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Recently, Lewis acid catalysts have been developed for enanti- Table 1. Effect of Counterions

oselective addition reactions to imines)cluding processes such ZnXs (10 mol %)
as Mannich-typé&, Streckei® allylation and aza-DielsAlder® Ph,  Ph
reactions. Among them, asymmetric Mannich-type reactions provide NHE2 N"'* AY BoHN
useful routes for the synthesis of optically actfi<amino ketones N OSiMe; pf ] en RO
or esters, which are versatile chiral building blocks for the EIO\H\H T Aen (12 mol %) E'oNph

reparation of many nitrogen-containing, biologically important © 0
Eon?pounds. ’ ’ ’ e 2 (15 :quiv) Hzg['rc'-,";; h”9 A

In recent years, organic reactions in aqueous media have attracted

a great deal of attention, not only because these reactions eliminate___" %, yield (%) ee (%)
the necessity of vigorous drying of solvents and substrates, but also 1 Zn(OTfy 21 24
because unique reactivity and selectivity are often observed in :2:, éﬂg'o“)Z"sHZO tzrgce 2_6
aqueous reactiorfsin the course of our investigations to develop 4 ch; N.R2 _
efficient organic reactions in water, we have exploited several 5 Znk 7 86

carbon-carbon bond-forming reactions catalyzed by water-compat-
ible Lewis acids such as rare earth metal triflates in aqueous rhedia. #N.R= no reaction.
Quite recently, we and others have also developed catalytic
asymmetric versions of Lewis acid-mediated reactions such as

aldol 8 Diels—Alder,? and allylatiot® reactions in water-containing ™ (i rtant feature in desiani hiral ligand for Lewi

solvents. However, as far as we know, catalytic asymmetric id emdgst "gpo atr) eaturein e&gmnglag ',rta tl)gag or EWISt

Mannich-type reactions in agueous media have not been reported.acI -mediated reactions in aqueous mecia IS 1tS binding property
to metal cations. We noted the strong binding ability of ethylene-

L " ) . . .
* Corresponding author. E-mail: skobayas@mol.f.u-tokyo.ac.jp. diamine to ZA Catlon' _and dECIde.d to test Varlous chiral
(1) Kobayashi, S.; Ishitani, HChem. Re. 1999 99, 1069. analogues of ethylenediamine for Mannich-type reactions in aqueous

(2) For representative examples of Lewis acid-promoted enantioselective . .
Mannich-type reactions, see: (a) Ishihara, K.; Miyata, M.; Hattori, K.; Tada, med_'a'_ As for substrates, we focu_sed on acylhydrgzbﬁmh;ch
T.; Yamamoto, H.J. Am. Chem. S0d.994 116, 10520. (b) Ishitani, H.; are imine surrogates stable even in aqueous niédifter many

Ueno, M.; Kobayashi, SI. Am. Chem. S0d.997, 119, 7153. (c) Ishitani, . ; ; :
H.. Ueno, M.; Kobayashi, SJ. Am. Chem. So@000 122, 8180. (d) trials, we found that the use of diamine ligahtt and Zn(OTf}

Here we report the first example of this type of reaction using a
combination of Znk and a chiral diamine.

Hagiwara, E.; Fujii, A.; Sodeoka, M. Am. Chem. S0d.998 120, 2474. gave low but significant ee (24% ee) in the reaction of hydrazono

(e) Ferraris, D.; Young, B.; Cox, C.; Dudding, T.; Drury, W. J., llI; ; ; f

Ryzhkov, L Taggi, A. E.; Lectikal. J. Am. Chem. S02002 124, 67. (7) ester2 Wlth silyl enol ether3 in HZO/THF (1/9). The effec_t of

Nishiwaki, N.; Knudsen, K. R.; Gothelf, K. V.; Jargensen, K. Angew. counteranions of At was then examined (Table 1), and it was

Chem., Int. Ed. Engi2001, 40, 2995. = = . __found that the same level of enantioselectivity was obtained when
(3) For representative examples of Lewis acid-catalyzed enantioselective . . .

Strecker reactions, see: (a) Sigman, M. S.; Jacobsen, E.Amn. Chem. Zn(ClOy), was used. While no desired product was obtained when

Soc.1998 120 5315. (b) Ishitani, H., Komiyama, S.; Kobayashi/gew. — ZnBr, or ZnCl, was employed, it was remarkable to find that high

Chem., Int. Ed. Engl1998 37, 3186. (c) Ishitani, H.; Komiyama, S.; . . . .

Hasegawa, Y.; Kobayashi, S. Am. Chem. So200Q 122, 762. (d) enantioselectivity was obtained with the use of ZmMdthough the

Krueger, C. A.; Kuntz, K. W.; Dzierba, C. D.; Wirschun, W. G.; Gleason,  yijeld was low, this high ee prompted us to investigate the,ZnF

J. D.; Snapper, M. L.; Hoveyda, A. H. Am. Chem. S0d999 121, 4284. diated . furth

(e) Takamura, M.; Hamashima, Y.; Usuda, H.; Kanai, M.; Shibasaki, M. Mediated reaction further.

