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In recent years, use of water as a reaction solvent has receivedrable 2. Asymmetric Mannich-Type Reactions in Water

much attention in synthetic organic chemistrigecause water is ) OSiMeg 2'1';2((11(??" g}ol/)/) BZHN. 1 o
safe, cheap, and environmentally friendly. In addition, dehydrative 2 + R RS Additive (x mol %) E,ON s
drying of substrates and solvents is not required, and unique R T ocaon o RiR? :
reactivity and selectivity are often observed when water is used as (8.0 equ) S
a solvent. Whereas catalytic asymmetric carboarbon bond- additive yield
forming reactions in organic solvents have reached a fairly high ey R' R R? (mol %) (%)  synfanti  ee (%)
level of sophistication, comparable progress has not yet been 12 H H 4-Me-GH, 91 95
achieved for the reactions in aqueous solvents. In particular, these 2 _ g : j‘g"fo‘:ﬁm gi gé (08}
reactions in water without using organic cosolvents are difficult to 4d' Me H P-h “CoHa 6 91/9 og
achieve. Recently, some catalytic asymmetric reactions in water 5¢ Me H Ph TfOH (1) 5 91/9 90
have been developédHowever, to the best of our knowledge, 63 Me H Ph SDS (5) 9 91/9 78
catalytic asymmetric Mannich-type reactions in water have not been mg E L)E (T:qtzg )((5‘05(5) 91;) gj/g ;73
reported despite the synthetic utility of the Mannich addugts ( o Me H Ph CTAB (2) 93 94/6 9%
amino ketones or esters), which are versatile chiral building blocks 104 Me H Ph CTAB (2) 84 93/7 97
for the preparation of many nitrogen-containing, biologically 11 Et H Ph CTAB (2) 76 96/4  oF
(98.5/1.5y (>99.3)

T

important compoundsPreviously, we reported catalytic asymmetric 120 Me Et CTAB (2) 57 86/14 97
Mannich-type reactions in aqueous TH¥However, direct ap- (98.5/1.5§ (>99.5)>

plication of this catalytic system to reactions in water without THF 13 H Me Et CTAB (2) 94 12/88 94

gave unsatisfactory results. In this paper, we report that further 14 me '\HA ggu gﬁg g; 251’ g% 2_27‘
. . e u

exploration has led to a new system that enables enantio- andjgm e 9B CPB (2) 60 92/8 62

diastereoselective, stereospecific Mannich-type reactions in water
without any organic cosolvents. 31cwas used instead dfb. P After one recrystallization: Time = 36
Initial examination focused on the reaction of acylhydrazono ester h. ¢ E#Z= <1/>99. ©Ee of syn adduct.Performed with 5 mol %ab. 9 E/Z

= h Time = i ior di j = KE/Z =
2 with the silyl enol ether derived from acetophenone (Table 1). 98%%8"5/21—92/977% ?_};nie:ofdfrg?or diastereomerE/Z = 76/24. &/

o P:ﬁ:h B raml o R THF (entry 1 vs 2). To our delight, however, the enantioselectivity
1b: R' = OMe, RZ= H obtained was higher in water. We then decided to examine several
d b 16:R" = OMe, 2= B conditions to speed up the reaction in water. After many trials, we
R R finally found that use oflb’ led to remarkable acceleration of the

Table 1. Improvement of Asymmetric Mannich-Type Reaction reaction in water (entry 3). Furthermore, whisrwas used, a 95%
_NHBz ZnF, (100 Mol %)  gzHN. yield was obtained after 20 h, and a high level of selectivity was
Eto% ,  OsiMes Di;l%r;e(?mg/l;@) o MH O also attained (entry 4). Finally, it was surprising to find that the
I H PAh ——————— Ph reaction proceeded smoothly with excellent enantioselectivity in
2 (3.0 equiv) H0.0°C © the absence of TfOH (entry 8).
entry diamine fime (h) yield (%) ee (%) Since the new cate_llyst system usiihg_has bt_aen establ_ished,
we then employed this system in reactions with other silyl enol
12 la 72 93 92 . . .
2 1a 72 55 95 ethers in water. In the cases ofsbbstituted acetophenone-derived
3 1b 20 86 93 silyl enol ethers, the corresponding adducts were obtained in high
4 1c 20 95 96 yields with excellent ees (Table 2, entries3).
5b 1c 20 91 95

