of the amino alcohol derived from
. . . LiAIH 4-reduction of the labile Mannich adduct, see Supporting Information
freez.lng, z_and itwas founq that the Mann'ch and ald?' add!"Cts WET€ for details.’ Enantiomeric excess was determined by chiral HPLC analysis
obtained in 57% vyield with 95% ee, and in 11% yield with 78% of the Mannich adduc® Enantiomeric excess was determined by chiral

ee, respectively.When the same reaction was performed under HdeLuCctabr;/atlr)]/Zil‘soﬁ(f)\}\n%ng;%)fégl:??oflil)y:eeotlngtrigrle\zz/\{tideiernghseilya?ircﬂCh
ambient pressure at room temperature, the reaction proceede(ﬁ/ith TBSOTf and 2,6-lutidine, (3') separation of thati- from the syn

slowly, affording the Mannich adduct in 25% yield with 88% ee, isomer. See the Supporting Information for details.
the aldol product in 10% yield with 74% ee, andgiromophenyl)-
3-butene-2-one, the dehydrated product, in 12% yield. adducts are prone to racemize during purification, they were isolated
as the corresponding amino alcohols after reduction with LiAIH
oo For electron-deficient aldehydes such @sitro- and p-bro-
A @ . @ Lpone 0 HNTST ﬁ\f{'@ . )14\@ mobenzaldehydes, the yield at room temperature under 0.1 MPa is
B Ome DMOEN /UV\@& & o only 20-25%, while it is 57-58% under water-freezing high-
200MPa,-20°C  57%,95% 66 11%, 78% ee 0% pressure conditions, when the optical purity is®5% ee (entries
O:1MPa, 23°C 2% 86% 60 10%, TATe 0 12 2—6). At low temperature<£20 °C) under 0.1 MPa, the reaction
) ) . proceeds very slowly, affording only a minute amount (5%) of the
As the reaction under high pressure gave the Mannich productNIannich adduct in very high optical purity (98% ee) (entry 3).

in better yield and enantlosele(_:tlwty without concomitant formatloq These results clearly indicate that high pressure decreases the optical
of thea,3-enone, the present high-pressure method has been applied

. ) ) . purity® but increases the reaction rate, while lowering the temper-
to other aldehydes to investigate the generality of the reaction, the . . . o
) . . .~ “ature decreases the reaction rate but increases the optical purity in
results being summarized in Table 1. As some of the Mannich

the reaction ofp-nitrobenzaldehyde.
t Tokyo University of Science. The reactions of benzaldehyde, and 1- and 2-naphthaldehydes
I RIKEN. under water-freezing high-pressure conditions afford Mannich

CHO  NH, OMe
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adducts in good yield (6499%) with excellent enantiomeric excess
(91—-93% ee), in marked contrast to the reaction at room temper-
ature under 0.1 MPa, in which low yields (225%) and decreased
enantioselectivity (7989% ee) are obtained (entries-I3).

For electron-rich aldehydes, both yield and optical yield are low
at room temperature under 0.1 MPa, and in particular, no reaction
proceeds in the cases pfanisaldehyde, 3,4-dimethoxybenzalde-
hyde, andN-acetyl-(4-formyl)aniline, while good yields (6999%)
and excellent enantioselectivities (927% ee) have been realized
under water-freezing high-pressure conditions (entries 2.
Higher temperature (4%C) had no beneficial effect either on yield
or enantioselectivity as the Mannich producipedinisaldehyde was
obtained in only 20% yield with lower enantiomeric excess (54%
ee), along with several unidentified products (entry 19), while the
Mannich adduct was obtained quantitatively and in 94% ee (entry
20), without any byproducts under our high-pressure conditions.

2-Furalaldehyde and aliphatic aldehydes such as cyclohexylcar-
baldehyde also react under water-freezing high-pressure condition
to give Mannich adducts in good yield and high optical purity
(entries 25-28).

Generally a small amount af,-enone product was observed
at ambient pressure, which was not formed at high pressure.

The predominant enantiomer formed is the same irrespective of

S

side reactions such as the formationogf-enone. An especially
noteworthy feature is that electron-rich, aromatic aldehydes, unre-
active substrates under ambient pressure, can be successfully
employed, affording the product in good yield. Moreover, by using
4-tert-butyldimethylsiloxyaniline, removal of tHe-substituent can

be successfully performed without affecting any other oxidatively
labile, electron-rich aromatic groups, affording thar and anti-
1,3-amino alcohols, both of which are synthetically useful, in high
optical purity. Its high yield, excellent enantioselectivity, and
operational simplicity, combined with the availability and low cost
of the catalyst as well as the diversity of the accessible chemical
structures, mean the present reaction will prove useful in synthesis.
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pressure, and its absolute stereochemistry is expected to be the sam/Ps-acs.org.

as that determined by List and Barbas et-al.

Next 4tert-butyldimethylsiloxyaniline was employed instead of
p-anisidine, because thié-substituent can be easily removed under
mild oxidative conditions. 4ert-Butyldimethylsiloxyaniline reacts
even with highly electron-rich, unreactive, 3,4-dimethoxybenzal-
dehyde, affording the Mannich adduct with the same efficiency as
doesp-anisidine. After reduction with LiAll, protection of the
hydroxyl group with TIPSOTf and 2,6-lutidine and separation of
theanti- andsyrrisomers, theert-butyldimethylsiloxyphenyl moiety
could be removed by our recently developed method using Phl-
(OCOCKR),® to afford the 1,3-amino alcohol, without affecting the
electron-rich 3,4-dimethoxyphenyl moiety, while oxidative removal
with CAN or DDQ gave complex mixture.As selective reduc-
tions of 1,3-aminoketones to baslynr andanti-1,3-amino alcohols
are knownt! the present procedure is one practical method for the
preparation of chiral 1,3-amino alcohols with eittsgm or anti-
stereochemistry.
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In summary, the water-freezing induced-pressure method widens
the scope and generality of the Lidarbas-Mannich reaction,
giving both better yield and enantioselectivity, the increases of yield
and optical purity being due to the high pressure and low
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