Angew. Chem., Int. Ed. Eng200Q 39, 1650. The reaction conditions were examined to improve the yield
(4) (2 Nakamura, H.; Nakamura, K., Yamamoto,rAm. Ghem. 500998 Table 2), and first, the amount of Zpwas increased to 100 mol

120, 4242. (b) Gastner, T.; Ishitani, H.; Akiyama, R.; Kobayashisgew. ( ), . ) ' bl ! ’ e
) C(Zf;eFT.t,tln,t. KEd%(ool 40, t18?_8. Org. Chem1962 57, 3264, (b) Ishitani %. Interestingly, although the yield was low, high enantioselectivity

a) Hattori, K.; Yamamoto, HJ. Org. Chem , . shitani, . : . . .

H.; Kobayashi, STetrahedron Lett1996 37, 7357. (c) Kobayashi, S.; was still mamta_'nEd deSp'te using a Ir_:lrge excess szl‘_ﬂry 1)' )

Komiyama, S.; Ishitani, HAngew. Chem., Int. Ed. Engl99§ 37, 979. Next, we examined the effect of additives. It was exciting to find

(d) Yao, S.; Saaby, S.; Hazell, R. G.; Jgrgensen, KCAem. Eur. J200Q . : f :
6, 2435. (6) Bromidge, S.; Wilson, P. C.; Whiting, Aetrahedron Lett. that a catalytic amount of trifluoromethanesulfonic acid (TfOH)

199§ 39, 8905. dramatically increased the yield (entries 1 and 2), and that the best

(6) (a)Li, C.-J.; Chan, T.-HOrganic Reactions on Aqueous Mediahn Wiley i 0
& Sons: New York, 1997, (bPrganic Synthesis in WateErieco, P. A., ee was obtained when 1 mol % of TfOH was used. The same level
Ed.; Blacky Academic and Professional: London, England, 1998.

(7) Kobayashi, S. IrLanthanides Chemistry and Use in Organic Synthesis (11) The binding constant of Znh and ethylenediamine in water is 0M~:

Kobayashi, S., Ed.; Springer: Berlin, 1999; p 63. Martell, A. E.; Smith, R. M.Critical Stability ConstantsPlenum Press:
(8) (a) Kobayashi, S.; Nagayama, S.; Busujimala&trahedronl999 55, 8739. New York, 1974, 1975, 1977; Vol.-43.
(b) Nagayama, S.; Kobayashi, 5.Am. Chem. So€00Q 122 11531. (c) (12) (a) Oyamada, H.; Kobayashi, Synlett1998 249. (b) Hirabayashi, R.;
Kobayashi, S.; Hamada, T.; Nagayama, S.; Manab@ng. Lett.2001, 3, Ogawa, C.; Sugiura, M.; Kobayashi, 5. Am. Chem. So2001, 123 9493.
165. (13) Kobayashi, S.; Hamada, T.; Manabe, nlett2001, 1140.
(9) Otto, S.; Engberts, J. B. F. N. Am. Chem. Sod.999 121, 6798. (14) Mimoun, H.; Laumer, J. Y. S.; Giannini, L.; Scopelliti, R.; Floriani, L
(10) Loh, T.-P.; Zhou, J.-RTetrahedron Lett200Q 41, 5261. Am. Chem. Sod 999 121, 6158.
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Table 2. Several Reaction Conditions
ZnF, ,ligand 1, TIOH
2+ 3 (R-4
(30equiv) H2O/THF =1/9
0°C,72h

entry ZnF, (mol %) TfOH (mol %) 1 (mol %) yield (%) ee (%)
1 100 - 10 19 90
2 100 1 10 93 92
3 100 2 10 90 88
42 100 1 20 95 94
5 50 1 10 89 92
6 30 1 10 34 89
7 10 1 1 17 85
8 100 1 — 34 -
a27 h.143 h.

of enantioselectivity was obtained when the amount of ;An&s
lowered to 50 mol % (entry 5), although the yield was decreased
when the amount of ZnFwas lowered further (entries 6 and 7). It
should be noted that the presenceldfignificantly improved the
yield (entry 2 vs 8), and that this ligand effect is a key to the success
in the present catalytic systethin addition, it was also revealed
that the use of aqueous solvents was another key to obtain high
yield and selectivity. For example, the reactiorRofith 3 did not
proceed at all in THF without water in the presence of Z(I0

mol %), TfOH (1 mol %), andl (10 mol %) at 0°C for 50 h. In
H,O/THF (1/1), the same reaction proceeded &C5for 45 h to
afford (R)-4 in 64% yield with 83% ee.

Currently, we speculate that this reaction proceeds with double
activation where Z# acts as a Lewis acid to activaBeand the
fluoride anion acts as a Lewis base to attack the silicon atom of
3.16171t is unlikely that the reaction involves a zinc enolate as an

Table 3. Catalytic Asymmetric Mannich-Type Reactions

ZnF, (50 mot %)

_NHBz Ligand 1 (10 mol %) BzHN.