We next turned our attention to the enantio- and diastereoselec-
aH,O/THF = 1/9 was used as a solvent instead eHP Without TFOH. tive reactions using the silyl enol ethers derived frarmonosub-
stituted carbonyl compounds such as propiophenone. Unexpectedly,
Acylhydrazones are imine surrogates that are more stable thanthis type of reaction was found to proceed sluggishly regardless of
imines even in aqueous mediaMoreover, hydrazines such as the the existence of TfOH (entries 4, ) To accelerate the reaction,
products in the Mannich-type reactions are interesting compounds,addition of surfactants was then investigatedVhile sodium
not only because hydrazines themselves can be used as uniqueodecyl sulfate (SDS) or Triton X-405 was not effective (entries
building block$ but also because the-NN bond can be easily 6, 7), it was remarkable that cetyltrimethylammonium bromide
cleaved to afford amines. When a combination of Z(00 mol (CTAB) gave an excellent yield and that it also improved the ee
%), 1a (10 mol %), and TfOH (1 mol %) was usédhe reaction slightly (entry 8). It is noteworthy that a cationic surfactant is
in pure water proved to give a much lower yield than that yjOH effective in this reactioA? while an anionic surfactant has been
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Figure 1. Ortep drawing of [ZnGi—1b] moiety in the X-ray crystal
structure of [ZnCGl—1b-CH,Cl;]. Hydrogen atoms except NH are omitted
for clarify.

reported to work well in Lewis acid-catalyzed aldol reactidhs.
The reaction under neat conditions gave a much lower yield (4%
yield, syn/anti= 91/9, 94% ee (syn) for 5 h) than that in water
(68% vyield, syn/anti= 94/6, 97% ee (syn) for 5 h), suggesting the
importance of water. Moreover, it was found that 2 mol % CTAB
was sufficient for giving high yield and ee (entry 9). Under these
optimized conditions, it was possible to reduce the amouritbof

to 5 mol % (entry 10). Butyrophenone-derived silyl enol ether also
afforded the adduct in good yield with high stereoselectivity (entry
11).

The reaction of2 with the @)-silyl enol ether derived from
3-pentanone3Z) using 1b and CTAB afforded the adduct with
good syn selectivity and high ee (entry 12). To our surprise, the
anti adduct was obtained with good diastereoselectivity by the
reaction with thefE)-silyl enol ether 8E) under the same conditions
(entry 13). We next took an interest in the stereospecificity in the
reactions using thelH)- and @)-ketene silyl acetal derived from
Stert-butyl thiopropionate4E and4Zz), which gave synthetically
useful f-hydrazino thioesters. WhefE was employed, the anti
adduct was obtained selectively with high diastereo- and enantio-
selectivity (entry 14). In contrasZ proved to afford high syn
selectivity (entry 15). It was found that use of cetylpyridinium
bromide (CPB) instead of CTAB suppressed the hydrolysiézof
to some degree to improve the yield (entry 36 effect, good to
high stereospecificities were observed in the reactions with ®oth
and4.15 It is noted that these stereospecificities are rare examples
in the catalytic asymmetric Mannich-type reactitfrend that both
syn and anti adducts can be prepared by simply changing the
geometry of the silicon enolates. Furthermore, in many cases, the
adducts were highly crystalline, and one recrystallization from
ethanol/hexane afforded the diastereomerically and enantiomerically
almost pure materials (entries 2281, and 12).

To clarify the origin of the unique stereoselectivities, we finally
investigated the structure of the chiral catalyst. Although the single
crystal of Znk—1b complex was difficult to prepare due to the
low solubility of ZnF,, a complex suitable for X-ray analysis was
obtained from ZnGland1b (Figure 1). In this X-ray structure, the
asymmetric environment of the two Ph groups on the asymmetric
carbons was transferred to the two benzyl moieties on the nitrogen
atoms, as expected, which would play a key role for the high
stereoselectivity. In addition, interactions between the MeO groups
of 1b and Zr#* were not observed. On the basis of this observation
and the the similar ees given iy and1b (Table 1), it is implied
that the MeO groups afb do not coordinate to Z even in the
transition states in the asymmetric reactions.

In conclusion, we have developed efficient enantio- and diaste-
reoselective Mannich-type reactions of a hydrazono ester with

silicon enolates. Characteristic points of these reactions are as

follows: (1) The new catalyst system remarkably accelerated the
reactions in water without using any organic cosolvents. (2) TfOH

was not necessary in the system, and a cationic surfactant was
effective in some cases. (3) In contrast with most asymmetric
Mannich-type reactions, either syn or anti adducts were stereospe-
cifically obtained from E)- or (2)-silicon enolate. (4) Some
pertinent information on the chiral catalysts, the-hiral diamine
complexes, was obtained. We anticipate that this work will provide
a useful guide for the development of asymmetric carbzarbon
bond-forming reactions in water.
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