N . NH O
OSiMes  TIOH (1 mol %)
EtO\rHLH © A £ e
o) H20/THF = 1/9 0 1
{3.0 equiv) 0°C
Entry  Silyl Enol Ether  Time (h)  Yield (%) syn/anti Ee (%)
OSiMes
1 }\@\ 120 82 - 91
OSiMes
2 /\©\ 72 63 - 91
OMe
OSiMes
3 /\©\ % 88 - 89
Cl
OSiMes
42 \/\@ 72 91 96/4 88
( 100/0 >99.50)
5
OSiMe,
52 420 30 90110 91

\2\(

2100 mol % of Znk and 20 mol % of ligand. were used? After one
recrystallization.

pound of a specific inhibitor for sphingomyelin synthesis in
mammalian cells and is expected as a drug that inhibits intracellular
trafficking of sphingolipids. Mannich addudtwasN-acylated in
90% vyield, and the ketone and ester groups were reduced by NaBH
in 79% yield. Finally, the N-N bond of the hydrazine was cleaved
by Smb?! to afford HPA-12 in 64% yield without decreasing the
enantiomeric purity (eq 1). A single recrystallization gave an

intermediate, because when ethylzinc enolate prepared by the knowrenantiomerically pure compound.

method® was added to an aqueous solutiori@nd2, only a trace
amount of the desired product was produced.

Several examples of the Mannich-type reactions are shown in
Table 3. Silyl enol ethers derived from aromatic and aliphatic
ketones gave the desired products in mostly high yields with high
enantioselectivity. Furthermore, the desiregh products were
obtained in high yields with high diastereo- and enantioselectivities
(entries 4 and 5% It is noted that the product frord and5 was
highly crystalline, and that one recrystallization from 2-propanol/
hexane afforded the diastereomerically and enantiomerically pure
material ¢99.5% ee).

This asymmetric Mannich-type reaction was successfully applied
to the synthesis of @,3R)-N-(3-hydroxy-1-hydroxymethyl-3-
phenylpropyl)dodecanamide (HPA-12)which is the first com-

(15) For effects of achiral ligands on allylantion in aqueous media, see:
Kobayashi, S.; Aoyama, N.; Manabe, Bynlett2002 483.

(16) For a similar type of double activation, see: (a) Kobayashi, S.; Uchiro,
H.; Shiina, I.; Mukaiyama, TJ. Am. Chem. Sod 991, 113 4247. (b)
Gauthier, D. R., Jr.; Carreira, E. M\ngew. Chem., Int. Ed. Engl996
35, 2363. (c) Yanagisawa, A.; Nakatsuka, Y.; Asakawa, K.; Kageyama,
H.; Yamamoto, HSynlett2001, 69. (d) Friestad, G. K.; Ding, HAngew.
Chem., Int. Ed2001, 40, 4491. See also ref 3e.

(17) For Lewis base activation of silyl enolates in Mannich-type reactions: (a)
Miura, K.; Tamaki, K.; Nakagawa, T.; Hosomi, Angew. Chem., Int. Ed.
200Q 39, 1958. (b) Miura, K.; Nakagawa, T.; Hosomi, . Am. Chem.
Soc.2002 124, 536.

(18) Aoki, Y.; Oshima, K.; Utimoto, KChem. Lett1995 463.

(19) Thesynselectivity is unprecedenté&é Cf. Supporting Information.

(20) (a) Yasuda, S.; Kitagawa, H.; Ueno, M.; Ishitani, H.; Fukasawa, M.;
Nishijima, M.; Kobayashi, S.; Hanada, K. Biol. Chem2001, 276, 43994.

(b) Ueno, M.; Kitagawa, H.; Ishitani, H.; Yasuda, S.; Nishijima, K.; Hanada,
K.; Kobayashi, STetrahedron Lett2001, 42, 7863. (c) Kobayashi, S.;
Matsubara, R.; Kitagawa, HOrg. Lett.2002 4, 143.

1} Dedecanoyl chioride
Et3N, CH2Cl2, 0°C

2) NaBH,, E1OH, 0°C

3) Smi,, THF-MeOH, 0 °C

Q

NH OH

CyyHzg
HO (1)

4 Ph
HPA-12

(90% ee)

(90% ee)

In summary, the catalytic, diastereo- and enantioselective Man-
nich-type reaction of a hydrazono ester with silyl enol ethers in
aqueous media has been achieved with zinc fluoride and a chiral
diamine ligand. The use of water and a small amount of TfOH is
essential for the reactions to proceed in high yield. Enantioselective
synthesis of HPA-12 has been attained in four steps by using this
asymmetric reaction. This reaction system will provide a novel
efficient method to synthesize various nitrogen-containing molecules
including amino acid derivatives. Further studies to clarify the
precise mechanism including the roles of water and TfOH are now
in progress.
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